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FOREWORD 
 

The year 2012 was the first full year of NCBJ in its new form. Merging the two institutes at 

Świerk and reorganization of the National Centre for Nuclear Research was a real breakthrough. 

NCBJ with almost 1100 employees is the largest research institute in Poland. It is now ready to 

undertake ambitious projects in its threefold mission: 

 for the science:  

o to conduct research on international level 

o to provide research infrastructure for scientists from Poland and from abroad 

 for the economy:  

o to develop technologies to be used in industry, medicine, security, etc. 

 for the state: 

o to support government with expert analysis  

o experts teaching and public education 

 

The new structure of the institute with four research departments reflects the synergy 

between basic research and applications.  

 

 
 

The strength of NCBJ in basic research is well illustrated by about 320 reviewed papers 

published in 2012. The Hirsch index, accounting for quotations of the best papers, equal to 102 

gives us the fourth position in Poland after Warsaw University, Jagiellonian University, Warsaw 

University of Technology and the Institute of Physics of the Polish Academy of Sciences.  

  

Director 
Grzegorz Wrochna 

Scientific Director 
Ewa Rondio 

Deputy for Research 
Infrastructure 

Krzysztof Wieteska 

Director DBP 
Grzegorz Wilk 
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Fundamental 

Research 

  
Director of DTJ 
Agnieszka Syntfeld-Każuch 
 

Department of 
Nuclear Techni-

ques & Equipment 

 
 

Director of DEJ 
Grzegorz Krzysztoszek 
 

Nuclear Energy 
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Director of DFM 
Jacek Jagielski 
 

Material  
Physics 
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Scientific Secretary 
Krzysztof Kurek 
 

Department of 
Information  
& Education 

 

Deputy for Nucl. 
Safety & Radiolog. 
Protection 
Jerzy Kozieł 
 

Department of 
Nucl. Safety & 

Health Care 
 

Director’s Office 
Director supervised units 

RESEARCH 
SECTOR 

FUNCTIONAL 
SECTOR 

 

Scientific Council 

 

MARIA Reactor 

Material Research 
Laboratory 

Division of Nuclear 
Equipment HITEC 

Administrative & 
Technical Deputy 
Marek Juszczyk 
 

Administration  
& Technical 
Department 

 
Division of Transport 

Deputy for Economy  
& Development 
Zbigniew Gołębiewski 
 

Department of 
Economy  

& Development 
 

Radioisotope Centre 
POLATOM 
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The most important event in science in the year 2012 and probably in the whole century so 

far, was the discovery of the Higgs boson at CERN. We are proud that NCBJ scientists and 

engineers contributed to this effort significantly, by taking part in the designing and construction 

of  experiments. Search for even more exotic particles, especially heavy, long-living ones, was 

performed by the NCBJ CMS team lead by dr Piotr Zalewski and setting the limits on their 

masses was awarded as one of the best NCBJ achievements in 2012. Another achievement of the 

year in NCBJ was the experimental confirmation of predictions for ionization in beta decay of 
6
He nuclei calculated by prof. Zygmunt Patyk.   

Applied research in NCBJ is often related to medical applications. The 2012 achievement in 

this field was the improvement of the PET image quality by time-of-light measurement 

developed by dr Tomasz Szcześniak. New applications of radioisotopes 
90

Y and 
177

Lu invented 

by NCBJ Radioisotope Center POLATOM was awarded with the silver medal at the Brussels 

Innova 2012 trades.  

Radioisotope production is also an important part of reactor MARIA activity. Just one week 

of irradiations creates molybdenum 
99

Mo for 100 000 patients. At the end of 2012 MARIA took 

over some part of production from reactor in Petten, which got some technical problems. Today, 

MARIA production accounts for 18% of the world production of 
99

Mo. The production of 

radioisotopes runs smoothly in spite of the conversion of MARIA core to low enriched uranium. 

The agreement signed with US DoE sponsoring the conversion and Areva-Cerca manufacturing 

the fuel ensures the fuel supply till 2017.  

NCBJ organized in 2012 a number of conferences and courses related to nuclear reactors. 

Among them are  

 „Reduced Enrichment for Research and Test Reactors”, conference organized with 

the US National Nuclear Security Administration, 

 “Regional Workshop on Severe Accidents and Introduction to Analytical Methods 

for Assessment of In-Vessel Phenomena” organized with the International Atomic 

Energy Agency, 

 „Target folder course” – Poland–US antiterrorist drills in the frame of the „Global 

Threat Reduction Initiative”, 

 “Fifth International School of Nuclear Power”. 

This activity was accomplished by a number of educational actions addressed to future 

nuclear power experts and to public opinion. A series of 4-day courses for PGE nuclear 

companies coordinated by prof. Ludwik Dobrzyński was nominated as the education 

achievement of the year in NCBJ.  

The year of 2013 will be the time of preparing the institute for new challenges. Polish 

nuclear energy programme shall enter the phase, when our role as the Technical Support 

Organization should became indispensible. New financing perspective of EU gives us the chance 

of proposing construction of strategic research infrastructures at Świerk, like the free electron 

laser PolFEL. Projects financed in the previous EU financing period, like “Computing Center 

Świerk”, “Technology Park” and “Accelerator and Detectors” should conclude with new 

commercial products and services, fulfilling this part of our mission.  Also, the upgrade of  

technical infrastructure of Świerk should result in a more modern look of the center, better 

matching its ambitions and possibilities. 

 
Professor Grzegorz Wrochna 

Director 

National Centre for Nuclear Research 
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I. GENERAL INFORMATION 
 

1. LOCATIONS 
 

Main site: Warsaw site: Łódź site: 

30 km SE from Warsaw (divisions BP1, BP2, BP3) (division BP4) 

Świerk, 69 Hoża street 5 Uniwersytecka street 

05-400 Otwock 00-681 Warsaw 90-950 Łódź 

 

 

2. MANAGEMENT OF THE INSTITUTE  
 

Director Professor Grzegorz WROCHNA 

 phone: +48 22 7180001, +48 22 5532254 

 e-mail: Grzegorz.Wrochna@ncbj.gov.pl 

 

 

Deputy Director, Science Professor Ewa RONDIO 

 phone: +48 22 7180585, +48 22 5532375 

 e-mail: Ewa.Rondio@fuw.edu.pl 

 

 

Deputy Director, Research Infrastructure  Professor Krzysztof WIETESKA 

 phone: +48 22 7180472 

 e-mail: Krzysztof.Wieteska@ncbj.gov.pl 

 

 

Deputy Director,  Zbigniew GOŁĘBIEWSKI, M.Eng. 

Technology Development and Implementation phone: +48 22 7180582 
 e-mail: Zbigniew.Golebiewski@ncbj.gov.pl 

 

 

Deputy Director, Administration and Technolgy Marek JUSZCZYK, MSc. 

 phone: +48 22 7180614 

 e-mail: Marek.Juszczyk@ncbj.gov.pl 

 

 

Deputy Director,  Jerzy KOZIEŁ, M.Eng. 

Nuclear Safety and Radiation Protection phone: +48 22 718033 

 e-mail: Jerzy.Koziel@ncbj.gov.pl 

 

 

Scientific Secretary Assoc. Prof. Krzysztof KUREK 

 phone: +48 22 5532239, +48 22 7180607  

 e-mail: Krzysztof.Kurek@fuw.edu.pl 

 

 

Spokesman Marek SIECZKOWSKI, M.Eng. 

 phone: 512 583 695 

 e-mail: marek.sieczkowski@ipj.gov.pl 
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3. SCIENTIFIC COUNCIL 
 

 The Scientific Council was elected on 1 July 2011 by the scientific, technical and administrative 

staff of the Institute. As a result of merging The Andrzej Sołtan Institute for Nuclear Studies and The 

Institute of Atomic Energy a supplementary election was conducted on 23 September 2011.  

The Council has the right to confer PhD and habilitation degrees in physics (DSc). 

 

Representatives of scientific staff: 

 
Helena Białkowska, Professor, Deputy Chairperson 

Ludwik Dobrzyński, Professor 

Edward Iller, Assoc. Prof. 

Tadeusz Kozłowski, Dr. 

Agnieszka Syntfeld-Każuch, Dr. 
Bogumiła Mysłek – Laurikainen, Dr. 

Mieczysław Mielcarski, Assoc. Prof., Deputy Chairman 

Janusz Mika, Professor, Deputy Chairman 

Marek Moszyński, Professor 

Marek Rabiński, Dr. 

Stanisław Rohoziński, Professor 

Krzysztof Rusek, Professor 

Marek Sadowski, Professor 

Janusz Skalski, Assoc. Prof. 

Adam Sobiczewski, Professor 

Dariusz Socha, Dr. 

Ryszard Sosnowski, Professor, Chairman 

Andrzej Strupczewski, Dr 

Zbigniew Werner, Assoc. Prof. 

Janusz Wilczyński, Professor 

Grzegorz Wilk, Professor 

Wojciech Wiślicki, Professor 

Sławomir Wronka, Dr. Deputy Chairman 

 

Representatives of Management: 
 

Ewa Rondio, Professor 

Krzysztof Wieteska, Professor 

Grzegorz Wrochna, Professor 
 

Representatives of technical personnel: 
 

Alina Markiewicz, MSc. 

Jacek Pracz, MSc. 

Jerzy Wysokiński, Eng. 
 

External members: 
 

Krystyna Jabłońska, Professor - Institute of Physics, Polish Academy of Sciences, Warsaw 

Danuta Kisielewska, Professor - AGH University of Science and Technology, Cracow 

Paweł Kukołowicz, Professor - Holy Cross Cancer Center, Kielce 

Piotr Malecki, Professor - The Henryk Niewodniczański Institute of Nuclear Physics, 

  Polish Academy of Sciences, Cracow 

Tomasz Matulewicz, Professor - Institute of Experimental Physics, Faculty of Physics, 

  University of Warsaw 

Marek Pajek, Professor - Institute of Physics, The Jan Kochanowski University, 

  of Humanities and Sciences, Kielce 

Bogdan Pałosz, Professor - Institute of High Pressure Physics,  

  Polish Academy of Sciences, Warsaw 

Andrzej Patrycy, M.Eng. - Energoprojekt Warszawa S.A 

Michał Waligórski, Professor - The Henryk Niewodniczański Institute of Nuclear Physics, 

  Polish Academy of Sciences, Cracow 

Andrzej Ziębik, Professor - Silesian University of Technology 

Janusz Ziółkowski, Professor - The N. Copernicus Astronomical Centre, Warsaw 
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DEPARTMENTS AND DIVISIONS OF THE INSTITUTE  
 
 
 
DEPARTMENT OF NUCLEAR ENERGY 
Director of the Department – Grzegorz KRZYSZTOSZEK, M.Eng. 
 
 
- DIVISION OF NUCLEAR POWER (EJ1)  
 Head of Divison – Tomasz JACKOWSKI, MSc. 
 
- DIVISION OF MARIA REACTOR OPERATION (EJ2) 
 Head of Reactor – Andrzej GOŁĄB, M.Eng. 
 
- DIVISION OF RESEARCH REACTOR TECHNOLOGY (EJ3) 
 Head of Division – Janusz PIĄSTKA, M.Eng. 
 
- RADIATION PROTECTION MEASUREMENT LABORATORY (ID) 
 Head of Laboratory – Dr. Zbigniew HARATYM 
 
 
 
DEPARTMENT OF MATERIALS PHYSICS 
Director of the Department – Professor Jacek JAGIELSKI 
 
 
- MATERIALS RESEARCH LABORATORY (LBM) 
 Head of Laboratory – Dr. Ewa HAJEWSKA 
 
- DIVISION OF NUCLEAR METHODS IN SOLID STATE PHYSICS (FM1) 
 Head of Divison – Dr. Jacek J. MILCZAREK 
 
- DIVISION OF PLASMA/ION BEAM TECHNOLOGY (FM2) 
 Head of Divison – Dr. Cezary POCHRYBNIAK 
 
 
 
DEPARTMENT OF FUNDAMENTAL RESEARCH 
Director of the Department – Professor Grzegorz WILK 
 
 
- DIVISION ON NUCLEAR PHYSICS (BP1) 
 Head of Divison – Dr. Bohdan MARIAŃSKI 
 
- DIVISION OF THEORETICAL PHYSICS (BP2) 
 Head of Divison – Dr. Michał KOWAL 
 
- DIVISION OF HIGH ENERGY PHYSICS (BP3) 
 Head of Divison - Professor Helena BIAŁKOWSKA 
 
- DIVISION OF COSMIC RAY PHYSICS (BP4) 
 Head of Divison – Dr. Jacek SZABELSKI  
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DEPARTMENT OF NUCLEAR TECHNIQUES & EQUIPMENT 
Director of the Department – Dr. Agnieszka SYNTFELD-KAŻUCH 
 
 
- DIVISION OF PARTICLE ACCELERATION PHYSICS & TECHNOLOGY (TJ1) 
 Head of Division – Dr. Sławomir WRONKA 
 
- DIVISION OF INTERDISCIPLINARY APPLICATIONS OF PHYSICS (TJ2) 
 Head of Division – Dr. Jan SERNICKI 
 
- DIVISION OF DETECTORS (TJ3) 
 Head of Division – Dr. Łukasz ŚWIDERSKI 
 
- DIVISION OF ELECTRONICS AND DETECTION SYSTEMS (TJ4) 
 Head of Division – Dr. Michał GIERLIK 
 
- DIVISION OF PLASMA STUDIES (TJ5)  
 Head of Divison – Dr. Jarosław ŻEBROWSKI 
 
- DIVISION OF NUCLEAR EQUIPMENT - HITEC (ZdAJ) 
 Director of Division - Dr. Paweł KRAWCZYK 
 
 
 
DEPARTMENT OF INFORMATION AND EDUCATION 
Director of the Department – Professor Ludwik DOBRZYŃSKI 
 
 
 
AND  
 
 
 
- RADIOISOTOPE CENTRE POLATOM (OR) 
 Director of Centre – Dr. Eng. Dariusz SOCHA 
 
 
 
- TRANSPORT DIVISION (ZTS) 
 Director, Bogdan GAS, Eng. 
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4. MAIN RESEARCH ACTIVITIES 
 
 

I. Elementary particle physics, astro- & cosmic ray physics and cosmology  

1. High-energy hadron-hadron interactions.  

2. Elastic and inelastic  and e interactions. Nucleon structure. 

3. Rare decays. 

4. Baryon resonances and near threshold meson production. 

5. Neutrino physics. 

6. Astrophysics: optical detection of short bursts, large-scale structure, dark matter. 

7. Cosmic ray physics. 

8. Cosmology. 

9. Theory of lepton and hadron interactions. 

II. Nuclear physics  

1. Relativistic ion collisions. 

2. Nuclear reactions. 

3. Nuclear structure. 

4. Properties of heavy and superheavy nuclei (theory). 

5. Theory of nuclear matter, hypernuclei & nuclear structure and dynamics. 

6. High-energy atomic physics. 

7. Exotic atoms. 

III. Plasma physics and technology  

1. Development of methods and tools for plasma diagnostics. 

2. Studies of light emitted from hot plasma jet and jets interaction with solid targets. 

3. Thin Nb and Pb film coating by means of arc discharges under ultra-high vacuum conditions. 

4. Nonlinear effects in extended media & Bose-Einstein condensates (theory). 

IV. Detectors, accelerators, physics of materials & applications  

1. Modification of surface properties of solid materials by means of continuous or pulsed ion and plasma 

beams. 

2. R&D of linear accelerators for high-energy electrons. 

3. Accelerators for hadron therapy. 

4. Small electron accelerators for X-ray therapy. 

5. Optimization of TiN coating processes for accelerating structures. 

6. New detection methods and their application in physics experiments, nuclear medicine and homeland 

security. 

7. Electronics for large-scale experiments in high-energy physics. 

8. Systems for nuclear radiation spectroscopy. 

9. R&D of special silicon detectors for physics experiments and environmental protection. 



Annual Report 2012 
 

12 

V. Solid state physics 

1. Materials structure studies by nuclear methods. 

2. Technology of modifying surfaces of industrially used materials. 

VI. Nuclear technology in energy generation 

1. Physics and technology of nuclear reactors. 

2. Nuclear power energy generation. 

3. Management of spent nuclear fuel and radioactive waste. Nucelar transmutation. 

VII. Nuclear technology in health and enviromental protection, management of hazards 

1. Monitoring, modelling and prediction of environmental pollution. 

2. Dosimetry and nano-dosimetry. 

3. Computer modelling of radiation sources, transport of radiation through matter and radiation dose 

calculations. 

4. X-ray sources for medicine and industry. 

5. New methods for obtaining radioactive isotopes. 

6. Methods of assessment and forecasting of environmental threats from nuclear and industrial facilities. 
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5. SCIENTIFIC STAFF OF THE INSITUTE 
 

PROFESSORS 

 

1. BIAŁKOWSKA Helena 

2. BŁOCKI Jan 

3. CHWASZCZEWSKI Stefan 

4. CZACHOR Andrzej 

5. DĄBROWSKI Janusz (**) 

6. DĄBROWSKI Ludwik 

7. DOBRZYŃSKI Ludwik 

8. GOLNIK Natalia 

9. HOFMAN Andrzej 

10. INFELD Eryk  

11. JAGIELSKI Jacek (**) 

12. JASKÓŁA Marian (**) 

13. KOWNACKI Jan 

14. KRÓLAK Andrzej (**) 

15. MĄCZKA Dariusz 

16. MEISSNER Krzysztof 

17. MOSZYŃSKI Marek 

18. MRÓWCZYŃSKI Stanisław (**) 

19. PARUS Józef 

20. PIASECKI Ernest (**) 

21. PIECHOCKI Włodzimierz 

22. PRZYSTAWA Jerzy 

23. RONDIO Ewa 

24. ROSZKOWSKI Leszek 

25. RUSEK Krzysztof (**) 

26. SADOWSKI Marek 

27. SIEMIARCZUK Teodor 

28. SŁOWIŃSKI Bronisław 

29. SOBICZEWSKI Adam  

30. SOSNOWSKI Ryszard  

31. STEPANIAK Joanna 

32. SUWALSKI Jan 

33. SZEPTYCKA Maria (**) 

34. TUROS Andrzej (**) 

35. TYMIENIECKA Teresa 

36. WIETESKA Krzysztof 

37. WILCZYŃSKI Janusz 

38. WILK Grzegorz 

39. WIŚLICKI Wojciech 

40. WIŚNIEWSKI Roland 

41. WROCHNA Grzegorz 

42. WYCECH Sławomir  

43. ZABIEROWSKI Janusz 

44. ZIELCZYŃSKI Mieczysław 

45. ZDUNEK Krzysztof 
46. ZWIĘGLIŃSKI Bogusław 

 

ASSOCIATE PROFESSORS  

 
1. DELOFF Andrzej (**)  

2. GUZIK Zbigniew  

3. KEELEY Nicholas 

4. KUREK Krzysztof 

5. PATYK Zygmunt 

6. POLLO Agieszka 

7. SANDACZ Andrzej 

8. SKALSKI Janusz 

9. SŁAPA Mieczysław (**) 

10. SPALIŃSKI Michał 

11. SZCZEKOWSKI Marek  

12. SZUTA Marcin 

13. SZYMANOWSKI Lech  

14. SZYMAŃSKI Piotr (*) 

15. WERNER Zbigniew  

16. WIBIG Tadeusz (**) 

17. ŻUPRAŃSKI Paweł (**) 

 

RESEARCH STAFF 

 
1. ADAMUS Marek 

2. ADRICH Przemysław 

3. ANDRZEJEWSKI Krzysztof 

4. AUGUSTYNIAK Witold 

5. BANTSAR Aliaksandr 

6. BARLAK Marek  

7. BATSCH Tadeusz 

8. BIELECKI Jakub 

9. BIELEWICZ Marcin 

10. BIEŃKOWSKI Andrzej (**) 

11. BLUJ Michał (*) 

12. BOETTCHER Agnieszka 

13. BOIMSKA Bożena 

14. BOREK-KRUSZEWSKA Elżbieta 

15. BORYSIEWICZ Meczysław 

16. CHMIELEWSKA Danuta (**) 

17. CHMIELOWSKI Władysław (*) 

18. CISZEWSKA Katarzyna 

19. CZARNACKI Wiesław 

20. CZUCHRY Ewa 

21. DĄBROWSKI Krzysztof 

22. DOROSH Orest 

23. DOROSZ Michał 

24. FIJAŁ-KIREJCZYK Izabela 

25. FRYDRYK Ryszard 

26. GIERLIK Michał 

27. GOKIELI Ryszard † 

28. GOLDSTEIN Piotr 

29. GÓRSKI Ludwik 

30. GÓRSKI Maciej 

31. GRYZIŃSKI Michał 

32. HARATYM Zbigniew 

33. HOFFMAN Julia (*) 

34. HRYCYNA Orest 
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35. JAGIEŁA-SUDOŁ Agnieszka 

36. JAKUBOWSKI Lech (**) 

37. JANKOWSKA-KISIELIŃSKA Joanna 

38. JĘDRZEJEC Henryk (**) 

39. KAPUSTA Maciej (*) 

40. KAZANA Małgorzata 

41. KISIEL Ryszard  

42. KORMAN Andrzej 

43. KOWAL Michał 

44. KOWALIK Katarzyna (*) 

45. KOWALSKA Kamila 

46. KOZŁOWSKI Tadeusz 

47. KULIKOWSKA Teresa 

48. KUPŚĆ Andrzej (*) 

49. LICKI Janusz 

50. LORKIEWICZ Jerzy 

51. ŁAGODA Justyna 

52. ŁUSZCZ Mariusz 

53. MAJCZYNA Agnieszka 

54. MALINOWSKA Aneta 

55. MAŁKIEWICZ Przemysław 

56. MARCINKOWSKA Zuzanna 

57. MARIAŃSKI Bohdan 

58. MAURIN Jan 

59. MĄDRY Magdalena 

60. MELNYCHUK Dmytro 

61. MIELCZAREK Jakub 

62. MIJAKOWSKI Piotr 

63. MILCZAREK Jacek 

64. MORSCH Hans Peter (*) 

65. MUNIR Shoaib 

66. MYSŁEK-LAURIKAINEN Bogumiła 

67. NATARAJAN Sathis 

68. NAWROCKI Krzysztof  

69. NAWROT Adam (**) 

70. NIETUBYĆ Robert 

71. NOWAKOWSKA-LANGIER Katarzyna 

72. NOWICKI Lech (**) 

73. NOWOSAD Jagoda 

74. OLSZACKI Michał 

75. OŚKO Jakub 

76. PALUCHOWSKA Beata 

77. PAWŁOWSKI Marek 

78. PLUCIŃSKI Paweł (*) 

79. PŁAWSKI Eugeniusz 

80. POCHRYBNIAK Cezary 

81. POLAŃSKI Aleksander (*) 

82. POTEMPSKI Sławomir 

83. PROKOPOWICZ Rafał(**)  

84. PRZEWŁOCKI Paweł 

85. PSZONA Stanisław 

86. PYTEL Beatrycze 

87. PYTEL Krzysztof 

88. RABIŃSKI Marek 

89. RATAJCZAK Renata 

90. ROŻYNEK Jacek 

91. RUCHOWSKA Ewa 

92. RZADKIEWICZ Jacek (*) 

93. SENATORSKI Andrzej (**) 

94. SERNICKI Jan 

95. SESSOLO Enrico Maria 

96. SKŁADNIK-SADOWSKA Elżbieta (**) 

97. SKORUPSKI Andrzej (**) 

98. SMOLAŃCZUK Robert 

99. SOKOŁOWSKI Marcin 

100. SOWIŃSKI Mieczysław (**) 

101. STADNIK Anna 

102. STOCH Paweł 

103. STONERT Anna 

104. STRUGALSKA-GOLA Elżbieta 

105. STRUPCZEWSKI Andrzej 

106. SULEJ Robert 

107. SYNTFELD-KAŻUCH Agnieszka 

108. ŚWIDERSKA Karolina 

109. ŚWIDERSKI Łukasz 

110. SZABELSKA Barbara 

111. SZABELSKI Jacek 

112. SZLEPER Michał 

113. SZYDŁOWSKI Adam 

114. SZYMCZYK Władysław 

115. TARCHALSKI Mikołaj 

116. TRACZYK Piotr (*) 

117. TRZCIŃSKI Andrzej 

118. TSAI Yue-Lin 

119. TULIK Piotr 

120. TYMIŃSKA Katarzyna 

121. UKLEJA Artur 

122. UŻYCKI Janusz 

123. WAGNER Jakub 

124. WASILEWSKI Adam 

125. WAWRZYŃCZAK-SZABAN Anna 

126. WILCZYŃSKA-KITOWSKA Teresa 

127. WINCEL Krzysztof 

128. WIŚNIEWSKI Zbigniew 

129. WOJCIECHOWSKI Andrzej 

130. WOJTKOWSKA Jolanta (**) 

131. WOLSKI Dariusz 

132. WRONKA Sławomir 

133. WYSOCKA-RABIN Anna 

134. ZACHARIASZ Piotr 

135. ZALEWSKI Piotr 

136. ZARĘBA Barbara 

137. ZIŃ Paweł 

138. ZYCHOR Izabella 

139. ŻEBROWSKI Jarosław 

140. ŻOŁĄDEK-NOWAK Joanna 
 

(*) on leave of absence 

(**) part-time employee 
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6. VISITING SCIENTISTS 
 
1. Altenoluk T. University of Paris, France Jan. 15-21 BP2 

2. Monteanu D R&D MBT Telcom LTD SRL, Romania Jan. 16-18 TJ1 

3. Briasan N. R&D MBT Telcom LTD SRL, Romania Jan. 16-18 TJ1 

4. Steinach C University of Technology, Budapest, Hungary Jan. 16-  TJ3/TJ4 

5. Besse A. University of Paris, France Jan. 30-Feb. 08 BP2 

6. Gazeau J.P. University of Paris, France Jan. 30-Feb. 01 BP2 

7. Gilibert A. CEA Centre de Saclay, France Feb. 06-10 BP1 

8. Gabdrakhamonov J. Joint Institute for Nuclear Research, Feb. 11-15 BP2 

 Dubna, Rusia  

9. Plyusnin V. Instituto de Plasmas e Fusao Nuclear Feb. 22-March 09 TJ5 

 Lisboa, Portugal 

10. Baudoy B. CEA, Saclay, France Feb. 28-29 TJ1 

11. De Rijk G. CEA, Saclay, France Feb. 28-29 TJ1 

12. Rondeaux F. CEA, Saclay France Feb. 28-29 TJ1 

13. Kircher F. CEA, Saclay,France Feb. 28-29 TJ1 

14. Magner A. Inst. for Nuclear Researche, Kiev, Ukraine March 13-25 TJ2 

15. Didyk A. Joint Institute for Nuclear Research March 24-31 EJ1 

 Dubna, Russia 

16. Martel I. University of Huelva, Spain March 26-April 03 BP1 

17. MarquinezG. University of Huelva, Spain March 26-April 03 BP1 

18. Kadykov M. Joint Institute for Nuclear Research April 10-16 EJ1 

 Dubna, Russia 

19. Tjutjunnikov S. Joint Institute for Nuclear Research April 10-16 EJ1 

 Dubna, Russia 

20. Carrington M. Brandon University, Canada April 23-May 12 BP3 

21. Lidros M. Lund University, Sweden May 9 TJ1 

22. Jansson A. ESS Lund, Sweden May 9 TJ1 

23. Altenoluk T. University of Paris, France May 21-27 BP2 

24. Knoebel R. GSI, Darmstadt, Germany May 21-Jun 04 BP2 

25. Miner L.E. Scandinova, Uppsala, Sweden May 24-26 TJ1 

26. Heine D.T ISA, Aarhus University, Denmark Jun 26 TJ1 

27. Soren P.M. ISA, Aarhus University, Denmark Jun 26 TJ1 

28. Labanti C. TNX srl Trento, Italy July 03-05 TJ1 

29. Maestrini D. TNX srl Trento, Italy July 03-05 TJ1 

30. Petricci E. TNX srl.Trento, Italy July 03-05 TJ1 

31. Manili O.L. TNX srl Trento, Italy July 03-05 TJ1 

32. Nardi S. TNX.srl Trento, Italy July 03-05 TJ1 

33. Tien-Shanski K.S University of Liege, Belgium July 25-Aug. 01 BP2 

34. Lorce C. University of Orsay, France Aug. 05-12 BP2 
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35. Vartsky D. Soreq NRC,Yavne, Israel Sept. 05 TJ3/TJ4 

36. Lansberg J.P. Institute of Nucleare Physics Orsay, France Sept. 09-12 BP2 

37. Klamra W Royal Institute of Technology Sept. 17-27 TJ3/TJ4 

 Stockholm, Sweden 

38. Rowlands G. University of Warwick, UK Sept. 26-Oct. 03 BP2 

39. Magner A. Institute for Nuclear Research, Kiev, Russia Sept. 30-Oct. 13 TJ2 

40. Lonsberg J.P Institute of Nuclear Physics, Orsay, France Oct. 07-12 BP2 

41. Lorce C. Institute of Nuclear Physics, Orsay, France Oct. 07-12 BP2 

42. Gazeau J.P. University of Paris, France Oct. 24-27 BP2 

43. Capdevielle N.P. College de France, Paris, France  Nov. 20-30  BP4 

44. Feinendegen L. Brookhaven National Laboratory, USA Nov.21-24 SE 

45. Blaksley C. Universityof Paris, France Nov26-30 BP4 

46. Plettner C. FLIR Radiation GmbH, Dec. 03-07 TJ3/TJ4 

 Solingen,Germany 

47. Klamra W. Royal Institute of Technology Dec. 03-13 TJ3/TJ4 

 Stockholm,Sweden 

48. El-Kolaly M.T.H MAEA, Egipt  Dec. 3-14 POLATOM 

49. Gudowski W. Royal Institute of Technology Dec. 12 TJ3/TJ4 

 Stockholm, Sweden 

50. Durkalec A. Laboratoire d’Astrophysique de Marseille Dec. 14-23 BP3 

 France 
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PROJECTS 
 

RESEARCH PROJECTS IMPLEMENTED WITH THE FUNDS FOR SCIENCE 

National Science Centre 

1. Microdosimetric recombination detector for dosimetric analysis of reactor radiation 

Principal Investigator: Dr. P. Tulik 

No. N N518 4261 36 

2. Nuclear interaction of Σ hiperons  

Principal Investigator: Prof. J. Dąbrowski 

No. N N202 0462 37 

3. Structure of 
8
He and its effect on elastic scattering  

Principal Investigator: Prof. K. Rusek 

No. N N202 0336 37 

4. Investigation on decoherence and CPT symmetry in systems of K mesons at the KLOE-2 experiment 

Principal Investigator: Prof. W. Wiślicki 

No. N N202 0469 37 

5. Influence of the nanostructure on the magnetic properties of metallic layers produced by the plasma surface 

engineering methods 

Principal Investigator: Dr. K. Nowakowska-Langier 

No. N N507 4743 37 

6. Diluted magnetic semiconductors formed by high-energy plasma pules 

Principal Investigator: Assoc. Prof. Z. Werner 

No. N N507 4731 37 

7. Studies on the evolution of galaxies and the large scale structure of the Universe 

Principal Investigator: Dr. A. Pollo 

No. N N203 5129 38 

8. Measurement of the neutron flux density in deep underground laboratories 

Principal Investigator: Dr. J. Szabelski 

No. N N202 2628 38 

9. Properties of heavy and superheavy atomic nuclei 

Principal Investigator: Prof. A. Sobiczewski 

No. N N202 2049 38 

10. Study of particle production in proton-Carbon interactions for precise neutrino experiments 

Principal Investigator: Prof. J. Stepaniak 

No. N N202 2878 38 

11. The study of strongly coupled quantum field theories using the holographic principle 

Principal Investigator: Dr. M. Spaliński 

No. N N202 1735 39 

12. Recombination dose meter of new generation for exposure assessment on workplaces in radiation fields of 

reactors and accelerators 

Principal Investigator: Dr. M. Gryziński 

No. N N404 1350 39 

13. Experimental study of leptonic decays of eta meson with WASA detector 

Principal Investigator: Prof. J. Stepaniak 

No. N N202 4843 39 

14. Structure of 
20

Ne and the Coulomb barrier distribution for 
20

Ne+
208

Pb 

Principal Investigation: Prof. K. Rusek 

No. N N202 0520 40 
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15. A search for supersymmetry using the CMS detector ate the LHC with an emphasis on heavy semi-stable 

charged particle signature 

Principal Investigator: Dr. P. Zalewski 

No. N N202 1674 40 

16. Search for the Higgs boson in CMS experiment at the LHC 

Principal Investigator: MSc. T. Fruobes 

No. 2011/01/N/ST2/0047 

17. Analytic structure of the scattering amplitudes of hard exclusive processes in QCD 

Principal Investigator: Dr J. Wagner 

No. 2011/01/D/ST2/02069 

18. Exotic nuclear states - predictions for experiments and tests for nuclear models 

Principal Investigator: Assoc. Prof. J. Skalski 

No. 2011/01/B/ST2/05131 

19. COMPASS experiment- study of the structure of the nucleon  

Principal Investigator: Assoc. Prof. A. Sandacz 

No. 2011/01/M/ST2/02350 

20. T2K – the second generation neutrino experiment  

Principal Investigator: Prof. E. Rondio 

No. 2011/01/M/ST/02578 

21. Nuclear states of antiprotons and strange mesons 

Principal Investigator: Prof. Sławomir Wycech 

No. 2011/03/B/ST2/00270 

22. Non-equilibrium quark-gluon plasma 

Principal Investigator: Prof. Stanisław Mrówczyński 

No. 2011/03/B/ST2/00110 

23. Isotropization of cosmological models 

Principal Investigator: Dr. Orest Hrycyna 

No. 2012/04/S/ST9/00020 

24. Free Electron Laser XFEL Projct. Designing, manufacturing and measurements of the two, new prototypes of 

HOM absorbers. Designing and manufacturing of 3 prototypes of the control units for high frequency 

stabilisation in accelerating structures. Manufacturing of the systems for ettenuation of HOMs in three 

superconducting accelerating structure modules for XFEL system  

Principal Investigator: Dr. E. Pławski 

No. DPN/N24/XFEL/2009 

25. Study of nucleon spin structure and production of vector mesons in deep inelastic scattering of polarized leptons 

of 27.5 GeV energy 

Principal Investigator: Dr. B. Mariański 

No. DPN/N60/DESY/2010 

26. Construction of elements of Neutral Beam Injectors to be used in W7-X stellarator 

Principal Investigator: Prof. J. Jagielski 

No. DPN/N129/W7X/2010  

27. Application of thermal neutron radiography and tomography in porous media studies  

Principal Investigator: Dr. J. Milczarek 

No. DPN/N110/RPA/2010  

28. Production of electron-pozytron pairs in decays of light mesons and baryonic resonances 

Principal Investigation: Prof. J. Stepaniak 

No. DFG/126/2007  

29. Participation of the POLGRAW group in VIRGO gravitational wave observatory 

Principal Investigator: Prof. Andrzej Królak 

No. DPN/N176.VIRGO/2009 
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30. Study of elementary and nuclear collisions in the LHC ALICE experiment at CERN 

Principal Investigator: Prof. teodor Siemiarczuk 

No. DPN/N97/CERN/2009 

31. Hadron production in nuclear interactions at CERN SPS 

Principal Investigator: Prof. Joanna Stepaniak 

No. DWM/N102/CERN/2009 

32. Studies on neutrino properties and proton decay with a large liquid argon detector ICARUS T600 

Principal Investigator: Dr Justyna Łagoda 

No. 2012/04/M/ST2/00775 

33. Studies of proton-proton, hadron-nucleus and nucleus-nucleus collision at relativistic energies in NA61/SHINE 

experiment at CERN SPS 

Principal Investigator: Prof. Ewa Rondio 

No. 2012/04/M/ST2/00816 

34. In vitro and in vivo inestigations of the radiometals influence on the ability of CCK2R receptors imaging by the 

radiolabelled gastrin analogs 

Principal Investigator: Assoc. Prof. Renata Mikołajczak 

No. 2011/03/B/ST5/02734 

 

Ministry of Science and Higher Education 

1. Automatic spatial and calorimetric event reconstruction and particle identyfication for LarTPC detector of the 

ICARUS 

Principal Investigator: Dr. Robert Sulej 

No. DPN/MOB124/1/2011 

2. Higher order correlation functions in ultracold atom systems 

Principal Investigator: Dr. Paweł Ziń 

No. DPN/MOB259/1/2011 

3. Observation of astrophysical processes in strong gravitional fields wiith high time resolution in different ranges 

of spectrum and polarization 

Principal Investigator: Assoc. Prof. Lech Mankiewicz 

No. ID2010000160 

4. Experimental research on the behavior of gas an highly condensed matter (10-30 kbar) in low temperature anf 

high magnetic field enviroment 

Principal Investigator: Prof. Roland Wiśniewski 

No. W43/ZIBJ Dubna/2011 

5. Lattice location of manganese atoms in silicon after ion implantation and plasma pulse annealing 

Principal Investigator: Assoc. prof. Zbigniew Werner 

No. W16/DESY/2012 

6. Synchrotron topographic and diffractometric investigation of craters generated in crystals with FLASH pulses 

and layered structures containing the porous silicon 

Principal Investigator: Prof. Krzysztof Wieteska 

No. W3/DESY/2012 

7. Participation in calculations and design of the proton linac in ESS project 

Principal Investigator: Dr Sławomir Wronka 

No. W4/ESS/2012 

8. Participation in calculations and design of the positron source for GBAR experiment 

Principal Investigator: Dr Sławomir Wronka 

W72/GBAR/2012 

9. Manganese location inMn implanted and plasma pulse annealed germanium by cPIXE 

Principal Investigator: Assoc. Prof. Zbigniew Werner 

W68/SPIRIT/2012 
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10. Studies of gas and condensed matter (liquids and solids) at high pressure under irradiation with swift heavy 

ions, electrons and gamma quant, investigation post irradiation effects in materials, production of new structures 

as background for new technologies development 

Principal Investigator: Prof. Roland Wisniewski 

 

National Centre for Research and Development 

1. Device for fast localization of the radioactive isotopes, dedicated for border guard 

Principal Investigator: Dr Sławomir Wronka 

No. PMPP/W/01-09.11 

2. Research and development of technology for controlled thermonuclear fusion (consortium leader – Henryk 

Niewodniczański Institute of Nuclear Physis, Polish Academy of Sciences)  

Strategic Program “Technologies Supporting Development of Safe Nuclear Power Engineering”  

No: SP/J/2/143234/11 

3. Study of possibilities and criteria for participation of the Polish industry in the worldwide expansion of nuclear 

power engineering (research network leader – Warsaw University of Technology) 

Strategic Program “Technologies Supporting Development of Safe Nuclear Power Engineering” 

No: SP/J/5/143682/11 

4. Development of nuclear safety and radiological protection methods for the nuclear power engineering's current 

and future needs (research network leader – Central Laboratory for Radiological Protection) 

Strategic Program “Technologies Supporting Development of Safe Nuclear Power Engineering” 

No. SP/J/6/143339/11 

5. The development of high- temperature reactors for industrial applications (research network leader – AGH 

Univeristy of Science and Technology Cracow) 

Strategic Program “Technologies Supporting Development of Safe Nuclear Power Engineering” 

No. SP/J/1/166183/12 

6. Alternative methods of technetium-99m production 

Applied Research Programme – programme path A 

No PBS1/A9/2/2012 

 

RESEARCH PROJECTS GRANTED BY FOREIGN INSTITUTIONS 

1. IAEA - Development of 
68

Ga based PET-Radiopharmaceuticals for Management of Cancer and other Chronic 

Diseases 

Principal Investigator: D. Pawlak, MSc. 

No. 16476 

2. IAEA - Therapeutic radiopharmaceuticals based on 
177

Lu- and 
90

Y- labelled monoclonal antibodies and 

peptides: development and preclinical evaluations 

Principal Investigator: Dr W. Wojdowska 

No. 16639 

3. IAEA - Accelerator-based alternatives to non-HEU production of Mo-99/Tc-99m 

No. 17419 

4. COST TD1004 – Theragnostics Imaging and Therapy: An Action to Develop Novel Nanosized Systems for 

Imaging-Guided Drug Delivery 

Principal Investigator: Assoc. Prof. R. Mikołajczak 

5. COST CM1105 - Functional metal complexes that bindto biomolecules 

6. COST TD1007 – Bimodal PET-MRI molecular imaging technologies for in vivo monitoring of disease and 

biological processes 

Principal Investigator: prof. Marek Moszyński 

7. EURAMET - Ionising radiation metrology for the metallurgical industry 

Principal Investigator : Z. Tymiński, MSc. 

MetroMetal JRP IND04 
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8. EURAMET - Metrology for radioactive waste management 

Principal Investigator: Z. Tymiński, MSc. 

MetroRWM JRP ENV09 

9. EURAMET – Biologically weighted quantities in radiotherapy 

Principal Investigator: Dr. S. Pszona 

 

RESEARCH PROJECTS CO-FINANCED BY 7TH FRAMEWORK PROGRAMME 

1. EuCARD 

European Coordination for Accelerator Research and Development 

Contract No. 227579 (2009-2013) 

2. HadronPhysics3 

Study of strongly interacting matter 

Contract No. 283286 (2012-2014 ) 

3. EURATOM 

Development of the selected diagnostic techniques (Cherenkov detectors, SSNTD, and fusion neutron 

detectors) within a frame of EURATOM nuclear fusion programme 

Contract No. FU07-CT-2007-00061 (2008-2013) 

Project to which IPJ contributes, but is not a signatory to the contract - Association between the European 

Atomic Energy Community (EURATOM) and the Institute of Plasma Physics and Laser Microfusion (IPPLM) 

4. IPPA 

Implementig Public Participation Approaches in Radioactive Waste Disposal 

Contract No. 269849 (2011-2013) 

5. LAGUNA-LBNO 

Design of a pan-European Infrastructure for Large Apparatus Studying Grand Unifictaion, Neutrino 

Astrophysics and Long Baseline Neutrino Oscillation 

Contract No. 284518 (2011 - 2014) 

6. NURESAFE 

Nuclear Reactor Safety Simulation Platform 

Contract No. 323263 (2013-2015) 

7. ALLIANCE 

Preparation of ALLegro – Implementing Advanced Nuclear Fuel Cycle in Central Europe 

Contract No. 323295 (2013-2015) 

8. MODES_SNM 

Modular Detection System for Special Nuclear Materials 

Contract No. 284842 (2012-2014) 

 

 

PROJECTS CO-FINANCED BY THE EUROPEAN UNION UNDER THE EUROPEAN REGIONAL 

DEVELOPMENT FUND (ERDF), SWISS CONTRIBUTION 

1. Development of dedicated systems based on accelerators and detectors of ionizing radiation for medical therapy 

and in detection of hazardous materials and toxic wastes 

Implementation period: 01.01.2008–31.12.2013 

Project value:  85 584 643,00 PLN 

ERDF:   67 507 000,00 PLN 

Agreement No.:  POIG.01.01.02.-14-012/08-00 

2. Computing Centre in Świerk: infrastructure and services for power industry 

Implementation period:  05.01.2009–31.10.2015 

Project value:  97 708 010,00 PLN 

ERDF:   83 051 808,80 PLN 

Agreement No.:  POIG.02.03.00-00-013/09 
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3. Construction of the Science and Technology Park along with the modernization of accompanying infrastructure 

of the Centre in Świerk 

Implementation period:  01.01.2010-31.12.2014 

Project value:  50 0000 000,00 PLN 

ERDF:   42 499 337,00 PLN 

Agreement No.:  RPMA.01.04.00-14-008/10-00  

4. Bayesian approach to multi-parameter problems in physics and beyond involving parallel computing and large 

data-sets 

Implementation period:  01.01.2011-30.06.2015  

Project value:  5 360 480,00 PLN 

ERDF:   4 556 408,00 PLN 

Agreement No.:  WELCOME/2010-3/1 

5. Launching of innovative production line for manufacture of kits for molecular imaging 

Implementation period: 30.03.2010–30.06.2012 

Project value:  23 453 292,70 PLN 

ERDF:   7 657 014,00 PLN 

Agreement No.:  UDA-POIG.04.04.00-14-024/09-00 

 

6. Investigations and development of production technologies of isotopes for therapy of neuroendocrine tumors 

Implementation period: 04.08.2010–31.08.2012 

Project value:  7 744 221,40 PLN 

ERDF:   2 615 333,01 PLN 

Agreement No.:  UDA- POIG.01.04.00-14-190/09-00 UDA-POIG.04.01.00-14-190/09-00 

 

7. Information Technologies for Astrophysical Observations in wide range of energy 

Implementation period: 01.10.2011–30.09.2014 

Project values:  1 370 444.34 CHF/3 676 354,00 PLN 

SWISS Contribution:  85% 

Agreement No:  3/2011 

 

8. Passive, telemetric microsystem for the radiation dose monitoring 

Implementation period: 01.05.2011—30.04.2013 

Project values:  288 000,00 PLN 

ERDF:   244 800,00 PLN 

Agrement No.:  HOMING PLUS/2010-2/9 

 

9. School of the future 

Implementation period: 16.04.2012-31.12.2014 

Project value:  921 642,00 PLN 

ESF:    783 395,70 

Agreement No.:  UDA-POKL.09.02.00-14-058/11 
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7. PARTICIPATION IN NATIONAL CONSORTIA AND SCIENTIFIC 

NETWORKS 
 

NATIONAL CONSORTIA:    Institute representative: 

 

1.
*
 Nuclear Science Center      G. Wrochna 

2.
*
 National Consortium ‘XFEL-POLAND’    G. Wrochna/Z. Gołębiewski 

 for collaboration with the European X-ray Free 

 Electron Laser - Project XFEL 

3. National Consortium       G. Wrochna/M. Pawłowski 

‘High Temperature Nuclear Reactor in Poland’  

4. National Consortium ‘FEMTOFIZYKA’    B. Zwięgliński 

 for collaboration with the FAIR project in GSI Darmstadt 

5. National Consortium ‘COPIN’     K. Rusek 

 for scientific collaboration with France (IN2P3 Institute) 

6. Agreement for scientific collaboration in theoretical research on:  W. Piechocki 

 “Particles-Astrophysics-Cosmology” 

7. National Consortium for Hadron Radiotherapy (NCRH)   G. Wrochna/A. Wysocka-Rabin 

8. National Consortium of scientific Network ‘Polish calculation system W. Wiślicki 

 for experiments at LHC-POLTIER’ 

9. Warsaw Science Consortium      G. Wrochna/M. Juszczyk 

10. ‘Polish Synchrotron’ Consortium     R. Nietubyć 

11. National Consortium ‘PL-TIARA’     S. Wronka 

12.
*
 National Consortium ‘COMPASS-PL’     A. Sandacz 

13
*
. National Consortium ‘NEUTRINA-T2K’    E. Rondio 

14. National Consortium ‘HADRONY-NA61/SHINE   J. Stepaniak 

 

SCIENTIFIC NETWORKS:    Institute representative: 

 

1.
*
 Polish Astroparticle Physics Network     G. Wrochna 

2.
*
 Polish Neutrino Physics Network     D. Kiełczewska 

3. Polish Nuclear Physics Network     D. Chmielewska 

4. Polish Network of Physics of Relativistic Ion Collisions   St. Mrówczyński 

5. Integrated Large Infrastructure for Astroparticle Science (ILIAS)  W. Piechocki 

 European Network for Theoretical Astroparticle Physics (ENTApP) 

6. Polish Network of Neutrons-Emission-Detection   J. Szydłowski 

7. Polish Network of Neutron Scatterers (NeutroNET)   L. Dobrzyński 

8. Polish Network of Radiation Protection and Nuclear Safety  L. Dobrzyński 

 
*
 Coordinator: The Andrzej Sołtan Institute for Nuclear Studies (IPJ) 
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8. DEGREES 
 

 

Professor title 
 

1. LESZEK ROSZKOWSKI (National Centre for Nuclear Research) 

 

2. BOGUSŁAW ZWIĘGLIŃSKI (National Centre for Nuclear Research) 

 

DSc theses  
 

1. KRZYSZTOF KUREK (National Centre for Nuclear Research) 

Understanding the Nucleon’s Spin Structure The Direct Gluon Polarisation Measurement at the COMPASS 

Experiment 

 

PhD theses 

 
1. TOMASZ CHODUKOWSKI (Institute of Plasma Physics and Laser Microfusion) 

Badanie parametrów i dynamiki plazmy w urządzeniu PF-1000 w fazach formowania i rozpadu kolumny 

plazmowej metodą wielo-kadrowej interferometrii laserowej 

 

2. AGATA CZARNECKA (Institute of Plasma Physics and Laser Microfusion) 

Badanie zanieczyszczeń plazmy termojądrowej w tokamaku JET z zastosowaniem nowej techniki 

spektroskopowej z zakresu VUV 

 

3. KRZYSZTOF FORNALSKI (National Centre for Nuclear Research) 

Analiza wybranych danych dotyczących wpływu niskich dawek promieniowania jonizującego na 

organizmy 

 

4. PAWEŁ GĄSIOR (Institute of Plasma Physics and Laser Microfusion) 

Badanie własności kodepozytu i pyłu w urządzeniach tokamak z wykorzystaniem technik laserowych i 

specjalnych metod diagnostycznych 

 

5. KATARZYNA JAKUBOWSKA (Institute of Plasma Physics and Laser Microfusion) 

Metody emisyjnej spektroskopii optycznej w zastosowaniu do badań gorącej plazmy w układach typu 

Tokamak i Plasma-Focus 

 

6. PAWEŁ ŁUCZAK (National Centre for Nuclear Research) 

Investigation of muons in extensive air showers with the KASCADE-Grande Muon Tracking Detector 

 

7. TOMASZ PALCZEWSKI (National Centre for Nuclear Research) 

Study of particle production in hadron-nucleus interactions for neutrino experiments 

 

8. MARCIN ROSIŃSKI (Institute of Plasma Physics and Laser Microfusion) 

Badanie procesów generacji i zastosowania jonów produkowanych laserem dla modyfikacji materiałów 

półprzewodnikowych 

 

9. KATARZYNA SIEGIEŃ – IWANIUK (National Centre for Nuclear Research) 

Weak interactions studied in a few electron atomic ions 

 

10. TOMASZ SZCZĘŚNIAK (National Centre for Nuclear Research) 

Optimization of Detectors for Time-of-Flight Positron Emission Tomography 

 



Annual Report 2012 
 

25 

9. THE ACCELERATORS AND DETECTORS PROJECT IN THE 

MIDDLE OF ITS IMPLEMENTATION 
 

The project ‘Development of specialized systems 

based on accelerators and detectors of ionizing radiation 

in medical therapy and in detection of hazardous 

materials and wastes’ (short name ‘Accelerators and 

Detectors’) co-financed by the European Regional 

Development Fund is realized by the National Centre 

for Nuclear Studies. Three medical demonstrators are 

being developed within the project, dedicated to 

oncology treatments, and these are as follow:  

 Highly specialized multi-energy accelerator for 

advanced radiotherapy;  

 Medium-energy electron accelerator for intraoperative 

radiation therapy, IORT; 

 Low-energy electron accelerator with X-ray tube for 

radiotherapy (Inline PN50). 

Two other devices: 

 Advanced X-ray scanner system based on a dual-

energy linear accelerator; 

 Mobile explosives detection system based on the 

neutron activation technique,  

are designed and constructed within the project for 

homeland security applications. 

Technologies for cancer radiotherapy among others 

cover development of electron acceleration and control 

systems, electron-photon conversion and energy 

switching systems, precise irradiation field shaping 

systems, mega- and kilo-volt imaging systems, 

radiotherapy verification and management systems. For 

these systems selected new technological solutions have 

had patents applied for. At this stage of the project the 

following medical accelerators are prepared for future 

commercialization, namely: 

 Highly specialized multi-energy accelerator and 

simplified one-energy model accelerator Coline 6; 

 Intraoperative radiation therapy electron accelerator; 

 Low-energy X-ray tube for radiotherapy. 

They are dedicated to domestic and foreign hospitals 

with radiotherapy and surgical oncology departments. 

The Coline 6 accelerator is at the availability phase, 

while the other accelerators are in the development 

phase. 

Technologies for X-ray radiography (CANIS 

system) and the neutron scanner SWAN, among others 

cover development of electron acceleration and control 

systems, electron-photon conversion and energy 

switching systems, beam shaping and gamma-ray 

detection systems, electronic communications and 

online analysis software. For these systems some 

technological solutions have had patents applied for. 

These devices are dedicated to d omestic and foreign 

homeland security including border monitoring, military 

and mining markets. The neutron scanner SWAN is at 

the demonstration phase and the X-ray radiography 

CANIS system is at the development phase. 

At the end of 2012 significant progress in 

construction and performance of demonstrators was 

achieved. In the case of theMulti-energy Electron 

Accelerator for Advanced Radiotherapy, a model of the 

accelerator mechanical structure with a fixation system 

was designed and optimized, as well as an independent 

kV X-ray radiation imaging system. Dosimetric tests of 

the earlier developed multileaf collimator (MLC) were 

performed and the MLC final parameters were 

confirmed. Long term stress tests of the MLC were 

carried out. Tests of the early model of the energy 

switch for the accelerating structure led to the 

modification of its concept. 

The development of a medical electron accelerator 

for intraoperative radiation therapy (IORT) and a 

system for brachytherapy of breast cancer INLINE 

PN50 have come to the final phase. The accelerating 

section of the IORT demonstrator has been 

manufactured. For this section the high power supply 

system has also been built. A robotic gantry with five 

degrees of movement was designed, constructed and 

partially tested. A novel forming applicator system for 

the therapeutic beam has been designed and constructed. 

The first X-ray measurements of radial dose 

distributions for the flat Ag target of the Inline PN50 X-

ray tube were compared with Monte Carlo calculations. 

The X-ray tube stability and the beam geometry have 

been improved and optimized.  

During the past year a new prototype detector line 

with 64 scintillators was built for the X radiography 

CANIS system. New electronic detector boards and 

mechanical constructions were designed and partially 

verified. The software has been developed. The 

accelerating cavities of the CANIS electron accelerator 

were manufactured and measured.  

The final construction of the neutron scanner SWAN 

has been completed and the device is ready for 

laboratory and field tests. Recent effort was 

concentrated on its physical portability and mobility, 

without loss of its main functionality of detecting and 

identifying specific materials. 

Detailed current status of all demonstrators 

developed within the ‘Accelerators and Detectors’ 

project is presented in the NCBJ Annual Report 2012 

subsequent articles. 

Agnieszka Syntfeld-Każuch 

Jacek Rzadkiewicz 

This work was supported by EU Structural Funds, 

Project No. POIG.01.01-14-012/08-00. 
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10. COMPUTING CENTRE IN ŚWIERK: INFRASTRUCTURE  

AND SERVICES FOR THE POWER INDUSTRY 
 

 

The project was in the course of building-up the 

scientific and research groups, expert groups, 

administration and the computing and networking 

infrastructure. 

After finalizing the adaptation of a dedicated 

building, work on the infrastructure of the main 

computing room is well advanced: the main cooling, 

electric power supply and monitoring susbsystems are 

close to the commissioning phase. The computing 

infrastructrure consists of 2000 CPU in blades, 7.6 TB 

RAM and 0.5 PB disk space and is in process of 

enlargement.  

The scientific and engineering teams include: 

nuclear safety assessment (simulations of critical events 

in different types of reactors and power installations), 

management of environmental hazards (nuclear and 

chemical security assessments, air purity, weather, 

thermal flows in nuclear systems) , complex systems 

(energy distribution in networks, physics, engineering 

and economic aspects), medical applications (positron 

emission tomography), molecular physics, development 

of free-electron lasers, high energy physics (mainly 

LHC-related subjects concerning completion of the 

standard model and search for new physics, neutrino 

and flavour physics), astrophysics and astronomy, high 

performance computing (resource development and 

administration, operations), networking and security 

(icluding current work and developments).  

The project provides both general-purpose 

information technology services (e.g. helpdesk, access 

to high-bandwidth networking and computing 

resources), licensed scientific software (e.g. Fluent, 

Mathematica, Matlab) and specialized application 

services (e.g. nuclear safety, hazard management).  

 

Wojciech Wiślicki 

 

 

 

 

 

11. SCIENCE AND TECHNOLOGY PARK 
 

 

The Science and Technology Park in Świerk (Świerk 

STP), funded under the RPO programme 

RPMA.01.04.00-14-008/10-00, will be a base of 

resources helping to quickly transform scientific 

research results into practical applications. It will be a 

base for growth of innovative Hi-Tech businesses that 

will draw on know-how and experience accumulated in 

the NCBJ National Centre for Nuclear Research. It is 

also envisaged that in the future it will become a local 

centre for the knowledge-based economy in the Otwock 

county area. The scope of its activities will be flexibly 

adapted to future circumstances; nevertheless, its 

primary functions should basically reflect the 

development of various nuclear technologies and their 

applications in industry, medicine, the power industry, 

environmental protection, biology, and materials 

engineering. 

In addition to Hi-Tech businesses, companies 

representing various power industry-related sectors 

(especially nuclear power-related businesses and all 

industries benefiting from radiation technologies) might 

be the priority customers of the Świerk STP Park. The 

Park would provide a broad range of services: research 

and development (via dedicated laboratories), testing 

and certification. The Park will also offer a wide range 

of business support services, including consulting 

services related to commercialization of the results of 

research and cooperation between industry and 

providing the necessary legal and consulting services 

for the companies involved (e.g. with respect to 

intellectual property rights, business analyses etc.) . 

The Science and Technology Park in Świerk will be 

an excellent opportunity to better exploit the results of 

R&D works conducted in the NCBJ. Centre in the 

economy. The practical usefulness of this work for 

scientific and industrial communities throughout the 

country on the one hand, and the competitiveness of the 

Mazovia voivodship businesses on the other hand will 

increase. 

The first companies and Park laboratories will start 

operations in early 2014. 

Paweł Sobkowicz 
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12. STRENGHTENING OF THE INNOVATION POTENTIAL OF THE 

INSTITUTE IN ŚWIERK FOR DEVELOPMENT OF TECHNOLOGIES 

BASED ON IONISING RADIATION 
 

A grant from the Regional Operational Programme 

for the Mazowieckie voivodship for the years 2007-

2013 will result in spending over 33 mln zlotys on 

necessary renovation and construction work, 

modernisation of the infrastructure, the purchase of 

research instruments for four laboratories, hence the 

name of the project – 4Lab – and building a new 

computer network. The realisation of the project will 

last until the end of 2014.  

The largest changes will affect the Laboratory of 

Accelerating Structures, which produces electron 

accelerator unit for medical and industrial accelerators 

manufactured by the NCNR. Due to the grant a new 

laboratory building will arise. It will house the design 

department, workshops, assembly cleanrooms required 

to obtain ultrahigh vacuum and so called bunkers, 

tuning and testing sites with shielding against radiation. 

The laboratory will be able to supplement its assembly 

and measuring equipment. The new building will 

integrate scattered groups of specialists, the 

infrastructure will help to improve reliability and 

repeatability of technological processes. It will also be 

possible to increase the energy of the manufactured 

accelerators from 9 MeV up to 20 MeV.  

At the Laboratory of Ion Plasma Beams, scientists 

are working on modifying properties of solids by 

exposing their surface to pulses of hot plasma lasting 

hundreds of nanoseconds with various composition. 

Using this method, researchers obtained high-

temperature resistance to oxidation of stainless steel 

(important in high temperature nuclear reactors) and 

resistance to sulphur compounds of titanium foil 

windows (application of accelerators to coagulation of 

dust in the power industry). The idea is an example, of 

how to make use of qualitatively new effects arising at 

the interface between different disciplines – plasma 

physics and surface engineering in this case. The current 

investigations are aimed at producing semiconducting 

materials for spintronics, which requires incorporation 

of atoms with high magnetic moments in the crystal 

lattice. Before the technology can be widely used, 

problems with the stability of the plasma source must be 

solved. For this reason, besides modernisation of the 

laboratory infrastructure, the grant will be employed to 

improve the plasma gun, especially the system of gas 

dosing valves and to purchase instruments for plasma 

diagnostics.  

The Radiographic Laboratory is conducting 

research on defectoscopy. X-rays of energy a few MeV, 

emitted from a target bombarded by a beam of electrons 

from an accelerator, enable the detection of defects in 

castings, construction elements or closed structures such 

as vacuum systems with overall thickness up to several 

hundreds of millimetres. Within the 4Lab project a new, 

higher energy experimental setup will be assembled. 

Digital image registration and computer steering, with 

possibility of scanning will enable examination of large 

scale objects, real time viewing of2D and 3D images 

and advanced data analysis. A mobile system is planned 

as well, which will enable examination of fixed 

structures.  

The Laboratory of Environmental Monitoring 

measure, analyses and models dust pollution of the air. 

Particles of dust are picked up by filters, which are 

subsequently burnt down. The ash is compacted and put 

into a cyclotron to perform radiation analysis. The grant 

will allow the measuring system to be modernised. The 

other task is to create advanced software for the analysis 

of pollution over large areas and long periods and able 

to make predictions. Knowledge about variations of dust 

pollution in different areas will help to eliminate its 

sources and improve the health of the inhabitants.  

Support from the 4Lab project will help to 

modernise the computer network. Currently its 

throughput is insufficient, which hinders 

communication and usage of network versions of 

programs for numerical calculations. All these problems 

should disappear after the building of a skeleton 

network with throughput as high as10 Gb/s. It will open 

the way to a new range of network services, including 

education. The 4Lab project will significantly improve 

conditions for economically import ant scientific 

research, help the NCNR groups to join international 

collaborations and gain access to or develop 

technologies useful for industry. One may expect that it 

will stimulate numerous original ideas within medicine, 

materials science or environment al protection. The 

grant will raise th position of the NCNR, which in 

future should bring considerable benefits for to 

Mazowieckie Voiewodship and the whole national 

economy. 

 

Cezary Pochrybniak 

 

Project co-financed by the European Union from the European 

Regional Development Fund under the Regional Operational 

Programme of Masovian Voivodeship 2007-2013 
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II. DEPARTMENTS AND DIVISIONS OF THE INSTITUTE 

 
1. DEPARTMENT OF NUCLEAR ENERGY 
 

Director of Department: Grzegorz Krzysztoszek, M.Eng. 

phone:   +48 22 7180080 

e-mail:   Grzegorz.Krzysztoszek@ncbj.gov.pl 

 

Overview 

 

The MARIA research reactor operated ca. 4610 hours on power 18-23 MW in 2012. The reactor was used first 

of all to irradiate materials for the farmaceutical company Covidien and OR Polatom. 

As a result of irradiation of uranium targets in the MARIA reactor the Covidien company has fabricated 

generators of Mo99/Te99n to be used in medical diagnostics. They constituted around 4% of the world demand in 

2012, and in December 15%. 

Physical studies have also been pursued at the reactor neutron beam ports. 

In September 2012 the reactor core conversion from high enriched fuel (HEU) to low enriched fuel (LEU) was 

carried out on the strength of fuel delivery from the company AREVA-CERCA. 

A consecutive batch (60 pcs.) of spent high enriched fuel of MR type was repatriated from the MARIA reactor to 

the Russian Federation. 

The Laboratory for of Dosimetry Measurements (LPD) conducted monitoring and evaluation of the threat from 

ionizing radiation to NCBJ employees and inhabitants of the surroundings of the Świerk-Centre. 

The Laboratory of Dosimetry for Mixed Radiation within the framework of the NCBiR carried out the following 

work: 

1. Procedure for identification dosimetry parameters of hadron beams has been developed. 

2. Dosimetry parameters of the H8 horizontal portbeam of the MARIA reactor have been examined. 

3. New type of microcrevice chambers to study radiation fields with high dose rates. 

Division for Nuclear Power has executed a number of tasks of which the major ones are: 

1. PSA analyses for selected safety systems for PWR reactors. 

2. Neutronic-physical calculations over core conversion for the MARIA reactor. 

3. Calculations of thorium usage in the fuel cycle for light water reactors – for example EPR power reactors. 

 

 

Grzegorz Krzysztoszek M.Eng. 
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DIVISION OF NUCLEAR ENERGY 

 

Head of Division: Tomasz Jackowski, M.Eng. 

phone:  +48 22 7180101 

e-mail:  Tomasz.Jackowski@ncbj.gov.pl 

 

Overview 

 

The main scientific and technical achievements of the Nuclear Energy Division in 2012 may be summarized as 

follows: 

 Neutronic safety analysis of the MARIA reactor in connection with the core conversion from high to low 
enriched fuel (in the framework of the Reduced Enrichment for Research and Test Reactor program) 

 Neutron physics calculations for the MARIA reactor 
 Study of the efficiency of Mo-99 production in low enriched uranium plates 
 Completing the “Safety Assessment Education and Training” programme in the area of safety analyses and 

reactor system modelling using the RELAP5 code  
 Participation in the NURISP programme (since 2013 prolonged as NURESAFE) – collaboration with scientific 

and technical organizations in development, assessment and introduction of specialized computer tools into the 
NURESIM – European platform of nuclear reactor design and assessment tools; The target of the NURISP 
Collaborative Project is to make new and significant steps towards a European Reference Simulation Platform 
for applications relevant to present PWR and BWR and to future reactors; 

 Implementation of computational tools: APOLLO2, CRONOS2, TRIPOLI4, (neutron transport, diffusion and 
Monte-Carlo codes licensed by CEA, France), DRAGON (neutron transport code by Polytechnique Montreal, 
Canada), SERPENT (Monte-Carlo neutronic code by VTT, Finland), CATHARE2 (reactor system code for 
safety assessment, including accident analysis, licensed by CEA), FLICA4 (CFD-like code for analysis of 
cooling in reactor vessels, by CEA, France) within the Centre Informatics Swierk project. 

 Thermal-hydraulic analysis for assessment of safety margins for the BNCT converter for the MARIA reactor 
by utilising the CFD code within the Centre Informatics Świerk project 

 Active participation in the development of techniques for the application of IRIDM, (Integrated Risk Informed 
Decision Making), initiated by the IAEA 

 Performing PSA analysis for selected systems for PWR 
 Development of a package for stochastic event reconstruction within the BayesFits project of the Welcome 

programme 
 Implementation of a numerical solver for all scale geophysical flows within the Centre Informatics Świerk 

project  
 Application of ensemble techniques for assessment of uncertainties in atmospheric dispersion simulations 

within the Centre Informatics Świerk project 
 Development of a model for hazard area assessment based on an early warning monitoring system within the 

NCBiR project: Development of the Information System for Early Warning on Major Industrial Accidents. 
 Participation in the project: Implementing Public Participation Approaches in Radioactive Waste Disposal as 

an important element of a new radioactive waste repository project 
 Study of radioactive air pollution in the polar region using a high volume air sampler situated at the in Polish 

Polar Station at Hornsund (Spitzbergen) 
 Non-destructive investigation of numerous archeological objects using the neutron radiography method within 

the project: Application of 2 and 3D neutron imaging with focus on cultural heritage research 
 Spallation neutron spectrum research on the JINR Dubna QUINTA setup: study of the nuclear transmutation 

process using the QUINTA facility irradiated with deuterons of energy 2, 4, and 6 GeV in cooperation with the 
Joint Institute of Nuclear Research, Dubna for determination of the energy spectrum of neutrons at energies 
above 10 MeV 

 Study of the thorium-uranium fuel cycle as a prophylactic means of energy production where the radio-toxicity 
of the wastes is about three orders of magnitude smaller than in the case of classical PWR reactors 

 Analysis of optimal spallation neutron target sizes which enables the required ion beam current of the value 
achievable with today’s technology to be obtained 

 Nuclear fuel behaviour during exploitation: study of the local xenon concentration decrease for high burn-up in 
the rim area of pellets with local grain subdivision, the decrease of the fuel lattice constant and the increase of 
the observed porosity. 

 Modelling of molten salt reactors 
 Study of semiconductor materials behaviour during ion implantation. 

 Tomasz Jackowski M.Eng. 
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REPORTS 

CATHARE Application in a BNCT Converter 

M. Spirzewski 

Narodowe Centrum Badań Jądrowych 

 

Cohesive properties in mixed thorium and uranium dioxides calculated by ab initio method 

L. Dąbrowski, M. Szuta 

Annual Report 2011, p. 254 NCNR, Świerk 

 

Gap Conductance Model - Thermal-Hydrulic and Fuel Behavior 

K. Samul 
National Centre for Nuclear Research, Otwock-Świerk, Poland, Annual Report 2011 (p. 238) 

 

Local structure of mixed thorium and uranium dioxides calculated by an ab initio method 

L. Dąbrowski, M. Szuta 
Annual Report 2011 p. 255 NCNR, Świerk 

 

Pressurized Water Reactor Fuel Assembly Calculations Using DRAGON4.05 

M. Skrzypek, E. Grodzicka, R. Możdżonek 

Narodowe Centrum Badań Jądrowych, Otwock-Świerk 

 

VVER440 Pressurizer RELAP5 Model 

K. Różycki 

NCBJ Annual Report 2011, p. 240 

 

Xe and Kr bonding abilities in single crystal oxygen vacancies of uranium based fuel 

L. Dąbrowski, M. Szuta 

Annual Report 2011 p. 256 NCNR, Świerk 

 

The use of the activation method to evaluate the possibility of thorium utilizationas a fertile material in nuclear power 

reactors 

Ł. Koszuk 

Faculty of Physics, Warsaw University 

 

Badanie procesów transmutacji 

S. Kilim, E. Strugalska-Gola, M. Szuta, B. Słowiński 

IChTJ (in press) 

 

 

PARTICIPATION IN CONFERENCES AND WORKSHOPS 

Invited Talks 

 

Gospodarka odpadami promieniotwórzymi i wypalonym paliwem jądrowym w okresie eksploatacji w Polsce elektrowni 

jądrowych 

B. Mysłek-Laurikainen 
XXVI Konferencja z cyklu: Zagadnienia Surowców Energetycznych i Energii w Gospodarce Krajowej (Poland, Zakopane, 

2012-10-14 - 2012-10-17) 

 

Detection of Fukushima origin ceasium isotopes at Polish Polar Station in Hornsund (Spitsbergen) 

B. Mysłek-Laurikainen, M. Matul, S. Mikołajewski, H. Trzaskowska 

XXXIV Sympozjum Polarne (Poland, Sosnowiec, 2012-06-14 - 2012-06-16) 

 

Detekcja izotopów cezu pochodzących z awarii w Fukushimie w Polskiej Stacji Polarnej w Hornsundzie 

B. Mysłek-Laurikainen, M. Matul, S. Mikołajewski, M. Kubicki, H. Trzskowska 

XXXIV SYMPOZJUM POLARNE (Poland, Sosnowiec, 2012-06-14 - 2012-06-16) 

 

Świerk Computing Centre Project. Needs and possibilities of developing new generation of computational system for 

nuclear reactors 

M. Borysiewicz, S. Potempski 

V-th International School on Nuclear Power (Poland, Warsaw, 2012-05-07 - 2012-05-10) 
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Gospodarka odpadami promieniotwórczymi i wypalonym paliwem jądrowym w okresie eksploatacji w Polsce elektrowni 

jądrowych 

S. Chwaszczewski, B. Mysłek-Laurikainen 

XXVI Konferencja z cyklu: Zagadnienia Surowców Energetycznych i Energii w Gospodarce Krajowej (Poland, Zakopane, 

2012-10-15 - 2012-10-17) 

Instytut Gospodarki Surowcami Mineralnymi i Enargią PAN, Kraków No.3 (2012) p. 5-22 

 

Dielectric function of native oxides on implanted GaAs 

M. Kulik, W. Rzodkiewicz, Ł. Gluba, D. Mączka, A.P. Kobzev, B. Słowiński 

IX-th International Conference ION IMPLANTATION AND OTHER APPLICATIONS OF IONS AND ELECTRONS (ION 

2012) (Poland, Kazimierz Dolny, 2012-06-25 - 2012-06-28) 

UMCS, Lublin No. (2012) 

 

Role of NCBJ in Nuclear Power Programme 

T. Jackowski 
IAEA General Conference Side Event - TSO Forum Plenary (Austria, Vienna, 2012-09-18 - 2012-09-18) 

 

Safety infrastructure necessary for implementation of nuclear power programme in Poland 

T. Jackowski, E. Grodzicka 

World Nuclear Power Briefing Europe 2012 (Poland, Warszawa, 2012-12-10 - 2012-12-11) 

 

The high energy neutron cross-sections measurement on yttrium 

M. Bielewicz, S. Kilim, E. Strugalska-Gola, M. Szuta, O. Svoboda 

1st ERINDA Progress Meeting and Users and Collaboration Scientfic Workshop, (Czech Republic, Prague, 2012-01-16 - 

2012-01-18) 

 

Prace Departamentu Energii Jądrowej dla Reaktora MARIA 

Z. Marcinkowska 
Sympozjum NCBJ 2012 (Poland, Warszawa, 2012-06-15 - 2012-06-15) 

 

Profiles and fluctuations of electromagnetic cascades produced by 100-3500 MeV gamma quanta in heavy amorphous 

media 

B. Słowiński, P. Duda, D. Mączka, J. Bzdak 

IX-th International Conference ION IMPLANTATION AND OTHER APPLICATIONS OF IONS AND ELECTRONS (ION 

2012) (Poland, Kazimierz Dolny, 2012-06-25 - 2012-06-28) 

 

Comparison of high energy neutron spectrum in Quinta assembly for deuteron beams of 2.0 and 4.0 GeV from JINR 

Nuclotron (Dubna). 

M. Bielewicz, S. Kilim, A. Polański, E. Strugalska-Gola, M. Szuta, A. Wojciechowski 

Energy+Transmutation-Radiactive Wastes Collaboration Scientific Workshop (Czech Republic, Res, 2012-06-04 - 2012-

06-08) 

 

NCBJ in Gas Cooled Reactors field. 

T. Jackowski, K. Różycki, V. Chauvet 

SNE-TP Executive Committee Meeting no.15 Cadarache, 22-23 November 2012 CEA Cadarache 13108 St Paul lez 

Durance Cedex (France, Cadarache, 2012-11-22 - 2012-11-23) 

 

Detekcja izotopów cezu pochodzących z awarii w Fukushimie w Polskiej Stacji Polarnej w Hornsundzie 

B. Mysłek-Laurikainen 
XXXIV SYMPOZJUM POLARNE (Poland, Sosnowiec, 2012-06-14 - 2012-06-16) 

 

 

Oral Presentations 

 

Metody szacowania prawdopodobieństwa scenariuszy uszkodzenia rdzenia - PSA poziom 1.Methods for estimating the 

probability of core damage sequences - PSA Level 1. 

T. Kwiatkowski, K. Kowal 

II Seminarium bezpieczeństwa jądrowegoBadania i metody obliczeniowe dla bezpieczeństwa elektrowni jądrowych 

(Poland, Lublin, 2012-11-28 - 2012-11-28) 

 

Recent results of the study of ADS with 500kg natural uranium target assembly QUINTA irradiated by deuterons with 

energies from 1 to 8 GeV at JINR NOCLOTRON 

W. Furman, M. Bielewicz, S. Kilim, E. Strugalska-Gola, M. Szuta 

XXI International Baldin Seminar on High Energy Physics Problems (Russia, Dubna, 2012-09-10 - 2012-09-15) 

XXI Intern. Baldin Semin. on High Energy Physics Problems, JINR Dubna, 2012 No. (2012) 
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Polish Experience with RODOS system 

H. Wojciechowicz 
RODOS User Group meeting at Karlsruhe Institute of Technolog (Germany, Karlsruhe, 2012-01-12 - 2012-01-13) 

 

Probabilistic Safety Assessment and Integrated Risk Informed Decision Making 

M. Borysiewicz 
NUGENIA Plenary meeting (Hungary, Budapest, 2012-03-26 - 2012-03-28) 

 

Experience with Java RODOS system 

H. Wojciechowicz 
JRODOS training course at Karlsruhe Institute of Technology (Germany, Karlsruhe, 2012-01-11 - 2012-01-12) 

 

Polish experience of PSA. 

E. Staroń, G. Siess 

Regional Workshop on PSA Quality for Applications with Emphasis on External and Internal Hazards, Low Power and 

Shutdown PSA (Romania, Bukareszt, 2012-06-25 - 2012-06-29) 

 

Stochastic algorithm for estimation of the model’s unknown parameters via Bayesian inference 

M. Borysiewicz, P. Kopka, A. Wawrzyńczak-Szaban 

FEDERATED CONFERENCE ON COMPUTER SCIENCE AND INFORMATION SYSTEMS (Poland, Wrocław, 2012-09-

09 - 2012-09-12) 

Proceedings of the Federated Conference on Computer Science and Information Systems (2012)  

 

Zaprezentowanie działań NCBJ Zarządowi ESReDA, w zakresie tematyki stowarzyszenia 

M. Borysiewicz 
42nd ESReDA Seminar on Risk and Reliability for Wind Energy and other Renewable Sources (United Kingdom, Glasgow, 

2012-05-14 - 2012-05-17) 

 

A Model For Determination of Pollutant Levels Using Historical Data 

J. Bzdak, M. Sowiński, B. Słowiński, M. Lasiewicz, M. Kośla 

Urban Environmental Pollution (Netherlands, Amsterdam, 2012-06-17 - 2012-06-20) 

 

NCBJ as TSO in the Polish Nuclear Power programme 

T. Jackowski 
Posiedzenie Komitetu Sterującego TSO Forum w Berlinie (Germany, Berlin, 2012-09-06 - 2012-09-07) 

 

BEPU in practice: Computational thermohydraulic analysis of BNCT converter 

P. Prusiński, T. Kwiatkowski, M. Spirzewski 

Regional Workshop on Advanced Safety Assessment Methods (BEPU, CFD, Coupled Codes, etc.) (Poland, Warsaw, 2012-

10-08 - 2012-10-12) 

 

Application of Bayesian inference in stochastic event reconstruction in the case of the localization of the atmospheric 

contamination source 

M. Borysiewicz, A. Wawrzyńczak-Szaban, P. Kopka, P. Kopka,  

XII Konferencja BOS 2012 Polskiego Towarzystwa Badań Operacyjnych i Systemowych (Poland, Warszawa, 2012-09-17 - 

2012-09-19) 

 

Potrzeby i możliwości realizacji nowej generacji systemów obliczeniowych reaktorów energetycznych 

S. Potempski, M. Borysiewicz 

II Seminarium bezpieczeństwa jądrowegoBadania i metody obliczeniowe dla bezpieczeństwa elektrowni jądrowych 

(Poland, Lublin, 2012-11-28 - 2012-11-28) 

 

Preparation of NCBJ to the role of TSO in Poland 

T. Jackowski 
„2nd International Recycling Day” (Belgium, Brussels, 2012-02-16 - 2012-02-16) 

 

Multifizyczne i wieloskalowe symulacje numeryczne w energetyce jądrowej 

P. Prusiński 
II Seminarium bezpieczeństwa jądrowegoBadania i metody obliczeniowe dla bezpieczeństwa elektrowni jądrowych 

(Poland, Lublin, 2012-11-28 - 2012-11-28) 

 

Bayesian-Based Methods for the Estimation of the Unknown Model’s Parameters in the Case of the Localization of the 

Atmospheric Contamination Source 

M. Borysiewicz, A. Wawrzyńczak-Szaban, P. Kopka, P. Kopka 

SMI - Congress of Young IT Scientists (Poland, Międzyzdroje, 2012-09-20 - 2012-09-22) 

Found Comput Decis Sci Vol. 37 No 4 (2012) 253 
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NCBJ in Polish Nuclear Power Programme 

T. Jackowski 
RER/2/008 - Regional Workshop on Familiarization with IAEA Safety Standards, WENRA Reactor Safety Reference Levels 

and Guiding Principles for Monitoring Safety Performance, Budapest, Hungary, 1 - 4 October 2012 (Hungary, Budapest, 

2012-10-01 - 2012-10-04) 

 

Practical applications of PSA as a part of nuclear capacity building in Poland 

K. Kowal 
Application of Probabilistic Assessment for Research Reactors: Methodology and Reliability Data (Austria, Vienna, 2012-

04-16 - 2012-04-20) 

 

Metody i algorytmy rekonstrukcji uwolnień radiacyjnych 

P. Kopka, P. Kopka, A. Wawrzyńczak-Szaban, M. Borysiewicz 

II Seminarium bezpieczeństwa jądrowegoBadania i metody obliczeniowe dla bezpieczeństwa elektrowni jądrowych 

(Poland, Lublin, 2012-11-28 - 2012-11-28) 

 

Longitudinal profiles, fluctuations and correlations of electromagnetic cascades produced by 100-3500 MeV gamma quanta 

in heavy amorphous media 

B. Słowiński, P. Duda, A. Mączka, J. Bzdak 

XXI International Baldin Seminar on High Energy Physics Problems (Russia, Dubna, 2012-09-10 - 2012-09-15) 

Joint Institute for Nuclear Research, Dubna No. (2012) 

 

Status IRIDM in Poland 

M. Dąbrowski, K. Kowal 

Regional Workshop on Advances and Issues in Integrated Risk Informed Decision Making (RIDM) (Bulgaria, Sofia, 2012-

05-28 - 2012-06-01) 

 

Summary of Works Over MARIA Reactor CoreConversion from HEU to LEU Fuel 

W. Mieleszczenko, K. Pytel, G. Krzysztoszek, M. Dorosz, J. Lechniak, A. Mołdysz, K. Andrzejewski, T. Kulikowska, 

Z. Marcinkowska, A. Wocial, E. Hajewska, J. Maurin 

RERTR 2012 International Meeting on Reduced Enrichment for Research and Test Reactors (Poland, Warsaw, 2012-10-14 

- 2012-10-17) 

 

Neutronics Analysis of LEU Fuel Assemblies Basedon UO2 in MARIA Reactor Core 

Ł. Koszuk, T. Kulikowska, M. Łuszcz, Z. Marcinkowska 

RERTR 2012 International Meeting on Reduced Enrichment for Research and Test Reactors (Poland, Warsaw, 2012-10-14 

- 2012-10-17) 

 

Analysis of the pion-nucleus elastic scattering using the microscopic optical potential 

V.K. Lukyanov, E.V. Zemlyanaya, K.V. Lukyanov, IbrahimAbdulmagead, B. Słowiński 

XXI International Baldin Seminar on High Energy Physics Problems (Russia, Dubna, 2012-09-10 - 2012-09-15) 

Joint Institute of Nuclear Research, Dubna No. (2012) p. 86 

 

X-ray diffraction and Mössbauer spectroscopy studies of BiFeO3-BaTiO3 solid solutions 

K. Kowal, E. Jartych, A. Lisińska-Czekaj, D. Czekaj, P. Guzdek, P. Stoch 

Ogólnopolskie Seminarium Spektroskopii Mössbauerowskiej OSSM2012 (Poland, Lublin, Kazimierz Dolny, 2012-06-10 - 

2012-06-14) 

 

Podejmowanie decyzji w zakresie bezpieczeństwa instalacji technologicznych oparte na ryzyku 

M. Borysiewicz, K. Kowal, S. Potempski 

XIX Ogólnokrajowe Seminarium Naukowo-Techniczne: Badania materiałowe na potrzeby elektrowni i przemysłu 

energetycznego (Poland, Zakopane, 2012-06-26 - 2012-06-29) 

Narodowe Centrum Badań Jądrowych, Otwock-Świerk No.1 (2012) p. 209 - 219 

 

The capacity building for performing safety assessments for the first NPP in Poland 

K. Kowal 
Joint IAEA/EC-JRC Regional Workshop on Precursor, Transient and Root Cause Analyses (Netherlands, Petten, 2012-08-

20 - 2012-08-24) 

 

Irradiation history and resulting isotope decay scheme influence on Yttrium gamma activity 

S. Kilim, M. Bielewicz, A. Polański, E. Strugalska-Gola, M. Szuta, A. Wojciechowski, I. Adam, M. Kadykov, 

V. Pronskich, S. Tiutiunnikov, V. Wagner, O. Svoboda, V. Chilap 

XXI International Baldin Seminar on High Energy Physics Problems (Russia, Dubna, 2012-09-10 - 2012-09-15) 

JINR Dubna No. (2012) 
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Model określający poziom zanieczyszczeń wykorzystujący przestrzenne informacje o ich rozkładzie 

J. Bzdak, M. Sowiński, B. Słowiński, M. Lasiewicz, M. Kośla 

VIII Międzynarodowa Konferencja Naukowa Ochrona powietrza w teorii i praktyce (Poland, Zakopane, 2012-10-24 - 

2012-10-27) 

 

Zintegrowany proces podejmowania decyzji w zakresie bezpieczeństwa instalacji procesowych 

M. Borysiewicz, K. Kowal, S. Potempski 

XI Konferencja Naukowo-Techniczna „Bezpieczeństwo Techniczne w Przemyśle” (Poland, Łódź, 2012-09-18 - 2012-09-19) 

 

On results of Y-89 irradiation with deuteron beam on QUINTA-assembly /E+T-RAW/ using Nuclotron (JINR Dubna) 

M. Bielewicz, S. Kilim, A. Polański, E. Strugalska-Gola, M. Szuta, A. Wojciechowski, Etal.  

XXI International Baldin Seminar on High Energy Physics Problems (Russia, Dubna, 2012-09-10 - 2012-09-15) 

JINR Dubna No. (2012) p. 26 

 

Analysis of potential advanced thorium based fuel for EPR reactor 

M. Szuta, A. Wojciechowski 

XXI International Baldin Seminar on High Energy Physics Problems (Russia, Dubna, 2012-09-10 - 2012-09-15) 

JINR Dubna No. (2012) p. 67 

 

National Centre for Nuclear Research Activities in Reactor Safety 

K. Gomulski, T. Jackowski 

Technical Meeting on the Global Safety Assessment Network (GSAN) (Austria, Wiedeń, 2012-12-10 - 2012-12-14) 

 

Zintegrowany proces decyzyjny uwzględniający ryzyko w przemyśle jądrowym 

M. Borysiewicz, K. Kowal, S. Potempski 

II Seminarium bezpieczeństwa jądrowegoBadania i metody obliczeniowe dla bezpieczeństwa elektrowni jądrowych 

(Poland, Lublin, 2012-11-28 - 2012-11-28) 

 

Studies of deuteron and neutron cross-section important for ADS research 

V. Wagner, M. Bielewicz, S. Kilim, E. Strugalska-Gola, M. Szuta,  

XXI International Baldin Seminar on High Energy Physics Problems (Russia, Dubna, 2012-09-10 - 2012-09-15) 

JIRN, Dubna 2012 No. (2012) p. 130 

 

 

Posters 

 

Preventive way of relatively low radioactive waste energy production by thorium uranium fuel cycle application 

M. Szuta, A. Wojciechowski 

Twelfth Information Exchange Meetingh on Partitioning and Transmutation; International Workshop (Czech Republic, 

Prague, 2012-09-24 - 2012-09-27) 

Nuclear Energy Agency; OECD 2012 No. (2012) p. 70-71 

 

CFD analysis of the safety related thermal hydraulic parameters describing a flow domain of an experimental medical 

installation (BNCT converter) inside of the Research Reactor MARIA 

P. Prusiński, S. Potempski, M. Borysiewicz, K. Kowal, T. Kwiatkowski, A. Prusiński 

2nd International Nuclear Energy Congress (Poland, Warszawa, 2012-05-22 - 2012-05-24) 

 

CFD analysis of the safety related thermal hydraulic parameters describing a flow domain of an experimental medical 

installation (BNCT converter) inside of the Research Reactor MARIA 

P. Prusiński, S. Potempski, M. Borysiewicz, K. Kowal, T. Kwiatkowski, A. Prusiński 

Sympozjum NCBJ 2012 (Poland, Warszawa, 2012-06-15 - 2012-06-15) 

 

Stochastic Algorithm for Estimation of the Model’s Unknown Parameters Via Bayesian Inference 

P. Kopka, P. Kopka, M. Borysiewicz, A. Wawrzyńczak-Szaban 

Sympozjum NCBJ 2012 (Poland, Warszawa, 2012-06-15 - 2012-06-15) 

 

The PSA analysis of PWR Emergency Coolant Injection availability following the SBLOCA 

K. Kowal, M. Borysiewicz, K. bronowska, P. Kopka, T. Kwiatkowski, A. Prusiński, P. Prusiński, G. Siess 

2nd International Nuclear Energy Congress (Poland, Warszawa, 2012-05-22 - 2012-05-24) 

 

Application of EULAG for stochastic event reconstruction in urban areas 

M. Korycki, M. Borysiewicz, P. Kopka, P. Kopka, S. Potempski, A. Wawrzyńczak-Szaban 

3rd International EULAG Workshop on Eulerian/Lagrangian methods for fluids (United Kingdom, Loughborough, 2012-

06-25 - 2012-06-28) 
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The PSA analysis of PWR Emergency Coolant Injection availability following the SBLOCA 

K. Kowal, M. Borysiewicz, K. Bronowska, P. Kopka, T. Kwiatkowski, A. Prusiński, P. Prusiński, G. Siess 

Sympozjum NCBJ 2012 (Poland, Warszawa, 2012-06-15 - 2012-06-15) 

 

The Urban System of Air Pollution Forecasting Changes of Particulate Matter PM10/PM2.5 Concetration 

M. Lasiewicz, J. Bzdak, M. Sowiński, B. Słowiński, M. Kośla 

Urban Environmental Pollution (Netherlands, Amsterdam, 2012-06-17 - 2012-06-20) 

 

Structural and magnetic properties of dimeric Ni(II) complex Ni2(bhich)2py6
2+ 

N. Nedelko, A. Kornowicz, P. Aleshkevych, S. Lewińska, O. Dorosh, A. Ślawska-Waniewska, J. Lewiński 

JEMS 2012 (The Joint European Magnetic Symposia) (Italy, Parma, 2012-09-09 - 2012-09-14) 

 

Zastosowanie neutronów termicznych w nieniszczących badaniach obiektów zabytkowych 

J.J. Milczarek, E. Miśta, I. Fijał-Kirejczyk 

Analiza Chemiczna w Ochronie Zabytków (Poland, Warszawa, 2012-12-06 - 2012-12-07) 

 

Miejski system prognozowania zmian stężeń zanieczyszczeń powietrza pyłem zawieszonym PM10 / PM2,5 

M. Lasiewicz, J. Bzdak, M. Sowiński, B. Słowiński, M. Kośla 

VIII Międzynarodowa Konferencja Naukowa Ochrona powietrza w teorii i praktyce (Poland, Zakopane, 2012-10-24 - 

2012-10-27) 

 

Wstępne badania fizykochemiczne brązowego imacza pochodzącego z cmentarzyska kultury przeworskiej zlokalizowanego 

w Czersku. 

E. Miśta, I.M. Fijal-Kirejczyk, P. Kalbarczyk 

Analiza Chemiczna w Ochronie Zabytków (Poland, Warszawa, 2012-12-06 - 2012-12-07) 

Analiza Chemiczna w Ochronie Zabytków No 12 (2012) 35 

 

 

LECTURES, COURSES AND EXTERNAL SEMINARS 

Decommissioning of a nuclear power planta 

A. Boettcher 

Katowice, University of Silesia, 2012-01-10 

 

Hyperfine interactions in (BiFeO3)x–(BaTiO3)1-x electroceramicsa 

K. Kowal 

Lublin, Lublin University of Technology, 2012-02-08 

 

The nuclear power in Poland - history and the perspectives of the developmenta 

Ł. Koszuk 

Warsaw, XV Liceum Ogólnokształcące z Oddziałami Dwujęzycznym, 2012-03-13 

 

Fukushima disaster - facts and mythsa 

K. Andrzejewski 

Rzeszów, Voivodship Environment Protection Division, Summary Conference of EU project on dissemination of 

knowledege on nuclear energy., 2012-07-13 

 

The report of costs in FP7a 

E. Miśta 

Wrocław, Politechnika Wrocławska, Wrocławskie Centrum Transferu Technologii, 2012-10-16 

 

Experience from fires in nuclear power plantsa 

K. Andrzejewski 

Zakopane, XXIII Autumn School of Polish Society of Radiation Research., 2012-11-07 

 

Radiation protection methods during normal operation and accidents in nuclear power plantsa 

K. Andrzejewski 

Zakopane, XXIII Autumn School of Polish Society of Radiation Research, 2012-11-07 

 

Safety of Nuclear Power Plantsa 

Ł. Koszuk 

Cracow, Faculty of Physics, Astronomy and Applied Computer Science of the Jagiellonian University, 2012-11-27 

 

Renewable energy sources vs nuclear power.a 

M. Łuszcz 

Wroclaw, University of Wroclaw, 2012-11-28 
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The Radioactive wastes management and liquidation of nucelar power plantsa 

Ł. Koszuk 

Szczecin, The Faculty of Economics and Management of the University of Szczecin, 2012-11-29 

 

Renewable energy sources vs nuclear powera 

M. Łuszcz 

Szczecin, University of Szczecin, 2012-11-29 

 

Safety of nuclear power plantsa 

Ł. Koszuk 

Koszalin, Koszalin University of Technology, 2012-11-30 

 

Renewable energy sources vs nuclear powera 

M. Łuszcz 

Choczewo, Local Government Office in Choczewo, 2012-12-03 

 

Renewable energy sources vs nuclear powera 

M. Łuszcz 

Puck, Zeromski High School in Puck, 2012-12-03 

 

Nuclear waste management in Francea 

A. Boettcher 

Katowice, University of Silesia Institute of Phisics, 2012-12-04 

 

Safety of nuclear power plantsa 

Ł. Koszuk 

Wejherowo, Kaszubsko – Pomorska Szkoła Wyższa w Wejherowie, 2012-12-04 

 

Renewable energy sources vs nuclear powera 

M. Łuszcz 

Wejherowo, Kashubian - Pomeranian University in Wejherowo, 2012-12-04 

 

Renewable energy sources vs nuclear powera 

M. Łuszcz 

Bialystok, University of Bialystok, 2012-12-05 

 

Neutron physics calculations of MARIA reactor.a 

K. Andrzejewski 

Warszawa, Warsaw University, I-st School of Nuclear Energy and Chemistry, 2012-09-06 

 

MARIA Reactor, its construction and physical characteristics.a 

K. Andrzejewski 

Warszawa, Warsaw University, I-st School of Nuclear Energy and Chemistry, 2012-09-07 

 

Does Renewable Energy and Nuclear Energy Should be Excluded or Support?A 

A. Boettcher 

Bielsko- Biala, Bielsko–Biała International Power Industry Fair and SEREN, 2012-09-12 

 

Types of nuclear reactors - nuclear safetya 

M. Łuszcz 

Rzeszow, Euroregional Association for Social and Economic Initiatives, 2012-07-13 

 

Physico-chemical analysis as a source of archaeometric knowledge about ancient bronzes.a 

E. Miśta 

Warszawa, Instytut Archeologii Uniwersytetu Warszawskiego (Institute of Archaeology, University of Warsaw), 2012-10-26 

 

Safety of nuclear power plantsa 

Ł. Koszuk 

Choczewo, Local Government Office in Choczewo, 2012-12-03 

 

Safety of nuclear power plantsa 

Ł. Koszuk 

Puck, I Liceum Ogólnokształcące im. S. Żeromskiego w Pucku , 2012-12-03 

 

 
a) in Polish 



Division of Nuclear Energy 
 

 

39 

INTERNAL SEMINARS 

Analysis of a Neural Network Training Algorithm Implemented with MPI - part Ib 

K. Gomulski 

Świerk, National Centre for Nuclear Research, 2012-01-17 

 

CFD: theory and practice. Simulations for research reactor MARIAb 

P. Prusiński 

Otwock-Swierk, National Centre for Nuclear Research, 2012-02-21 

 

Advanced HPC modelling of flow and transport in porous mediab 

O. Dorosh 

Świerk, NCBJ, 2012-02-28 

 

Main stream of CoE MANHAZb 

P. Prusiński 

Otwock-Swierk, National Centre for Nuclear Research, 2012-02-28 

 

Numerical Methods for Computational Fluid Dynamics used to solve fluid flow problems in nuclear power.a 

E. Florowska 

Swierk, National Centre for Nuclear Research, MANHAZ, 2012-03-04 

 

Practical application of Probabilistic Safety Assessment (PSA) Level 1b 

K. Kowal 

Otwock-Świerk, National Centre for Nuclear Research, 2012-03-06 

 

Application of the Finite Element Method to the Stokes problemb 

S. Potempski 

Otwock, National Centre for Nuclear Research, 2012-03-13 

 

Usage of the comuting cluster by ZARa 

R. Możdżonek 

Otwock-Świerk, National Centre for Nuclear Research, 2012-03-20 

 

Introduction to deterministic lattice codesb 

R. Możdżonek 

Otwock-Świerk, National Centre For Nuclear Research, 2012-03-20 

 

Approach to RELAP5 modelling: Steam Generatorb 

K. Samul 

Świerk, National Centre for Nuclear Research, 2012-03-27 

 

Nuclear fuel cassette model in Dragon codeb 

E. Grodzicka 

Otwock, Świerk, National Center for Nuclear Research, 2012-04-10 

 

Model konwertera BNCT w CATHARE2b 

M. Spirzewski 

Świerk, National Centre for Nuclear Research, 2012-04-17 

 

Probabilistic methods for safety assessment of nuclear installationsa 

K. Kowal 

Lublin, Lublin University of Technology, 2012-05-12 

 

Two-phase flow pressure drop in horizontal pipeb 

M. Skrzypek 

Świerk, National Centre for Nuclear Research, 2012-05-16 

 

Safety Analysis on the examples of work carried out in Nuclear Energy Divisiona 

K. Samul 

Świerk, National Centre for Nuclear Research, 2012-06-11 

 

Towards thery of multi-model ensemble systemsb 

S. Potempski 

Ispra italy, Joint Research Centre, 2012-06-29 
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Research and education. A short overview of current worksb 

B. Słowiński 

Department of Nuclear Energy, NCNR, Świerk, NCNR, 2012-08-27 

 

Dispersion of passive scalar in urban scalea 

M. Korycki 

Otwock-Świerk, National Centre for Nuclear Research, 2012-10-08 

 

Validation of numerical weather forecast model WRF for Poland in 2012 yeara 

M. Korycki 

Otwock-Świerk, National Centre for Nuclear Research, 2012-10-17 

 

Radioactive waste management in Francea 

A. Boettcher 

Otwock, National Centre for Nuclear Research, 2012-10-24 

 

Atmospheric modeling capabilities at NCBJb 

M. Korycki 

Otwock-Świerk, National Centre for Nuclear Research, 2012-10-24 

 

Waste Managment in France - ANDRA.a 

M. Bielewicz 
Swierk - Otwock, NCBJ, 2012-10-30 

 

Comparison of the System TH and CFD codes capabilitiesb 

P. Prusiński 

Otwock-Swierk, National Centre for Nuclear Research, 2012-11-07 

 

Beryllium matrix poisoning in MARIA reactor core - computational model.a 

T. Kulikowska 
Otwock, National Centre for Nuclear Research, 2012-11-14 

 

How dense should the mesh be? Optimization issues in CFD modeling.b 

T. Kwiatkowski 
Otwock-Świerk, National Centre for Nuclear Research, 2012-11-14 

 

Neural Network-Based Method for Analysis ofNuclear Reactor Malfunctionsb 

K. Gomulski 
Świerk, National Centre for Nuclear Research, 2012-11-28 

 

Computational meshes in atmospheric modelligna 

M. Korycki 

Warsaw, Warsaw University of Technology, 2012-12-17 

 
a) in Polish 
b) in English 

 

 

DIDACTIC ACTIVITY 

K. Andrzejewski  
 I-st School of Nuclear Energy and Chemistry, Warsaw University, 3-7 September 2012 

Lectures: 

1. MARIA Reactor, its construction and physical characteristics, 

2. Neutron physics calculations of MARIA reactor. 

 

A. Boettcher - Physics Laboratory I, Chemistry I, University of Silesia in Katowice 

 

K. Dąbrowski  
Bożyk Marcin - Comparative analysis of the WiFi network and comercially available solutions. 

Pawlak Norbert - File compression. Winrar, Winzip, 7-zip programmes comparision. 

Szabłowski Grzegorz - Design and implementation of the system for faults service in hotel buildings. 

Pyrak Piotr - Overwiew of modern trends in computer networks development. 

Krzystyniak Arkadiusz - Polish market of ERP systems for small and medium business. 

Ciupek Łukasz - Design and implementation of a website supporting the work of furniture store. 

Uczciwek Witold - Design and implementation of application supporting implementation of telecommunications services in 

acquiring infrastructure. 
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Rapacz Anna - Design and implementation of web-based personal information storage center 

 

K. Dąbrowski - Databases (lectures and labs) 

Workshop on database applications designing. 

 

K. Dąbrowski - Syllabuses preparation for: 

Databases 2012/2013, 

Advanced Databases 2012/2013, 

Data Warehouses 2012/2013 

 

K. Dąbrowski - Training for PGE employees. 

"Nuclear reactor types" 

"New generation of nuclear reactors" 

 

E. Grodzicka - Presentation for the board of the PGE EJ 1 Sp. z o.o. about integrated safety assessment, in particular 

deterministic safety analysis and severe accidents analysis. Description of the analysis tools and methods used in presented 

analysis types. 

 

T. Jackowski  
- Accident in Fukushima and its consequences 

- Accidents in NPPs. Course for PGE 

- Nuclear Safety Analyses. Course for PGE. 

 

M. Klisińska  
- Two lectures were given for the courses on Nuclear Energy  

1. Nuclear Power Plant - Some Safety Issues 

2. Nuclear Power Plant Safety with III  

III Generation PWR Reactor 

 

E. Miśta - Classes with students of Postgraduate Studies of Basics of Nuclear Power (University of Technology in Gdansk) 

conducted in the Laboratory of Spectrometric Analysis of Fuel Materials, EJ1 Department. 

Subjects performed exercises: Selected spectrometric measurements of environmental materials. 

 

B. Mysłek-Laurikainen  
- Lectures and exercises, training organization for nuclear power Postgraduate Nuclear Energy Fundamentals-Third Edition, 

Gdansk University of Technology 

- Monitoring the environment. Lectures for students of the Maritime College, June 2012 

 

S. Potempski  

- Deterministic and probabilistic nuclear safety analysis. Training for Polska Grupa Energetyczna 

- Industrial safety devices mitigating consequences of major accidents, Main School of Fire Brigades 

- V Nuclear Energy School, CIS Project: Informatics Centre Świerk Needs and prospects for the realization of new 

generation of computing systems for nuclear reactors  

 

K. Różycki - Preparation of speeches concerning: 

- accidents in Fukushima, 

- general methods of safety assesment of nuclear facilities. 

The speeches were delivered for the PGE company during the training course organised for them by the NCBJ. 

 

K. Samul  
- Participation as an expert in TECHNICON and "Pomoroskie Dni Energii"  

- Trainings for PGE employees from accidents in nuclear power plants and changes which have been made in the design of 

new ones 

 

M. Skrzypek - Lectures for Polish Energy Group (PGE) employees. Overview of knowledge about the safety in existing 

nuclear power in Europe and Worldwide 

 

B. Słowiński  
- Lectures (one semester - 30h) "Physics background of nuclear power" for undergraduate and PhD students at the Faculty 

of Physics, Warsaw University Of Technology 

- One semester lectures (30h) "Global problems of energetics" for undergraduate students of the Warsaw University of Life 

Sciences. 

- PhD student Artur Pacan, Faculty of Physics, Warsaw University of Technology, field of investigation - neutrons 

production in spallation sources 

- PhD student Jacek Bzdak, Faculty of Physics, Warsaw University of Technology, field of investigation - space-time 

dynamics of air impurities 

- Production of Pi0 and eta0 mesons in interactions of Pi+ with Xe nuclei at 2.3 GeV 
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- Radiation modification of materials - one semester lectures (30h) for undergraduate and PhD students of the Faculty of 

Physics, Warsaw University of Technology 

 

A. Wawrzyńczak-Szaban  

- Supervisor of Piotr Kopka M.Sc. thesis in computer Sciences. Subject of this thesis is ‘Stochastic simulations and 

Bayesian methods in the case of localization of the source of dangerous substance release’ 

 

 

PARTICIPATION IN SCIENTIFIC COUNCILS, ASSOCIATIONS AND ORGANIZING COMMITTEES 

K. Andrzejewski 

Nukleonika, Institute of Nuclear Chemistry and Technology 

 

M. Bielewicz 

Polish Astronomical Society 

 

M. Borysiewicz 

Member of the European Safety, Reliability and Data Association (ESReDA) 

 

S. Chwaszczewski 

Member of Polish Commitee 

Polish Nuclear Society 

 

T. Jackowski 

Polish Nuclear Society 

Steering Commitee member of IAEA TSO Forum 

SNETP Executive Committee 

 

Ł. Koszuk 

ATOMIC FORUM Foundation, President 

Polish Nuclear Society, member 

Forum Atomowe, Atomic Forum, ATOMIC FORUM Foundation 

 

K. Kowal 

Member of Organizing Committee on Ogólnopolskie Seminarium Spektroskopii Mössbauerowskiej OSSM2012 in Lublin, 

Kazimierz Dolny, Poland 

 

D. Mączka 

a member of the Polish Physical Society 

Lublin Society of Science, a mumber 

a member of the Faculty of Math.Inf.Phys., MCS University, Lublin 

 

Z. Marcinkowska 

Member of Organizing Committee on Sympozjum NCBJ 2012 in Warszawa, Poland 

 

E. Miśta 
Vice-President, Polish Nuclear Society - Youth Forum 

Member, European Nuclear Society - Young Generations (ENS YNG) 

Member, Women in Nuclear 

 

B. Mysłek-Laurikainen 

Member, Polish Physical Society 

Polish Nuclear Society 

National Centre for Nuclear Research  

 

S. Potempski 
Member: specialist in numerical analysis and informatics 

 

B. Słowiński 
Journal of Nuclear and Radiation Physics. A Periodical of the Egyptian Nuclear Physics Association, Journal of Nuclear 

and Radiation Physics 

a member of the Faculty Council, Faculty of Physics, Warsaw University of Technology 

 

E. Strugalska-Gola 
member,Association of Polish Electricians, Committee of Nuclear Power 
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PERSONNEL 

Research scientists 

 

Andrzejewski Krzysztof, PhD 

Borysiewicz Mieczysław, PhD  

Boettcher Agnieszka, MSc. 

Dąbrowski Krzysztof, PhD 

Dorosh Orest, PhD 

Grodzicka Eleonora, MSc. 

Jackowski Tomasz, M.Eng. 

Jagieła-Sudoł Agnieszka, MSc. 

Jędrzejec Henryk, PhD 

Klisińska Małgorzata, MSc. 

Korycki Michał, MSc. 

Kowal Karol, M.Eng. 

Kulikowska Teresa, PhD 

Kwiatkowski Tomasz, MSc. 

Łuszcz Mariusz, M.Eng. 

Malesa Janusz, MSc. 

Marcinkowska Zuzanna, PhD 

Mączka Dariusz, Professor 

Mądry Magdalena, MSc. 

Miśta Ewelina, MSc. 

Mysłek-Laurikainen Bogumiła, PhD 

Potempski Sławomir, PhD 

Prusiński Piotr, M.Eng. 

Różycki Kajetan, MSc. 

Samul Kacper, MSc. 

Sendal Jagoda, MSc. 

Siess Grzegorz, M.Eng. 

Skrzypek Maciej, MSc. 

Słowiński Bronisław, Professor 

Spirzewski Michał, MSc. 

Stadnik Anna, M.Eng.  

Strugalska-Gola Elżbieta, PhD 

Szczurek Jan, DSc. Eng. 

Szuta Marcin, Assoc. Prof. 

Wawrzyńczak-Szaban Anna, PhD 

Wojciechowski Andrzej, PhD 

Wojciechowicz Henryk, MSc. 

 

 

MSc students 

Gomulski Krzysztof, BSc. 

Koszuk Łukasz, BSc. 

Możdżonek Rafał, BSc. 

 

 

PhD students 

Kilim Stanisław, MSc. 

Bielewicz Marcin, MSc.  

Kopka Piotr, MSc. 

 

 

Technical and administrative staff 

Przyłuska Jolanta 

Wasiuk Anna 
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DIVISION OF MARIA REACTOR OPERATIONS 

 

Head of Division: Andrzej Gołąb, M.Eng. 

phone:  +48 22 7180088 

e-mail:  a.golab@ncbj.gov.pl 

 

Overview 

 

There are 57 employees (engineers and technicians) working in the MARIA Reactor Operation Unit. 

The main activity of this unit is carrying out safe operation of the MARIA research reactor. 

In 2012 the reactor operated for 4610 hours at power levels from 18 MW to 23 MW. 

The main activities carried out at the MARIA reactor were focused on: 

 irradiation of target materials in vertical channels and in a rabbit system, 

 irradiation of uranium targets for 
99

Mo production, 

 neutron scattering condensed matter studies with neutron beams from the reactor horizontal channel, 

 neutron radiography studies, 

 neutron modification of crystals and minerals, 

 training. 

Irradiations of target materials such as: TeO2, KCl, Lu2O3, SmCl2, S, Co etc. were performed for the 

Radioisotope Centre Polatom and irradiations of uranium targets were performed for Covidien. In addition the 

production of 
192

Ir seeds used for Intravascular Radiation Therapy and low activity 
192

Ir source ribbon for oncology 

applications were carried out. 

The neutron irradiation services utilizing the MARIA reactor also include the colouring of topaz minerals. The 

irradiation of minerals in special channels located outside the reactor core changes their clear natural state to shades 

of blue, thereby increasing the commercial value of the product. Blue topaz is released to the market as non-

radioactive material, conforming to strict international criteria. 

The commercial irradiation of uranium plates for 
99

Mo production was carried out in the MARIA reactor in 2012 

within 14 reactor operation cycles. The average activity of 
99

Mo at the end of irradiation (EOI) obtained from one 

irradiation channel was 280 TBq. 

An important activity performed in 2012 was focused on the preparation of the technology for irradiation of low 

enriched uranium plates for 
99

Mo production, related to the Global Threat Reduction Initiative. Also in relation to 

this programme in September 2012 the process of conversion of the Maria reactor for core to low enriched fuel 

(enrichment 19,75% in 
235

U) started. This process is taking place gradually, i.e. highly enriched fuel of the MR-6 

type is being replaced, one by one, by low enriched MC-5 fuel, fabricated by AREVA.  

 

Andrzej Gołąb M.Eng. 
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REPORTS 

Annual Report 2011, MARIA Reactor Operation 

G. Krzysztoszek, J. Jaroszewicz, A. Gołąb 

Narodowe Centrum Badań Jądrowych 

 

Estimation of radiological protection on the territory of Nuclear Centre Świerk and its vicinity (2011) 

B. Filipiak, ... , Z. Haratym, T. Pliszczyński, B. Snopek, B. Boimski, K. Ciszewska, S. Domański, M. Dymecka, R. 

Ejsmont, M. Feczko, A. Garboliński, B. Karpińska, J. Lechniak, G. Pindara, R. Sosnowiec, M. Szostak, W. Śniegoń, 

M. Umaniec, K. Wiśniewska, Z. Worch, D. Zielińska, ... et al. 

NCBJ Otwock 

 

 

PARTICIPATION IN CONFERENCES AND WORKSHOPS 

Invited Talks 

 

Irradiation of HEU targets in MARIA RR for Mo-99 production 

G. Krzysztoszek 
European Research Reactor Conference - RRFM 2012 (Czech Republic, Prague, 2012-03-18 - 2012-03-23) 

 

MARIA research reactor infrastructure for ICERR 

G. Krzysztoszek 
Technical Meeting on International Centres of Excellence based on Research Reactors (ICERR) (France, Aix-en-Provene, 

2012-04-10 - 2012-04-12) 

 

Nuclear Research reactor pole in development of the National Nuclear Power Program  

G. Krzysztoszek 
Technical Meeting on Defining the Role of Research Reactors and related Infrastructure in Developing a Nuclear Power 

Program (Austria, Vienna, 2012-12-04 - 2012-12-07) 

 

Radioisotopes and Mo-99 production in Research Reactor MARIA. Experience and Plans for Future 

J. Jaroszewicz 
Meeting on Mo-99 Production by (n, gamma) Method (Japan, Tokyo, 2012-03-09 - 2012-03-10) 

 

 

Oral Presentation 

 

Summary of Works Over MARIA Reactor CoreConversion from HEU to LEU Fuel 

W. Mieleszczenko, K. Pytel, G. Krzysztoszek, M. Dorosz, J. Lechniak, A. Mołdysz, K. Andrzejewski, T. Kulikowska, 

Z. Marcinkowska, A. Wocial, E. Hajewska, J. Maurin 

RERTR 2012 International Meeting on Reduced Enrichment for Research and Test Reactors (Poland, Warsaw, 2012-10-14 

- 2012-10-17) 

 

 

LECTURES, COURSES AND EXTERNAL SEMINARS 

Status of MARIA research reactor operationb 

G. Krzysztoszek 

Oarai, Japan Atomic Energy Agency, 2012-03-06 

 

MARIA research reactor operation in 2011b 

G. Krzysztoszek 

Helsinki, VTT, 2012-05-24 

 

Some Safety Items in Research Reactor Mariab 

A. Gołąb 

Pitesti, Institute for Nuclear Research, 2012-05-29 

 

Management of Safety of Experiments in Research Reactor Mariab 

A. Gołąb 

Vienna, International Atomic Energy Agency, 2012-06-11 

 

Some Safety Aspects on Research Reactor Mariab 

A. Gołąb 

Otwock, International Atomic Energy Agency, 2012-10-01 



Division of MARIA Reactor Operations 
 

 

47 

Preliminary Plan on Decommissioning Polish Research Reactor MARIAb 

I. Owsianko 

Vienna, International Atomic Energy Agency, 2012-11-07 

 

 
b) in English 

 

 

PARTICIPATION IN SCIENTIFIC COUNCILS, ASSOCIATIONS AND ORGANIZING COMMITTEES 

G. Krzysztoszek 
Deputy Chairman of Council for Nuclear Safety and Radiation Protection, National Atomic Energy Agency  

 

 

PERSONNEL 

Technical and administrative staff 

Bąk Marian 

Bąk Sylwester 

Bąk Wiesława 

Bąk Zdzisław 

Broda Bolesław 

Ciborek Ewelina, MSc. 

Czarnecki Michał, M.Eng. 

Czerniewski Wiesław 

Ćwiek Wiesław 

Frydrysiak Andrzej, M.Eng.  

Gadoś Marcin 

Gołąb Andrzej, M.Eng. 

Góralski Ryszard 

Grzenda Kazimierz 

Hajkowski Tadeusz 

Hora Ireneusz 

Hryczuk Adam, M.Eng. 

Idzikowski Jacek, M.Eng. 

Iwański Ireneusz, Eng. 

Jaroszewicz Janusz, M.Eng. 

Jezierski Krzysztof, M.Eng. 

Jędrych Włodzimierz 

Keler Robert 

Krawczyński Dariusz 

Kultys Waldemar 

Kurdej Edward 

Kwiatkowski Dariusz 

Laskus Robert 

Lech Franciszek 

Lechnia Tadeusz 

Lechniak Jan, M.Eng. 

Lechnik Krzysztof 

Macios Jan 

Majchrowski Krzysztof 

Marczak Robert 

Michalski Zbigniew, M.Eng. 

Mucha Dariusz 

Nowakowski Paweł, M.Eng. 

Owsianko Ireneusz, M.Eng. 

Sierański Krzysztof  

Sikorski Wiesław 

Skorupa Stefan 

Skwarczyński Mieczysław 

Stanaszek Ryszard, M.Eng. 

Suchocki Janusz 

Szmyd Angelika 

Wilczek Emil, M.Eng. 

Witkowski Piotr, Eng. 

Witkowski Tomasz 

Wójcik Marcin 

Żołądek Krzysztof 
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DIVISION OF RESEARCH REACTOR TECHNOLOGY 

 

Head of Division: Janusz Piąstka, M.Eng. 

phone:  +48 22 7180091 

e-mail:  j.piastka@ncbj.gov.pl 

 

Overview 

 

The main tasks of the Department are to support the operation of the MARIA research reactor in: 

- safety and thermal-hydraulic analysis, 

- design of new equipment and technological systems for production and experiments, 

- preparation of project documentation, construction, technical equipment and technological reactor systems in 

the framework of modernization or renovation,  

- measurement technology, including incore measurements, 

- repair of equipment and technological systems of the reactor, 

- reactor spent fuel management, 

- accomplishment of equipment or technological systems based on our own documentation or other authorized 

design units in the mechanical workshop, 

- conducting the warehouse and archives of the department. 

The Department operates on the Quality Assurance Program in Design, Construction and Repair of Reactor 

Facilities named PROJWiNOJ.  

The Department consists of five divisions : 

- Reactor Analysis and Measurements Division,  

- Reactor Technology Division, 

- Design and Technology Division, 

- Technical Division, 

- Mechanical Workshop. 

There are 27 employees including 2 researchers with doctoral degrees. 

The main work carried out in 2012 dealt with: 

Spent Fuel Shipment from the MARIA reactor to the Russian Federation was performed under the project on 

removal of the Russian-origin SFAs due to the Global Threat Reduction Initiative. The shipment included 60 pcs of 

MR type spent fuel assemblies loaded into 15 Russian transport containers of the TUK-19 type. Before shipment, 

operations associated with preparing spent fuel for transport were conducted partly in the storage pool of the 

MARIA reactor and partly in the reactor disassembly cell. The work was performed under the Blanket Master 

Contract No 00108513.  

Analysis of the isotopic composition of irradiated materials, coolant and air samples by gamma spectrometry i.e. 

a routine activity, measurements of minerals, topaz (1393 kg in 2011), activity measurements of silicon charges 

prior to their expedition to the receiver, irradiation of two sets of eight Hall sensors (with different material 

compositions: GaAsSiO2, Al2O3, CaO, MgO, TiO2, InSb, Au, Zn, Te, Cr, Ni, C, Na2SiO3) for the Physics 

Department of Poznań University of Technology were performed. 

Thermal–hydraulic analysis and measurements, reactivity measurements, neutron flux and spectra measurements 

associated with the operation of the MARIA reactor and irradiated materials, REBUS calculations of the neutron 

refuelling campaign MR (HEU) to MC (LEU) were performed. The annex to the Maria Reactor Safety Report was 

submitted for the opinion of the Nuclear Safety Commission. 

 

 Janusz Piąstka M.Eng. 
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REPORT 

Report of the MR type spent fuel shipment from MARIA research reactor to Russian Federation in 2012. 

E. Borek-Kruszewska, J. Piąstka, A. Małkiewicz, I. Wilczek, A. Zawadka 

NCBJ 

 

PARTICIPATION IN CONFERENCES AND WORKSHOPS 

Invited Talks 

 

Doświadczenia NCBJ w postepowaniu z wypalonym paliwem reaktorowym 

E. Borek-Kruszewska 
V edycja Międzynarodowej Szkoły Energetyki Jądrowej (Poland, Warszawa, 2012-05-07 - 2012-05-10) 

 

Doświadczenia NCBJ w postępowaniu z wypalonym paliwem reaktorowym 

E. Borek-Kruszewska 
V edycja Międzynarodowej Szkoły Energetyki Jądrowej (Poland, Warszawa, 2012-05-07 - 2012-05-10) 

 

 

Oral Presentations 

 

Summary of Works Over MARIA Reactor CoreConversion from HEU to LEU Fuel 

W. Mieleszczenko, K. Pytel, G. Krzysztoszek, M. Dorosz, J. Lechniak, A. Mołdysz, K. Andrzejewski, T. Kulikowska, 

Z. Marcinkowska, A. Wocial, E. Hajewska, J. Maurin 

RERTR 2012 Intern. Meeting on Reduced Enrichment for Research and Test Reactors (Poland, Warsaw, 2012-10-14 - 

2012-10-17) 

 

Investigation of Oxide Layer Impact on Heat Transfer in MARIA Reactor Fuel Elements 

S. Suchcicki, S. Kubacki, K. Pytel, W. Mieleszczenko, A. Mołdysz 

RERTR 2012 Intern. Meeting on Reduced Enrichment for Research and Test Reactors (Poland, Warsaw, 2012-10-14 - 

2012-10-17) 

 

S1 Shut down dose for large fusion devices 

S. Jednoróg, A. Szydłowski, H. Polkowska, P. Krajewski, B. Bieńkowska, R. Prokopowicz, M. Scholz, K. Szewczak, 

K. Ciupek, E. Chajduk, Z. Samczyński 

25th Symposium on Plasma Physics and Technology (Czech Republic, Praga, 2012-06-18 - 2012-06-21) 

 

DIDACTIC ACTIVITY 

M. Dorosz  
- Exercise in neutron flux density measurment for listener of case study of Nuclear Power organised by Institute of Heat 

Engineering Warsaw University  

- Project "School with Future" 

 

PARTICIPATION IN SCIENTIFIC COUNCILS, ASSOCIATIONS AND ORGANIZING COMMITTEES 

E. Borek-Kruszewska 

Member, Polish Nuclear Society 

 

PERSONNEL 

Borek-Kruszewska Elżbieta, Dr. 

Czajka Wacław 

Dorosz Michał 

Kaczyńska Danuta 

Kozieł Alina 

Krok Tomasz 

Kurdej Jadwiga  

Maliszewski Kazimierz 

Małkiewicz Adam 

Mieleszczenko Władysław 

Piąstka Janusz 

Polak Jerzy  

Przybysz Zbigniew  

Prokopowicz Rafał 

Pytel Beatrycze 

Pytel Krzysztof, Dr. 

Sobiech Elżbieta 

Tarchalski Mikołaj 

Święch Bogdan 

Urbańczyk Marian 

Wierzchnicka Małgorzata 

Wilczek Ireneusz 

Wilczek Janusz 

Wróbel Wiesław 

Wójcik Mieczysław 

Zawadka Antoni 

Żurawski Adam 
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RADIATION PROTECTION MEASUREMENTS LABORATORY 

 

Head of Division: Dr. Zbigniew Haratym 

phone:  +48 22 7180032 

e-mail:  zbigniew.haratym@ncbj.gov.pl 

 

Overview 

 

The activities of the Radiation Protection Measurements Laboratory are focused on environmental monitoring 

and the assessment of radiation exposure of people. Scientific interests mostly concern methods of mixed radiation 

dosimetry and internal dosimetry. 

The main tasks of the Laboratory include: 

- Radiation monitoring of the Świerk Centre and Różan (KSOP) sites; 

- Surveillance of radiation safety; 

- Radioactive waste control (especially liquid waste); 

- Preparedness for radiation protection in emergency conditions; 

- Development of radiation protection measurements and methods; 

- Calibration of radiation protection monitoring instruments; 

- Personal dosimetry; 

- Sewage and drainage water activity measurements; 

- Environmental radiation monitoring; 

- Research in dosimetry (described below). 

In 2012 the Radiation Protection Measurement Laboratory successfully continued its activities concerning the 

improvement of the measuring procedures within two domains of the Laboratory which are accredited by the Polish 

Centre for Accreditation (PCA), namely: 

• The determination of internal body contamination (whole body counter, thyroid counter and radiological 

analysis of excretions) – Accreditation No. AB 567. 

• Calibration of dosimetric instruments - in reference gamma and neutron radiation fields and surface 

contamination monitors – Accreditation No. AP 070. 

The scientific activities of the Radiation Protection Measurement Laboratory are performed mostly by the 

Laboratory of Mixed Radiation Dosimetry. The research group consists of two professors and four PhD’s, two 

graduate physicists and two young engineers. 

The main subjects of study concern: 

- Investigation of processes of ionization and recombination of ions in gases under pressures up to 5 MPa; 

- Development of methods for the determination of operational dosimetric quantities and dose distribution vs. 

LET in mixed radiation fields, using high-pressure ionization chambers; 

- Design and construction of recombination ionization chambers and dosimeters; 

- Development of dosimetry methods for hadron therapy, with particular emphasis on boron-neutron capture 

therapy (BNCT) and investigation of radiation fields near radiation therapy facilities; 

- Adaptation of radiation protection for new needs associated with the Polish Nuclear Energy Programme; 

- Metrology of mixed radiation fields; 

- Development of methods for internal contamination dosimetry. 

The research work was partly financed by two research grants from the Polish Ministry of Science and Higher 

Education and one from the National Centre for Research and Development (Poland). 

 

 Dr. Zbigniew Haratym 
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REPORTS 

Assessment of the condition of radiological protection in the territory and in the vicinity of of the National Radioactive 

Waste Repository in Różan (2011). 

K. Ciszewska, ... , M. Dymecka, B. Filipiak, A. Garboliński, Z. Haratym, B. Snopek, W. Śniegoń, D. Zielińska, ... et al. 

NCBJ Otwock 

 

Estimation of radiological protection on the territory of Nuclear Centre Świerk and its vicinity (2011) 

B. Filipiak, ... , Z. Haratym, T. Pliszczyński, B. Snopek, B. Boimski, K. Ciszewska, S. Domański, M. Dymecka, R. 

Ejsmont, M. Feczko, A. Garboliński, B. Karpińska, J. Lechniak, G. Pindara, R. Sosnowiec, M. Szostak, W. Śniegoń, 

M. Umaniec, K. Wiśniewska, Z. Worch, D. Zielińska, ... et al. 

NCBJ Otwock 

 

 

PARTICIPATION IN CONFERENCES AND WORKSHOPS 

Invited Talks 

 

Laboratorium Pomiarów Dozymetrycznych - Monitoring ośrodka i rozwój dozymetrii 

J. Ośko 
Sympozjum NCBJ 2012 (Poland, Warszawa, 2012-06-15 - 2012-06-15) 

 

 

Oral Presentations 

 

Improvement of construction of recombination chambers for mixed radiationdosimetry at work places 

M.A. Gryziński, M. Zielczyński, N. Golnik, E. Jakubowska 

13th International Congress of the International Radiation Protection Association. Living with Radiation - Engaging with 

Society (United Kingdom, Glasgow, 2012-05-13 - 2012-05-18) 

 

 

Poster 

 

Radiation protection research programme for safe pass to nuclear energy in Poland. 

K. Ciszewska, M.A. Gryziński, T. Pliszczyński, N. Golnik 

Sympozjum NCBJ 2012 (Poland, Warszawa, 2012-06-15 - 2012-06-15) 

 

Internal dosimetry at the Institute of Atomic Energy POLATOM in Poland. 

J. Ośko, N. Golnik, K. Ciszewska 

Sympozjum NCBJ 2012 (Poland, Warszawa, 2012-06-15 - 2012-06-15) 

 

The use of recombination chambers at radiotherapy facilities. 

S. Domański, M. Zielczyński, N. Golnik, M.A. Gryziński, P. Tulik 

Sympozjum NCBJ 2012 (Poland, Warszawa, 2012-06-15 - 2012-06-15) 

 

Thin wall recombination chamber filled with nitrogen. IRPA13 

P. Tulik, N. Golnik, Ł. Krzemiński 

13th International Congress of the International Radiation Protection Association. Living with Radiation - Engaging with 

Society (United Kingdom, Glasgow, 2012-05-13 - 2012-05-18) 

 

Cases of post accident contamination with iodine I-131, registered in the Institute of Atomic Energy, Świerk in Poland 

J. Ośko, N. Golnik, T. Pliszczyński 

Sympozjum NCBJ 2012 (Poland, Warszawa, 2012-06-15 - 2012-06-15) 

 

 

INTERNAL SEMINARS 

Developement of neutron dosimetry methods (vol.1)a 

M.A. Gryziński 

Otwock-Świerk, National Centre for Nuclear Research , 2012-06-26 

 

Internal contamination measurements and dose estimation for nuclear power plant personela 

J. Ośko 

Otwock, National Centre for Nuclear Research, 2012-06-26 
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Development and testing of new or modernized equipment to radiometric measurements of neutron radiation fields (vol.1)a 

P. Tulik 

Otwock-Świerk, National Centre for Nuclear Research , 2012-06-26 

 

 
a) in Polish 

 

 

DIDACTIC ACTIVITY 

B. Boimski  
- Initial and periodic training on nuclear safety and radiological protection in NCBJ, 11-15.06.2012. 

- Nuclear safety, radiation protection and radiation dosimetry - training for a military unit GROM, 17-18.12.2012.  

- Radiation protection lecture and exercises for Studium Podyplomowe Politechniki Gdańskiej, 9-13.07.2012. 

- Radiation protection lecture and exercises for Zakład Kalibracji Przyrządów Dozymetrycznych Centralnego Wojskowego 

Ośrodka Metrologii, 5-7.11.2012.  

 

S. Domański 

- Radiation protection lecture and exercises for Studium Podyplomowe Pollitechniki Gdańskiej, 9-13.07.2012. 

 - Radiation protection lecture and exercises for Zakład Kalibracji Przyrządów Dozymetrycznych Centralnego Wojskowego 

Ośrodka Metrologii, 5-7.11.2012. 

- Radiation Protection Training, 5th Nuclear Energy School, 7-10.05.2012. 

 

M. Dymecka - Preparing and performing laboratory exercises of dosimetry: Measurements of tritium activity (HTO) in 

water samples.  

 

J. Ośko  
- Course on radiological protection in Bełchatów, 24-25.05.2012. 

- Initial and periodic training on nuclear safety and radiological protection in NCBJ, 11-15.06.2012. 

- Lectures and laboratory classes in the framework of the project "School of the Future" 

- Nuclear safety, radiation protection and radiation dosimetry - training for a military unit GROM, 17-18.12.2012. 

- Radiation protection lecture and exercises for Studium Podyplomowe - Podstawy Energetyki Jądrowej z Politechniki 

Gdańskiej, 10-14.09.2012. 

- Radiation protection lecture and exercises for Zakład Kalibracji Przyrządów Dozymetrycznych Centralnego Wojskowego 

Ośrodka Metrologii, 5-7.11.2012. 

- Radiation Protection Training, 5th Nuclear Energy School, 7-10.05.2012. 

- The principales of work in radiation exposure - the periodic training for OR POLATOM employees 

 

A. Pawełczuk 

- Initial and periodic training on nuclear safety and radiological protection in NCBJ, 11-15.06.2012. 

- Radiation protection training courses for new employees students and PhD students. 

 

T. Pliszczyński  
- Course on radiological protection in Bełchatów, 24-25.05.2012. 

- Course on radiological protection in OR POLATOM. 

- Initial and periodic training on nuclear safety and radiological protection in NCBJ, 11-15.06.2012. 

- Radiation protection lecture and exercises for Studium Podyplomowe Politechniki Gdańskiej, 10-14.09.2012. 

 - Radiation protection lecture and exercises for Zakład Kalibracji Przyrządów Dozymetrycznych Centralnego Wojskowego 

Ośrodka Metrologii, 5-7.11.2012. 

- Radiation protection trainig course for members of special military unit GROM, 17-18.12.2012. 

 

R. Sosnowiec - Radiation protection lecture and exercises for Studium Podyplomowe Politechniki Gdańskiej, 10-

14.09.2012. 

 

M. Szostak - Radiation protection lecture and exercises for Studium Podyplomowe Politechniki Gdańskiej, 10-14.09.2012. 

 

M. Umaniec  
- Radiation protection lecture and exercises for Studium Podyplomowe Politechniki Gdańskiej, 10-14.09.2012. 

- Radiation Protection Training, 5th Nuclear Energy School, 7-10.05.2012. 
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PARTICIPATION IN SCIENTIFIC COUNCILS, ASSOCIATIONS AND ORGANIZING COMMITTEES 

N. Golnik 
The Committee on Medical Physics, Radiobiology and Diagnostic Imaging of the Polish Academy of Sciences , member  

Polish Society of Medical Physics, Vice President 

European Radiation Dosimetry Group, EURADOS, representative of the voting member, member of the WG11 working 

group 

Member, Polish Radiation Research Society 

Polish Journal of Medical Physics and Engineering, Polish Journal of Medical Physics and Engineering, Polish Society of 

Medical Physics 

Atomic Energy Council, member 

 

M.A. Gryziński 
Board member of the Mazovia branch 

 

Z. Haratym 
Association for the Promotion of Quality Control in Radioxicological Analysis (France) 

 

J. Ośko 
Polish Society of Medical Physics 

coressponding member EURADOS WG7 - Internal Dosimetry 

 

T. Pliszczyński 
Association for the Promotion of Quality in Radiotoxicological Analysis (France) 

 

P. Tulik 
Member, Polish Society of Medical Physics 

 

K. Tymińska 
Member, Polish Society of Medical Physics 

 

M. Zielczyński 
Member, Polish Society of Medical Physics 

Member, Polish Radiation Research Society  

 

 

PERSONNEL 

Research scientist 

Ciszewska Katarzyna, M.Eng. 

Golnik Natalia, Professor (until 31.08.2012) 

Gryziński Michał A., Dr. Eng. 

Haratym Zbigniew, Dr. 

Ośko Jakub, Dr. Eng. 

Tulik Piotr, Dr. Eng. 

Tymińska Katarzyna, Dr. 

Zielczyński Mieczysław, Professor 

Pliszczyński Tomasz, M.Eng. 

 

Technical and administrative staff 

Araszkiewicz Agnieszka, MSc. 

Boimski Błażej, Eng. 

Domański Szymon, MSc. 

Dymecka Małgorzata, M.Eng. 

Ejsmont Ryszard 

Feczko Maciej 

Filipiak Bogdan, M.Eng. (until 07.09.2012) 

Garboliński Andrzej, Tech. 

Hadyś Tadeusz, M.Eng. 

Karpińska Barbara 

Kurdej Alicja 

Murawski Łukasz (since 06.08.2012) 

Pawełczuk Andrzej, Eng. 

Pindara Grażyna 

Snopek Bożydar, Eng. 

Sosnowiec Renata, Tech. 

Szostak Magdalena, MSc. 

Śniegoń Wiesława, M.Eng. 

Umaniec Marianna 

Wiśniewska Kazimiera 

Wojdowska Katarzyna, MSc. 

Worch Zofia 

Zielińska Danuta 
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2. DEPARTMENT OF MATERIALS PHYSICS 
 

Director of Department: Professor Jacek Jagielski 

phone:   +48 22 7180443 

e-mail:   Jacek.Jagielski@ncbj.gov.pl 

 

Overview 

 

The Department consists of three units: 

- Materials Research Lab, 

- Nuclear Methods in Solid State Physics Division, 

- Plasma/Ion Beam Technology Division. 

 

The Department carries out research projects on the microscopic structure and dynamics of condensed matter 

systems, structural, mechanical and functional properties of irradiated materials and modification of materials using 

plasma and ion-beam techniques. Research activities are conducted in collaboration with national and foreign 

laboratories; among these CSNSM Orsay and CEA Cadarache, France, FZD Rossendorf and IPP Garching, 

Germany and JINR Dubna, Russia are the most important. Main experimental facilities are: X-ray diffraction, 

Mössbauer spectrometry, thermal neutrons (neutron scattering and neutron radiography), scanning electron 

microscopy, ion implanters and pulsed plasma devices. Several mechanical testing methods (hardness, strength, 

wear and friction) are used as well.  

In 2012 a new Scanning Electron Microscope (Zeiss Evo) equipped with an EDS system was acquired by the 

Plasma and Ion Beam Technology Division.  

 

There were 59 employees in 2012 with eight professors and 14 researchers with PhD degrees.  

 

Main projects carried out in 2012 dealt with: 

 

 X-ray diffraction: structure of safe antidepresive alkaloid aptazepine obtained in first enantioselective 

synthesis and topography investigations of crystal lattice defects in ferroelectric niobates with tungsten 

bronze structure. 

 Mössbauer spectrometry: hyperfine interactions and magnetic ordering temperature in perovskite-based 

multiferroic systems, structural and magnetic transformations in NdMn2Hx hydrides. 

 Neutron scattering: magnetic and atomic short range order in Mn0.3Ni0.3Cu0.4 pseudo-binary alloy studied 

with neutron elastic scattering, studies of the drying process.  

 Mechanical properties: studies of strength and hardness of materials used in nuclear engineering, analysis 

of the role of irradiation on functional properties of elastomers. 

 Corrosion properties: studies of zirconium corrosion in nuclear reactors, modification of oxidation 

resistance by using plasma or ion-beam doping of steels.  

 

Two large projects carried out in the Department had an investment character: construction of the Neutral Beam 

Injector system for the W7-X stellarator in IPP Greifswald (Polish in-kind contribution to the W7-X project) and the 

4Labs project. Total value of these projects exceeds 58 mln PLN.  

In 2012 scientists employed in MFD published 84 papers in various scientific journals.  

 

 Prof. Jacek Jagielski 
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MATERIALS RESEARCH LABORATORY 

 

Head of Division: Dr. Ewa Hajewska 

phone:  +48 22 7180061 

e-mail:  Ewa.Hajewska@ncbj.gov.pl 

 

Overview 

 

From 09.2012 up to the present, the Materials Research Laboratory has functioned as a Department of the 

National Centre for Nuclear Research. 

The Materials Research Laboratory is engaged in research work covering many aspects of materials engineering. 

Tests are carried out on both structural materials and their welded joints, including the examination of irradiated 

materials. All work is carried out according to the Quality Management System. 

From 1995, the Materials Research Laboratory has had the Certificate of Testing Laboratory Accreditation No. 

AB 025. The Laboratory has also been granted 2nd Degree Approval No LB-038/27 by the Office of Technical 

Inspection. It also has the License of the National Radiological Protection and Nuclear Safety Department Nr. 

1/93/”MET” for investigation of irradiated materials up to 100Ci. The equipment of MRL is continually 

supplemented. 

In the last few years we have concentrated on studies of the crack toughness of structural materials. In these 

investigations we have applied the fracture mechanics method using modern computer programs to permit the 

prediction of the residual life of a construction with consideration of the material properties, parameters of work - in 

this influence of irradiation as well as history of the construction. 

The Laboratory maintains, despite lack of funds, the readiness to work with active materials according to its 

statutory duty. However, the possibilities for the examination of irradiated materials are not turned to full account 

due to the absence of nuclear power stations in Poland. This situation allows us to co-operate with external 

institutions in the scope of the investigation of both irradiated and non-irradiated materials. 

MRL is engaged in preparing expert opinions and technical reports for materials in relation to licenses of the 

Polish Centre of Accreditation and Office of Technical Inspection. In particular, we perform investigations of pipe 

lines and boilers for conventional power stations, pipe lines for gas transportation and other industrial plants. In 

these studies we use both destructive and non-destructive methods. Opportunity is provided for the study of 

mechanical properties of metals at room, elevated and lowered temperatures. The correlations between the residual 

life of structural materials and crack toughness factors in static and dynamic conditions are also studied. Expert 

opinions and reatestation of material properties are performed on the commission of nuclear and power industry 

equipment users.  

MRL incorporates a hot laboratory for irradiated structural materials. This laboratory was destined for testing 

surveillance specimens from a planned nuclear power station. The hot laboratory consists of an assembly of 12 lead 

hot cells arranged in line. All cells were designed to handle 3700 GBq (100Ci) of 1 MeV gamma emitter. Each of 

the cells is equipped with a viewing window and with master-slave or tongs manipulators. The hot cells are 

connected with one another by a special inert transport system. The assembly of hot cells is equipped with 

ventilating, active waste and dosimetric systems. 

The equipment is destined for the following investigations: 

 structure and structure change investigation of irradiated materials, using only optical microscopes,  

 mechanical properties testing of irradiated specimens at temperature from-150°C to +900°C, in this: proof 

stress, 

 low cycle fatigue in the temperature range from-150°C to +350°C, 

 crack toughness of metals (KIC, JIC unloading compliance method, CTOD), 

 da/dN crack propagation, 

 impact strength tests in the temperature range from-50°C to +900°C with determination of: significant force and 

deflection values, partial energy values, characteristic fracture-mechanical values according to ASME 24.03.03 

KId, 

 hardness measurements with the Vickers, Rockwell and Brinell methods. 

 Dr. Ewa Hajewska 
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PARTICIPATION IN CONFERENCES AND WORKSHOPS 

Invited Talk 

 

Ion Irradiation Induced Segregation and Phase Transformation in Austenitic Stainless Steel 

A. Hofman, A.Yu. Didyk, W.K. Semina, E. Hajewska, W. Szteke, J. Wasiak, W. Biłous 

Sympozjum, SEWASTOPOL - XXII Międzynarodowa Konferencja „Radioaktywna Fizyka Ciała Stałego” Wykład „Реакции 

фоторасщепления дейтрона, термоядерного синтеза и деления ядер, индуцированных γ-квантами в насыщенном 

дейтерием палладии и плотном газообразного дейтерии с синтезом новых структур” (Ukraine, Sewastopol, 2012-

07-09 - 2012-07-14) 

Izdatielstwo FGBNU M, Moskwa No.212 (2012) p. 31-40 

 

 

Oral Presentation 

 

Summary of Works Over MARIA Reactor CoreConversion from HEU to LEU Fuel 

W. Mieleszczenko, K. Pytel, G. Krzysztoszek, M. Dorosz, J. Lechniak, A. Mołdysz, K. Andrzejewski, T. Kulikowska, 

Z. Marcinkowska, A. Wocial, E. Hajewska, J. Maurin 

RERTR 2012 International Meeting on Reduced Enrichment for Research and Test Reactors (Poland, Warsaw, 2012-10-14 

- 2012-10-17) 

 

 

LECTURES, COURSES AND EXTERNAL SEMINARS 

Badania materiałowe na potrzeby elektrowni i przemysłu energetycznego 

A.Y.Didyk, V.I.Shedunov, D.S.Yurov, W.Biłous, W.Szteke, E.Hajewska, A.Hofman, J.Wasiak 

Defect in nanostructures based on graphite under electron irradiationb 

Zakopane, National Cebtre for Nuclear Research Material Research Laboiratory, 2012-06-27 

 

Materials Investigation for Power Industry 

O. Padlikowski, J. Wasiak, W. Biłous, W. Szteke, E. Hajewska, T. Wagner, M. Wieczorkowski 

The corrosion cracking of the fuel elements cladding in the power reactorsa 

Zakopane, National Centre for Nuclear Research Material Research Laboratory, 2012-06-28 

 

Materials Investigation for Power Industry  

A. Wocial, M. Dorosz, E. Hajewska, W. Szteke, Z. Rozenblicki, M. Przyborska 

Application of Eddy current method for estimation of oxide layers on the cladding syrface of spent fuel elementsa 

Zakopane, National Centre for Nuclear Research Material Research Laboratory, 2012-06-28 

 

The measurements of the forces in the boilers handing elements on the example of OP-650 boilera 

W. Szteke 

Zakopane, National Centre for Nuclear Research Material Research Laboratory, 2012-06-28 

 
a) in Polish 
b) in English 

 

 

DIDACTIC ACTIVITY 

T. Wagner  
- Project "School with future" - for teachers. Investigation of irradiated materials in the Hot Laboratory LRM. 

- School on Nuclear Energetics for students of the Gdańsk Politechnic. 

Examination of reactor structural materials in hot laboratory. 

- Workshops for attendants of the V-th International School on Nuclear Energetics on activity of Hot laboratory LRM. 

 

B. Zając  
- lecturing with ultrasonic testing (UT)- non-destructive testing methods;  

- lecturing with penetrant testing (PT)- non-destructive testing methods;  

- lecturing with magnetic particle testing (MT)- non-destructive testing methods;  

- lecturing with visual testing (VT)- non-destructive testing methods 

- the examiner, Certification Body of Office of Technical Inspection (UDT-CERT); 

The lecturer, the Training Centre of Office of Technical Inspection (UDT), a Centre of Excellence Specialized Personnel 

(CDKS) Chorzów-Batory; 

The lecturer, the Centre of Excellence for Personnel INTERPROFESJA Warszawa 

 



Materials Research Laboratory 
 

 

59 

PARTICIPATION IN SCIENTIFIC COUNCILS, ASSOCIATIONS AND ORGANIZING COMMITTEES 

E. Hajewska 
Dozór Techniczny, SIGMA NOT 

 

W. Szteke 
Member of the Comitte of Mechanics in the IPPT PAN 

 

B. Zając 
Session chairman on Krajowa Konferencja Badań Nieniszczących in Toruń, Poland 

Member of Organizing Committee on Krajowa Konferencja Badań Nieniszczących in Toruń, Poland 

 

 

PERSONNEL 

 
Research scientists 

Biłous Waldemar, Dr. Eng. 

Hajewska Ewa, Dr. Eng. 

Hofman Andrzej, Professor 

Przyborska Martyna, M.Eng. 

Szteke Witold. M.Eng. 

Wagner Tadeusz, M.Eng. 

Wasiak Jan, Dr. Eng. 

Zając Bogdan, M.Eng. (from 10.2012) 

 

Technical and administrative staff 

Ćwiek Konrad 

Jagodziński Mirosław 

Malczyk Antoni, Eng. 

Mucha Stanisław 

Ostrowska Alicja 

Przeklasa Michał 

Rosłaniec Honorata, MSc. (up to 02.2012) 

Rozenblicki Zbigniew 

Szymczak Wiesława (up to 05.2012) 

Wojciechowska-Kwaśniewska Jadwiga 

Zubowski Bolesław 

Zych Tadeusz 
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DIVISION OF NUCLEAR METHODS IN SOLID STATE PHYSICS 

 

Head of Division: Dr. Jacek J. Milczarek 

phone:  +48 22 7180233 

e-mail:  Jacek.Milczarek@ncbj.gov.pl 

 

Overview 

 

The Department is involved in a wide range of research topics on the microscopic structure and dynamics of 

condensed matter systems. The techniques employed permit studies to be performed from the atomic level to 

macroscopic phenomena. Methods based on radiation interaction with matter comprise X-ray (XRD and synchrotron 

radiation), gamma radiation (Mössbauer spectrometry) as well as thermal neutrons (neutron scattering and neutron 

radiography). Some specialized techniques such as high pressure systems, rapid quenching and the sol-gel method 

have also been applied. A few theoretical and computational studies on uranium compounds have also been carried 

out. 

The Department consists of four labs: 

- Regional Laboratory of Neutronography, 

- Mössbauer Spectrometry Laboratory, 

- X-ray Diffraction Laboratory, 

- High Pressure Laboratory. 

There were 23 employees in 2012 with four full professors and 10 researchers with doctoral degrees.  

The main work completed in 2012 dealt with: 

The structure of safe antidepresive alkaloid aptazepine obtained in first enantioselective synthesis.  

Hyperfine interactions and magnetic ordering temperature in perovskite-based multiferroic systems. 

Studies of the mechanism of enhancement of chemical durability of phosphorus glasses by addition of Fe2O3 

iron oxide.  

Structural and magnetic transformations in NdMn2Hx hydrides. 

The magnetic and atomic short range order in Mn0.3Ni0.3Cu0.4 pseudo-binary alloy studied with neutron elastic 

scattering. 

Dependence of the spin wave dispersion relation in antiferromagnetic Mn-Cu alloy on the degree of phase 

decomposition induced by thermal treatment.  

Changes in the elemental composition of palladium and palladium - rhenium specimens after irradiation with γ-

quanta at high pressure of deuterium. 

Structure of craters produced in silicon with flash pulses of electromagnetic radiation 

X-ray topography investigations of crystal lattice defects in ferroelectric niobates with tungsten bronze structure. 

Dependence of the receding drying front motion in capillary-porous materials on the sample shape. 

The statistical approach to analysis of neutron images of drying processes. 

 

 Dr. Jacek J. Milczarek 
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REPORTS 

Cohesive properties in mixed thorium and uranium dioxides calculated by ab initio method 

L. Dąbrowski, M. Szuta 

Annual Report 2011, p. 254 NCNR, Świerk 

 

Local structure of mixed thorium and uranium dioxides calculated by an ab initio method 

L. Dąbrowski, M. Szuta 

Annual Report 2011 p. 255 NCNR, Świerk 

 

Xe and Kr bonding abilities in single crystal oxygen vacancies of uranium based fuel 

L. Dąbrowski, M. Szuta 

Annual Report 2011 p. 256 NCNR, Świerk 

 

 

PARTICIPATION IN CONFERENCES AND WORKSHOPS 

Invited Talks 

 

Поведение дейтерия, имплантированного в Zr, Ti и Al2O3, после высоко дозной имплантации при длительном 

хранении 

A. Didyk, R. Wiśniewski, W. Kalikauskas 

XLII Международная конференция по физике взаимодействия заряженных частиц с кристаллами. (Russia, Moskwa, 

2012-05-31 - 2012-06-02) 

Москва, МГУ, 31 мая–2 июня 2012 г. No. (2012) 

 

Распределение дейтерия и водорода в многослойных структурах из Nb-фольг и ВТСП-пленках после воздействия 

импульсной высокотемпературной D+-плазмы 

A. Didyk, R. Wiśniewski, W. Kalikaukas 

XLII Международная конференция по физике взаимодействия заряженных частиц с кристаллами. (Russia, Moskwa, 

2012-05-31 - 2012-06-02) 

 

Ion implantation of the 4H SiC homoepitaxial layers and substrates with MeV Se and Al ions 

W. Wierzchowski, A. Turos, K. Wieteska, A. Stonert, R. Ratajczak, P. Jóźwik, R. Wilhelm, S. Akhamadaliev, K. Mazur, 

C. Paulmann 

IX-th International Conference ION IMPLANTATION AND OTHER APPLICATIONS OF IONS AND ELECTRONS (ION 

2012) (Poland, Kazimierz Dolny, 2012-06-25 - 2012-06-28) 

Acta Phys. Pol. A (2012)  

 

On the primary ionization mechanism(s) in matrix assisted laser desorption ionization 

L. Molin, R. Seraglia, Z. Czarnocki, J.K. Maurin, F.A. Puciski, P. Traldi 

30th Informal meeting on mass spectrometry (Czech Republic, Olomouc, 2012-04-29 - 2012-05-03) 

 

Wybrane syntezy stereoselektywne związków o znaczeniu farmakologicznym 

I. Kalinowska, K.K. Krawczyk, P. Roszkowski, J. Szawkało, J.K. Maurin, Z. Czarnocki 

VI Seminarium: Postępy w syntezie związków nieracemicznych (Poland, Polanica Zdroj, 2012-09-16 - 2012-09-19) 

 

„Реакции фоторасщепления дейтрона, термоядерного синтеза и деления ядер, индуцированных γ-квантами в 

насыщенном дейтерием палладии и плотном газообразного дейтерии с синтезом новых структур”  

R. Wiśniewski, A. Didyk, T. Wilczyńska-Kitowska 

Sympozjum, SEWASTOPOL - XXII Międzynarodowa Konferencja „Radioaktywna Fizyka Ciała Stałego” Wykład „Реакции 

фоторасщепления дейтрона, термоядерного синтеза и деления ядер, индуцированных γ-квантами в насыщенном 

дейтерием палладии и плотном газообразного дейтерии с синтезом новых структур” (Ukraine, Sewastopol, 2012-

07-09 - 2012-07-14) 

Uniwersytet Moskiewski No. (2012) 

 

Produkty lecznicze i preparaty niewiadomego pochodzenia stosowane nielegalnie jako preparaty poronne 

A. Mazurek, J.K. Maurin, A. Błażewicz, P. Baran 

II Ogólnopolska Konferencja Naukowa: Fizykochemiczne Badania Śladów Kryminalistycznych (Poland, Serock, 2012-11-

20 - 2012-11-23) 

 

Changes observed in the element compositions of palladium and rhenium specimens irradiated in dense deuterium by γ-

quanta with boundary energy 23 MeV  

A. Didyk, R. Wiśniewski 

 International Conference Cold Fusion (ICCF-17), (Korea, Daejeon, 2012-08-12 - 2012-08-17) 

Uniwersytet Daejeon No.21-28 (2012) 
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Thermal neutron imaging of archaeological artefacts from Poland 

J.J. Milczarek 
1st RCM IAEA CRP on Application of 3D Neutron Imaging and Tomography in Cultural Heritage Research (Austria, 

Vienna, 2012-05-07 - 2012-05-11) 

IAEA, Vienna No. (2012) 

 

Пороговыйхарактер накопления ионов депйтерия в палладии при высоко дозной имплантации 

A. Didyk, R. Wiśniewski 

XLII Международная конференция по физике взаимодействия заряженных частиц с кристаллами. (Russia, Moskwa, 

2012-05-31 - 2012-06-02) 

No. (2012) 

 

 

Oral Presentations 

 

Kinetics of drying of cylindrical and rectangular blocks of wet clinoptilolite 

I. Fijał-Kirejczyk, J. Żołądek-Nowak, J.J. Milczarek, Z. Jurkowski, J. Żołądek 

XIX Forum Zeolitowe (Poland, Małe Ciche, 2012-09-11 - 2012-09-15) 

 

X-ray diffraction and Mössbauer spectroscopy studies of BiFeO3-BaTiO3 solid solutions 

K. Kowal, E. Jartych, A. Lisińska-Czekaj, D. Czekaj, P. Guzdek, P. Stoch 

Ogólnopolskie Seminarium Spektroskopii Mössbauerowskiej OSSM2012 (Poland, Lublin, Kazimierz Dolny, 2012-06-10 - 

2012-06-14) 

 

Spektroskopia Mössbauerowska szkieł fosforanowych dla immobilizacji odpadów radioaktywnych 

P. Stoch, M. Ciecińska, P. Zachariasz, J. Suwalski, L. Górski, T. Wójcik 

Ogólnopolskie Seminarium Spektroskopii Mössbauerowskiej OSSM2012 (Poland, Lublin, Kazimierz Dolny, 2012-06-10 - 

2012-06-14) 

 

Oddziaływania nadsubtelne w multiferroikach (1-x) Bi0.95Dy0.05FeO3 – x Pb(Fe2/3W1/3)O3 

P. Zachariasz, A. Stoch, P. Stoch, J.K. Maurin 

Ogólnopolskie Seminarium Spektroskopii Mössbauerowskiej OSSM2012 (Poland, Lublin, Kazimierz Dolny, 2012-06-10 - 

2012-06-14) 

 

Dopalacze: Plaga XXI Wieku 

J.K. Maurin, A. Błażewicz, P. Baran, A. Sołoducha, A. Mazurek 

54 Konwersatorium Krystalograficzne, Wrocław, (Poland, Wroclaw, 2012-07-07 - 2012-07-09) 

 

Synteza nowych chiralnych ligandów pochodnych (R)-(+)-limonenu i ich wykorzystanie w asymetrycznym przeniesieniu 

wodoru 

P. Roszkowski, J.K. Maurin, Z. Czarnocki 

55 Zjazdu PTChemi SITPChem (Poland, Bialystok, 2012-09-16 - 2012-09-20) 

 

 

Posters 

 

Efekt Mössbauera związków Dy(Co0.4-xNixFe0.6)2 

A. Zwoźniak, A. Krawczyk, P. Stoch, P. Guzdek, P. Zachariasz, J. Suwalski, J. Pszczoła 

Ogólnopolskie Seminarium Spektroskopii Mössbauerowskiej OSSM2012 (Poland, Lublin, Kazimierz Dolny, 2012-06-10 - 

2012-06-14) 

 

Zastosowanie neutronów termicznych w nieniszczących badaniach obiektów zabytkowych 

J.J. Milczarek, E. Miśta, I. Fijał-Kirejczyk 

Analiza Chemiczna w Ochronie Zabytków (Poland, Warszawa, 2012-12-06 - 2012-12-07) 

 

Studies of Y(Mn0.9Fe0.1)2D6, Er(Mn0.9Fe0.1)2D6 and HoFe2D5 by 57Fe Mösbauer Spectroscopy 

P. Zachariasz, S.M. Filipek, V. Paul-Boncour, R.S. Liu, P. Stoch, J. Suwalski, M.H. Tu 

International Symposium on Metal-Hydrogen Systems – Fundamentals and Application (Japan, Kyoto, 2012-10-21 - 2012-

10-26) 

 

 Changes observed in the element compositions of palladium and rhenium specimens irradiated in dense deuterium by γ-

quanta with boundary energy 23 MeV  

A.Yu. Didyk, R. Wiśniewski 

 International Conference Cold Fusion (ICCF-17), (Korea, Daejeon, 2012-08-12 - 2012-08-17) 

Daejeon No.21-28 (2012) 
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Badania strukturalne powłok kompozytowych zawierających hydroksyapatyty 

L. Górski, B. Sartowska 

54 Konwersatorium Krystalograficzne, Wrocław, (Poland, Wroclaw, 2012-07-07 - 2012-07-09) 

Komitet Krystalografii PAN No. (2012) p. 280 

 

Synchrotron Radiation Topography of SBN (SrxBa1-xNb2O6) and CBN (CaxBa1-xNb2O6) Crystals 

K. Wieteska, W. Wierzchowski, A. Malinowska, M. Lefeld-Sosnowska, M. Świrkowicz, C. Paulmann 

11th International School and Symposium on Synchrotron Radiation in Natural Science (Poland, Kraków, Tyniec, 2012-05-

20 - 2012-05-25) 

Synchrotron Radiation in Natural Science No 11 (2012) 155 

 

Preparation of 57Co sources for Mossbauer Spectroscopy 

I. Cieszykowska, M. Żółtowska, M. Mielcarski, P. Zachariasz, A. Piasecki, T. Janiak, T. Barcikowski 

NRC-8, EuCheMS, International Conference on Nuclear and Radiochemistry (Italy, Como, 2012-09-16 - 2012-09-21) 

Universita degli Studi di Milano, Dip. Di Fisica Press No. (2012) p. 119 

 

X-Ray Studies of Some Ceramic Composites Based on ZrO2 

L. Górski 
54 Konwersatorium Krystalograficzne, Wrocław, (Poland, Wroclaw, 2012-07-07 - 2012-07-09) 

Komitet Krystalografii PAN No. (2012) p. 281 

 

Damage of two-component materials such as GaAs, ZnO, SiO2 created by ultra-short VUV laser pulses 

D. Klinger, R. Sobierajski, J. Pełka, E. Łusakowska, D. Żymierska, W. Wierzchowski, K. Wieteska 

11th International School and Symposium on Synchrotron Radiation in Natural Science (Poland, Kraków, Tyniec, 2012-05-

20 - 2012-05-25) 

 

Damage of two-component materials such as GaAs, ZnO, SiO2 created by ultra-short VUV laser pulses 

D. Klinger, K. Wieteska 

11th International School and Symposium on Synchrotron Radiation in Natural Science (Poland, Kraków, Tyniec, 2012-05-

20 - 2012-05-25) 

Synchrotron Radiation in Natural Science Vol. 11 No 1-2 (2012) 105 

 

Topographic and high-resolution diffraction study of defect structure of RVO4 single crystals 

W. Paszkowicz, K. Wieteska 

11th International School and Symposium on Synchrotron Radiation in Natural Science (Poland, Kraków, Tyniec, 2012-05-

20 - 2012-05-25) 

Synchrotron Radiation in Natural Science Vol. 11 No 1-2 (2012) 128 

 

The investigation of the damages induced by FLASH pulses in silicon crystals by means of white beam synchrotron section 

topography 

W. Wierzchowski, K. Wieteska, D. Klinger, R. Sobierajski, J. Pełka, D. Żymierska, T. Balcer, C. Paulmann 

11th International School and Symposium on Synchrotron Radiation in Natural Science (Poland, Kraków, Tyniec, 2012-05-

20 - 2012-05-25) 

Synchrotron Radiation in Natural Science Vol. 11 No 1-2 (2012) 157 

 

“Changes observed in the element compositions of palladium and rhenium specimens irradiated in dense deuterium by γ-

quanta with boundary energy 23 MeV 

A. Didyk, R. Wiśniewski 

 International Conference Cold Fusion (ICCF-17), (Korea, Daejeon, 2012-08-12 - 2012-08-17) 

Uniwersytet Daejeon No. (2012) 

 

Efekt Mössbauera związków Tb0.27-xYxDy0.73Fe2 

A. Krawczyk, A. Zwoźniak, P. Guzdek, P. Stoch, P. Zachariasz, J. Suwalski, J. Pszczoła 

Ogólnopolskie Seminarium Spektroskopii Mössbauerowskiej OSSM2012 (Poland, Lublin, Kazimierz Dolny, 2012-06-10 - 

2012-06-14) 

 

 

LECTURES, COURSES AND EXTERNAL SEMINARS 

Application of neutron scattering in materials researcha 

J.J. Milczarek 

Warsaw, Institute Of Electronic Materials Technology, 2012-04-26 

 

 
a) in Polish 
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INTERNAL SEMINARS 

Department of Nuclear Methods in Solid State Physics: current research, plans and resarch capacitya 

J.J. Milczarek 

Otwock, National Centre for Nuclear Research, 2012-02-01 

 

 
a) in Polish 

 

 

DIDACTIC ACTIVITY 

A. Czachor - 10 h lecture for undergraduates and P.H. students at the Physics Faculty of the Warsaw Polytechnical 

University, titled: 

Problems of Contemporaty Physics. 

 

J.J. Milczarek - Lecture on  

Reactor neutrons in condensed matter physics, 

Szkoła Energetyki i Chemii Jądrowej, 3-7 September, 2012 

 

 

PARTICIPATION IN SCIENTIFIC COUNCILS, ASSOCIATIONS AND ORGANIZING COMMITTEES 

L. Dąbrowski 
Institute of Atomic Energy 

 

J. Jankowska-Kisielińska 
member Polish Society of Neutron Scattering 

 

J.J. Milczarek 
Polish Neutron Scattering Society 

 

K. Wieteska 
Session chairman on XIX Ogólnokrajowe Seminarium Naukowo-Techniczne: Badania materiałowe na potrzeby elektrowni 

i przemysłu energetycznego in Zakopane, Poland 

Member of Advisory Board on XIX Ogólnokrajowe Seminarium Naukowo-Techniczne: Badania materiałowe na potrzeby 

elektrowni i przemysłu energetycznego in Zakopane, Poland 

member, Polish Synchrotron Radiation Society 

 

PERSONNEL 

Research scientists 

 

Cieślik Iwona, MSc. 

Cmiel Katrzyna, MSc. 

Czachor Andrzej,Professor 

Dąbrowski Ludwik, Professor 

Fijał-Kirejczyk Izabela, Dr. 

Górski Ludwik, Dr. 

Jankowska-Kisielińska Joanna, Dr. 

Maurin Jan, Dr. 

Milczarek Jacek J., Dr. 

Paluchowska Beata, Dr. 

Przystawa Jerzy, Professor 

Stoch Paweł, Dr. 

Suwalski Jan, Professor 

Świderska Karolina, MSc. 

Wilczyńska-Kitowska Teresa, Dr. 

Wiśniewski Roland, Professor 

Wiśniewski Zbigniew, Dr. 

Piotr Zachariasz Dr. 

Żołądek-Nowak Joanna, MSc. 

 

Technical staff: 

Bojarczuk Janusz 

Jurkowski Zdzisław 

Wójcik Tadeusz 

Żołądek Jan 
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DIVISION OF PLASMA/ION BEAM TECHNOLOGY 

 

Head of Division: Dr. Cezary Pochrybniak 

phone:  +48 22 7180558 

e-mail:  cezary.pochrybniak@ncbj.gov.pl 

 

Overview 

 

In 2012 research activities in Division FM2 were concentrated on continuation of our previous studies in the 

field of plasma physics applications in materials engineering science and solid state physics. Our main topics of 

research were as follows:  

1. Doping stainless steels or iron-chromium alloys with oxygen reactive elements like Y and Rare Earth Elements 

(REE) like Ce, La, Er and others for improving surface oxidation resistance at high temperatures.  

2. Development of new ferromagnetic semiconductors for spintronics. 

3. Studies of the dependence of specific features of plasma surface engineering methods on Layers structure.  

4. Optimisation of thin film Pb photocathodes. 

1. This year we focused on the use of yttrium as an active element incorporated into 316L stainless steel using 

High Intensity Pulse Plasma Beams (HIPPB). The samples were cut from AISI 316L commercial austenitic stainless 

steel in the form of coupons of 20×10×1 mm
3
 in size, with roughness of about Ra = 0.06 µm. The samples were 

modified using high intensity (10
6
-10

8
 W/cm

2
) pulsed plasma beams generated in a Rod Plasma Injector (RPI). The 

use of high intensity plasma beams enabled the formation of a Y-enriched layer with a thickness of several hundreds 

of nanometers. 

2. In this field, samples were modified by high intensity plasma beams generated in a Rod Plasma Injector. This 

allowed remelting of a thin layer with perfect lattice order. It was shown that a crystal lattice perturbed by ion 

implantation fully recrystallizes after the plasma pulse. Significant redistribution of Mn profile is observed. There is 

no indication of substitutional location of the Mn ions in the silicon lattice. XANES measurements performed at the 

DESY synchrotron indicated differences in the neighbourhood of Mn atoms after thermal annealing and pulse 

melting. Supplementary measurements in the international SPIRIT 144 project on “Ion beam induced epitaxial 

crystallization of manganese implanted conventional and SOI silicon samples” were performed. The expected effect 

of vacancy and interstitial atom separation in SOI samples was not confirmed. Preliminary measurements in the 

international TNA-165 project on “Manganese location in Mn implanted and plasma pulse annealed germanium by 

cPIXE” and the supporting 2467/SPIRIT/2012/2 national project on “Lokalizacja manganu przy użyciu metody 

cPIXE w germanie implantowanym manganem i wygrzewanym impulsami plazmy” were performed. The 

measurements confirmed the high effectiveness of pulse annealing of post-implantation damage in germanium. 

3. The structural properties of alloy layers were studied. The alloy layers were prepared by using two different 

impulsively working PAPVD methods: Pulsed Magnetron Sputtering (PMS) and Impulse Plasma Deposition (IPD). 

The distinctive feature of these two methods is the fact that both of them utilize the solid state as a source of the 

vapour-phase. However, the mechanism of the transport and the structures of the vapour-phase (plasma), the 

location of nucleation and intensity of elementary phenomena during the condensation of layers are quite different in 

both of the methods. The relation between the structure of the multicomponent metallic alloy layers and the specific 

features of both methods were studied.  

4. A thin film Pb photocathode, planned for use in a superconducting electron linac, was prepared by high 

vacuum arc deposition using the compact deposition system constructed in late 2011. A 1μm thick film was 

deposited on the back wall of a modified electron gun resonator. This film was of 0.5 μm in thickness which is 

thicker than that prepared previously. It was expected to improve the injector performance.  

In 2012 in the Plasma/Ion Beam Technology Division there were 20 employees, eight members constituted the 

scientific staff, four belonged to the research-technical staff, and the rest constituted the technical and administrative 

staff.  

 

 Dr Cezary Pochrybniak 
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PARTICIPATION IN CONFERENCES AND WORKSHOPS 

Invited Talk 

 

Recent studies of high-temperature plasma at the NCBJ (former IPJ) in Poland 

M.J. Sadowski, L. Jakubowski, R. Kwiatkowski, A. Malinowska, K. Malinowski, M. Rabiński, E. Składnik-

Sadowska, A. Szydłowski, J. Żebrowski, K. Czaus, M. Jakubowski, R. Mirowski 

Annual Workshop & Meeting of the International Centre of Dense Magnetized Plasmas (ICDMP-2012) (Poland, Warsaw, 

2012-10-15 - 2012-10-16) 

 

 

Oral Presentations 

 

Superconducting Photocathodes 

R. Nietubyć, J. Sekutowicz, P. Kneisel 

XXX-th IEEE-SPIE Joint Symposium Wilga 2012 (Poland, Wilga, 2012-05-27 - 2012-06-03) 

 

Beam dynamics 

T. Wasiewicz, R. Nietubyć, J. Sekutowicz 

XXX-th IEEE-SPIE Joint Symposium Wilga 2012 (Poland, Wilga, 2012-05-27 - 2012-06-03) 

 

Superconducting electron gun for cw operation of linacs 

R. Nietubyć, T. Wasiewicz 

Eucard 3rd Annual Meeting (Poland, Warszawa, 2012-04-24 - 2012-04-27) 

 

Investigation of Laser-cleaning Process on Lead Photocathodes 

S. Schubert, R. Nietubyć 

International Particle Accelerator Conference (USA, New Orleans, 2012-05-20 - 2012-05-25) 

Joint Accelerator Conferences Website (JACoW) Vol. IPAC12 (2012) 1515 

 

Operational Experience with the Pb/Nb SRF Photroelectron Gun 
T. Kamps, R. Nietubyć 

International Particle Accelerator Conference (USA, New Orleans, 2012-05-20 - 2012-05-25) 

JACoW Vol. IPAC12 (2012) 1518 

 

Ovwerview of Solaris Facility 

C.J. Bocchetta, R. Nietubyć 

International Particle Accelerator Conference (USA, New Orleans, 2012-05-20 - 2012-05-25) 

JACoW Vol. IPC12 (2012) 1650 

 

Analysis of crystal lattice deformation by ion channeling 

P. Jóźwik, N. Sathish, L. Nowicki, J. Jagielski, A. Turos, L. Kovarik, B. Arey, S. Shutthanandan, W. Jiang 

IX-th International Conference ION IMPLANTATION AND OTHER APPLICATIONS OF IONS AND ELECTRONS (ION 

2012) (Poland, Kazimierz Dolny, 2012-06-25 - 2012-06-28) 

Acta Phys. Pol. A (in press) 

 

Development and use of Cherenkov-type detectors for measurementsof fast electrons in tokamaks 

J. Żebrowski, L. Jakubowski, M.J. Sadowski, M. Rabiński, K. Malinowski, R. Mirowski, M.J. Jakubowski, 

V.V. Plyusnin, Ph. Lotte, J-Y. Pascal 

International Conference and School on Plasma Physics and Controlled Fusion - Alushta-2012 (Ukraine, Alushta (Crimea), 

2012-09-17 - 2012-09-22) 

 

Plazmowa Inżynieria Powierzchni 

K. Nowakowska-Langier, R. Nietubyć, K. Zdunek, R 

Sympozjum NCBJ 2012 (Poland, Warszawa, 2012-06-15 - 2012-06-15) 

 

Pb coatings and shape optimisation of SRF injector 

J. Sekutowicz, R. Nietubyć, T. Wasiewicz 

Eucard SRF Annual Review 2012 (Germany, Berlin, 2012-03-29 - 2012-03-30) 

 

Introduction to Synchrotron Radiation 

R. Nietubyć 
XXX-th IEEE-SPIE Joint Symposium Wilga 2012 (Poland, Wilga, 2012-05-27 - 2012-06-03) 
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Posters 

 

Effect of ion implantation processon tribological properties of Inconel 600 

M. Barlak, M. Chmielewski 

IX-th International Conference Ion Implantation And Other Applications Of Ions And Electrons (ION 2012) (Poland, 

Kazimierz Dolny, 2012-06-25 - 2012-06-28) 

 

Improvement of high temperature oxidation resistanceof 316L stainless steel doped with yttriumusing Intense Pulsed Plasma 

Beams 

M. Barlak, E. Kowalska, B. Sartowska, C. Pochrybniak, L. Waliś, Z. Werner 

IX-th International Conference Ion Implantation And Other Applications Of Ions And Electrons (ION 2012) (Poland, 

Kazimierz Dolny, 2012-06-25 - 2012-06-28) 

 

Ion beam induced epitaxial crystallization in Mn implanted Si 

Z. Werner, M. Barlak, N. Peng, C. Pochrybniak, R.A. Wilhelm 

IX-th International Conference Ion Implantation And Other Applications Of Ions And Electrons (ION 2012) (Poland, 

Kazimierz Dolny, 2012-06-25 - 2012-06-28) 

 

Enrichment of AISI 316L steel surface layer with REE using ion beams 

B. Sartowska, L. Waliś, W. Starosta, M. Barlak, E. Kowalska 

IX-th International Conference Ion Implantation And Other Applications Of Ions And Electrons (ION 2012) (Poland, 

Kazimierz Dolny, 2012-06-25 - 2012-06-28) 

Acta Phys. Pol. B (2012)  

 

Zastosowanie technik jądrowych w charakteryzacji powierzchni materiałów: przykłady badań własnych - Application of 

nuclear techniques for characterisation of materials surfaces: own investigations examples 

B. Sartowska, L. Waliś, W. Starosta, M. Barlak, L. Nowicki, R. Ratajczak 

Współczesne metody badania struktury i właściwości warsw wierzchnich metali (Poland, Poznań, 2012-05-30 - 2012-05-30) 

 

Tribological properties of stainless steel surface layer enriched with rare earth elements 

B. Sartowska, M. Barlak, L. Walis, W. Starosta, J. Senatorski, C. Pochrybniak, E. Kowalska 

13th International Conference on Plasma Surface Engineering (PSE 2012) (Germany, Garmish-Partenkirchen, 2012-09-10 - 

2012-09-14) 

 

Dependence of the specific features of two PAPVD method: Impulse Plasma Deposition (IPD) and Pulsed Magnetron 

Sputtering (PMS) on the structure of Fe-Cu alloy layers 

K. Nowakowska-Langier, R. Chodun, R. Nietubyć, R. Minikayev, K. Zdunek 

The 6th Intenational Meeting Developments in Materials, processes and applications of emerging technologies (Portugal, 

Alvor, 2012-07-02 - 2012-07-04) 

 

Studies of Deuterium-Plasma Interaction with a Tungsten Target at Different Energy Fluxes 

E. Składnik-Sadowska, K. Czaus, K. Malinowski, M.J. Sadowski, J. Żebrowski, K. Nowakowska-Langier, 

I.E. Garkusha, M.K. Ladygina 

Europhysics Conference on the Atomic and Molecular Physics of Ionized Gases - ESCAMPIG 2012 (Portugal, Viana do 

Castelo, 2012-07-10 - 2012-07-14) 

LOC ESCAMPIG 2012, Viana do Castelo No. (2012) 

 

Terahertz FEL source at the Polish nationalcenter POLFEL. A conceptual design 

J. Pełka, O. Chołuj-Dziewiecka, J. Lorkiewicz, R. Nietubyć, J. Sekutowicz, R. Sobierajski, J. Szewiński, T. Wasiewicz, 

G. Wrochna 
11th International School and Symposium on Synchrotron Radiation in Natural Science (Poland, Kraków, Tyniec, 2012-05-

20 - 2012-05-25) 

 

The application of internal magnetic filter fed from coaxial plasma accelerator electric circuit in the synthesis of thin AlN 

films 

R. Chodun, K. Nowakowska-Langier, K. Niechcielski, S. Okrasa, K. Zdunek 

The 6th Intenational Meeting Developments in Materials, processes and applications of emerging technologies (Portugal, 

Alvor, 2012-07-02 - 2012-07-04) 

 

Terahertz FEL source at the Polish nationalcenter POLFEL. A conceptual design 

O. Chołuj-Dziewiecka, J. Pełka, J. Lorkiewicz, R. Nietubyć, J. Sekutowicz, R. Sobierajski, J. Szewiński, T. Wasiewicz, 

G. Wrochna 
NCBJ Symposium (Poland, Warsaw, 2012-06-15 - 2012-06-15) 
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On the Injected Gas/Electric Power Relation for Better Control of Deposition Efficiency During the Gims Deposition 

K. Zdunek, K. Nowakowska-Langier, R. Chodun, J. Dora 

13th International Conference on Plasma Surface Engineering (PSE 2012) (Germany, Garmish-Partenkirchen, 2012-09-10 - 

2012-09-14) 

 

Badania pola magnetycznego w ukladzie dwumagnetronowym 

G. Strzelecki, K. Nowakowska-Langier, R. Chodun, K. Zdunek 

Sympozjum NCBJ 2012 (Poland, Warszawa, 2012-06-15 - 2012-06-15) 

 

 

INTERNAL SEMINARS 

Magnet status for Solaris synchrotron, April 2012b 

R. Nietubyć 

Kraków, National Synchrotron Radiation Centre Solaris, Jagiellonian University, 2012-04-25 

 
b) in English 

 

 

DIDACTIC ACTIVITY 

M. Barlak  
- Student placement (02-27.07.2012) 

- eng. Patryk Jurczak, 

- eng. Adrian Rybka, 

from Faculty of Materials Engineering of Warsaw University of Technology 

 

K. Nowakowska-Langier - laboratory - Solid State Physics 

Faculty of Materials Science and Engineering, Warsaw University of Technology 

 

PARTICIPATION IN SCIENTIFIC COUNCILS, ASSOCIATIONS AND ORGANIZING COMMITTEES 

J. Jagielski 
Member of the Scientific Council 

Member of the SCientific Council of SLCJ 

 

R. Nietubyć 
Polish Synchrotron Radiation Society 

 

K. Nowakowska-Langier 
Polish Synchrotron Radiation Society (PSRS) 

. 

C. Pochrybniak 
Member Polish Solar Energy Society 

Member Polish Photovoltaics Society 

Chairman of Economics Council Institute of Atomic Energy Polatom 

 

K. Zdunek 
European Joint Committee on Plasma and Ion Surface Engineering (EJC PISE) 

Faculty of Materials Science, Warsaw University of Technology 

 

 

PERSONNEL 

Barlak Marek, Dr.  

Jagielski Jacek, Professor 

Gniadek Krzysztof  

Karpisz Stanisław  

Kowalska Ewa  

Kuk Mirosław  

Mirowski Robert, M.Eng. 

Nietubyć Robert, Dr. 

Nowakowska-Langier Katarzyna, Dr. 

Pochrybniak Cezary, Dr. 

Staszkiewicz Bogdan  

Strzelecki Grzegorz, M.Eng. 

Trembicki Andrzej  

Wasiewicz Tomasz, MSc.  

Werner Zbigniew, Professor  

Wiraszka Andrzej  

Witkowski Jan  

Woźnica Magdalena, MSc.  

Zagórski Jerzy  

Zdunek Krzysztof, Professor 
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3. DEPARTMENT OF FUNDAMENTAL RESEARCH 
 

Director of Department: Professor Grzegorz Wilk 

phone:   +48 22 5532226 

e-mail:   Wilk@fuw.edu.pl 

 

Overview 

 

The scientific activity of DBP in 2012 is presented in detail in the sections devoted to its four Divisions: Nuclear 

Physics Division (BP1), Theoretical Physics Division (BP2), High Energy Physics Division (BP3) and Cosmic Ray 

Physics Division (BP4). Here I shall present only a short overview referring to the specialized sections presented by 

the Divisions for details and further references. 

The Nuclear Physics Division (BP1) concentrated on low energy nuclear physics (mostly in collaboration with 

the Heavy Ion Laboratory, University of Warsaw), high energy nuclear physics (connected with the Hermes 

collaboration at the Deutsches Elektronen Synchrotron (DESY) in Hamburg and with the large-scale international 

collaboration PANDA in the FAIR project) and on materials science and its applications (with special emphasis on 

the coherent description of radiation damage buildup for compound materials; the results obtained could be a turning 

point in the understanding of defect accumulation processes in crystals). 

The Theoretical Physics Department (BP2) working in close collaboration with experimental groups at CERN, 

GSI, Kamiokande and Frascatti) and in collaborations with the Universities of Warsaw, Kielce, Paris, Liege, London 

and such institutes as PAN, CERN, GSI, JINR, RIKEN, concentrated on the following subjects: properties of heavy 

and superheavy nuclei; properties of nuclear matter and nuclear collisions; exotic atoms; phenomenology of 

collisions of hadrons and leptons; cosmology, nonlinear effects in extended media and Bayesian approach to multi-

parameter problems in physics and beyond. In all of them interesting results were found, one of them was 

outstanding and chosen as one of the best results of the NCBJ in 2012. It is “Description of Pure Electron Shake off 

in the Beta Decay of Trapped 6He+ Ions” by Prof. Z. Patyk and his collaborators. This work was published in 

PRL108(2012)243201 and was selected for a Synopsis in “Physics”. 

The High Energy Physics Division (BP3) activities concentrated mostly on the LHC experiments ALICE, CMS, 

and LHCb with the CMS group participating in what most probably is the discovery of the long searched for Higgs 

Boson. Among other interesting results obtained by these groups one has to select the results obtained by Dr 

M.Kazana and dr P.Zalewski together with PhD student K.Romanowska-Rybinska from the CMS group who 

proposed and successfully implemented a method of obtaining limits on the production of long-lived particles in 

CMS. This work was another outstanding work selected as one of the achievements of the NCBJ in 2012. Very 

interesting results were obtained also by groups connected with the COMPASS experiment at CERN, by the WASA 

detector group and by the Neutrino Physics group. The Astrophysics Section has participated in several international 

projects like VIPERS or the Pi of the Sky Project.  

The Cosmic Ray Physics Division (BP4) was involved mainly in research on high energy Cosmic Rays (their 

nature, sources and interactions with the Earth). This was done in collaboration with the KASKADE-Grande 

experiment, with the JEM-EUSO collaboration preparing a new experiment based on the International Space Station 

and with the group preparing an experiment with the satellite gamma ray detector POLAR which will measure the 

X-ray polarisation from Gamma Ray Bursts. The high energy particle physics activity covered collaborations with 

the ZEUS experiment at DESY (Hamburg) and WASA in Juelich, Germany. 

 

 Prof. Grzegorz Wilk 
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DIVISION OF NUCLEAR PHYSICS 

 

Head of Division: Dr. Bohdan Mariański 

phone:  +48 22 6213829 

e-mail:  bohdan@fuw.edu.pl 

 

Overview 

 

Our scientific activities in 2012 concentrated as in the previous year on four subjects: low energy nuclear 

physics, high energy nuclear physics, materials science and applications. 

In 2012 members of the low energy nuclear physics group published six articles in refereed journals and three 

contributions to conference proceedings. Highlights included the publication of an investigation into the effect the of 

weak channels---transfer channels in particular---on the quasi-elastic barrier distributions for 
20

Ne incident on 

various heavier targets, with particular emphasis on 
208

Pb, as part of an ongoing experimental study at the Heavy Ion 

Laboratory, University of Warsaw. Calculational studies included an investigation of the coupling influence of the 

40Ca(p,d) reaction on the elastic scattering via S matrix-to-potential inversion and a comparison of spectroscopic 

information obtained from knockout data and conventional pickup reactions for the <
10

Be|
9
Be+n> overlap. 

The group involved in the Hermes collaboration at the Deutsches Elektronen Synchrotron (DESY) in Hamburg, 

has continued the analysis of Spin Density Matrix Elements and asymmetry moments in φ, ω vector meson 

production. In 2012 new results on SDMEs in ω vector meson electroproduction were released. The results indicate 

a large contribution from unnatural parity exchange processes. We hope these studies will provide important 

constraints on the Generalized Parton Distribution(GPD). The same group is continuing analysis of the decay of the 

Δ resonance into lepton pair 
+
e 

–
e at the WASA experiment.  

Prof. B. Zwięgliński and dr D. Melnychuk are involved in the large-scale international collaboration PANDA 

(antiProton ANnihilation at DArmstadt) in the FAIR project. In 2012 year their activity concentrated on simulation 

of particles emitted in the forward direction, with the GEM detector (gas-electron multiplier) and planning and 

construction of a slow control system for the hydrogen jet target for the PANDA detector. (in collaboration with Ing. 

A. Chlopik from department TJ-4 NCBJ). 

The materials science group study the stoichiometry, depth profiles of impurities, and crystalline quality of as-

grown and ion beam modified materials. GaN epitaxial layers bombarded with different Ar ion fluencies @RT were 

analyzed by a set of complementary methods RBS/C, HRXRD, HRTEM. A comparison of results was made, 

together with theoretical analysis in the framework of elasticity theory. The main success was the coherent 

description of radiation damage buildup for this compound. This model seems to be a turning point in the 

understanding of the defect accumulation processes in crystals. The crystalline quality of ZnO epitaxial layers grown 

by the ALD method was investigating by means of channeling. Also, radiation damage in Al or Se implanted 4H-

SiC epitaxial layers and Ar implanted powellite were analyzed. A new model describing the projectile movement in 

the deformed crystal lattice was proposed and implemented in the Monte Carlo code McChasy. Also new kinds of 

crystalline structures like powellit (CaMoO4), and 4H-SiC politype were added to the McChasy base of structures. 

Studies of the solid state nuclear track detectors (SSNTDs), CR-39/DM-335 were continued this year. These 

detectors are useful in plasma experiments, due to their high sensitivity to charged particles, very small sensitivity to 

photons and electrons and ability to register relatively high particle fluxes. The results of measurements of track 

diameters, D(t), geometry of proton track opening and exit surfaces were published in RSI(accepted). In this paper 

we also present thesensitivity function V=VT/VB as a function of proton energy and etching time. Observation of 

diameter and shape of the tracks at the entrance channel and exit side make it possible to verify the theory of 

increasing energy loss for charged projectiles near the point of their range. The slope of the track diameter evolution 

in the energy range 1-6 MeV is correlated with the slopping power dependence. 

 

 

 Dr. Bohdan Mariański 
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REPORTS 

National Centre for Nuclear Research, Annual Report 2011 

N. Keeley, K. Kurek 

NCBJ, ISSN 2299-2960 

 

 

PARTICIPATION IN CONFERENCES AND WORKSHOPS 

Invited Talks 

 

On the mechanism of damage buildup in gallium nitride 

A. Turos 
Radiation Effects in Matter (USA, Kona, HI, 2012-07-01 - 2012-07-05) 

Radiat.Eff. Defect Solid (in press) 

 

Radiation stability od Fluorite- structured Binary Metal Oxides Submitted to Swift Ion Irradiation – A Channeling 

Investigation 

F. Garrido, L. Nowicki, G. Sattonnay, L. Thomé 

Radiation Effects in Matter (USA, Kona, HI, 2012-07-01 - 2012-07-05) 

Radiat.Eff. Defect Solid (2012)  

 

Barrier Height Distribution Studies at HIL 

E. Piasecki 
COPIGAL II (Poland, Kraków, 2012-06-06 - 2012-06-08) 

 

Ion implantation of the 4H SiC homoepitaxial layers and substrates with MeV Se and Al ions 

W. Wierzchowski, A. Turos, K. Wieteska, A. Stonert, R. Ratajczak, P. Jóźwik, R. Wilhelm, S. Akhamadaliev, K. Mazur, 

C. Paulmann 

IX-th International Conference ION IMPLANTATION AND OTHER APPLICATIONS OF IONS AND ELECTRONS (ION 

2012) (Poland, Kazimierz Dolny, 2012-06-25 - 2012-06-28) 

Acta Phys. Pol. A (2012)  

 

 

Oral Presentations 

 

Analysis of crystal lattice deformation by ion channeling 

P. Jóźwik, N. Sathish, L. Nowicki, J. Jagielski, A. Turos, L. Kovarik, B. Arey, S. Shutthanandan, W. Jiang 

IX-th International Conference ION IMPLANTATION AND OTHER APPLICATIONS OF IONS AND ELECTRONS (ION 

2012) (Poland, Kazimierz Dolny, 2012-06-25 - 2012-06-28) 

Acta Phys. Pol. A (in press) 

 

Quantitative analysis of defects via Monte-Carlo simulations of channeling process 

A. Turos 
CEA-NCBJ exchange meeting, Nuclear materials under irradiation (France, Saclay, 2012-03-30 - 2012-03-30) 

 

Radiation tolerance of fluorite-structured nuclear oxides - experimental simulation 

F. Garrido, T.H. Nguyen, L. Nowicki, G. Sattonnay, L. Thomé 

2nd International Nuclear Energy Congress (Poland, Warszawa, 2012-05-22 - 2012-05-24) 

 

Etude des défauts induits par irradiation dans le dioxide d’uranium 

T.H. Nguyen, F. Garrido, A. Debelle, S. Mylonas, L. Nowicki 

4EME EDITION ION BEAM ANALYSIS FRANCOPHONE(IBAF 2012) (France, Cadarache, 2012-12-11 - 2012-11-14) 

 

Anion-excessive crystalline derivatives of UO2 

L. Nowicki 
CEA-NCBJ exchange meeting, Nuclear materials under irradiation (France, Saclay, 2012-03-30 - 2012-03-30) 

 

Time scale sequence in midvelocity fragments emission: correlations with the isospin dynamics 

E. DeFilippo, ... , E. Piasecki, J. Wilczyński 

11th International Conference on Nucleus-Nucleus Collisions (USA, San Antonio, 2012-05-27 - 2012-06-01) 

 

Electrical parameters of zinc oxide films grown at low temperature by ALD 

E. Guziewicz, D. Snigurenko, W. Paszkowicz, T.A. Krajewski, L. Wachnicki, G. Luka, S. Gierałtowska, B.S. Witkowski, 

M. Godlewski, R. Jakieła, A. Stonert, R. Ratajczak, W. Lisowski, J.W. Sobczak, M. Krawczyk, A. Jabłonski 

International Workshop on Zinc Oxide and Related Materials (France, Nice, 2012-09-11 - 2012-09-14) 
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Atomic layer deposition of TiO2 films for transparent electrodes and photocatalitic applications 

G. Luka, T.A. Krajewski, L. Wachnicki, B.S. Witkowski, R. Ratajczak, A. Stonert, E. Guziewicz, M. Godlewski 

4th Intern. Symposium on Transparent Conductive Materials (TCM 2012) (Greece, Hersonissos, 2012-10-21 - 2012-10-25) 

Thin Solid Films (2012)  

 

Low-temperature damage formation in ion implanted InP 

E. Wendler, A. Stonert, W. Wesch, A. Turos 

The 18th Int. Conf. Ion Beam Modification of Materials (IBMM2012) (China, Qingdao, 2012-09-02 - 2012-09-07) 

Nucl. Instr. and Meth. B (in press) 

 

 

Posters 

 

Zastosowanie technik jądrowych w charakteryzacji powierzchni materiałów: przykłady badań własnych - Application of 

nuclear techniques for characterisation of materials surfaces: own investigations examples 

B. Sartowska, L. Waliś, W. Starosta, M. Barlak, L. Nowicki, R. Ratajczak 

Współczesne metody badania struktury i właściwości warsw wierzchnich metali (Poland, Poznań, 2012-05-30 - 2012-05-30) 

 

Stoichiometry control of ZnO and HfO2 films grown by ALD 

E. Guziewicz, L. Wachnicki, S. Gierałtowska, T.A. Krajewski, G. Luka, K. Kopalko, M. Godlewski, A. Stonert, 

W. Lisowski, J.W. Sobczak, M. Krawczyk, A. Jabłoński 

12th International Conference on Atomic Layer Deposition (Germany, Dresden, 2012-06-17 - 2012-06-20) 

 

RBS/channeling analysis of zinc oxide films grown al low temperature by Atomic Layer Deposition. 

R. Ratajczak, A. Stonert, E. Guziewicz, G. Luka, T.A. Krajewski, M. Godlewski, B.S. Witkowski 

IX-th International Conference Ion Implantation and other Applications of Ions and Electrons (ION 2012) (Poland, 

Kazimierz Dolny, 2012-06-25 - 2012-06-28) 

Acta Phys. Pol. A (in press) 

 

 

LECTURES, COURSES AND EXTERNAL SEMINARS 

SDMES in exclusive omega production on proton and deuteron (status report)b 

B. Mariański 

Hamburg, DESY , 2012-03-19 

 

Mc data for the SDME evaluationb 

A. Trzciński 

Hamburg, DESY, 2012-03-20 

 

Coulomb barrier distributionsb 

E. Piasecki 

Cracow, COPIGAL Workshop, 2012-06-06 

 

SDMES in exclusive omega production on proton and deuteron (status report)b 

B. Mariański 

Hamburg, DESY, 2012-06-11 

 

SDMEs in exclusive rho electroproduction on heavy targetsb 

A. Trzciński 

Hamburg, DESY, 2012-06-12 

 

Hard exclusive electroproduction for φ and K*(892) vector mesons 06-07 at HERMESb 

W. Augustyniak 

Notkestrase 85 -22607 Hamburg, DESY, 22602 Hamburg, Germany , 2012-06-13 

 

EMC simulation/reconstruction in pandarootb 

D. Melnychuk 

Torino, Torino University, 2012-07-24 

 

Nonresonant events. Studies of background.b 

W. Augustyniak 

Notkestrase 85 -22607 Hamburg, DESY, 22607 Hamburg, Germany , 2012-09-27 

 

SDMES in exclusive omega production on proton and deuteron (status report)b 

B. Mariański 

Hamburg, DESY, 2012-09-27 
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SDMES in exclusive omega production on proton and deuteron (status report)b 

B. Mariański 

Bilbao, HERMES, 2012-10-16 

 

SDMEs in exclusive rho electroproduction on heavy targetsb 

A. Trzciński 

Bilbao, HERMES, 2012-10-17 

 

SDMES in exclusive omega production on proton and deuteron (release)b 

B. Mariański 

Hamburg, DESY, 2012-12-10 

 

Radiative corrections in SDME extractionb 

A. Trzciński 

Hamburg, DESY, 2012-12-12 

 
b) in English 

 

DIDACTIC ACTIVITY 

B. Mariański - Lectures of statistic and econometry in WSZ-SW. 

 

A. Turos - "Defect processes and thermally activated defect transformations in ion implanted AlxGa1-xN epitaxial layers" 

 

A. Turos - Application of ion channeling for the study of deformations in crystals 

 

PARTICIPATION IN SCIENTIFIC COUNCILS, ASSOCIATIONS AND ORGANIZING COMMITTEES 

E. Piasecki 
Heavy Ion Laboratory, University of Warsaw 

 

K. Rusek 
The Andrzej Soltan Institute for Nuclear Studies, member 

A. Turos 
Member of the Materials Research Society  

member of Boehmische Physical Society  

 

P. Żuprański 
Member of the Scientific Council of the HERMES Collaboration at DESY 

 

B. Zwięgliński 
Coordination Board of the PANDA Detector activities, SINS representative 

 

PERSONNEL 

Research scientists 

Augustyniak Witold, Dr. 

Bieńkowski Andrzej, Dr. 

Jaskóła Marian, Professor 

Keeley Nicholas, Assoc. Prof. 

Korman Andrzej, Dr. 

Mariański Bohdan, Dr. 

Melnychuk Dmytro, Dr. 

Morsch Hans Peter, Dr. 

Natarajan Sathish, Msc. 

Nowicki Lech, Dr. 

Piasecki Ernest, Assoc. Prof. 

Ratajczak Renata, Dr 

Rusek Krzysztof, Professor 

Stonert Anna, Dr. 

Strojek Izabela, MSc. 

Trzciński Andrzej, Dr. 

Turos Andrzej, Professor 

Zwięgliński Bogusław, Professor 

Żuprański Paweł, Assoc. Prof.  

 

PhD students 

Jóźwik Przemysław, MSc. 

Standyło Łukasz, MSc. 

 

Technical and administrative staff 

Dobrowolska Dorota 

Kacprzak Ryszard   

Kęsik Grażyna, Eng. 

Mielczarek Władysław 

Pietrzak Wiesław 

Szczepaniak Zbigniew 
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DIVISION OF THEORETICAL PHYSICS 

 

Head of Division: Dr. Michał Kowal 

phone:  +48 22 5532236 

e-mail:  m.kowal@fuw.edu.pl 

 

Overview 

 

The Theoretical Physics Department consists of 29 physicists and 5 PhD students working on different aspects of 

low energy, high energy, plasma and nonlinear physics as well as on general problems of quantization of particle 

dynamics, on astrophysics and cosmology. Close collaboration with experimental groups at CERN (COMPASS and 

ALICE) and in other laboratories (like, for example, GSI, Kamiokande or Frascatti) should also be mentioned. 

Results of our scientific activity in 2012 were presented in 105 publications (including the ALICE & COMPASS 

colaborations). Our results were also presented at numerous seminars of all types, both in Poland and abroad.  

Our research was concentrated on: 

 properties of heavy and superheavy nuclei; 

 properties of nuclear matter and nuclear collisions; 

 exotic atoms; 

 phenomenology of collisions of hadrons and leptons; 

 cosmology; 

 nonlinear effects in extended media. 

 Bayesian approach to multi-parameter problems in physics and beyond. 

 

Of special relevance and interest in 2012 are the following: 

1. Description of Pure Electron Shake off in the Beta Decay of Trapped 
6
He

+
 Ions. 

2. Some exact solutions to the Lighthill Whitham Richards Payne traffic flow equations. 

3. Bayesian implications of current LHC supersymmetry and dark matter detection searches for the constrained 

MSSM. 

4. Examination of hyper-deformation in actinide nuclei. 

5. Evaluation of masses & fission barriers of heaviest nuclei. 

6. Evolution in bouncing quantum cosmology. 

7. Studies of exclusive production processes of elementary particles within the QCD factororization.  

8. Q-scaling in high energy production processes. 

 

Collaborations with several universities and institutes have been maintained (like, for example, the Universities 

of Warsaw, Kielce, Paris, Liege, London and institutes like PAN, CERN, GSI, JINR, RIKEN). 

 

 Dr. Michał Kowal 
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REPORTS 

National Centre for Nuclear Research, Annual Report 2011 

N. Keeley, K. Kurek 

NCBJ, ISSN 2299-2960 

 

A Large Hadron Electron Collider at CERN: Report on the Physics and Design Concepts for Machine and Detector 

 OliverBruening, MaxKlein, PaulLaycock, L. Szymanowski, AttheLHeCStudyGroup 

CERN (in press) 

 

 

PARTICIPATION IN CONFERENCES AND WORKSHOPS 

Invited Talks 

 

Theoretica description of nuclear masses 

A. Sobiczewski, Yu.A. Litvinov 

Intern. Conf. on Nuclear Structure and Related Topics (Russia, Dubna, 2012-07-03 - 2012-07-07) 

EPJ Web of Conferences (in press) 

 

Nuclear spin mixing in hyperfine fields 

S. Wycech 
Th 229 nuclear clock (Germany, Darmstadt, 2012-09-24 - 2012-09-24) 

 

Production cross sections of superheavy elements in cold and hot fusion reactions calculated with the Warsaw macro-micro 

model fission barriers 

K. Siwek-Wilczyńska, T. Cap, M. Kowal, J. Wilczyński 

19th Nuclear Physics Workshop (Poland, Kazimierz Dolny, 2012-09-26 - 2012-09-30) 

 

Predictive power of nuclear-mass models 

A. Sobiczewski, Yu.A. Litvinov, E.A. Cherepanov 

The 4th Intern. Conf.: Current Problems in Nuclear Physics and Atomic Energy (Ukraine, Kiev, 2012-09-03 - 2012-09-07) 

Nucl. Phys. At. Energy (in press) 

 

On the structure of line widths 

S. Wycech 
New trends in low energy QCD (Italy, Trento, 2012-10-15 - 2012-10-19) 

 

Quality of theoretical masses in various regions of the nuclear chart 

A. Sobiczewski, Yu.A. Litvinov 

19th Nuclear Physics Workshop (Poland, Kazimierz Dolny, 2012-09-26 - 2012-09-30) 

Phys. Scr. (in press) 

 

Problem of time in Hamiltonian constraint systems 

P. Małkiewicz 
Annual East Coast Gravity Meeting (USA, Syracuse, 2012-04-20 - 2012-04-22) 

 

Theoretical description of masses of superheavy nuclei 

A. Sobiczewski, Yu.A. Litvinov 

VIII Tours Symposium on Nuclear Physics and Astrophysics (Germany, Black Forest, 2012-09-02 - 2012-09-07) 

 

New predictions on SHE nuclei 

W. Brodziński, P. Jachimowicz, M. Kowal, L. Próchniak, J. Skalski 

19th Workshop on Nuclear Physics (Poland, Kazimierz Dolny, 2012-09-26 - 2012-09-30) 

 

Timelike Compton Scattering - new theoretical results and experimental possibilities 

J. Wagner, L. Szymanowski, B. Pire 

XX International Workshop on Deep-Inelastic Scattering and Related Subjects (DIS2012) (Germany, Bonn, 2012-03-26 - 

2012-03-30) 

 

Exclusive lepton pair production in ultra-peripheral collisions 

J. Wagner, L. Szymanowski, B. Pire 

Exclusive and diffractive processes in high energy proton-proton and nucleus-nucleus collisions (Italy, Trento, 2012-02-27 - 

2012-03-02) 
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Double-layer evolutionary algorithm for distributed optimization of particle detection on the Grid 

A. Padee, K. Kurek, K. Zaremba 

Conference on Computational Physics (CCP2012) (Japan, Kobe, 2012-10-14 - 2012-10-18) 

 

Timelike Compton Scattering at JLAB, RHICand LHC 

J. Wagner, L. Szymanowski, B. Pire 

Quarks and Nuclear Physics - QNP2012 (France, Palaiseau, 2012-04-16 - 2012-04-20) 

 

Towards solving generic cosmological singularity problem 

W. Piechocki 
Multiverse and Fundamental Cosmology, Multicosmofun 12 (Poland, Szczecin, 2012-09-10 - 2012-09-14) 

AIP Conf. Proc. Vol. 1514 (2013) 140 

 

High Energy exclusive Leptoproduction of the rho-meson: Theory and Phenomenology 

A. Besse, L. Szymanowski, S. Wallon 

XX International Workshop on Deep-Inelastic Scattering and Related Subjects (DIS2012) (Germany, Bonn, 2012-03-26 - 

2012-03-30) 

Proceedings of Science (2012)  

 

Testing Neutralino Dark Matter 

K. Kowalska, S. Munir, L. Roszkowski, E. Sessolo, S. Trojanowski, Y. Tsai 

COSMO12 (China, Beijing, 2012-09-10 - 2012-09-14) 

 

Theory and phenomenology of helicity amplitudes for high energy exclusive leptoproduction of the rho-meson 

I.V. Anikin, A. Besse, D.Yu. Ivanov, B. Pire, L. Szymanowski, S. Wallon 

Quarks and Nuclear Physics - QNP2012 (France, Palaiseau, 2012-04-16 - 2012-04-20) 

Proceedings of Science (2012)  

 

Pressure Corrections to the Equation of State in the Nuclear Mean Field 

J. Rożynek 
Dense Baryonic Matter in the Cosmos and Laboratory (Germany, Tubingen, 2012-10-11 - 2012-10-12) 

 

Nucleon-to-pion transition distribution amplitudes and backward electroproduction of pions 

B. Pire, K. Semenov-Tian-Shansky, L. Szymanowski 

Quarks and Nuclear Physics - QNP2012 (France, Palaiseau, 2012-04-16 - 2012-04-20) 

Proceedings of Science (2012)  

 

Deconfinement in the Nonextensive Environment 

J. Rożynek, G. Wilk 

XI Polish Workshop on Relativistic Heavy Ion Collisions (Poland, Kraków, 2012-11-24 - 2012-11-25) 

 

QCD collinear factorization, its extentions and the partonic distributions 

L. Szymanowski 
Quarks and Nuclear Physics - QNP2012 (France, Palaiseau, 2012-04-16 - 2012-04-20) 

Proceedings of Science (in press) 

 

Dark Matter Theory 

L. Roszkowski 
Shanghai Particle Physics and Cosmology Symposium (SPCS2012) (China, Szanghaj, 2012-09-15 - 2012-09-16) 

 

Mueller-Navelet jets at LHC: the first complete NLL BFKL study 

B. Ducloue, L. Szymanowski, S. Wallon 

Quarks and Nuclear Physics - QNP2012 (France, Palaiseau, 2012-04-16 - 2012-04-20) 

Proceedings of Science (2012)  

 

Possible origins of the power-law distributions 

G. Wilk, Z. Włodarczyk 

3rd InternationalWorkshop on Statistical Mechanics and Dynamical Systems (Turkey, Turunç/Marmaris, 2012-08-27 - 

2012-09-02) 

 

 

Oral Presentations 

 

Asymptotic silence in loop quantum cosmology 

J. Mielczarek 
Multiverse and Fundamental Cosmology, Multicosmofun 12 (Poland, Szczecin, 2012-09-10 - 2012-09-14) 
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Predictions of the FBD model for the synthesis cross sections of Z=114-120 elements based on macroscopic-microscopic 

fission barriers 

K. Siwek-Wilczyńska, T. Cap, M. Kowal, A. Sobiczewski, J. Wilczyński 

Workshop on Future Super-Heavy Element Strategy (FUSHE 2012) (Germany, Weilrod, 2012-05-13 - 2012-05-16) 

 

Fission barriers of SHN 

M. Kowal, P. Jachimowicz, J. Skalski 

Workshop on Future Super-Heavy Element Strategy (FUSHE 2012) (Germany, Weilrod, 2012-05-13 - 2012-05-16) 

 

Puzzle of third minimum in actinides 

M. Kowal, J. Skalski 

19th Nuclear Physics Workshop (Poland, Kazimierz Dolny, 2012-09-26 - 2012-09-30) 

 

Dynamics of the Bianchi IX model near the cosmological singularity 

E. Czuchry 
Multiverse and Fundamental Cosmology, Multicosmofun 12 (Poland, Szczecin, 2012-09-10 - 2012-09-14) 

AIP Conf. Proc. Vol. 1514 (2013) 147 

 

The CMSSM favoring new territories: the impact of new LHC limits and a 125 GeV Higgs 

A. Fowlie, M. Kazana, K. Kowalska, S. Munir, L. Roszkowski, E. Sessolo, S. Trojanowski, Y. Tsai 

SUSY 2012 20th International Conference on Supersymmetry and Unification of Fundamental Interactions (China, Beijing, 

2012-08-13 - 2012-08-18) 

 

IIIrd minima in actinides - do they exist? 

P. Jachimowicz, M. Kowal, J. Skalski 

2nd Copigal Workshop on studies of Exotic Nuclei (Poland, Kraków, 2012-06-04 - 2012-06-06) 

 

The CMSSM and the NUHM in light of new LHC limits 

A. Fowlie, M. Kazana, K. Kowalska, S. Munir, L. Roszkowski, E. Sessolo, S. Trojanowski, Y. Tsai 

Phenomenology Symposium 2012 (USA, Pittsburgh, 2012-05-07 - 2012-05-09) 

 

The Constrained NMSSM in light of a 125 GeV Higgs and other constraints 

K. Kowalska, S. Munir, L. Roszkowski, E. Sessolo, S. Trojanowski, Y. Tsai 

DESY Theory Workshop (Germany, Hamburg, 2012-09-25 - 2012-09-28) 

 

Testing non-minimal SUSY against LHC Higgs searches 

K. Kowalska, S. Munir, L. Roszkowski, E.M. Sessolo, S. Trojanowski, Y.-L.S. Tsai, E.M. Sessolo 

SUSY 2012 20th International Conference on Supersymmetry and Unification of Fundamental Interactions (China, Beijing, 

2012-08-13 - 2012-08-18) 

 

Results from BayesFITS: CMSSM and CNMSSM 

A. Fowlie, M. Kazana, K. Kowalska, S. Munir, L. Roszkowski, E.M. Sessolo, S. Trojanowski, Y.-L.S. Tsai 

Implications of LHC results for TeV-scale physics, CERN (Switzerland, Geneva, 2012-07-13 - 2012-07-17) 

 

Prospects for superheavy nuclei with Z>126 

W. Brodziński, J. Skalski 

Zakopane Conference on Nuclear Physics (Poland, Zakopane, 2012-08-27 - 2012-09-01) 

 

Signature change in loop quantum cosmology 

J. Mielczarek 
Relativity and Gravitation -100 Years after Einstein in Prague (Czech Republic, Praga, 2012-06-25 - 2012-06-29) 

 

Puzzlle of the third minima in actinides 

J. Skalski 
Zakopane Conference on Nuclear Physics (Poland, Zakopane, 2012-08-27 - 2012-09-01) 

 

 

Poster 

 

Pressure Corrections to the Nuclear Structure Function 

J. Rożynek 
HYP2012 (Spain, Barcelona, 2012-10-01 - 2012-10-05) 
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LECTURES, COURSES AND EXTERNAL SEMINARS 

Where the nucleon spin comes from?a 

K. Kurek 

Warsaw, Instutut of Experimental Physics, University of Warsaw, 2012-02-17 

 

Dark Matterb 

L. Roszkowski 

Warsaw, Astronomical Observatory of Warsaw University, 2012-03-20 

 

AdS/CFT for Yang-Mills Plasma Dynamicsb 

M. Spaliński 

Warsaw, University of Warsaw, 2012-04-03 

 

Dark Matter in the Universea 

L. Roszkowski 

Bialystok, University of Bialystok, 2012-05-15 

 

Where the nucleon spin comes from?a 

K. Kurek 

Łódź, University of Łódź, Faculty of Physics and Applied Informatics, 2012-05-16 

 

Traces of nonextensivity at LHCb 

G. Wilk 

Cracow, UJ, 2012-11-24 

 

Problem of cosmological singularitya 

W. Piechocki 

Cracow, Institute of Physics, Jagiellonian University, 2012-12-18 

 

On the dynamics of the Bianchi IX model near the cosmological singularity.b 

W. Piechocki 

Pescara, Italy, ICRANet (International Center for Relativistic Astrophysisc Network), 2012-01-18 

 

Generalized Parton Distibutions in Ultraperipheral Production of Lepton Pairsb 

J. Wagner 

Upton, NY, Brookhaven National Laboratory, 2012-01-27 

 

The problem of time in quantum gravity: The example of Hubble operator in two different clock variables and with two 

distinct spectrab 

P. Małkiewicz 

State College, PA USA, Institute for Gravitation and the Cosmos, Penn State, 2012-02-06 

 

Timelike Compton Scatteringb 

J. Wagner 

Newport News, Jefferson National Laboratory (JLab), 2012-02-06 

 

Bayesian implications of LHC 5/fp on SUSY parameter spaceb 

E. Sessolo 

Lawrence, KS, University of Kansas, 2012-05-11 

 

The structure of of nuclear- K- meson line shapesb 

S. Wycech 

Praga, LEANNIS Network, 2012-05-21 

 

Constrained Supersymmetry - Dreams Confronting Realityb 

L. Roszkowski 

London, Imperial Colleage, 2012-06-20 

 

Testing Minimal and Non-minimal SUSY against LHC Higgs searchesb 

S. Munir 

Basel, Switzerland, Department of Physics, Basel University, 2012-07-18 

 

Supersymmetric Dark Matterb 

L. Roszkowski 

Beijing, Kavli Institute for Theoretical Physics China, 2012-09-06 
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Dark Matterb 

L. Roszkowski 

Guilin, Guangxi Normal University, 2012-09-18 

 

Problems in quantizing singular cosmological modelsb 

P. Małkiewicz 

Morelia, Mexico, Universidad Nacional Autónoma de México (UNAM), 2012-10-01 

 

Constrained Supersymmetry - Dead or Alive?b 

L. Roszkowski 

Chilton, Rutherford-Appleton Lab. (RAL) , 2012-10-15 

 

Towards solving generic cosmological singularity problemb 

W. Piechocki 

Paris, France, Theoretical Physics Department, Astroparticle and Cosmology Institute, 2012-11-15 

 

Is the ~125 GeV Higgs really a problem for constrained supersymmetry?b 

L. Roszkowski 

Geneva, CERN, 2012-11-15 

 

Synthesis and names of two new chemical elements: 114 (flerovium) and 116 (livermorium)a 

A. Sobiczewski 

Warsaw, Polish Academy of Sciences, 2012-11-05 

 

 
a) in Polish 
b) in English 

 

 

INTERNAL SEMINARS 

Cosmological perturbations with holonomy correctionsb 

J. Mielczarek 

State College, USA, Pennsylvania State University, 2012-01-20 

 

Big Banga 

W. Piechocki 

Warszawa, National Centre for Nuclear Research, 2012-03-06 

 

Dynamics of the Bianchi IX model near the cosmological singularitya 

E. Czuchry 

Warsaw, National Centre for Nuclear Research, 2012-03-13 

 

Cosmological perturbations at the Planck epochb 

J. Mielczarek 

Warsaw, University of Warsaw, 2012-03-16 

 

Signature change in loop quantum cosmologyb 

J. Mielczarek 

Cologne, University of Cologne, 2012-04-24 

 

Signature change at the Planck epocha 

J. Mielczarek 

Warsaw, National Centre for Nuclear Research, 2012-05-08 

 

Particles, Strings, Multiversea 

K. Kurek 

Swierk, , National Centre for Nuclear Researche, 2012-05-24 

 

Search for Baryonium and the Physics of FAIRb 

S. Wycech 

Giessen, Justus Liebig University , Giessen, 2012-11-15 

 

Hiperons in the Nuclear Matter Equation of Statea 

J. Rożynek 

Warsaw, NCBJ BP2, 2012-12-13 
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Asymptotic silence in quantum gravitya 

J. Mielczarek 

Cracow, Jagiellonian University, 2012-12-17 

 

 
a) in Polish 
b) in English 

 

 

DIDACTIC ACTIVITY 

J. Dąbrowski - Co-organizer of the NCBJ/UW seminar THEORY OF ATOMIC NUCLEI 

 

P. Goldstein - Supervision of Mr Piotr Kiwak's M.Sc. thesis 

 

K. Kurek - Lecture given for PhD students, 

Elements of Quantum Mechanics and Quantum Field Theory 

 

P. Małkiewicz - Course 214 (General Physics: Wave Motion & Quantum Physics) at the Pennsylvania State University, 

USA. 

 

P. Małkiewicz - Course PHYS 213 ( General Physics: Fluids & Thermal Physics) at the Pennsylvania University, USA.  

 

Z. Patyk - Lectures for PhD students of NCNR "Nuclear physics" 

 

M. Pawłowski - Fundamentals of scientific presentations, lecture at Faculty of Physics, University of Warsaw, 2ECTS, 

2011/12 winter 

 

M. Pawłowski - Lecture E=mc^2, at the Nuclear Energy course for the PGE company. 

 

M. Pawłowski - Scientific Session "Fukushima: one year after" (organizing the event)  

 

M. Pawłowski - Seminar for non-scientific workers of NCBJ, leader, January-February 2012 

 

 

PARTICIPATION IN SCIENTIFIC COUNCILS, ASSOCIATIONS AND ORGANIZING COMMITTEES 

J. Dąbrowski 
Fellow of the American Physical Society 

Acta Physica Polonica B, Member of the International Editorial Council of Acta Physica Polonica B  

 

P. Goldstein 
Member of the American Mathematical Society 

Member of the Polish Physical Society 

 

E. Infeld 
Fellow of the Institute of Physics, London, UK 

fellow 

Journal of Technical Physics, Member of the Editorial Board of Journal of Technical Physics Institute of Fundamental 

Technical Research, Polish Academy of Sciences 

 

K. Kurek 
Member of Organizing Committee on The 20th INTERNATIONAL SYMPOSIUM on Spin Physics SPIN2012 in Dubna, 

Russia 

 

W. Piechocki 
Member 

Polish Physical Society  

 

L. Roszkowski 
Reports on Progress in Physics, Reports on Progress in Physics 

 



84 Annual Report 2012 
 

A. Sobiczewski 
Corresponding Member of the Polish Academy of Sciences 

Corresponding Member of Polish Academy of Learning 

Postępy Fizyki, Honorary editor of "Postępy Fizyki" (Advances in Physics)  

Member of the Scientific Council of the Andrzej Sołtan Institute for Nuclear Studies 

Member of the Scientific Council of the Heavy Ion Laboratory of Warsaw University 

Member of the Programme Advisory Committee for Nuclear Physics, JINR, Dubna (Russia)  

Nicolaus Copernicus Astronomical Center 

 

M. Spaliński 
Session chairman on strintheory.pl/2012 in Wrocław, Poland 

International Journal of Modern Physics A, Member of the Editorial Board, International Journal of Modern Physics A 

 

G. Wilk 
Member of the Scientific Council of the Institute of Theoretical Physics  

National Center for Nuclear Research Chief of the PhD section 

Institute of Theoretical Physics UW, Member of the commision for competitions for extraordinary professorship; Member 

of the commision for competitions for ordinary professorship (full professor of UW position)  

 

 

PERSONNEL 

Research scientists 

Czuchry Ewa, Dr. 

Dąbrowski Janusz, Professor  

Goldstein Piotr, Dr. 

Infeld Eryk, Professor 

Heller Michał, Dr.  on leave 

Hrycyna Orest, Dr. 

Kowal Michał, Dr. 

Kurek Krzysztof, Assoc. Prof. 

Małkiewicz Przemysław, Dr. 

Mielczarek Jakub, Dr. 

Munir Shoaib, Dr. 

Patyk Zygmunt, Assoc. Prof. 

Pawłowski Marek, Dr. 

Piechocki Włodzimierz, Professor 

Roszkowski Leszek, Professor  

Rożynek Jacek, Dr. 

Senatorski Andrzej, Dr. 

Sessolo Enrico, Dr  

Skalski Janusz, Assoc.Prof. 

Skorupski Andrzej, Dr.  

Smolańczuk Robert, Assoc. Prof.  

Sobiczewski Adam, Professor 

Spaliński Michał, Assoc.Prof. 

Szymanowski Lech, Assoc.Prof. 

Wagner Jakub, Dr. 

Wilk Grzegorz, Professor 

Wycech Sławomir, Professor 

Tsai Yue-Lin, Dr  

Ziń Paweł, Dr,   on leave 

 

 

PhD students 

Brodziński Wojciech, MSc. 

Plewa Grzegorz, MSc. 

Siegień-Iwaniuk Katarzyna, MSc. 

Szabelski Adam, MSc.  

Trojanowski Sebastian, MSc 

 

 

Technical and administrative staff 

Anna Sidor  
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DIVISION OF HIGH ENERGY PHYSICS 

 

Head of Division: Professor Helena Białkowska 

phone:  +48 22 5532234 

e-mail:  helena.bialkowska@ncbj.gov.pl 

 

Overview 

 

The physics activities of the Department are naturally grouped into 3 sections: Accelerator Physics Section, 

Neutrino Physics Section and Astrophysics Section. 

Physicists in the Accelerator Section work within large international collaborations, which guarantee access to 

large accelerators and facilities. Three teams work on the LHC experiments.  

The CMS team, within the whole Collaboration, participated in the analysis that lead to the observation of the 

Higgs-like particle in the collisions of 7 TeV protons. One of the main physics interests of the Warsaw CMS group 

was the search for phenomena beyond the Standard Model, with a direct contribution to the search for Heavy Stable 

Charged Particles, predicted in Supersymmetry Models. The Warsaw group has played a leading role in the special 

trigger design and data analysis. Systematic work on the maintenance of the muon trigger based on the Resistive 

Plate Chambers was pursued, and upgrade studies performed. 

The LHCb team physics analyses concentrated on CP violation effects and charm physics. In particular, new 

methods were applied to the search for charge asymmetry in the three body decays of D mesons. 

The ALICE team participated in pp and PbPb data analysis from the LHC. The most significant collaboration 

results from the pp collisions concern J/psi production, identical neutral kaon correlations and measurements of 

differential cross sections of pi0 and eta production. From the heavy ion run of PbPb, of particular significance were 

measurements of different identified particle spectra and data on J/psi production. Of particular interest is the 

observation of prompt photons produced in pp and PbPb collisions and the determination of the source temperature. 

Members of the COMPASS experiment at CERN have continued studies of gluon polarization, and worked on 

the preparation of further studies of generalized parton distributions. 

Low energy studies, performed by the WASA detector group, continued searches for rare decays, and possible 

signals of New Physics. 

The Neutrino Physics Section members concentrated on the long baseline neutrino experiment T2K. New results 

on the neutrino oscillation, leading to the evaluation of the theta13 parameter are under preparation. The Warsaw 

team has worked on the near detector studies, including simulations and analysis of systematic errors. The error on 

neutrino flux was reduced by experimental analysis of pion and kaons from proton-carbon collisions in the NA61 

experiment at CERN (the subject of a Warsaw group member’s PhD). 

The Astrophysics Section members participated in several international projects. In particular, they took part in 

the VIPERS project, a large spectroscopic survey of galaxies within the ESA agency (recently officially joined by 

Poland), with the first results appearing in print. Another subject is the Pi of the Sky Project (initiated in our 

Institute), searching for optical signals of gamma ray bursts. In 2012 the group was involved in building and testing 

software and hardware in the Southern Spain Observatory.  

In 2012 Department members co-authored 261 publications in refereed journals. They presented 16 invited talks 

at international conferences. 

11 students pursued their PhD studies under the supervision of Department members. One PhD was granted in 

2012. 

 

 Prof. Helena Białkowska 

 



86 Annual Report 2012 
 

REPORTS 

Polish Contribution to the Worldwide LHCComputing 

M. Bluj, ... , R. Gokieli, K. Nawrocki, A. Padee, K. Wawrzyniak, W. Wiślicki, ... et al. 

Building a National Distributed e-Infrastructure -- PL-Grid, Lecture Notes in Computer Science Volume 7136, Springer, 

ISBN 978-3-642-28266-9  

 

 

PARTICIPATION IN CONFERENCES AND WORKSHOPS 

Invited Talks 

 

Testing Neutralino Dark Matter 

K. Kowalska, S. Munir, L. Roszkowski, E. Sessolo, S. Trojanowski, Y. Tsai 

COSMO12 (China, Beijing, 2012-09-10 - 2012-09-14) 

 

Search for long-lived particles 

P. Zalewski 
2012 LHC Days in Split (Croatia, Split, 2012-10-01 - 2012-10-06) 

 

Charm mixing and CPV at LHCb 

A. Ukleja 
The Third Symposium on Prospects in the Physics of Discrete Symmetries (Portugal, Lisbon, 2012-12-03 - 2012-12-07) 

 

Indirect searches for dark matter particles at Super-Kamiokande 

P. Mijakowski 
Rencontres de Moriond Cosmology (Italy, La Thuile, 2012-03-10 - 2012-03-17) 

 

Parallax in Pi of the Sky Project 

A. Majcher, M. Sokołowski, T. Batsch, A. Ćwiek, A. Majczyna, K. Nawrocki, G. Wrochna 

XXX-th IEEE-SPIE Joint Symposium Wilga 2012 (Poland, Wilga, 2012-05-27 - 2012-06-03) 

Society of Photo-Optical Instrumentation Engineers No.8454 (2012) p. 8454 0A 

 

Indirect searches for dark matter particles at Super-Kamiokande 

P. Mijakowski 
Corfu Summer Institute, TR33 - Summer Institute: Particles and the Universe (Greece, Korfu, 2012-09-16 - 2012-09-22) 

 

Energy Loss in Unstable Quark-Gluon Plasma 

St. Mrówczyński 
INT Program (USA, Seattle, 2012-03-05 - 2012-04-13) 

 

Search for muon-like particles in the CMS 

M. Kazana 
XXX-th IEEE-SPIE Joint Symposium (Poland, Wilga, 2012-05-28 - 2012-06-02) 

 

My Adventures with SUSY & Joe 

St. Mrówczyński 
A Symposium on Contemporary Subatomic Physics (Canada, Montreal, 2012-06-12 - 2012-06-14) 

 

Energy loss in Unstable Quark-Gluon Plasma 

St. Mrówczyński 
42-nd International Symposium on Multiparticle Dynamics (ISMD 2012) (Poland, Kielce, 2012-09-16 - 2012-09-21) 

 

Exclusive meson production at COMPASS 

P. Sznajder 
Diffraction 2012 (International Workshop on Diffraction in High-Energy Physics) (Spain, Puerto del Carmen, 2012-09-10 - 

2012-09-15) 

American Institute of Physics Conference Proceedings (online) No. (2012) 

 

Diffractive physics at STAR - results and future plans 

A. Sandacz 
Exclusive and diffractive processes in high energy proton-proton and nucleus-nucleus collisions (Italy, Trento, 2012-02-27 - 

2012-03-02) 

 

Wielkie kosmiczne przeglądy nieba i czego jeszcze można się z nich dowiedzieć 

A. Pollo 
VII Ogólnopolskie Seminarium Studentów Astronomii - OSSA2012 (Poland, Zielona Góra, 2012-09-20 - 2012-09-23) 
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COMPASS transverse spin physics and plans for GPD measurements 

A. Sandacz 
Workshop on Forward Physics at RHIC (USA, Upton, Nowy Jork, 2012-07-30 - 2012-08-01) 

 

Parton Energy Loss in Unstable QGP 

M.E. Carrington, K. Deja, S. MrowBłąd 

IX Polish Workshop on Relativistic Heavy Ion Collisions (Poland, Kraków, 2012-11-23 - 2012-11-25) 

 

Parton Energy Loss in Unstable QGP 

M.E. Carrington, K. Deja, S. MrowBłąd 

Xth Quark Confinement and the Hadron Spectrum (Germany, Munich, 2012-10-08 - 2012-10-12) 

 

Charm mixing and CPV at LHCb 

A. Ukleja 
Phenomenology Symposium 2012 (USA, Pittsburgh, 2012-05-07 - 2012-05-09) 

 

Charm Physics in LHCb, first evidence of CP violation in charm decays 

A. Ukleja 
Cracow Epiphany Conference (Poland, Kraków, 2012-01-09 - 2012-01-11) 

 

 

Oral Presentations 

 

Testing non-minimal SUSY against LHC Higgs searches 

K. Kowalska, S. Munir, L. Roszkowski, E.M. Sessolo, S. Trojanowski, Y.-L.S. Tsai, E.M. Sessolo 

SUSY 2012 20th International Conference on Supersymmetry and Unification of Fundamental Interactions (China, Beijing, 

2012-08-13 - 2012-08-18) 

 

The CMSSM favoring new territories: the impact of new LHC limits and a 125 GeV Higgs 

A. Fowlie, M. Kazana, K. Kowalska, S. Munir, L. Roszkowski, E. Sessolo, S. Trojanowski, Y. Tsai 

SUSY 2012 20th International Conference on Supersymmetry and Unification of Fundamental Interactions (China, Beijing, 

2012-08-13 - 2012-08-18) 

 

Spectral analysis of bursting source MXB 1728-34 

A. Majczyna, J. Madej, M. Należyty 

XXX-th IEEE-SPIE Joint Symposium Wilga 2012 (Poland, Wilga, 2012-05-27 - 2012-06-03) 

Proc. SPIE. 8454, Photonics Applications in Astronomy, Communications, Industry, and High-Energy Physics Experiments 

Vol. 8454 (2012) 84540B  

 

The CMSSM and the NUHM in light of new LHC limits 

A. Fowlie, M. Kazana, K. Kowalska, S. Munir, L. Roszkowski, E. Sessolo, S. Trojanowski, Y. Tsai 

Phenomenology Symposium 2012 (USA, Pittsburgh, 2012-05-07 - 2012-05-09) 

 

Results from BayesFITS: CMSSM and CNMSSM 

A. Fowlie, M. Kazana, K. Kowalska, S. Munir, L. Roszkowski, E.M. Sessolo, S. Trojanowski, Y.-L.S. Tsai 

Implications of LHC results for TeV-scale physics, CERN (Switzerland, Geneva, 2012-07-13 - 2012-07-17) 

 

Monitoring system of the Pi of the Sky 

A. Ćwiek, T. Batsch, L. Mankiewicz, K. Nawrocki, A.F. Żarnecki 

XXX-th IEEE-SPIE Joint Symposium Wilga 2012 (Poland, Wilga, 2012-05-27 - 2012-06-03) 

Society of Photo-Optical Instrumentation Engineers No. (2012) 

 

Clustering of dusty galaxies from the AKARI observations 

A. Pollo, T.T. Takeuchi, T.L. Suzuki, S. Oyabu 

The 5th meeting on Cosmic Dust (Japan, Kobe, 2012-08-06 - 2012-08-10) 

 

The Constrained NMSSM in light of a 125 GeV Higgs and other constraints 

K. Kowalska, S. Munir, L. Roszkowski, E. Sessolo, S. Trojanowski, Y. Tsai 

DESY Theory Workshop (Germany, Hamburg, 2012-09-25 - 2012-09-28) 

 

 

Posters 

 

Study of high-pT particle suppression in nuclear collisions from SPS to LHC energies 

B. Boimska, H. Białkowska 

NCBJ Symposium (Poland, Warsaw, 2012-06-15 - 2012-06-15) 
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Zderzenia relatywistycznych ciężkich jonów: badanie plazmy kwarkowo-gluonowej w laboratorium 

B. Boimska 
NCBJ Symposium (Poland, Warsaw, 2012-06-15 - 2012-06-15) 

 

Wyniki pomiaru oscylacji numu w nue w eksperymencie T2K 

J. Zalipska 
Sympozjum NCBJ 2012 (Poland, Warszawa, 2012-06-15 - 2012-06-15) 

 

Measurements of hadron production from p+C interactions at 31 GeV/c with NA61/SHINE detector at the CERN SPS 

T. Palczewski 
12th International Workshop on Meson Production (MESON 2012) (Poland, Kraków, 2012-05-31 - 2012-06-05) 

EPJ Web of Conferences (2012)  

 

Inclusive spectra of K0S mesons in p+C interactions at 31 GeV/c from NA61/SHINE at the CERN SPS 

T. Palczewski 
International Conference On Neutrino Physics And Astrophysics (NEUTRINO 2012) (Japan, Kyoto, 2012-06-03 - 2012-06-

09) 

 

Status of the automatization of the event reconstruction in the ICARUS T600 LAr-TPC 

R. Sulej, D. Stefan 

European Strategy for Neutrino Oscillation Physics - II (Switzerland, Geneva, 2012-05-14 - 2012-05-16) 

 

Clustering of FIR galaxies in the AKARI All-Sky Survey 

A. Pollo, T.T. Takeuchi, T.L. Suzuki, S. Oyabu 

The Second AKARI Conference: Legacy of AKARI: A Panoramic View of the Dusty Universe (Korea, Jeju Island, 2012-02-

27 - 2012-02-29) 

Publ Kor Astron Soc Vol. 27 (2012) 343 

 

Energy loss of a fast parton in an unstable QGP 

M.E. Carrington, K. Deja, S. MrowBłąd 

Strong and Electroweak Matter 2012 (SEWM 2012) (United Kingdom, Swansea, 2012-07-10 - 2012-07-13) 

 

Parton energy loss in an unstable QGP- two-stream & extremely prolate system 

M.E. Carrington, K. Deja, S. MrowBłąd 

42-nd International Symposium on Multiparticle Dynamics (ISMD 2012) (Poland, Kielce, 2012-09-16 - 2012-09-21) 

 

Radio Emission from AKARI Galaxies 

A. Pępiak, A. Solarz, A. Pollo, T.T. Takeuchi, W. Jurusik 

The Second AKARI Conference: Legacy of AKARI: A Panoramic View of the Dusty Universe (Korea, Jeju Island, 2012-02-

27 - 2012-02-29) 

Publ Kor Astron Soc Vol. 27 (2012) 339 

 

First principle approach to interpretation of changes in IR and Ramanspectra of cellular DNA 

J. Bielecki, E. Lipec, R. Sekine, W. Wiślicki, B. Wood, W.M. Kwaiatek 

Codecs COST workshop, Porto (Portugal, Porto, 2012-05-05 - 2012-05-08) 

 

A Multicolor Star-Galaxy Separation from the NIR and MIR Akari Data 

A. Solarz, A. Pollo, T.T. Takeuchi, A. Pępiak 

The Second AKARI Conference: Legacy of AKARI: A Panoramic View of the Dusty Universe (Korea, Jeju Island, 2012-02-

27 - 2012-02-29) 

Publ Kor Astron Soc Vol. 27 (2012) 151 

 

Terahertz FEL source at the Polish nationalcenter POLFEL. A conceptual design 

J. Pełka, O. Chołuj-Dziewiecka, J. Lorkiewicz, R. Nietubyć, J. Sekutowicz, R. Sobierajski, J. Szewiński, T. Wasiewicz, 

G. Wrochna 
11th International School and Symposium on Synchrotron Radiation in Natural Science (Poland, Kraków, Tyniec, 2012-05-

20 - 2012-05-25) 

 

Terahertz FEL source at the Polish nationalcenter POLFEL. A conceptual design 

O. Chołuj-Dziewiecka, J. Pełka, J. Lorkiewicz, R. Nietubyć, J. Sekutowicz, R. Sobierajski, J. Szewiński, T. Wasiewicz, 

G. Wrochna 
NCBJ Symposium (Poland, Warsaw, 2012-06-15 - 2012-06-15) 
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LECTURES, COURSES AND EXTERNAL SEMINARS 

Jets in PbPb collisions measured with CMSb 

B. Boimska 

Cracow, Jagiellonian University, Faculty of Physics, Astronomy and Applied Computer Science, 2012-02-24 

 

Search for gravitational waves: today and tomorrowb 

A. Królak 

Warsaw, N. Copernicus Astronomical Center, 2012-02-29 

 

Implications of CMS searches for the Constrained MSSM – A Bayesian approachb 

M. Kazana 

Warsaw, Institute of Experimental Particle and Fundamental Interactions, 2012-03-02 

 

New results from LHCb, searching for New Physics through quark flavourb 

M. Szczekowski 

Warsaw, Warsaw University, 2012-03-20 

 

Highlights from VIPERS: on the way to establish the nature of dark energyb 

A. Pollo 

Warsaw, Warsaw University, 2012-04-24 

 

Results from the T2K experimentb 

P. Przewłocki 

Cracow, Niewodniczański Institute of Nuclear Physics PAN, 2012-04-27 

 

Jets in lead-lead collisions at the LHC energy: are they modified?a 

B. Boimska 

Warsaw, Institute of Experimental Physics, University of Warsaw, 2012-05-18 

 

Cosmology from deep large surveys: VVDS, VIPERS and morea 

A. Pollo 

Zielona Góra, Zielona Góra University, 2012-05-21 

 

Highlights from VIPERS: on the way to precise measurements in the z~1 Universeb 

A. Pollo 

Cracow, Jagiellonian University, Astronomical Observatory, 2012-05-25 

 

The Świerk Computing Centre Projecta 

W. Wiślicki 

Cracow, Jagiellonian University, 2012-09-25 

 

Many faces of neutron stars. I. LMXBa 

A. Majczyna 

Olsztyn, Olsztyńskie Planetarium i Obserwatorium Astronomiczne, 2012-11-23 

 

The new beam reconstruction packageb 

P. Sznajder 

Geneva, CERN, 2012-01-12 

 

Exclusive photon and π0 productions from 2010 datab 

P. Sznajder 

Geneva, CERN, 2012-01-16 

 

Exclusive production of neutral channels from 2010 datab 

P. Sznajder 

Geneva, CERN, 2012-02-09 

 

Comparison of binned and unbinned methods for Dalitz analysis in D → hhh decaysb 

M. Szczekowski 

Geneva, CERN, 2012-02-29 

 

Comparison of binned and unbinned methods for Dalitz CPV analysis in D->hhh decaysb 

A. Ukleja 

Geneve, CERN, 2012-02-29 
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All-pT data sample for Δ�G/G extraction and status of the cross-checkb 

K. Klimaszewski 

Geneva, CERN, 2012-03-09 

 

CP Violation and other LHCb charm resultsb 

A. Ukleja 

Warszawa, University of Warsaw, 2012-03-20 

 

Searching for periodic gravitational wave signalsb 

A. Królak 

Brownsville, TX, USA, Center for Gravitational Wave Astronomy, 2012-03-30 

 

The comparison of binned and unbinned methods for Dalitz plot analysis in D->hhh decaysb 

A. Ukleja 

Geneve, CERN, 2012-04-26 

 

QCD vs. N=4 super Yang-Mills Plasmab 

St. Mrówczyński 

Warsaw, Mini Workshop Hadrons, AdS/QCD Duality and the Physics of the Vacuum, Warsaw University, 2012-06-05 

 

Corrections to ECAL calibrations and exclusive production of particlesb 

P. Sznajder 

Geneva, CERN, 2012-06-12 

 

Dilution factor for exclusive φ productionb 

P. Sznajder 

Geneva, CERN, 2012-07-12 

 

Kinematic coverage of single γ production in ECALsb 

A. Sandacz 

Geneva, CERN, 2012-08-08 

 

Some problems of clustering of IR (and not only) galaxiesb 

A. Pollo 

Marseille, Marseille Laboratory of Astrophysics (Laboratoire d’Astrophysique de Marseille), 2012-09-08 

 

Search for asymmetries in the control decays Ds -> pipipib 

A. Ukleja 

Geneva, CERN, 2012-10-03 

 

Computing Challenges in Gravitatioanl Wave Searchb 

A. Królak 

Karlsruhe, Karlsruhe Institute of Technology, 2012-10-10 

 

Search for asymmetries in Ds → πππb 

M. Szczekowski 

Geneva, CERN, 2012-10-23 

 

Search for asymmetries in the control decays Ds -> pipipib 

A. Ukleja 

Geneva, CERN, 2012-10-23 

 

Does it matter that QGP is initially unstable?b 

St. Mrówczyński 

Warsaw, Regional Meeting of STAR Collaboration, 2012-11-05 

 

Corrections to ECAL calibrations for 2010 datab 

P. Sznajder 

Geneva, CERN, 2012-11-13 

 

Exclusive ω production from 2010 datab 

P. Sznajder 

Geneva, CERN, 2012-11-13 

 

 
a) in Polish 
b) in English 
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INTERNAL SEMINARS 

Neutrinos - most difficult to catch constituence of mattera 

E. Rondio 

Wrocław, Technical University, Physics Department, 2012-01-09 

 

Why do we put Pb ions into the LHCb 

H. Białkowska 

Warsaw, Physics Dept., Warsaw University, Elementary Particle Theory Seminar, 2012-02-13 

 

Lead-Lead Collisions at the LHCa 

H. Białkowska 

Warsaw, Warsaw University, Physics Dept., Nuclear Physics Division, 2012-03-15 

 

Bayesian analysis of CMS datab 

K. Kowalska 

Świerk, NCBJ, CIŚ, 2012-04-03 

 

Extension of RPC trigger with GEMsb 

M. Kazana 

Geneve, CERN, 2012-04-19 

 

N = 4 super Yang-Mills Plasmaa 

St. Mrówczyński 

Warsaw, Theoretical Physics Division, National Centre for Nuclear Research, 2012-05-15 

 

Trigger Emulation with GEMb 

M. Kazana 

Geneve, CERN, 2012-05-23 

 

RPC and GEM for L1 Trigger TDRb 

M. Kazana 

Geneve, CERN, 2012-05-24 

 

News in neutrino oscillation physics: Daya Bay resultsa 

P. Przewłocki 

Warsaw, Poland, Warsaw University / National Centre for Nuclear Research, 2012-05-25 

 

DAQ usage at RPC trigger systemb 

M. Kazana 

Geneve, CERN, 2012-06-26 

 

RPC trigger after L1b 

M. Kazana 

Geneve, CERN, 2012-09-13 

 

Energy loss in Unstable Quark-Gluon Plasmaa 

St. Mrówczyński 

Kielce, Institute of Physics, Jan Kochanowski University, , 2012-10-03 

 

European Strategy of Highe Energy Particle Physics - report form Open Symposium in Cracowa 

E. Rondio 

Warsaw, Highe Energy Physics dep. Physics Faculty, warsaw University, 2012-10-19 

 

Are neutrinos faster than light?b 

P. Przewłocki 

Warsaw, Poland, National Centre for Nuclear Research, 2012-10-22 

 

Report from Neutrino 2012 Conferencea 

J. Łagoda 

Warsaw, Warsaw University, 2012-10-26 

 

Dark Matter Searches at Super-Kamiokandeb 

P. Mijakowski 

Warsaw, Institute of Theoratical Physics, Faculty of Physics, Warsaw University, 2012-11-05 
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The NA61/SHINE @ CERN SPS results overviewa 

T. Palczewski 

Warsaw, University of Warsaw, 2012-11-16 

 

Progress in search for gravitational wavesa 

A. Królak 

Warszawa, NCBJ, 2012-12-04 

 

Triggering in high eta using PAC logicb 

M. Kazana 

Geneve, CERN, 2012-12-13 

 

RPC trigger upgrades (LS1 and beyond)b 

M. Kazana 

Geneve, CERN, 2012-12-17 

 

Beyond Standard Model searches at LHC - summary 2012b 

M. Kazana 

Warszawa, University of Warsaw, 2012-12-21 

 

 
a) in Polish 
b) in English 

 

 

DIDACTIC ACTIVITY 

H. Białkowska - PhD supervisor of Tomasz Fruboes 

 

A. Królak - Supervision of PhD thesis of Mr Adam Zadrożny. Subject: Coincidences in the data of Pi of the Sky and 

detectors LIGO/Virgo 

 

A. Pollo  
- 17/07/2012; Tobiasz Górecki (Uniwersytet Jagielloński), Master thesis "Evolution of dependence of clustering of galaxies 

on their stellar mass from z=0 to z=1.2" 

- lecture "Galaxtic and extragalactic Astronomy II", II semester of the academic year 2011/2012, Astronomical Observatory 

of the Jagiellonian University 

- mgr Agata Pępiak, Astronomical Observatory of the Jagiellonian University 

- mgr Aleksander Kurek, Astronomical Observatory of the Jagiellonian University 

- mgr Tobiasz Górecki, Astronomical Observatory of the Jagiellonian University 

 - monographic lecture "Elements of obsevational cosmology" (in English), II semester of the academic year 2011/2012, 

Astronomical Observatory of the Jagiellonian University 

 

P. Przewłocki  
- Supervising eronika Warzycha, a student from IFD UW 

- Supervising UW Faculty of Physics' student Mateusz Skowron 

 

E. Rondio  
- PhD student, NCBJ, Aleksander Kiliński 

- PhD student, starting in October 2012, Monireh Kabirnezhad 

 

T. Siemiarczuk  
- PhD student: Mgr Iryna Ilkiv, PhD Thesis title: "Pi-zero meson production at LHC energies" 

- PhD student: Mgr Podist Kurashvili, PhD Thesis title:"Direct photon production in pp i PbPb interactions at LHC 

energies"  

 

J. Stepaniak - Supervision of 3 PhD students. 

PhD thesis of dr T.Palczewski accomplished in September. 

 

W. Wiślicki  
- Coaching MSc diploma Rafał Możdżonek 

- Coaching PhD student Izabela Balwierz 

- Dr Karol Wawrzyniak 

On Phenomenology, Dynamics and some 

Applications of the Minority Game 
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PARTICIPATION IN SCIENTIFIC COUNCILS, ASSOCIATIONS AND ORGANIZING COMMITTEES 

H. Białkowska 
Member of the Scientific Council of the Institute of Experimental Physics, Warsaw University 

Scientific Council of the National Centre for Nuclear Research, deputy president 

 

A. Majcher 
member of the board of the Warsaw Division of the Polish Amateur Astronomers Association 

 

A. Majczyna 
member Polskie Towarzystwo Astronomiczne 

member of Polish Fireball Network 

 

St. Mrówczyński 
Session chairman on Strong and Electroweak Matter 2012 (SEWM 2012) in Swansea, United Kingdom 

 

E. Rondio 
member of scientific advisory committee (PAC) 

 

R. Sosnowski 
Corresponding member of Polish Academy of Learning 

Member of the Warsaw Scientific Society 

Member of the European Physical Society 

Full member of the Polish Academy of Sciences 

Active member Polish Academy of Knowledge 

Fellow European Physical Society 

member Scientific Council of the Institute of High Ptessure Polish Academy of Sciences 

president National Centre for Nuclear Research 

member of the Committee of the Polish Academy of Sciences 

member of the commission for JINR of the Plenipotentiary of Poland to JINR 

 

J. Stepaniak 
Member of scientific council, representative of scientific staff. Member of Commission for PhDs and habilitations. 

 

W. Wiślicki 
Pl-Grid National Consortium 

Laboratori Nazionali di Frascati, Member of the Institution Board of the KLOE-2 Collaboration 

Member of Scientific Board, National Centre for Nuclear Research 

Member of the Scientific Board 

 

G. Wrochna 
Member of the Polish Nuclear Society 

Member of the Committee on Nuclear Physics of the Council for Atomic Energy Matters 

Coordinator of Polish Nuclear Technology Platform 

Member of the Physics Committee PAN 

President of the Council of Atomic Center consortium 

President of the Council of Polish Astroparticle Physics Network 

President of the Council of XFEL-Polska consortium 

Societas Scientiarum Varsaviensis 

Member of the Scientific Council of the Heavy Ion Laboratory, Warsaw University  

 

P. Zalewski 
Session chairman on 2012 LHC Days in Split in Split, Croatia 
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PERSONNEL 

Research scientists 

 

Adamus Marek, Dr. 

Berłowski Marcin, Msc. 

Białkowska Helena, Professor 

Bluj Michał, Dr. on leave 

Boimska Bożena, Dr. 

Ćwiek Arkadiusz, Eng. 

Deloff Andrzej, Assoc.Prof. 

Górski Maciej, Dr. 

Hoffman Julia, Dr. on leave 

Karpiarz Mariusz, MSc. 

Kazana Małgorzata, Dr. 

Klimaszewski Konrad, Dr. 

Kowalik Katarzyna, Dr. on leave 

Kowalska Kamila, Dr. 

Królak Andrzej, Assoc.Prof. 

Kupść Andrzej, Dr. on leave 

Kurashbili Podist, MSc. 

Kutynia Adam, Eng. 

Łagoda Justyna, Dr. 

Majcher Ariel, MSc. 

Majczyna Agnieszka, Dr. 

Marciniewski Piotr, Dr. on leave 

Mijakowski Piotr, Dr. 

Mrówczyński Stanisław, Professor 

Nawrocki Krzysztof, Dr. 

Nawrot Adam, Eng. 

Palczewski Tomasz, Dr. 

Pollo Agnieszka, Assoc.Prof. 

Przewłocki Paweł, Dr. 

Rondio Ewa, Professor 

Sandacz Andrzej, Professor 

Siemiarczuk Teodor, Professor 

Sokołowski Marcin, Dr on leave 

Sosnowski Ryszard, Professor 

Stepaniak Joanna, Professor 

Sulej Robert, Dr on leave 

Szczekowski Marek, Assoc.Prof. 

Szeptycka Maria, Professor 

Szleper Michał, Dr.  

Sznajder Paweł, MSc. 

Traczyk Piotr, Dr. on leave 

Ukleja Artur, Dr. 

Wiślicki Wojciech, Professor 

Zalewski Piotr, Dr. 

Zalipska Joanna, Dr. 

 

 

PhD students 

Berłowski Marcin, MSc. 

Deja Katarzyna, MSc. 

Fruobes Tomasz, MSc. 

Ilkiv Iryna, MSc. 

Kiliński Antoni, MSc. 

Kurashvili Podist, MSc. 

Kabirnezhad Monireh, MSc. 

Pszczel Damian, MSc. 

Romanowska-Rybińska Katarzyna, MSc. 

Sznajder Paweł, MSc, 

Zadrożny Adam, MSc. 

 

Technical and administrative staff 

Gawor Piotr 

Marszał Tadeusz 

Świerczyńska Teresa 
 

* part-time employee 
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DIVISION OF COSMIC RAY PHYSICS 

 
Head of Division: Dr. Jacek Szabelski 

phone:  +48 42 6783223 

e-mail:  js@zpk.u.lodz.pl 

 

Overview 

 

The Department of Cosmic Ray Physics in Łódź is involved in basic research in the high energy Cosmic Ray 

field. Cosmic Rays are energetic particles from outside the Solar System. Most of the studies of Cosmic Rays 

address fundamental problems: 

- the nature of physical and astrophysical processes responsible for the high energies of particles  

- experimental search for sources of Cosmic Rays 

- studies of the astrophysical conditions at the acceleration sites 

- properties of high energy particle interactions at very high energies. 

Presentation of Cosmic Ray registration to high school students has become a popular way to introduce particle 

physics detectors and elementary particle detection techniques to young people. We organize a workshop in Łódź on 

particle physics for high school students. This is part of the international activity: IPPOG's Masterclasses – Hands 

on Particle Physics.  

Energetic Cosmic Rays produce cascades of particles in the atmosphere, called Extensive Air Showers (EAS). 

Measuring EAS and their properties is the main means of studying experimentally very high energy Cosmic Rays: 

 The satellite experiment JEM-EUSO will observe EASs from the International Space Station. The main goal is 

to find Sources of the highest energy Cosmic Rays. JEM-EUSO will collect large number of events since it will 

observe a large area of the atmosphere. We participate in the preparation of hardware (HV power suppliers) for 

the mission and for high altitude balloon tests (EUSO-Balloon). 

 We have designed, developed and made an engineering model of a high voltage power supply unit for the 

satellite gamma ray detector POLAR. The detector will measure X-ray polarisation from Gamma Ray Bursts. 

 The KASCADE-Grande addresses experimentally the problems of mass composition and EAS development in 

the atmosphere in the energy range 1E15-1E18 eV. Knowledge of the mass composition would contribute to the 

development of hadronic interaction models and the search for Cosmic Ray astrophysical sources. The 

interaction models in the simulation code CORSIKA play an essential role in the interpretation of data. These 

are studied experimentally by measuring EAS lateral distribution of soft and muon components, and EAS muon 

directions. The LOPES Collaboration in KIT – Karlsruhe develops radio techniques for EAS measurements in 

Karlsruhe. We have participated in both of these experiments since the beginning. 

 Locally in Łódź we concentrate on methodological studies of the detection of neutrons and interpretation of 

multiple neutron registrations in an underground laboratory. We have measured the neutron background at the 

deep underground laboratory in the Slanic salt mine in Romania. 

Examining the EAS data it is possible to study some properties of very high energy interactions. LHC detectors 

would verify models used in EAS simulations.  

In the area of high energy particle physics the Department participates in the ZEUS experiment at DESY 

(Hamburg, Germany), and in the WASA @ COSY Collaboration in Juelich, Germany. 

 

 Dr. Jacek Szabelski 
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REPORTS 

Anatomy of the Cosmic Ray Energy Spectrum:the ‘Iron Knee’ Observed with KASCADE-Grande 

P. Łuczak, J. Zabierowski 

p.157 in Annual Report 2011 of National Centre for Nuclear Research; Editors:N. Keeley, K. Kurek 

 

Thunderstorm Observations by the LOPES Air-shower Radio Antenna Array 

P. Łuczak, J. Zabierowski 

p. 158 in Annual Report 2011 of Nuclear Centre for Nuclear Research; Editors: N. Keeley, K. Kurek 

 

 

PARTICIPATION IN CONFERENCES AND WORKSHOPS 

Invited Talks 

 

Primary Cosmic Rays with Energies above 1E15 eV - Rapporteur Review of Poster Presentations at the 23rd ECRS - 

Session PCR-2 

J. Szabelski 
23rd European Cosmic Ray Symposium - ECRS 2012 (Russia, Moscow, 2012-07-03 - 2012-07-07) 

J. of Phys.: Conf. S. Vol. 409 (2013) 012010 

 

Cosmic Ray Measurements with LOPES: Status and Recent Results 

F. Schröder, P. Łuczak, J. Zabierowski 

ARENA 2012 - Acoustic and Radio EeV Neutrino Detection Activities (Germany, Erlangen, 2012-06-19 - 2012-06-22) 

AiP Conference Proceedings (in press) 

 

JEM-EUSO and its satellites, EUSO-Balloon and TA-EUSO 

P. Gorodetzky, T. Batsch, J. Karczmarczyk, B. Szabelska, J. Szabelski, T. Tymieniecka, T. Wibig 

23rd European Cosmic Ray Symposium - ECRS 2012 (Russia, Moscow, 2012-07-03 - 2012-07-07) 

J. of Phys.: Conf. S. (2012)  

 

KASCADE-Grande observation of features in the cosmic ray spectrum between knee and ankle 

A. Haungs, P. Łuczak, J. Zabierowski 

23rd European Cosmic Ray Symposium - ECRS 2012 (Russia, Moscow, 2012-07-03 - 2012-07-07) 

Journal of Phsics: Conference Series Vol. 409 (2013) 012005 

 

 

Oral Presentations 

 

The JEM-EUSO mission: context and status 

A. Santangelo, T. Batsch, J. Karczmarczyk, B. Szabelska, J. Szabelski, T. Tymieniecka, T. Wibig 

International Symposium on Future Directions in UHECR Physics (Switzerland, Geneva, 2012-02-13 - 2012-02-16) 

EPJ Web of Conferences (in press) 

 

LOPES-3D - vectorial measurements of radio emission from cosmic ray induced air showers 

D. Huber, P. Łuczak, J. Zabierowski 

ARENA 2012 - Acoustic and Radio EeV Neutrino Detection Activities (Germany, Erlangen, 2012-06-19 - 2012-06-22) 

AiP Conference Proceedings (in press) 

 

Performances of JEM-EUSO 

M. Bertaina, T. Batsch, J. Karczmarczyk, B. Szabelska, J. Szabelski, T. Tymieniecka, T. Wibig 

International Symposium on Future Directions in UHECR Physics (Switzerland, Geneva, 2012-02-13 - 2012-02-16) 

EPJ Web of Conferences (in press) 

 

Multiplicity spectrum of muon bundles and primary composition in the range 1 - 10000 TeV 

V.B. Petkov, J. Szabelski, A.N. Gaponenko, I. Alikhanov 

International Symposium on Very High Energy Cosmic Ray Interactions (ISVHECRI 2012) (Germany, Berlin, 2012-08-10 - 

2012-08-15) 

EPJ Web of Conferences (2012)  

 

Comparison of LOPES measurements with CoREAS and REAS 3.11 simulations 

M. Ludwig, P. Łuczak, J. Zabierowski 

ARENA 2012 - Acoustic and Radio EeV Neutrino Detection Activities (Germany, Erlangen, 2012-06-19 - 2012-06-22) 

AiP Conference Proceedings (in press) 
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Gamma Ray Source Studies using Muon Tracking 

P. Doll, J. Zabierowski 

DPG Frühjahrstagung 2012 (Germany, Göttingen, 2012-02-27 - 2012-03-02) 

Verhandlungen der DPG Fruehjahrstagungen Vol. T 89 (2012) 8 

 

Longitudinal Shower Development Studies Using Muon Tracking 

P. Doll, K. Daumiller, P. Łuczak, J. Zabierowski 

DPG Frühjahrstagung 2012 (Germany, Göttingen, 2012-02-27 - 2012-03-02) 

Verhandlungen der DPG Fruehjahrstagungen Vol. T 105 (2012) 3 

 

Primary mass investigation with muon pseudorapidity in 1016 –1017 eV decade 

J. Zabierowski, P. Łuczak 

KASCADE-Grande Workshop - Freudenstadt 2012 (Germany, Freudenstadt, 2012-10-22 - 2012-10-24) 

 

Detection of a slope change in the spectrum of heavy mass group of cosmic rays by the KASCADE-Grande experiment 

A. Chiavassa, P. Łuczak, J. Zabierowski 

Vulcano Workshop 2012 Frontier Objects in Astrophysics and Particle Physics (Italy, Vulcano, 2012-05-28 - 2012-06-02) 

Acta Polytechnica (in press) 

 

Gamma Ray Source Studies Using Muon Tracking 

P. Doll, K. Daumiller, J. Zabierowski 

KASCADE-Grande Workshop - Freudenstadt 2012 (Germany, Freudenstadt, 2012-10-22 - 2012-10-24) 

 

Gamma Ray Source Studies Using Muon Tracking 

P. Doll, K. Daumiller, J. Zabierowski 

36th International Conference on High Energy Physics ICHEP2012 (Australia, Melbourne, 2012-07-04 - 2012-07-11) 

 

Longitudinal shower development studies near 8 TeV 

P. Doll, K. Daumiller, P. Łuczak, J. Zabierowski 

36th International Conference on High Energy Physics ICHEP2012 (Australia, Melbourne, 2012-07-04 - 2012-07-11) 

 

An overview of the JEM-EUSO mission 

M. Bertaina, T. Batsch, J. Karczmarczyk, B. Szabelska, J. Szabelski, T. Tymieniecka, T. Wibig 

9th Workshop on Science with the New Generation of High Energy Gamma-ray Experiments -- From high energy gamma 

sources to cosmic rays, one century after their discovery (Italy, Lecce, 2012-06-20 - 2012-06-22) 

Nucl. Phys. B Proc. Sup. (2012)  

 

Radio measurements of air showers with LOPES 

F. Schroeder, P. Łuczak, J. Zabierowski 

23rd European Cosmic Ray Symposium - ECRS 2012 (Russia, Moscow, 2012-07-03 - 2012-07-07) 

Journal of Phsics: Conference Series Vol. 409 (2013) 012075 

 

Status of JEM-EUSO and its test experiments EUSO-Balloon and TA-EUSO 

A. Haungs, T. Batsch, J. Karczmarczyk, B. Szabelska, J. Szabelski, T. Tymieniecka, T. Wibig 

International Symposium on Very High Energy Cosmic Ray Interactions (ISVHECRI 2012) (Germany, Berlin, 2012-08-10 - 

2012-08-15) 

EPJ Web of Conferences (2012)  

 

Separation of the light and heavy mass groups of 1016 − 1018 eV cosmic rays by studying the ratio muon size to shower size 

of KASCADE-Grande data 

J.C. Arteaga-Velasquez, P. Łuczak, J. Zabierowski 

23rd European Cosmic Ray Symposium - ECRS 2012 (Russia, Moscow, 2012-07-03 - 2012-07-07) 

Journal of Phsics: Conference Series Vol. 409 (2013) 012095 

 

Results of the KASCADE-Grande experiment 

D. Fuhrmann, P. Łuczak, J. Zabierowski 

MG13 - Thirteenth Marcel Grossman Meeting on Recent Developments in Theoretical and Experimental General Relativity, 

Astrophysics and Relativistic Field Theories (Sweden, Stockholm, 2012-07-01 - 2012-07-07) 

Int. J. Mod. Phys. D (in press) 

 

Performances and air-shower reconstruction techniques for the JEM-EUSO mission 

M. Bertaina, T. Batsch, J. Karczmarczyk, B. Szabelska, J. Szabelski, T. Tymieniecka, T. Wibig 

39th COSPAR Scientific Assembly (India, Mysore, 2012-07-14 - 2012-07-22) 

Adv. Space Res. (2013)  
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Ground Truth calibration for the JEM-EUSO Mission 

J.H. Adams, T. Batsch, J. Karczmarczyk, B. Szabelska, J. Szabelski, T. Tymieniecka, T. Wibig 

39th COSPAR Scientific Assembly (India, Mysore, 2012-07-14 - 2012-07-22) 

Adv. Space Res. (2013)  

 

Reconstructing energy and Xmax of cosmic ray air showers using the radio lateral distribution measured with LOPES 

N. Palmieri, P. Łuczak, J. Zabierowski 

ARENA 2012 - Acoustic and Radio EeV Neutrino Detection Activities (Germany, Erlangen, 2012-06-19 - 2012-06-22) 

AiP Conference Proceedings (in press) 

 

 

Posters 

 

The Atmospheric Monitoring System of the JEM-EUSO Space Mission 

M.D. RodriguezFrias, T. Batsch, J. Karczmarczyk, B. Szabelska, J. Szabelski, T. Tymieniecka, T. Wibig 

International Symposium on Future Directions in UHECR Physics (Switzerland, Geneva, 2012-02-13 - 2012-02-16) 

EPJ Web of Conferences (in press) 

 

Calibration of the JEM-EUSO detector 

N. Sakaki, T. Batsch, J. Karczmarczyk, B. Szabelska, J. Szabelski, T. Tymieniecka, T. Wibig 

International Symposium on Future Directions in UHECR Physics (Switzerland, Geneva, 2012-02-13 - 2012-02-16) 

EPJ Web of Conferences (in press) 

 

The EUSO-BALLOON pathfinder 

P. VonBallmoos, T. Batsch, J. Karczmarczyk, B. Szabelska, J. Szabelski, T. Tymieniecka, T. Wibig 

International Symposium on Future Directions in UHECR Physics (Switzerland, Geneva, 2012-02-13 - 2012-02-16) 

EPJ Web of Conferences (in press) 

 

The JEM-EUSO time synchronization system and EUSO-BALLOON Data Processor 

G. Osteria, T. Batsch, J. Karczmarczyk, B. Szabelska, J. Szabelski, T. Tymieniecka, T. Wibig 

23rd European Cosmic Ray Symposium - ECRS 2012 (Russia, Moscow, 2012-07-03 - 2012-07-07) 

J. of Phys.: Conf. S. Vol. 409 (2013) 012106 

 

MUON TRACKING IN KASCADE – GRANDE EAS EXPERIMENT 

P. Łuczak 
NCBJ Symposium (Poland, Warsaw, 2012-06-15 - 2012-06-15) 

 

The Peak and Window Searching Technique for the EUSO Simulation and Analysis Framework - Impact on the Angular 

Reconstruction of EAS 

A. Guzman, T. Batsch, J. Karczmarczyk, B. Szabelska, J. Szabelski, T. Tymieniecka, T. Wibig 

23rd European Cosmic Ray Symposium - ECRS 2012 (Russia, Moscow, 2012-07-03 - 2012-07-07) 

J. of Phys.: Conf. S. Vol. 409 (2013) 012104 

 

All-particle energy spectrum of KASCADE-Grande based on shower size and different hadronic interaction models 

D. Kang, P. Łuczak, J. Zabierowski 

23rd European Cosmic Ray Symposium - ECRS 2012 (Russia, Moscow, 2012-07-03 - 2012-07-07) 

Journal of Phsics: Conference Series Vol. 409 (2013) 012101 

 

JEM-EUSO Experiment for Extreme Energy Cosmic Ray Observation 

B. Pastircak, T. Batsch, J. Karczmarczyk, B. Szabelska, J. Szabelski, T. Tymieniecka, T. Wibig 

XXXII Symposium on Physics in Collision (Slovakia, Strbske Pleso, 2012-09-12 - 2012-09-15) 

Institute of Experimental Physics, Slovak Academy of Sciences, Kosice No. (2013) 

 

 

LECTURES, COURSES AND EXTERNAL SEMINARS 

JEM-EUSO - studies of the highest energy cosmic raysa 

J. Szabelski 

Lodz, Poland, University of Lodz, Department of High Energy Astrophysics, 2012-01-11 

 

JEM-EUSO - search for the highest energy cosmic ray sources.a 

J. Szabelski 

Cracow, Poland, Institute of Nuclear Physics PAN, 2012-01-12 
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Primary Cosmic Rays with Energies above 1E15 eV - Review of Presentations at 23. ECRS - 2012a 

J. Szabelski 

Warsaw, University of Warsaw, Department of Experimental Physics and the National Centre for Nuclear Research, 2012-

11-23 

 

JEM-EUSO – New chance for solving 100 years old puzzle of cosmic raysb 

J. Szabelski 

Banska Bystrica, Slovakia, Matej Bel University , 2012-03-30 

 

(Cosmic) radiation detection at schoolsb 

J. Szabelski 

Banska Bystrica, Slovakia, Matej Bel University , 2012-03-30 

 

 
a) in Polish 
b) in English 

 

 

DIDACTIC ACTIVITY 

J. Zabierowski – supervised the preparation of the PhD thesis of Mr Paweł Łuczak, defended successfully on 4.12.2012 

 

 

PARTICIPATION IN SCIENTIFIC COUNCILS, ASSOCIATIONS AND ORGANIZING COMMITTEES 

J. Karczmarczyk 
member of JEM-EUSO Collaboration  

 

P. Łuczak 
Member of the LOPES Collaboration 

Member of the KASCADE-Grande Collaboration 

 

B. Szabelska 
JEM-EUSO Collaboration memeber 

 

J. Szabelski 
Polish PI (Principal Investigator) of JEM-EUSO Collaboration 

Polish representative in the International Particle Physics Outreach Group (IPPOG) 

Member of the International Advisory Committee (IAC) of the European Cosmic Ray Symposia 

Polish group PI in the EUSO-Balloon Collaboration 

Advances in High Energy Physics, Special Issue \\\\, Advances in High Energy Physics, Hindawi Publishing Corporation 

 

T. Tymieniecka 
JEM-EUSO Collaboration member 

 

T. Wibig 
Polish Physical Society 

JEM-EUSO Collaboration member 

 

J. Zabierowski 
Member of the Polish Physical Society 

Member of The LOPES Collaboration 

Chairman of the Steering Committee and the Collaboration Board of The KASCADE-Grande Collaboration Member of the 

WASA@COSY Collaboration Board 
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PERSONNEL 

Research scientists 

Pluciński Paweł, Dr. on leave 

Szabelska Barbara, Dr. 

Szabelski Jacek, Dr. 

Tymieniecka Teresa, Professor 

Wibig Tadeusz, Assoc. Prof. 

Zabierowski Janusz, Professor 

 

PhD students 

Plebaniak Zbigniew, M.Eng. 

Zwolińska Anna, M.Eng. 

 

Technical and admnistrative staff 

Dębicki Zdzisław 

Feder Jadwiga  

Jędrzejczak Karol, Dr. 

Karczmarczyk Jacek 

Kasztelan Marcin, Msc. 

Lewandowski Ryszard 

Łuczak Paweł, Dr. 

Orzechowski Jerzy, M.Eng. 

Tokarski Przemysław, M.Eng. 
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4. DEPARTMENT OF NUCLEAR TECHNIQUES & EQUIPMENT 
 

Director of Department: Dr. Agnieszka Syntfeld-Każuch 

phone:   +48 22 7180413 

e-mail:   Agnieszka.Syntfeld@ncbj.gov.pl 

 

Overview 

 

The Department of Nuclear Techniques and Equipment was created in January, 2012 and consists of six 

divisions: Accelerator Physics and Technology (TJ1), Interdisciplinary Application of Physics (TJ2), Radiation 

Detectors (TJ3), Electronics and Detection Systems (TJ4), Plasma Studies (TJ5), Nuclear Equipment – HITEC 

(ZdAJ). The Department has 237 employees, including 5 professors, 3 associate professors and 32 employees with 

PhD degrees. The main activity of the Department tends towards applications in industry and medicine excluding 

the Plasma Studies Division where the main activity is concentrated on fundamental studies of plasma and its 

diagnostics. 

In 2012 most of the activity of the TJ1 division was concentrated on the implementation of the Accelerators and 

Detectors project in its final phase of manufacturing a new intraoperative medical accelerator (IORT) and an 

accelerator for cargo screening. Moreover, the Division was engaged in accelerator R&D projects such as: XFEL, 

GBAR as well as the European Spallation Source (ESS). Some research work was focused on constructing and 

manufacturing radiographic detectors (SMOC). Some new technological solutions have had patents applied for. 

The activity of the TJ2 Division was focused on different areas of applications of physics. The Division was 

engaged in the realization of the Accelerators and Detectors project where a low-energy X-ray tube for radiotherapy 

is under development. Other areas of the Division’s activity deal with environmental physics and nanodosimetry. In 

the latter, the unique “Jet Counter” facility was used for the study of ionization clusters produced by low-energy 

electrons as well as for nanodosimetry of carbon ions (BioQuarRT project). Thanks to the “4Lab” project, 

modernization of the environmental measurement laboratory was carried out. In the Division basic research was also 

carried out in the domain of nuclear and elementary particle physics. 

The TJ3 Division is known for high-level research into a variety of scintillation materials and detectors of 

ionizing radiation (mainly gamma-rays and neutrons) as well as of different kinds of photodetectors (PMT, APD, 

MPPC). In 2012 the Division contributed to the Accelerators and Detectors project (SWAN neutron system, 

photofission of nuclear materials, X-ray radiography) and the MODES_SNM European project (R&D of a modular 

detection system for special nuclear material detection). Most of the scientific achievements of the Division were 

summarized in 15 peer reviewed publications, published in 2012. 

In 2012 most of the activity of the TJ4 Division was focused on manufacturing the SWAN neutron demonstrator 

and on further developing the X-ray radiography system within the Accelerators and Detectors project. In the 

former case, the possibilities of neutron activation analysis techniques were tested with the basic version of the 

acquisition and analysis software. The second important branch of the Division’s activity is the realization of the 

TUKAN project that results in the production and selling of the TUKAN-8k-USB analogue multichannel analyzer. 

The R&D part of the project is concentrated on introducing the new digital TUKAN-DSP analyzer. Additionally, the 

Division is involved in work on FLASH and the XFEL project at DESY as well as in PANDA experiment (slow 

control system for the Cluster-Jet Target Detector). 

The activities of TJ5 Division are of a more fundamental nature and deal with studies of high-temperature 

plasma streams and their interactions with solid targets as well as with plasma diagnostics by means of different 

techniques for measuring fast electrons, ions, neutrons and X-rays at PF, RPI, ICF and Tokamak-type facilities. The 

studies were mostly realized within the EURATOM programme and within a strategic contract with the NCBiR. 

Additionally, jointly with IFPiLM, Warsaw, studies on carbon plasma, produced by an Nd:YAG laser were carried 

out. 

The Nuclear Equipment –HITEC Division specializes in applications of accelerator technologies in medicine and 

industrial radiography. In 2012 R&D work within the Accelerators and Detectors project was continued where the 

main efforts were concentrated on developing a medical multi-energy accelerator for advanced radiotherapy. HITEC 

also participated in the assembling of two accelerators: the IORT accelerator and the accelerator for the X-ray 

system. Substantial work was done within a contract with CERN where some PI-Mode Structure accelerating 

cavities were manufactured. The Division also deals with marketing, manufacturing and selling of its products. 

 

 Dr Agnieszka Syntfeld-Każuch
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DIVISION OF PARTICLE ACCELERATION PHYSICS & TECHNOLOGY  

 

Head of Division: Dr. Eng. Sławomir Wronka 

phone:  +48 22 7180539 

e-mail:  s.wronka@ncbj.gov.pl 

 

Overview 

 

The activity of theTJ1 department is focused on the development of new acceleration techniques and technology, 

as well as on applications of particle accelerators. Thanks to a growing, 29 person strong team of accelerator 

specialists, we are able to perform all kinds of calculations for research, medical and industrial accelerator 

components, including accelerating cavities, magnets, transfer lines, sources and targets, collimators and applicators. 

In particular, beam dynamics calculations and Monte Carlo simulations of accelerator heads and detectors are 

continuously performed for different projects. Thanks to the “4-lab” project a serious renovation has been carried 

out to prepare a radiographic laboratory in building 5.  

The main activity of the TJ1 department is related to the AiD project, manufacturing and starting-up the 

accelerators for IORT and cargo screening.  

XFEL is in the hottest period of HOM couplers and absorbers production.  

The European Spallation Source (ESS) is passing to the construction phase and our team is continuing 

calculations in close cooperation with Lund and Aarhus.  

For the GBAR experiment some hardware elements for the e
+
 test-line in Saclay have been delivered and 

decelerator studies have been performed.  

All these topics are described in detail in separate articles.  

 

 Dr. Eng. Sławomir Wronka 
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PARTICIPATION IN CONFERENCES AND WORKSHOPS 

Invited Talks 

 

Polish contribution to Eu-XFEL 

J. Lorkiewicz, P. Borowiec, M. Chorowski, O. Choluj-Dziewiecka, J. Fydrych, J. Głowinkowski, Z. Gołębiewski, 

W. Grabowski, P. Grzegory, M. Jeżabek, A. Kotarba, M. Kotulski, K. Meissner, E. Pławski, J. Poliński, M. Winkowski, 

M. Wojciechowski 
XXX-th IEE – SPIE Joint Symposium Wilga 2012 (Poland, Wilga, 2012-05-28 - 2012-06-03) 

 

Projekt Akceleratory i Detektory dla terapii onkologicznej i ochrony granic - realizacja projektu w zakresie akceleratorów 

A. Wysocka-Rabin 
Sympozjum NCBJ 2012 (Poland, Warszawa, 2012-06-15 - 2012-06-15) 

 

Nowe urządzenie dla radiografii przemysłowej opracowane w Narodowym Centrum Badań Jądrowych 

W. Dziewiecki, S. Wronka, M. Matusiak 

Krajowa Konferencja Badań Nieniszczących (Poland, Bolesławiec, 2012-08-27 - 2012-08-29) 

 

Overall Concept of POLFEL 

O. Chołuj-Dziewiecka 
XXX-th IEE – SPIE Joint Symposium Wilga 2012 (Poland, Wilga, 2012-05-28 - 2012-06-03) 

 

 

Posters 

 

Terahertz FEL source at the Polish nationalcenter POLFEL. A conceptual design 

J. Pełka, O. Chołuj-Dziewiecka, J. Lorkiewicz, R. Nietubyć, J. Sekutowicz, R. Sobierajski, J. Szewiński, T. Wasiewicz, 

G. Wrochna 
11th International School and Symposium on Synchrotron Radiation in Natural Science (Poland, Kraków, Tyniec, 2012-05-

20 - 2012-05-25) 

 

Terahertz FEL source at the Polish nationalcenter POLFEL. A conceptual design 

O. Chołuj-Dziewiecka, J. Pełka, J. Lorkiewicz, R. Nietubyć, J. Sekutowicz, R. Sobierajski, J. Szewiński, T. Wasiewicz, 

G. Wrochna 
NCBJ Symposium (Poland, Warsaw, 2012-06-15 - 2012-06-15) 

 

Integration of the Europen XFEL Accelerating Modules 

E. Vogel, J. Sekutowicz, E. Pławski 

LINAC 2012, Tel-Aviv, Israel, 2012, MOPB017 (Israel, Tel- Aviv/ Eliat, 2012-09-09 - 2012-09-14) 

 

Design, Dosimetry Characteristics and Shielding Assessment of a New Mobile Electron Accelerator for Intraoperative 

Radiation Therapy (IORT) Developed Using Monte Carlo Methods  

A. Wysocka-Rabin, P. Adrich, A. Wasilewski 

ICTR-PHE International Conference on Translational Research in Radiation Oncology and Physics for Health in Europe 

(Switzerland, Geneva, 2012-03-27 - 2012-04-02) 

Radiother. Oncol. Vol. 102 No S1 (2012) 46 

 

Design, Dosimetry Characteristics and Shielding Assessment of a New Mobile Electron Accelerator for Intraoperative 

Radiation Therapy (IORT) Developed Using Monte Carlo Methods  

A. Wysocka-Rabin, P. Adrich, A. Wasilewski 

Sympozjum NCBJ 2012 (Poland, Warszawa, 2012-06-15 - 2012-06-15) 

 

Radiation protection studies for a new mobile electron accelerator for intra operative radiation therapy (iort) 

A. Wysocka-Rabin, P. Adrich, A. Wasilewski 

12th Intern. Conference on Radiation Shielding (ICRS-12) 17th Topical Meeting of the Radiation Protection and Shielding 

Division of the American Nuclear Society (RPSD-2012) (Japan, Nara, 2012-09-02 - 2012-09-07) 

Prog. Nucl. Sci. Technol. (2013)  

 

SMOC - Nowy detektor radiograficzny 

W. Dziewiecki, S. Wronka, M. Matusiak 

NCBJ Symposium (Poland, Warsaw, 2012-06-15 - 2012-06-15) 

 

European XFEL-Światło przyszłości 

O. Chołuj-Dziewiecka 
NCBJ Symposium (Poland, Warsaw, 2012-06-15 - 2012-06-15) 
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LECTURES, COURSES AND EXTERNAL SEMINARS 

Hadrontherapy in the world and in Polanda 

A. Wysocka-Rabin 

Bydgoszcz, Oncology and Brachytherapy Clinic of Collegium Medicum in Bydgoszcz, 2012-03-21 

 

Heavy particles acceleratorsa 

A. Wysocka-Rabin 

Bydgoszcz, Oncology and Brachytherapy Clinic of Collegium Medicum in Bydgoszcz, 2012-03-21 

 

Hadrontherapy in the world and in Polanda 

A. Wysocka-Rabin 

Bydgoszcz, Oncology and Brachytherapy Clinic of Collegium Medicum in Bydgoszcz, 2012-11-15 

 

Heavy particles accelerators a 

A. Wysocka-Rabin 

Bydgoszcz, Oncology and Brachytherapy Clinic of Collegium Medicum in Bydgoszcz, 2012-11-15 

 

Beam imaging and using CT data as a phantom to MC calculationa 

A. Wasilewski 

Wieliszew, Cyber-Surgery Institute Ltd., 2012-11-20 

 

Beam imaging and using CT data as a phantom to MC calculationa 

A. Wysocka-Rabin 

Wieliszew, Cyber-Surgery Institute Ltd., 2012-11-20 

 

Positron deceleration using RFb 

M. Staszczak 

Geneve, CERN, 2012-04-18 

 

18 MeV Electron Accelerating Structureb 

M. Staszczak 

Geneve, CERN, 2012-11-19 

 

Positron deceleration using RFb 

M. Staszczak 

Geneve, CERN, 2012-11-19 

 

 
a) in Polish 
b) in English 

 

 

INTERNAL SEMINARS 

Study of compatibility of an electron multileaf collimator and the demonstrator of the highly specialized accelerator.a 

P. Adrich 

Swierk, National Centre for Nuclear Research, 2012-01-13 

 

Dual-energy linac accelerator - the accelerating structurea 

M. Staszczak 

Otwock, National Centre for Nuclear Research, 2012-01-13 

 

State of work on the treatment head of IORT acceleratora 

A. Wysocka-Rabin 

Świerk, NCBJ, 2012-01-13 

 

IORT head shielding for 12MeV beam, 5cm applicator, hard dockinga 

A. Wasilewski 

Świerk, National Centre for Nuclear Research, 2012-02-22 

 

IORT head shielding for 12MeV beam, 12cm applicatora 

A. Wasilewski 

Świerk, National Centre for Nuclear Research, 2012-02-22 
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ICTR-PHE 2012International Conference on Translational Research in Radiation Oncology | Physics for Health in Europe - 

the most interesting subjectsa 

A. Wysocka-Rabin 

Świerk, NGBJ, 2012-03-14 

 

Protons 2.5GeV. Loading the source data for the calculation of MC in FLUKA code.a 

A. Wasilewski 

Świerk, National Centre for Nuclear Research, 2012-03-28 

 

Neutrons generation from the primary electron beams with energy -12MeV, 15MeV, 18MeV. Highly specialized accelerator 

with the settings to generate 12MV, 15MV, 18MV photon beamsa 

A. Wasilewski 

Świerk, National Centre for Nuclear Research, 2012-03-28 

 

IORT- MC calculation for therapeutical head of the intraoperative acceleratora 

A. Wysocka-Rabin 

Świerk, NCBJ, 2012-04-06 

 

Multi-energy electron accelerator for advanced radiotherapy 6MV/18MV 6MeV, 9MeV, 12MeV, 15MeV, 18MeV, 22MeV 

- the accelerating structurea 

M. Staszczak 

Otwock, National Centre for Nuclear Research, 2012-04-23 

 

Protons 2.5GeV - power loss in tungstena 

A. Wasilewski 

Świerk, National Centre for Nuclear Research, 2012-04-26 

 

Collimator for 1MeV accelerator. Comparison of results for a collimator with a thickness of 4cm and 30cm.a 

A. Wasilewski 

Świerk, National Centre for Nuclear Research, 2012-04-26 

 

Protons 2.5GeV. MC calculations in FLUKA code.a 

A. Wasilewski 

Świerk, National Centre for Nuclear Research, 2012-04-26 

 

Multi-energy electron accelerator for advanced radiotherapy 6MV/18MV 6MeV, 9MeV, 12MeV, 15MeV, 18MeV, 22MeV 

- the accelerating structurea 

M. Staszczak 

Otwock, National Centre for Nuclear Research, 2012-05-17 

 

The radiation in the detector dedicated to the radiographic accelerator.a 

A. Wasilewski 

Świerk, National Centre for Nuclear Research, 2012-05-24 

 

Radiation in the detector dedicated to the radiographic acceleratora 

A. Wasilewski 

Świerk, National Centre for Nuclear Research, 2012-06-14 

 

Essential fundamentals of the measurement of TVLa 

P. Adrich 

Swierk, National Centre for Nuclear Research, 2012-06-21 

 

Positrons generation by electron beams of 10MeV and 20MeVa 

A. Wasilewski 

Świerk, National Centre for Nuclear Research, 2012-07-26 

 

Interesting subjects from 12th Intern. Conference on Radiation Shielding (ICRS-12) 17th Topical Meeting of the Radiation 

Protection and Shielding Division of the American Nuclear Society (RPSD-2012) 2-7.09.2012, Naraa 

A. Wysocka-Rabin 

Świerk, NCBJ, 2012-09-20 

 

The analysis of photon fluence incident on the back of the scintillatora 

A. Wasilewski 

Świerk, National Centre for Nuclear Research, 2012-09-21 
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IORT radiation leakage at a particular important areas. MC calculations with FLUKA code.a 

A. Wasilewski 

Świerk, National Centre for Nuclear Research, 2012-09-28 

 

 
a) in Polish 

 

 

DIDACTIC ACTIVITY 

W. Drabik - Giving lectures and skils at High School on: 

Linear algebra and geometry, 

Analysis, 

Analysis 1, 

Analysis 2 

 

S. Wronka  
- Application of the Monte Carlo method in the development of radiological protection issues of ESS accelerator. 

- Biomedical Accelerators - lecture 

- Engineering thesis "Automatic detector for radiation profiles measurement of industrial sources".  

- Engineering thesis "Solid phantom for electron beam measurement".  

- Lecturer in "Szkola z przyszloscia" project. 

 

A. Wysocka-Rabin  
- Lecture during courses for medical doctors 

- Lecture during courses for medical doctors 

- Scientific supervisor of the eng. work of student Marta Wardzińska from the Warsaw University , Department of Physics. 

Title of the work: "Attenuation of photon beam with energy of 662 keV in a water phantom" 

- Scientific supervisor of the eng. work of student Rafał Soboń from the Warsaw Technical University , Department of 

Mechatronics. Title of the work: "Design of the positioning system for soft-docking of intraoperative electron accelerator" 

- Student practices : Measurements of radiation beams from linear electron accelerators 

 

 

PARTICIPATION IN SCIENTIFIC COUNCILS, ASSOCIATIONS AND ORGANIZING COMMITTEES 

P. Adrich 
Member of European Society for Radiotherapy and Oncology (ESTRO) 

 

J. Borkowski 
European Spallation Source Scandinavia; member of Accelerator group 

 

S. Wronka 
Polish Society of Medical Physics 

National Centre for Nuclear Research 

 

A. Wysocka-Rabin 
Polish Society of Medical Physics 

PTCOG 

Polish Society of Radiation Oncology  

WiN Poland, Women in Nuclear , vice chair 
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PERSONNEL 

Research Scientists 

 

Przemysław Adrich, Dr 

Jerzy Lorkiewicz, Dr 

Konrad Kosiński, MSc. 

Michał Matusiak, MSc. 

Eugeniusz Pławski, Dr 

Adam Wasilewski, Dr 

Marcin Wojciechowski, MSc. 

Sławomir Wronka, Dr 

Anna Wysocka-Rabin, Dr 

 

 

Technical And Administrative Staff 

 

Jerzy Bigolas MSc. 

Krzysztof Bigolas 

Józef Bogowicz 

Oliwia Chołuj-Dziewiecka, MSc. 

Wojciech Drabik, MSc. 

Michał Dziewiecki, Dr  

Wojciech Dziewiecki, MSc. 

Wojciech Grabowski, MSc. 

Michał Jarosz MSc.  unpaid leave 

Marcin Klimasz, MSc. 

Magdalena Kowalska  unpaid leave 

Wioletta Kozłowska  unpaid leave 

Andrzej Kucharczyk, MSc. 

Andrzej Łubian 

Marcin Staszczak, MSc. 

Karol Szymczyk 

Michał Świniarski, MSc. 

Henryk Wojnarowski  

Maria Zielińska 

Piotr Zubrzycki unpaid leave 
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DIVISION OF INTERDISCIPLINARY APPLICATIONS OF PHYSICS 

 

Head of Division: Dr. Jan Sernicki 

phone:  +48 22 7180461 

e-mail:  jan.sernicki@ncbj.gov.pl 

 

Overview 

 

The activities of the Division in 2012 were focused on the following areas of applications of physics: 

● Medical physics: 

- modernization of X-ray generators for applications in medicine and for applications in scientific research as a 

source of very soft X rays. 

● Environmental physics: 

- measurements of the PM10 and PM2.5 dust concentrations in the air in Świerk and its environs; 

- work on air pollution prediction methods using neural networks and wavelet analysis; tests of an advanced 

version of the pollution predictor; 

- tests of the applicability of the electron beam flue gas treatment technology for purification of exhaust gases 

with high NOx concentrations; performed in the laboratory plant at INCT. 

● Nanodosimetry, radiation field modelling, radiation detectors, cyclotron operation: 

- study of the ionization clusters produced by low energy electrons (100-2000 eV) within structures of nanometer 

sizes using the “Jet Counter” facility; 

- mathematical modelling of nuclear radiation sources and calculations of the radiation field parameters; 

installation and tests of the MCNP transport code (version 5) for various applications; 

- study of some spectrometric properties of Parallel Plate Avalanche Counters; 

- modernization of our 25 MeV proton cyclotron and experimental studies on activation methods for heavy 

metals. 

● Programme “Accelerators and Detectors”: 

- research on new types of soft-X ray tubes for applications in medicine. 

● Programme “4Lab”: 

- modernization of the environmental measurements laboratory. 

● Programme “BioQuaRT”: 

- a group from our Division has been actively participating in the EURAMET project named “Biologically 

weighted quantities in radiotherapy”. The Jet Counter technique will be applied for nanodosimetry studies of 

carbon ions as a work package of this project. 

● Project NCBiR: 

- project financed by the National Centre for Research and Development (NCBiR) named “Improvement of the 

high sensitivity measuring station for neutron and gamma radiation detection for environmental measurements 

and for workplace monitoring inside a nuclear power plant”. 

● Programme “Euratom”: 

- studies of scintillation materials which could provide detection material for a future detector for Gamma 

Camera for Plasma Monitoring in JET/ITER Tokamaks. 

● Program “Świerk Computing Centre: infrastructure and service for power-engineering”: 

– assessing computer models and codes for nuclear power plants (NPPs), investigating severe accident 

phenomena in NPPs. 

Basic research was carried out in the fields of: 

● Elementary particle physics: 

- participation in analysis of experiments at PSI Villigen devoted to new precise measurements of the decay 

properties of the pion. 

● Nuclear physics: 

– chaoticity and shell effects in nuclear dynamics; 

- calculations of the synthesis cross sections of super-heavy nuclei in terms of the “fusion-by-diffusion” model; 

- experimental studies of nucleus-nucleus collisions at low and intermediate energies at LNS Catania; 

- nuclear spectroscopy (properties of high-spin states, high-spin isomers, octupole deformations); 

- computational support of experimental and theoretical studies conducted at JINR in Dubna. 

● High energy atomic physics: 

- X-ray spectroscopy for the investigation of ion stopping processes. 
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We collaborate among others with the Jagiellonian University, Nicolaus Copernicus University in Toruń, Silesia 

University in Katowice, Warsaw Technical University, Oncology Institute in Warsaw, Radioisotope Centre 

POLATOM, Institute of Nuclear Chemistry and Technology, Institute of Experimental Physics of Warsaw Univ., 

Institute for Plasma Physics and Laser Microsynthesis in Warsaw, Voivodship Inspectorates for Environmental 

Protection in Warsaw, LNS-INFN Catania, PSI Villigen, Interdisciplinary Centre for Mathematical and 

Computational Modelling of Warsaw Univ., Univ. of Virginia, PTB Braunschweig, 

LNL−INFN Legnaro, JINR Dubna, Heavy Ion Laboratory of Warsaw Univ., GSI-Darmstadt, and also other 

divisions of our Centre. 

 Dr. Jan Sernicki 
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PARTICIPATION IN CONFERENCES AND WORKSHOPS 

Invited Talks 

 

Detection of Fukushima origin ceasium isotopes at Polish Polar Station in Hornsund (Spitsbergen) 

B. Mysłek-Laurikainen, M. Matul, S. Mikołajewski, H. Trzaskowska 

XXXIV Sympozjum Polarne (Poland, Sosnowiec, 2012-06-14 - 2012-06-16) 

 

Detekcja izotopów cezu pochodzących z awarii w Fukushimie w Polskiej Stacji Polarnej w Hornsundzie 

B. Mysłek-Laurikainen, M. Matul, S. Mikołajewski, M. Kubicki, H. Trzskowska 

XXXIV Sympozjum Polarne (Poland, Sosnowiec, 2012-06-14 - 2012-06-16) 

 

JET high-resolution x-ray diagnostic 

J. Rzadkiewicz, M. Chernyshova, T. Czarski, M.H. Czyrkowski, R. Dabrowski, W. Dominik, K. Jakubowska, L. Karpinski, 

G. Kasprowicz, K. Kierzkowski, I.M. Kudla, K. Pozniak, Z. Salapa, M. Scholz, S. Tyrrell, W. Zabolotny, K-D. Zastrow 

XXX-th IEEE-SPIE Joint Symposium (Poland, Wilga, 2012-05-28 - 2012-06-02) 

 

Odsiarczanie i odazotowanie gazów odlotowych z wysokimi stężeniami NOx przy użyciu wiązki elektronów z akceleratora 

A.G. Chmielewski, J. Licki, A. Pawelec, Z. Zimek, S. Witman, A. Bigos 

Ochrona Powietrza Atmosferycznego-Wybrane Zagadnienia (Poland, Sienna-Czarna Góra, 2012-06-13 - 2012-06-16) 

Oficyna Wydawnicza Politechniki Wrocławskiej, Wrocław No.ISBN 978-83-617 (2012) p. 65-72 

 

Plasma diagnostic based on x-ray line shifts due to the multiple outer-shell ionization 

J. Rzadkiewicz, M. Polasik, K. Słabkowska, J. Starosta, E. Szymańska, K. Kozioł, M. Scholz, N.R. Pereira 

X-Ray and Xuv Plasma Sources and Applications Seminar (Czech Republic, Prague, 2012-11-06 - 2012-11-06) 

 

Zastosowanie procesów plazmowych w ochronie środowiska 

A.G. Chmielewski, Y. Sun, A. Pawelec, S. Witman, Z. Zimek, J. Licki 

III Ogólnopolskie Sympozjum (Poland, Warszawa-Serock, 2012-10-10 - 2012-10-12) 

Wydział Inżynierii Chemicznej i Procesowej Politechniki Warszawskiej No. (2012) 

 

The models of calculations of the interaction of relativistic nuclei with the heavy targets, The generation of neutrons and 

isotopes 

A. Polański 
International Workshop «Generation of Neutron Fields in Relativistic Nuclei with Large Z targets and their use in the 

Transmutation. (Czech Republic, Řež , 2012-06-04 - 2012-06-08) 

 

Simulation of different E&T setups.Neutron transport. 

A. Sosnin, A. Polański 

International Workshop «Generation of Neutron Fields in Relativistic Nuclei with Large Z targets and their use in the 

Transmutation. (Czech Republic, Řež , 2012-06-04 - 2012-06-08) 

 

Profiles and fluctuations of electromagnetic cascades produced by 100-3500 MeV gamma quanta in heavy amorphous 

media 

B. Słowiński, P. Duda, D. Mączka, J. Bzdak 

IX-th International Conference ION IMPLANTATION AND OTHER APPLICATIONS OF IONS AND ELECTRONS (ION 

2012) (Poland, Kazimierz Dolny, 2012-06-25 - 2012-06-28) 

 

Comparison of high energy neutron spectrum in Quinta assembly for deuteron beams of 2.0 and 4.0 GeV from JINR 

Nuclotron (Dubna). 

M. Bielewicz, S. Kilim, A. Polański, E. Strugalska-Gola, M. Szuta, A. Wojciechowski 

Energy+Transmutation-Radiactive Wastes Collaboration Scientific Workshop (Czech Republic, Res, 2012-06-04 - 2012-06-

08) 

 

Recent results of the study of ADS with 500 kg natural uranium target assembly QUINTA irradiated by deuterons with 

energies from 1 to 8 GeV at JINR NUCLOTRON 

W. Furman, J. Adam, A. Baldin, A. Berlev, N. Gundorin, Zh. Hushvaktov, M. Kadykov, Yu. Kopatch, E. Kostyukhov, 

Kudashkin, A. Makan’kin, I. Mar’in, A. Polański, V. Pronskikh, A. Rogov, V. Schegolev, A. Solnyshkin, 

V. TsupkoSitnikov, S. Tyutyunnikov, A. Vishnevsky, N. Vladimirova, A. Wojciechowski, L. Zavorka 

XXI International Baldin Seminar on High Energy Physics Problems (Russia, Dubna, 2012-09-10 - 2012-09-15) 

Proceedings of Science No. (2012) 

 

Production cross sections of superheavy elements in cold and hot fusion reactions calculated with the Warsaw macro-micro 

model fission barriers 

K. Siwek-Wilczyńska, T. Cap, M. Kowal, J. Wilczyński 

19th Nuclear Physics Workshop (Poland, Kazimierz Dolny, 2012-09-26 - 2012-09-30) 
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Oral Presentations 

 

Partitioning of the 197Au + 197Au system at an energy of 23A MeV 

T. Cap, K. Siwek-Wilczyńska, I. Skwira-Chalot, J. Wilczyński 

19th Nuclear Physics Workshop (Poland, Kazimierz Dolny, 2012-09-26 - 2012-09-30) 

 

Time scale sequence in midvelocity fragments emission: correlations with the isospin dynamics 

E. DeFilippo, ... , E. Piasecki, J. Wilczyński 

11-th International Conference on Nucleus-Nucleus Collisions (USA, San Antonio, 2012-05-27 - 2012-06-01) 

 

Symmetry energy at supra-saturation densities 

P. Russotto, ... , J. Wilczyński 

11-th International Conference on Nucleus-Nucleus Collisions (USA, San Antonio, 2012-05-27 - 2012-06-01) 

 

Characterization of 2x2ch MPPC Array at Wide Temperature Range (-40 ºC to +22 ºC) 

M. Grodzicka, M. Moszyński, T. Szczęśniak, W. Czarnacki, M. Szawłowski, K. Grodzicki, J. Baszak 

IEEE NSS/MIC 2012 (USA, Anaheim, 2012-10-26 - 2012-11-03) 

 

Longitudinal profiles, fluctuations and correlations of electromagnetic cascades produced by 100-3500 MeV gamma quanta 

in heavy amorphous media 

B. Słowiński, P. Duda, A. Mączka, J. Bzdak 

XXI International Baldin Seminar on High Energy Physics Problems (Russia, Dubna, 2012-09-10 - 2012-09-15) 

Joint Institute for Nuclear Research, Dubna No. (2012) 

 

A Model For Determination of Pollutant Levels Using Historical Data 

J. Bzdak, M. Sowiński, B. Słowiński, M. Lasiewicz, M. Kośla 

Urban Environmental Pollution (Netherlands, Amsterdam, 2012-06-17 - 2012-06-20) 

 

Irradiation history and resulting isotope decay scheme influence on Yttrium gamma activity 

S. Kilim, M. Bielewicz, A. Polański, E. Strugalska-Gola, M. Szuta, A. Wojciechowski, I. Adam, M. Kadykov, 

V. Pronskich, S. Tiutiunnikov, V. Wagner, O. Svoboda, V. Chilap 

XXI International Baldin Seminar on High Energy Physics Problems (Russia, Dubna, 2012-09-10 - 2012-09-15) 

JINR Dubna No. (2012) 

 

On results of Y-89 irradiation with deuteron beam on QUINTA-assembly /E+T-RAW/ using Nuclotron (JINR Dubna) 

M. Bielewicz, S. Kilim, A. Polański, E. Strugalska-Gola, M. Szuta, A. Wojciechowski, Etal.  

XXI International Baldin Seminar on High Energy Physics Problems (Russia, Dubna, 2012-09-10 - 2012-09-15) 

JINR Dubna No. (2012) p. 26 

 

Model określający poziom zanieczyszczeń wykorzystujący przestrzenne informacje o ich rozkładzie 

J. Bzdak, M. Sowiński, B. Słowiński, M. Lasiewicz, M. Kośla 

VIII Międzynarodowa Konferencja Naukowa Ochrona powietrza w teorii i praktyce (Poland, Zakopane, 2012-10-24 - 2012-

10-27) 

 

Development of Dynamic Model of Nuclear Spallation Reaction. 

G. Musulmanbekov, A. Polański 

XXI International Baldin Seminar on High Energy Physics Problems (Russia, Dubna, 2012-09-10 - 2012-09-15) 

Proceedings of Science No. (2012) 

 

Predictions of the FBD model for the synthesis cross sections of Z=114-120 elements based on macroscopic-microscopic 

fission barriers 

K. Siwek-Wilczyńska, T. Cap, M. Kowal, A. Sobiczewski, J. Wilczyński 

Workshop on Future Super-Heavy Element Strategy (FUSHE 2012) (Germany, Weilrod, 2012-05-13 - 2012-05-16) 

 

 

Posters 

 

Nanodosimetry of Auger Electrons. 

S. Pszona, B. Grosswendt, A. Bantsar 

NCBJ Symposium (Poland, Warsaw, 2012-06-15 - 2012-06-15) 

 

Decay Spectroscopy of Neutron-rich 109Ru 

M.K. Smith, B. Bucher, H. Mach, A. Aprahamian, G. Simpson, J. Rissanen, J. Aysto, T. Eronen, D. Ghita, A. Jokinen, 

P. Karvonen, W. Kurcewicz, B.O. Mampaso, I. Moore, H. Penttila, M. Reponen, E. Ruchowska, A. Saastamoinen, 

C. Weber 

Frontiers 2012, Workshop on Nuclear Astrophysics (USA, East Lansing, Michigan, 2012-10-07 - 2012-10-08) 
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Calibration of EJ309 liquid scintillator for neutron spectrometry 

J. Iwanowska, Ł. Świderski, T. Krakowski, M. Moszyński, T. Kozłowski 

IEEE NSS/MIC 2012 (USA, Anaheim, 2012-10-26 - 2012-11-03) 

 

Influence of multiple outer-shell electron stripping on the kα and kβ energies of iridium 

J. Rzadkiewicz, M. Polasik, K. Słabkowska, K. Kozioł, E. Wiatrowska-Kozioł, J. Starosta, M. Scholz, N.R. Pereira 

16th International Conference Physics of Highly Charged Ions (Germany, Heidelberg, 2012-09-02 - 2012-09-07) 

 

The k-α1,2 x-ray linewidths for 3d transition metals 

M. Polasik, K. Słabkowska, Y. Ito, J. Rzadkiewicz, T. Tochio, J. Starosta, K. Kozioł, E. Wiatrowska-Kozioł 

16th International Conference Physics of Highly Charged Ions (Germany, Heidelberg, 2012-09-02 - 2012-09-07) 

 

Modeling of the spectrum structure for n-like (w67+) through na- like (w63+) tungsten ions 

K. Slabkowska, K. Kozioł, M. Polasik, E. Wiatrowska-Kozioł, J. Starosta, J. Rzadkiewicz, M. Scholz 

16th International Conference Physics of Highly Charged Ions (Germany, Heidelberg, 2012-09-02 - 2012-09-07) 

 

Study of Transmutation of Minor Actinides Using Accelerator Driven System and Gas Fast Reactor 

A. Polański, P. Stanisz 

2nd International Nuclear Energy Congress: Nuclear Safety (Poland, Warsaw, 2012-05-22 - 2012-05-24) 

 

Space-energy spectra of neutrons produced by electrons and protons of energy from 15 to 1000 MeV in extended targets 

A. Pacan, A. Polański, B. Slowinski 

2nd International Nuclear Energy Congress: Nuclear Safety (Poland, Warsaw, 2012-05-22 - 2012-05-24) 

 

Electronic X-Ray Source for Brachytherapy of Breast Cancer in Conservative Treatment 

P. Mazerewicz, M. Słapa, M. Traczyk, K. Wincel, B. Zaręba 

ESTRO 31 (Spain, Barcelona, 2012-05-09 - 2012-05-13) 

 

The Urban System of Air Pollution Forecasting Changes of Particulate Matter PM10/PM2.5 Concetration 

M. Lasiewicz, J. Bzdak, M. Sowiński, B. Słowiński, M. Kośla 

Urban Environmental Pollution (Netherlands, Amsterdam, 2012-06-17 - 2012-06-20) 

 

First principle approach to interpretation of changes in IR and Ramanspectra of cellular DNA 

J. Bielecki, E. Lipec, R. Sekine, W. Wiślicki, B. Wood, W.M. Kwaiatek 

Codecs COST workshop, Porto (Portugal, Porto, 2012-05-05 - 2012-05-08) 

 

Miejski system prognozowania zmian stężeń zanieczyszczeń powietrza pyłem zawieszonym PM10 / PM2,5 

M. Lasiewicz, J. Bzdak, M. Sowiński, B. Słowiński, M. Kośla 

VIII Międzynarodowa Konferencja Naukowa Ochrona powietrza w teorii i praktyce (Poland, Zakopane, 2012-10-24 - 2012-

10-27) 

 

 

LECTURES, COURSES AND EXTERNAL SEMINARS 

Study of Proton and Deuteron Induced Spallation Reactions by the Quantum Molecular Dynamic Model and Modified 

Cascade-Evaporation Modelb 

A. Polański 

Nantes,France, SUBATECH, 2012-10-26 

 

Electronuclear scenario involving Accelerator Driven Systemb 

A. Polański 

Nantes France, SUBATECH, 2012-11-16 

 
b) in English 

 

 

INTERNAL SEMINARS 

The state of works in assignments NALRa 

M. Słapa 

Swierk, National Centre for Nucelar Research, 2012-01-13 

 

The state of works in assignments NALRa 

M. Traczyk 

Świerk, National Centre for Nucelar Research, 2012-01-13 
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Nanodosimetry. Basics.a 

A. Bantsar 

Otwock, National Centre for Nuclear Research, 2012-01-17 

 

Neutrinos and Universea 

T. Kozłowski 

Otwock, National Centre for Nucelar Research, 2012-03-22 

 

The state of works in assignments NALRa 

M. Słapa 

Świerk, National Centre for Nuclear Research, 2012-04-23 

 

The state of works in assignments NALRa 

M. Traczyk 

Świerk, National Centre for Nuclear Research,, 2012-04-23 

 

The measurements with LaBr3 scintillatorsa 

A. Gójska 

Swierk-Otwock, National Centre for Nuclear Research, 2012-05-23 

 

Cluster performance testsb 

T. Jarosiewicz 

Otwock-Świerk, National Centre for Nuclear Research, 2012-05-30 

 

Study of nuclear transmutation in nuclear reactors.a 

A. Polański 

Warsaw, Institute of Plasma Physics and Laser Microfusion., 2012-06-18 

 

Seminar on Advances in Implementation of NCBiR Project Nr 6a 

S. Pszona 

Świerk, National Centre for Nuclear Research, 2012-06-26 

 

The state of works in assignments NALRa 

M. Słapa 

Świerk, National Centre for Nuclear Research, 2012-10-30 

 

The state of works in assignments NALRa 

M. Traczyk 

Świerk, National Centre for Nuclear Research, 2012-10-30 

 

Using proton beam of the cyclotron C-30 for evaluation of the detection limits of some metals with PAA methoda 

M.T. Kowalski 

Świerk, National Centre for Nuclear Research, 2012-12-03 

 

Participation in the 4Lab assignment.a 

J. Sernicki 

Świerk, National Centre for Nuclear Research, 2012-12-03 

 

The parallel-plate avalanche counter (PPAC) properties.a 

J. Sernicki 

Świerk, National Centre for Nuclear Research , 2012-12-03 

 

Study of the gamma-rays absorption at different energies taking some medical applications into considerationa 

J. Sernicki 

Świerk, National Centre for Nuclear Research, 2012-12-03 

 

 
a) in Polish 
b) in English 

 

 

DIDACTIC ACTIVITY 

J. Bielecki - Participation in the EduScience project 
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PARTICIPATION IN SCIENTIFIC COUNCILS, ASSOCIATIONS AND ORGANIZING COMMITTEES 

J. Bielecki 
member, European Cooperation in Science and Technology Action MP0601  

member, European Cooperation in Science and Technology Action CM1002 "Convergent Distributed Environment for 

Computational Spectroscopy" 

 

A. Gójska 
Polish Physical Society 

 

T. Kozłowski 
Member of Scientific Council 

Member of NCBJ Scientific Council 

 

J. Licki 
member of the Section of Plasma Physics of Committee of Physics 

member of Problem`s Commission No.280-Air Quality of Polish Committee for Standardization 

 

A. Polański 
Member of the Scientific-Technical Council of Laboratory of Information Technologes, JINR,Dubna, Russia. 

 

S. Pszona 
Member of Organizing Committee on Kick-Off Meeting for BioQuaRT in Braunschweig, Germany 

Member of Advisory Board on Management of Committee Meeting of COST Action Nano-ICBT in Madrid, Spain 

Institute of Electrical and Electronics Engineers, Inc 

 

J. Wilczyński 
Member of the Scientific Council of the National Centre for Nuclear Research in Otwock-Świerk 

 

PERSONNEL 

Research scientists 

 

Bantsar Aliaksandr,Dr. 

Bielecki Jakub, Dr. 

Błocki Jan, Professor 

Chmielewska Danuta, Dr. 

Kozłowski Tadeusz, Dr. 

Polański Aleksander, Dr. 

Pszona Stanisław, Dr. 

Ruchowska Ewa, Dr. 

Rzadkiewicz Jacek, Dr. 

Sernicki Jan, Dr. 

Słapa Mieczysław, Assoc. Prof. 

Szymański Piotr, Assoc. Prof. 

Wilczyński Janusz, Professor 

Wincel Krzysztof, MSc. 

Wojtkowska Jolanta, Dr. 

Zaręba Barbara, MSc. 

Zychor Izabella, Dr. 

 

Technical and administrative staff 

 

Bogusz Małgorzata, MSc. 

Bzdak Jacek, MSc. 

Dudziński Adam 

Gębalski Stanisław, MSc. 

Goska Aneta, Dr. 

Gójska Aneta, Dr. 

Grodzicki Krystian, MSc. 

Jarosiewicz Tobiasz, MSc. 

Jaworska Elżbieta 

Kisieliński Maciej, MSc. 

Korczak Lukasz, MSc. 

Kośla Magdalena, MSc. 

Kowalski Marek, MSc. 

Kurdej Alicja 

Lasiewicz Marek, MSc. 

Laskus Marian 

Matul Maria, MSc. 

Matuszczak Paweł 

Mazarewicz Piotr, MSc. 

Mianowska Zuzanna, MSc. 

Mikołajewski Stefan 

Pławski Tomasz, Eng. 

Snopek Mirosław 

Sowiński Mieczysław, Dr. 

Szymanowski Jakub 

Traczyk Marek, MSc. 

Trzaskowska Halina 
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DIVISION OF RADIATION DETECTORS 

 

Head of Division: Dr. Łukasz Świderski 

phone:  +48 22 7180603 

e-mail:  l.swiderski@ncbj.gov.pl 

 

Overview 

 

The Division of Radiation Detectors was established at the beginning of the year 2012 as a part of the former 

Division of Detectors and Nuclear Electronics. Most of our division’s activity is focused on the characterization of 

scintillation detectors for neutron and gamma-ray radiation. Performance of scintillation detectors coupled to various 

photodetectors is also extensively studied. In the last year our efforts were concentrated on: 

- measuring the energy dependence of the scintillation decay times in scintillators, 

- energy calibration of liquid scintillators for fast neutron detection, 

- characterization of Silicon Photomultiplier (SiPM) performance over a vide range of temperatures, 

- study of time jitter of SiPM photodetectors, 

- characterization of basic properties of scintillators, including deviation from proportional response to the 

deposited energy and its relation to energy resolution, decay time, timing resolution and detection efficiency, 

response to heavy ion radiation, 

- development of the Ion Sputtering (Al, B, Sb) method for the production of new type semiconductor radiation 

detectors. 

The results of our studies were used in the realization of several projects, including: 

- A&D, neutron demonstrator SWAN and X-ray radiography: In cooperation with the Division of Electronics and 

Detection Systems, we are involved in the development of the Neutron Activation Analysis demonstrator 

(SWAN) for the detection of explosives and drugs and the X-ray radiography demonstrator (CANIS) for the 

inspection of large-scale cargoes, 

- A&D, Photofission: methods for detection of fissile materials by means of photofission are studied by means of 

a linear accelerator  

- MODES_SNM: we are involved in the development of a modular detection system for special nuclear material 

detection using high pressure gas detectors based on He-4 (neutron detection) and Xe (gamma-ray detection). 

- EURATOM: in cooperation with the Division of Applied Physics we are involved in the construction of a 

gamma camera for the inspection of thermofusion reactions. The programme covers a comparative study of 

scintillator that may be potentially used in a gamma camera. Simulations of the detector response to gamma 

radiation are performed in parallel in order to choose the optimal configuration of the detector. 

- COST network 

COST is a programme oriented for the exchange of experience between scientists involved in projects related to 

nuclear medicine. Our participation allows us to visit other Institutes and companies to develop new 

measurement techniques and to host guests from other Institutions  

Most of the scientific achievements of the Division were summarized in 15 refereed publications, published 

mainly in IEEE Trans. Nucl. Sci., J. of Instrum. and Phys. Rev. C. Three other publications are in press. Besides 

that, our scientists presented 12 contributions at international conferences – including 6 presentations at the IEEE 

Nuclear Science Symposium and Medical Imaging Conference 2011 in Anaheim, USA and 3 invited talks during 

various Workshops. 

The Division has also been involved in scientific collaborations with a number of international centre, such as 

the Royal Institute of Technology and Karolinska Institute in Stockholm, the University of Tennessee, USA, Tohoku 

University, Japan, and companies such as Saint-Gobain, France, Scionix B.V., Holland, Flir Radiation, Germany, 

Siemens, USA, Hamamatsu Photonics K.K., Tokuyama and Furukawa K.K., Japan 

Details regarding the Division’s achievements in selected areas can be found in the reports on research sections 

of this Annual Report. 

 Dr. Łukasz Świderski 
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PARTICIPATION IN CONFERENCES AND WORKSHOPS 

Invited Talks 

 

Contribution of secondary electrons to the intrinsic resolution of scintillators 

Ł. Świderski, M. Moszyński 

Scintillator Nonproportionality Physics Conference (USA, Oakland, 2012-05-18 - 2012-05-18) 

 

Activity in scintillation research at NCBJ: absolute light yield measurements from low to RT, nonproportionality and many 

others 

M. Moszyński 
4-th SUCCESS Workshop (France, Lyon, 2012-12-11 - 2012-12-12) 

 

 

Oral Presentations 

 

Characterization of 2x2ch MPPC Array at Wide Temperature Range (-40 ºC to +22 ºC) 

M. Grodzicka, M. Moszyński, T. Szczęśniak, W. Czarnacki, M. Szawłowski, K. Grodzicki, J. Baszak 

IEEE NSS/MIC 2012 (USA, Anaheim, 2012-10-26 - 2012-11-03) 

 

Light collection process in multi-element scintillation detectors 

M. Kapusta, T. Szczęśniak, P. Szupryczynski, M. Grodzicka, M. Schmand, M. Moszyński 

IEEE NSS/MIC 2012 (USA, Anaheim, 2012-10-26 - 2012-11-03) 

 

Time Jitter of Silicon Photomultipliers 

T. Szczęśniak, M. Moszyński, M. Grodzicka, M. Szawłowski, D. Wolski, J. Baszak 

IEEE NSS/MIC 2012 (USA, Anaheim, 2012-10-26 - 2012-11-03) 

 

 

Posters 

 

Characterization of CsI:Tl at Wide Temperature Range (-40 ºC to +22 ºC) 

M. Grodzicka, M. Moszyński, T. Szczęśniak, W. Czarnacki, M. Szawłowski, Ł. Świderski, Ł. Kaźmierczak 

IEEE 2012 Symposium on Radiation Measurements and Applications (USA, Oakland, 2012-05-14 - 2012-05-17) 

 

Characteristics of scintillation detectors based on inorganic scintillators and SiPM light readout 

T. Szczęśniak, M. Grodzicka, M. Moszyński, M. Szawłowski, D. Wolski, J. Baszak 

PET/MR and SPECT/MR: New Paradigms for Combined Modalities in Molecular Imaging Conference (Italy, La Biodola, 

Isola d.Elba, 2012-05-26 - 2012-05-30) 

 

Performance of cerium-doped Gd3Ga3Al2O12 (GAGG:Ce) scintillator in gamma-ray spectrometry 

J. Iwanowska, Ł. Świderski, T. Szczęśniak, P. Sibczyński, M. Moszyński, M. Grodzicka 

IEEE 2012 Symposium on Radiation Measurements and Applications (USA, Oakland, 2012-05-14 - 2012-05-17) 

 

Study of Undoped CeF3 Scintillators at Room and Liquid Nitrogen Temperature 

W. Klamra, P. Sibczyński, M. Moszyński, V. Kozlov 

IEEE NSS/MIC 2012 (USA, Anaheim, 2012-10-26 - 2012-11-03) 

 

Energy Dependence of Scintillation Decay Time Measured with Gamma-rays and Compton Electrons 

Ł. Świderski, J. Iwanowska, M. Moszyński, P. Sibczyński, T. Szczęśniak 

IEEE NSS/MIC 2012 (USA, Anaheim, 2012-10-26 - 2012-11-03) 

 

Characterization of 4x4ch MPPC Array 

M. Grodzicka, M. Moszyński, T. Szczęśniak, M. Szawłowski, J. Baszak 

IEEE NSS/MIC 2012 (USA, Anaheim, 2012-10-26 - 2012-11-03) 

 

Calibration of EJ309 liquid scintillator for neutron spectrometry 

J. Iwanowska, Ł. Świderski, T. Krakowski, M. Moszyński, T. Kozłowski 

IEEE NSS/MIC 2012 (USA, Anaheim, 2012-10-26 - 2012-11-03) 

 

 

LECTURES, COURSES AND EXTERNAL SEMINARS 

Photofission of nuclear materials and the phenomenon application in border monitoring and industry.b 

P. Sibczyński 

Szczecin, Faculty of Mathematics and Physics, University of Szczecin, 2012-05-25 
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Scintillators for neutron detectiona 

Ł. Świderski 

Warsaw, Warsaw University, 2012-12-06 

 

New developments in TOF PET for time resolution improvementb 

M. Moszyński 

Catania, Italy, INFN Catania, 2012-03-21 

 

SiPMs (MPPC) in time and energy spectrometryb 

M. Moszyński 

Northridge, California, SII NanoTechnology USA Inc., 2012-11-08 

 

 
a) in Polish 
b) in English 

 

 

DIDACTIC ACTIVITY 

M. Moszyński - Optimization of Detectors for Time-of-Flight Positron Emission Tomography 

 

 

PARTICIPATION IN SCIENTIFIC COUNCILS, ASSOCIATIONS AND ORGANIZING COMMITTEES 

M. Moszyński 
Session chairman on IEEE 2012 Symposium on Radiation Measurements and Applications in Oakland, USA 

Member of Advisory Board on Lumdetr 2012 in Halle, Germany 

Fellow of IEEE  

Member of TransNational Committee of IEEE Nuclear and Plasma Science Society  

Member of the Management Committee of COST Action TD1007, "Bimodal PET-MRI molecular imaging technologies and 

applications for in vivo monitoring of disease and biological processes" (www.pet-mri.eu) 

Nuclear Instruments & Methods in Physics Research A, Elsevier, Member of Advisory Editorial Board 

Journal of Instrumentation, Institute of Physics Publishing, Member of Editorial Board  

Recent Patents on Engineering, Bentham Science Publishers, Member of Editorial Board 

National Centre for Nuclear Research, Member of Scientific Council 

 

Ł. Świderski 
Member of IEEE Nuclear and Plasma Sciences Society 

 

A. Syntfeld-Każuch 
Member of IEEE Nuclear and Plasma Sciences Society 

member of scientific council, National Centre for Nuclear Research 

 

 

PERSONNEL 

Scientific staff 

 

Belcarz Eugeniusz, M.Eng. 

Czarnacki Wiesław, Dr. 

Grodzicka Martyna, M.Eng. 

Iwanowska Joanna, MSc. 

Kapusta Maciej, Dr. 

Kotlarski Andrzej, M.Eng. 

Kownacki Jan, Professor 

Moszyński Marek, Professor 

Olszacki Michał, Dr. 

Sibczyński Paweł, MSc. 

Syntfeld-Każuch Agnieszka, Dr. 

Szawłowski Marek, M.Eng. 

Szczęśniak Tomasz, Dr. 

Świderski Łukasz, Dr. 

Wolski Dariusz, M.Eng. 

 

Technical and administration staff 

 

Dziedzic Andrzej 

Kostrzewa Krzysztof 

Krogulska Ewa, MSc. 

Rozmej-Stępień Dominika 

Sworobowicz Tadeusz 
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DIVISION OF ELECTRONICS AND DETECTION SYSTEMS 

 

Head of Division: Dr. Michał Gierlik 

phone:  +48 22 7180603 

e-mail:  michal.gierlik@ncbj.gov.pl 

 

Overview 

 

In 2012 the newly created Division of Electronics and Detection Systems was established by joining some of the 

resources from the former Division of Detectors and Nuclear Electronics and the Laboratory of Astrophysical 

Apparatus. The combined resources consisted of equipment and personnel involved directly in designing, 

assembling, and testing scientific electronics as well as software engineers who develop software for these 

electronics. The established division serves as a highly specialized arm supporting the scientific activity of other 

Department’s divisions, such as the Radiation Detectors. Our goal is to maintain the technology edge by 

participating in challenging projects and collaborations while actively seeking commercial opportunities and 

applications for our solutions. 

In 2012 the division’s effort was concentrated on the following topics: 

- A&D, neutron demonstrator SWAN 

The 5-th year of the project brings the completed device that demonstrates the possibilities of the neutron 

activation analysis technique. While the software still requires additional polishing and modifications in order to 

adapt it to various emerging application ideas, the minimum requirements seem to be fulfilled. 

- A&D, X-ray radiography 

Just like SWAN, the X-ray radiography demonstrator is a branch of the A&D project. This device introduces the 

two-energy accelerator and state-of-the-art detectors for luggage and container X-ray radiography. 

- DESY collaboration 

In this collaboration our electronic and software engineers focus on enhancement of the parameters of the 

superconducting linear accelerators FLASH and X_FEL. FLASH, the world's first soft X-ray free-electron laser has 

been available to the photon science user community for experiments since 2005. 

- TUKAN Multichannel analyzer 

The TUKAN project staff continues production and marketing of the Tukan-8k-USB, analogue multichannel 

analyzer model as well as providing the long term support for existing users. The R&D part is focused on 

introducing a new, digital TukanDSP analyzer and the associated software. 

- PANDA collaboration 

We have also had some share in the development of the Cluster-Jet Target Detector slow control electronics for 

the PANDA experiment. This will be one of the key experiments at the Facility for Antiproton and Ion Research 

(FAIR) under construction at GSI. 

Details regarding the Division’s achievements in selected areas can be found in the reports on research section, 

further on in this Annual Report. 

 

 Dr. Michał Gierlik 
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PARTICIPATION IN CONFERENCES AND WORKSHOPS 

Invited Talks 

 

Parallax in Pi of the Sky Project 

A. Majcher, M. Sokołowski, T. Batsch, A. Ćwiek, A. Majczyna, K. Nawrocki, G. Wrochna 

XXX-th IEEE-SPIE Joint Symposium Wilga 2012 (Poland, Wilga, 2012-05-27 - 2012-06-03) 

Society of Photo-Optical Instrumentation Engineers No.8454 (2012) p. 8454 0A 

 

JEM-EUSO and its satellites, EUSO-Balloon and TA-EUSO 

P. Gorodetzky, T. Batsch, J. Karczmarczyk, B. Szabelska, J. Szabelski, T. Tymieniecka, T. Wibig 

23rd European Cosmic Ray Symposium - ECRS 2012 (Russia, Moscow, 2012-07-03 - 2012-07-07) 

J. of Phys.: Conf. S. (2012)  

 

 

Oral Presentations 

 

The JEM-EUSO mission: context and status 

A. Santangelo, T. Batsch, J. Karczmarczyk, B. Szabelska, J. Szabelski, T. Tymieniecka, T. Wibig 

International Symposium on Future Directions in UHECR Physics (Switzerland, Geneva, 2012-02-13 - 2012-02-16) 

EPJ Web of Conferences (in press) 

 

Performances and air-shower reconstruction techniques for the JEM-EUSO mission 

M. Bertaina, T. Batsch, J. Karczmarczyk, B. Szabelska, J. Szabelski, T. Tymieniecka, T. Wibig 

39th COSPAR Scientific Assembly (India, Mysore, 2012-07-14 - 2012-07-22) 

Adv. Space Res. (2013)  

 

Performances of JEM-EUSO 

M. Bertaina, T. Batsch, J. Karczmarczyk, B. Szabelska, J. Szabelski, T. Tymieniecka, T. Wibig 

International Symposium on Future Directions in UHECR Physics (Switzerland, Geneva, 2012-02-13 - 2012-02-16) 

EPJ Web of Conferences (in press) 

 

Ground Truth calibration for the JEM-EUSO Mission 

J.H. Adams, T. Batsch, J. Karczmarczyk, B. Szabelska, J. Szabelski, T. Tymieniecka, T. Wibig 

39th COSPAR Scientific Assembly (India, Mysore, 2012-07-14 - 2012-07-22) 

Adv. Space Res. (2013)  

 

Development of uTCA Hardware for BAM System at FLASH and XFEL 

S.B. Habib, D. Sikora, J. Szewiński, S. Korolczuk 

19th International Conference Mixed Design of Integrated Circuits and Systems (MIXDES 2012) (Poland, Warsaw, 2012-

05-24 - 2012-05-26) 

 

Second CW and LP Operation Test of XFEL Prototype Cryomodule 

J. Sekutowicz, V. Ayvazyan, J. Branlard, M. Ebert, J. Eschke, A. Gössel, D. Kostin, F. Mittag, W. Merz, R. Onken, 

W. Cichalewski, W. Jałmużna, A. Piotrowski, K. Przygoda, K. Czuba, Ł. Zembala, I. Kudła, J. Szewiński 

LINAC 2012, Tel-Aviv, Israel, 2012, MOPB017 (Israel, Tel- Aviv/ Eliat, 2012-09-09 - 2012-09-14) 

 

The European XFEL LLRF System 

J. Branlard, G. Ayvazyan, V. Ayvazyan, M. Grecki, M. Hoffmann, T. Jeżyński, T. Lamb, F. Ludwig, U. Mavrič, S. Pfeiffer, 

C. Schmidt, H. Weddig, B. Yang, P. Barmuta, S. BouHabib, Ł. Butkowski, K. Czuba, M. Grzegrźołka, E. Janas, 

J. Piekarski, I. Rutkowski, D. Sikora, Ł. Zembala, M. Żukociński, W. Cichalewski, K. Gnidzińska, W. Jałmużna, 

D. Makowski, A. Mielczarek, P. Perek, T. Poźniak, A. Piotrowski, K. Przygoda, A. Napieralski, M. Kudła, S. Korolczuk, 

J. Szewiński, W. Wierba, K. Oliwa, H. Schlarb 

International Particle Accelerator Conference (USA, New Orleans, 2012-05-20 - 2012-05-25) 

 

An overview of the JEM-EUSO mission 

M. Bertaina, T. Batsch, J. Karczmarczyk, B. Szabelska, J. Szabelski, T. Tymieniecka, T. Wibig 

9th Workshop on Science with the New Generation of High Energy Gamma-ray Experiments -- From high energy gamma 

sources to cosmic rays, one century after their discovery (Italy, Lecce, 2012-06-20 - 2012-06-22) 

Nucl. Phys. B Proc. Sup. (2012)  

 

Recent Developments in Control Software for Optical Synchronization Applications at DESY 

P. Prędki, T. Kozak, A. Napieralski, J. Szewiński 

18th Real-Time Conference (USA, Berkeley, 2012-06-11 - 2012-06-15) 
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Monitoring system of the Pi of the Sky 

A. Ćwiek, T. Batsch, L. Mankiewicz, K. Nawrocki, A.F. Żarnecki 

XXX-th IEEE-SPIE Joint Symposium Wilga 2012 (Poland, Wilga, 2012-05-27 - 2012-06-03) 

Society of Photo-Optical Instrumentation Engineers No. (2012) 

 

Status of JEM-EUSO and its test experiments EUSO-Balloon and TA-EUSO 

A. Haungs, T. Batsch, J. Karczmarczyk, B. Szabelska, J. Szabelski, T. Tymieniecka, T. Wibig 

International Symposium on Very High Energy Cosmic Ray Interactions (ISVHECRI 2012) (Germany, Berlin, 2012-08-10 - 

2012-08-15) 

EPJ Web of Conferences (2012)  

 

 

Posters 

 

The Atmospheric Monitoring System of the JEM-EUSO Space Mission 

M.D. RodriguezFrias, T. Batsch, J. Karczmarczyk, B. Szabelska, J. Szabelski, T. Tymieniecka, T. Wibig 

International Symposium on Future Directions in UHECR Physics (Switzerland, Geneva, 2012-02-13 - 2012-02-16) 

EPJ Web of Conferences (in press) 

 

Terahertz FEL source at the Polish nationalcenter POLFEL. A conceptual design 

J. Pełka, O. Chołuj-Dziewiecka, J. Lorkiewicz, R. Nietubyć, J. Sekutowicz, R. Sobierajski, J. Szewiński, T. Wasiewicz, 

G. Wrochna 
11th International School and Symposium on Synchrotron Radiation in Natural Science (Poland, Kraków, Tyniec, 2012-05-

20 - 2012-05-25) 

 

Calibration of the JEM-EUSO detector 

N. Sakaki, T. Batsch, J. Karczmarczyk, B. Szabelska, J. Szabelski, T. Tymieniecka, T. Wibig 

International Symposium on Future Directions in UHECR Physics (Switzerland, Geneva, 2012-02-13 - 2012-02-16) 

EPJ Web of Conferences (in press) 

 

Terahertz FEL source at the Polish nationalcenter POLFEL. A conceptual design 

O. Chołuj-Dziewiecka, J. Pełka, J. Lorkiewicz, R. Nietubyć, J. Sekutowicz, R. Sobierajski, J. Szewiński, T. Wasiewicz, 

G. Wrochna 
NCBJ Symposium (Poland, Warsaw, 2012-06-15 - 2012-06-15) 

 

The EUSO-BALLOON pathfinder 

P. VonBallmoos, T. Batsch, J. Karczmarczyk, B. Szabelska, J. Szabelski, T. Tymieniecka, T. Wibig 

International Symposium on Future Directions in UHECR Physics (Switzerland, Geneva, 2012-02-13 - 2012-02-16) 

EPJ Web of Conferences (in press) 

 

The JEM-EUSO time synchronization system and EUSO-BALLOON Data Processor 
G. Osteria, T. Batsch, J. Karczmarczyk, B. Szabelska, J. Szabelski, T. Tymieniecka, T. Wibig 

23rd European Cosmic Ray Symposium - ECRS 2012 (Russia, Moscow, 2012-07-03 - 2012-07-07) 

J. of Phys.: Conf. S. Vol. 409 (2013) 012106 

 

The Peak and Window Searching Technique for the EUSO Simulation and Analysis Framework - Impact on the Angular 

Reconstruction of EAS 

A. Guzman, T. Batsch, J. Karczmarczyk, B. Szabelska, J. Szabelski, T. Tymieniecka, T. Wibig 

23rd European Cosmic Ray Symposium - ECRS 2012 (Russia, Moscow, 2012-07-03 - 2012-07-07) 

J. of Phys.: Conf. S. Vol. 409 (2013) 012104 

 

Characterization of CsI:Tl at Wide Temperature Range (-40 ºC to +22 ºC) 

M. Grodzicka, M. Moszyński, T. Szczęśniak, W. Czarnacki, M. Szawłowski, Ł. Świderski, Ł. Kaźmierczak 

IEEE 2012 Symposium on Radiation Measurements and Applications (USA, Oakland, 2012-05-14 - 2012-05-17) 

 

Calibration of EJ309 liquid scintillator for neutron spectrometry 

J. Iwanowska, Ł. Świderski, T. Krakowski, M. Moszyński, T. Kozłowski 

IEEE NSS/MIC 2012 (USA, Anaheim, 2012-10-26 - 2012-11-03) 

 

JEM-EUSO Experiment for Extreme Energy Cosmic Ray Observation 

B. Pastircak, T. Batsch, J. Karczmarczyk, B. Szabelska, J. Szabelski, T. Tymieniecka, T. Wibig 

XXXII Symposium on Physics in Collision (Slovakia, Strbske Pleso, 2012-09-12 - 2012-09-15) 

Institute of Experimental Physics, Slovak Academy of Sciences, Kosice No. (2013) 
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PARTICIPATION IN SCIENTIFIC COUNCILS, ASSOCIATIONS AND ORGANIZING COMMITTEES 

Z. Guzik 
Polish CAMAC Committee 

POLSKIE NORMY, POLISH STANDARDS Polish Stanardization Committee 

 

PERSONNEL 

Scientific staff: 

Batsch Tadeusz., Dr. 

Borsuk Stanisław, M.Eng. 

Chłopik Arkadiusz, M.Eng. 

Gierlik Michał, Dr. 

Gocałek Jarosław, M.Eng. 

Gosk Marcin, M.Eng. 

Guzik Zbigniew, Assoc. Prof. 

Kaźmierczak Łukasz, MSc. 

Korolczuk Stefan, M.Eng. 

Krakowski Tomasz, MSc. 

Kudła Ignacy, M.Eng. 

Płomiński Michał, M.Eng. 

Rutczyńska Aleksandra, M.Eng. 

Rybka Dominik, M.Eng. 

Szewiński Jarosław, M.Eng. 

Traczyk Krystyna, MSc. 

 

Technical and administration: 

Leśniewski Krzysztof 

Sitek Maciej 

Szubińska Agata 
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DIVISION OF PLASMA STUDIES 

 

Head of Division: Dr. Jarosław Żebrowski 

phone:  +48 22 7180536 

e-mail:  Jaroslaw.Zebrowski@ncbj.gov.pl 

 

Overview 

 

In 2012 our research activities in Division TJ5 were concentrated on the continuation of previous studies in the 

field of plasma physics and controlled nuclear fusion. The two main topics of research were as follows: 

 Studies of fast electrons, ions, neutrons, and X-ray emissions within different research facilities of the PF, RPI, 

ICF and Tokamak-type by means of different diagnostic techniques; 

 Investigations of high-temperature plasma streams and their interactions with solid targets. 

In the framework of the EURATOM programme, the development of plasma diagnostic methods for tokamak-

type facilities was established as the main aim. In 2012 a new Cherenkov detector with a measuring head equipped 

with diamond radiators was applied in the ISTTOK facility (Lisbon, Portugal) to detect energetic electrons (of 

energy >58 keV), to determine their spatial and temporal behaviour, and to prove their run-away provenance. 

Preliminary measurements within the COMPASS tokamak (Prague, Czech Republic) with a prototype single-

channel Cherenkov detector were performed for several measuring head positions along the minor radius of this 

machine. Other experimental tasks were connected with estimations of etching rates for solid-state nuclear track 

detectors (SSNTDs), and with applications of such detectors for recording fast ions in the COMPASS tokamak and 

within the Asterix laser-system (Prague, Czech Republic), where ions were emitted from laser-target experiments. 

As regards experimental research, some efforts were undertaken to study plasma phenomena which occur in 

high-current discharges in PF and RPI facilities. Measurements were performed within the PF-360 and RPI-IBIS 

devices in Świerk, and within the PF-1000 facility at IPPLM in Warsaw. Use was made of pinhole cameras 

equipped with miniature scintillation detectors of the NE102 type, nuclear track detectors placed directly upon 

internal supports or in ion pinhole cameras, and Thomson analyzers. To explain the ion emission characteristics of 

RPI-IBIS discharges computer modelling of the electric- and magnetic-fields as well as ion trajectories was 

performed. Within the framework of a scientific collaboration with the IFPiLM in Warsaw, Poland, some Dense 

Magnetized Plasma (DMP) studies were performed and several papers were prepared. Particular attention was paid 

to research on the characteristics of the neutron production in the PF-1000 with modified electrodes. Theoretical 

models describing the formation and influence of the current filaments were also considered.  

In the framework of a strategic contract with the NCBiR, in 2012 the main efforts were concentrated on the 

elaboration of a detailed technical documentation of two new ion probes. The first probe should contain an ion 

pinhole camera equipped with a rotated drum for fixing several nuclear track detectors, which could be irradiated 

during a single plasma discharge. The second probe should contain a miniature ion mass- and energy-analyzer of the 

Thomson type with SSNTDs. Particular effort was devoted to the computer simulation of ion trajectories inside the 

COMPASS tokamak, operated at the IPP in Prague, because the developed ion probes might be explored in this 

facility. Another task of this contract concerned the technical modernization of the PF-360 facility at the NCBJ.  

As regards investigations of plasma streams, much effort was devoted to spectroscopic studies of dense plasma 

streams and their interactions with CFC targets in the PF-360 and RPI-IBIS facilities at the NCBJ. Spectroscopic 

and corpuscular analyses of carbon plasma, produced by an Nd:YAG laser (producing 6 GW/cm2 pulses) at the 

IFPiLM lab, were also performed. Optical spectra were recorded with a Mechelle®900 spectrometer, and the ion 

emission was measured with an electrostatic analyzer. 

In 2012 the Plasma Research Division employed 14 persons, seven members constituted the scientific staff, one 

belonged to the research-technical staff, and the rest constituted the technical and administrative staff.  

 

 Dr. Jarosław Żebrowski 
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REPORTS 

Progress on MJ Plasma Focus research at IPPLM 

M. Scholz, L. Karpiński, V. Krauz, P. Kubes, M. Paduch, M.J. Sadowski 

Institute of Plasma Physics and Laser Microfusion 

 

 

PARTICIPATION IN CONFERENCES AND WORKSHOPS 

Invited Talks 

 

Plasma Self-Organization Effects in High-Current Discharges of Axial Symmetry 

M.J. Sadowski 
11th Kudowa Summer School (Poland, Kudowa Zdrój, 2012-06-11 - 2012-06-15) 

 

Influence of self-organized axial magnetic field on neutron production in Z-pinch discharges 

P. Kubes, D. Klir, J. Kortanek, K. Rezac, V. Krauz, K. Mitrofanov, M. Paduch, T. Pisarczyk, M. Scholz, T. Chodukowski, 

L. Karpinski, E. Zielinska, M.J. Sadowski 

11th Kudowa Summer School (Poland, Kudowa Zdrój, 2012-06-11 - 2012-06-15) 

 

Progress in high-temperature plasma research at NCBJ (former IPJ) in Poland 

M.J. Sadowski 
International Conference and School on Plasma Physics and Controlled Fusion - Alushta-2012 (Ukraine, Alushta (Crimea), 

2012-09-17 - 2012-09-22) 

 

Recent studies of high-temperature plasma at the NCBJ (former IPJ) in Poland 

M.J. Sadowski, L. Jakubowski, R. Kwiatkowski, A. Malinowska, K. Malinowski, M. Rabiński, E. Składnik-

Sadowska, A. Szydłowski, J. Żebrowski, K. Czaus, M. Jakubowski, R. Mirowski 

Annual Workshop & Meeting of the International Centre of Dense Magnetized Plasmas (ICDMP-2012) (Poland, Warsaw, 

2012-10-15 - 2012-10-16) 

 

Development of diagnostics for large-scale experiments with dense magnetized plasmas at IFPiLM 

M. Scholz, M.J. Sadowski, E. Składnik-Sadowska, K. Czaus, R. Kwiatkowski, K. Malinowski 

Annual Workshop & Meeting of the International Centre of Dense Magnetized Plasmas (ICDMP-2012) (Poland, Warsaw, 

2012-10-15 - 2012-10-16) 

 

Tungsten Melt Losses under the QSPA Kh-50 Plasma Exposures Simulating ITER ELMs and Disruptions 

I.E. Garkusha, V.A. Makhlai, B. Bazylev, I. Landman, N.N. Aksenov, A.A. Chuvilo, Ya.I. Morgal, M.J. Sadowski, 

E. Składnik-Sadowska 
2nd Joint IAEA-ITER Technical Meeting on Analysis of ITER Materials and Technologies (India, Gandhinagar, 2012-12-11 

- 2012-12-13) 

 

Track detectors and their possible use within the COMPASS [rogramme 

A. Szydłowski 
COMPASS Programmatic Conference (Czech Republic, Praga, 2012-09-17 - 2012-09-18) 

 

 

Oral Presentations 

 

Chernobyl after Quarter-Century 

M. Rabiński 
2nd International Nuclear Energy Congress: Nuclear Safety (Poland, Warsaw, 2012-05-22 - 2012-05-24) 

 

Status of MJ plasma-focus experiment 

M. Scholz, L. Karpinski, V. Krauz, P. Kubes, M. Paduch, M.J. Sadowski 

International Conference and School on Plasma Physics and Controlled Fusion - Alushta-2012 (Ukraine, Alushta (Crimea), 

2012-09-17 - 2012-09-22) 

 

Development and use of Cherenkov-type detectors for measurementsof fast electrons in tokamaks 

J. Żebrowski, L. Jakubowski, M.J. Sadowski, M. Rabiński, K. Malinowski, R. Mirowski, M.J. Jakubowski, 

V.V. Plyusnin, Ph. Lotte, J-Y. Pascal 

International Conference and School on Plasma Physics and Controlled Fusion - Alushta-2012 (Ukraine, Alushta (Crimea), 

2012-09-17 - 2012-09-22) 
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S1 Shut down dose for large fusion devices 

S. Jednoróg, A. Szydłowski, H. Polkowska, P. Krajewski, B. Bieńkowska, R. Prokopowicz, M. Scholz, K. Szewczak, 

K. Ciupek, E. Chajduk, Z. Samczyński 

25th Symposium on Plasma Physics and Technology (Czech Republic, Praga, 2012-06-18 - 2012-06-21) 

Czechy, Praga No. (2012) p. 21 

 

Computer Modeling of Fast Ion Emission from Plasma Injectors of the RPI Type 

K. Malinowski, M.J. Sadowski, E. Składnik-Sadowska 

11th Kudowa Summer School (Poland, Kudowa Zdrój, 2012-06-11 - 2012-06-15) 

 

Computer Simulation of Trajectories of Charged Fusion Products in Chosen Tokamaks 

R. Kwiatkowski, K. Malinowski, M.J. Sadowski 

11th Kudowa Summer School (Poland, Kudowa Zdrój, 2012-06-11 - 2012-06-15) 

 

Optical emission spectroscopy of pulsed plasma streams emitted from a modified PF-1000 facility 

E. Składnik-Sadowska, R. Kwiatkowski, K. Malinowski, M.J. Sadowski, M. Kubkowska, M. Paduch, M. Scholz, 

E. Zielinska 

International Conference and School on Plasma Physics and Controlled Fusion - Alushta-2012 (Ukraine, Alushta (Crimea), 

2012-09-17 - 2012-09-22) 

 

 

Posters 

 

Energy-, Mass- and Time-Resolved Measurements of Fast Ions Emitted from Plasma Discharges 

M.J. Sadowski, K. Czaus, K. Malinowski, E. Składnik-Sadowska, J. Żebrowski 

Europhysics Conference on the Atomic and Molecular Physics of Ionized Gases - ESCAMPIG 2012 (Portugal, Viana do 

Castelo, 2012-07-10 - 2012-07-14) 

LOC ESCAMPIG 2012, Viana do Castelo No. (2012) 

 

Studies of Deuterium-Plasma Interaction with a Tungsten Target at Different Energy Fluxes 

E. Składnik-Sadowska, K. Czaus, K. Malinowski, M.J. Sadowski, J. Żebrowski, K. Nowakowska-Langier, 

I.E. Garkusha, M.K. Ladygina 

Europhysics Conference on the Atomic and Molecular Physics of Ionized Gases - ESCAMPIG 2012 (Portugal, Viana do 

Castelo, 2012-07-10 - 2012-07-14) 

LOC ESCAMPIG 2012, Viana do Castelo No. (2012) 

 

Interaction of Intense Pulsed Plasma Streams with CFC Targets 

E. Składnik-Sadowska, K. Czaus, K. Malinowski, M.J. Sadowski, J. Żebrowski, R. Kwiatkowski, M. Kubkowska, 

I.E. Garkusha, M. Ladygina 

Europhysics Conference on the Atomic and Molecular Physics of Ionized Gases - ESCAMPIG 2012 (Portugal, Viana do 

Castelo, 2012-07-10 - 2012-07-14) 

LOC ESCAMPIG 2012, Viana do Castelo No. (2012) 

 

Spectroscopic investigation of dense plasma streams and their interactions with CFC targets in PF-360 and RPI-IBIS 

facilities 

M.S. Ladygina, E. Składnik-Sadowska, M.J. Sadowski, K. Czaus, R. Kwiatkowski, K. Malinowski, J. Żebrowski, 

I.E. Garkusha 

39th EPS Conference & 16th International Congress on Plasma Physics (Sweden, Stockholm, 2012-07-02 - 2012-07-06) 

 

Progress in mass- and energy-analysis of ion beams emitted from RPI plasma discharges 

K. Czaus, E. Składnik-Sadowska, M.J. Sadowski, R. Kwiatkowski, K. Malinowski, J. Żebrowski 

International Conference and School on Plasma Physics and Controlled Fusion - Alushta-2012 (Ukraine, Alushta (Crimea), 

2012-09-17 - 2012-09-22) 

 

Analysis of Tungsten Dust Generation under Powerful Plasma Impacts Simulating ITER ELMs and Disruptions 

I.E. Garkusha, N.N. Aksenov, B. Bazylev, A.A. Chuvilo, V.V. Chebotarev, I. Landman, V.A. Makhlai, Ya.I. Morgal, 

S. Pestchanyi, M.J. Sadowski, E. Składnik-Sadowska 

24th IAEA Fusion Energy Conference (FEC-2012) (USA, San Diego, 2012-10-08 - 2012-10-13) 

 

Synchrotron Radiation Topography of SBN (SrxBa1-xNb2O6) and CBN (CaxBa1-xNb2O6) Crystals 

K. Wieteska, W. Wierzchowski, A. Malinowska, M. Lefeld-Sosnowska, M. Świrkowicz, C. Paulmann 

11th International School and Symposium on Synchrotron Radiation in Natural Science (Poland, Kraków, Tyniec, 2012-05-

20 - 2012-05-25) 

Synchrotron Radiation in Natural Science No 11 (2012) 155 

 



128 Annual Report 2012 
 

Spectroscopic and corpuscular analysis of laser-produced carbon plasma 

A. Czarnecka, M. Kubkowska, E. Składnik-Sadowska, E. Kowalska-Strzęciwilk, P. Parys, M.J. Sadowski, K. Malinowski, 

R. Kwiatkowski, M. Ladygina 

International Conference and School on Plasma Physics and Controlled Fusion - Alushta-2012 (Ukraine, Alushta (Crimea), 

2012-09-17 - 2012-09-22) 

 

 

LECTURES, COURSES AND EXTERNAL SEMINARS 

Plasma physics and engineeringa 

M. Rabiński 

Otwock, 2012-02-14 

 

Chernobyl - 25 years after disastera 

M. Rabiński 

Warsaw, XVI Warsaw Science Festival, 2012-09-29 

 

Chernobyl after quarter-centurya 

M. Rabiński 

Warsaw, XVI Warsaw Science Festival, 2012-09-30 

 

Chernobyl - 25 years after disastera 

M. Rabiński 

Warsaw, XVI Warsaw Science Festival, 2012-09-30 

 

 
a) in Polish 

 

 

INTERNAL SEMINARS 

Chernobyl after Quarter of Centurya 

M. Rabiński 

Otwock, National Centre for Nuclear Research, 2012-05-28 

 

Thermonuclear fusion and plasma physicsa 

M. Rabiński 

Otwock, National Centre for Nuclear Research, 2012-06-25 

 

 
a) in Polish 

 

 

DIDACTIC ACTIVITY 

M.J. Sadowski - D. Załoga: Ph.D. Courses (I year) 

 

M.J. Sadowski - K. Jakubowska: Methods of otpical emission spectroscopy in applications to studies of high-temperature 

plasma in systems of Tokamak- and Plasma-Focus-type 

 

M.J. Sadowski - K. Malinowski: Preparation of a Ph.D. thesis on "Experimental studies and computer symulation of ion 

emission from RPI-IBIS plasma accelerator"  

 

M.J. Sadowski - R. Kwiatkowski: Ph.D. Courses (IV year), 

preparation of a Ph.D. thesis 

 

M.J. Sadowski - W. Surała: Ph.D. Courses (II year) 

 

 

PARTICIPATION IN SCIENTIFIC COUNCILS, ASSOCIATIONS AND ORGANIZING COMMITTEES 

A. Malinowska 
International Nuclear Track Society, member 

Plasma Physics Section of the Committee of Physics at the Polish Academy of Sciences  
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M. Rabiński 
Member of the Board of the Polish Nuclear Society, Head of the Information Committee 

Member of the European Nuclear Society 

Member of the Board of the Environmentalists for Nuclear Energy - Poland (treasurer) 

Polish Physical Society 

Postępy Techniki Jądrowej, Member of the Editorial Board of the Advances of Nuclear Technique, National Atomic Energy 

Agency 

Ekoatom, "Ecoatom" - Environmentalists for Nuclear Energy - Poland 

member of Scientific Council 

 

M.J. Sadowski 
Member of the European Physical Society (Plasma Physics Division) 

Fellow of the Institute of Physics, London, UK 

Member of the Polish Physical Society (PPS), since 2012 - Chairman of Plasma Physics Section at PPS 

Member of the Polish Society of Applied Electromagnetics 

NUKLEONIKA, Institute of Nuclear Chemistry and Technology 

Member of the Scientific Council, National Centre for Nuclear Research 

Honorary Chairman of the Scientific Council, Institute of Plasma Physics and Laser Microfusion  

 

A. Szydłowski 
International Nuclear Track Society, member 

 

 

PERSONNEL 

Czaus Krzysztof, B.Sc.E.E. 

Gątarczyk Krzysztof 

Gawrońska Alicja, 

Jakubowski Marcin 

Jakubowski Lech, Dr. 

Jędrzejczyk Marek 

Karpiński Paweł 

Malinowska Aneta, Dr. 

Malinowski Karol, MSc. 

Rabiński Marek, Dr. 

Sadowski Marek, Professor 

Składnik-Sadowska Elżbieta, Dr. 

Szydłowski Adam, Dr. 

Żebrowski Jarosław, Dr. 
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5. DEPARTMENT OF EDUCATION AND TRAININGS 
 

Director of Department: Professor Ludwik Dobrzyński 

phone:   +48 22 7180570 

e-mail:   Ludwik.Dobrzynski@ncbj.gov.p 

 

Overview 

 

The Department of Education and Trainings leads various activities. A summary of our work and achievements 

in 2012 is as follows: 

• About 5700 visitors were served by the Department  

• 10 scientific papers were published in peer-reviewed, internationally renowned journals, 3 papers of a popular 

character were published, 2 scientific papers were sent for publication in international journals; our papers 

were presented during 3 international conferences  

• A popular brochure “Nuclear Energy. The first encounter” (L.Dobrzynski, K.Żuchowicz) was published by 

NCBJ  

• Two PhD students continued their work under the supervision of the Director of the Department . One of them 

received the PhD title this year. 

• A number of training courses were organized for students, employees of NCBJ and for employees of the 

Polish Energy Group (PGE)  

• The Department was heavily involved in the Project “A school with future” (special additional training course 

for science teachers) 

• The Department was also represented (L.Dobrzynski as alternate of the Polish delegate) in UNSCEAR  

• A new experiment appeared in the Laboratory of Atomic and Nuclear Physics, operating mainly for secondary 

schools  

• 2 new didactic posters (Nuclear Power Plants in the World, Power Plants) were prepared and published for 

distribution to secondary schools 

• The Department continued its organization of the Competition “The Paths of Physics” 

 

 Prof. Ludwik Dobrzyński 
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REPORTS 

Annual Report NCBJ 2011 

A. Odziemczyk, ... , G. Swiboda, ... et al. 

NCBJ, Otwock-Świerk 

 

 

PARTICIPATION IN CONFERENCES AND WORKSHOPS 

Invited Talk 

 

Narodowe Centrum Badań Jądrowych: największe polskie zaplecze naukowe dla technologii jądrowych 

L. Dobrzyński 
Energetyka jądrowa w Polsce; Budowa elektrowni jądrowych (Poland, Gdańsk, 2012-09-25 - 2012-09-25) 

 

 

Oral Presentations 

 

The cancer risk among exposed workers in the nuclear center in Świerk, Poland 

K.W. Fornalski, L. Dobrzyński 

NARE2012: Natural Radiation Exposures and Low Dose Radiation Epidemiological Studies (Japan, Horosaki, 2012-02-29 

- 2012-03-03) 

 

Environmental radiation and cancers in Poland 

L. Dobrzyński, L. Dobrzynski, K.W. Fornalski 

NARE2012: Natural Radiation Exposures and Low Dose Radiation Epidemiological Studies (Japan, Horosaki, 2012-02-29 

- 2012-03-03) 

 

 

Poster 

 

Pooled bayesian Analysis of 28 Studies on Radon Induced Lung cancers 

K.W. Fornalski, L. Dobrzyński, L. Dobrzynski 

NARE2012: Natural Radiation Exposures and Low Dose Radiation Epidemiological Studies (Japan, Horosaki, 2012-02-29 

- 2012-03-03) 

 

 

LECTURES, COURSES AND EXTERNAL SEMINARS 

Medical aspects of ionizing radiationa 

L. Dobrzyński 

Gniewino, Partners of Promotion, 2012-10-24 

 

 
a) in Polish 

 

 

INTERNAL SEMINARS 

Polarized neutrons and photons: some applications in the magnetism studiesa 

L. Dobrzyński 

Warsaw, Institute of Physics, Polish Academy of Sciences, 2012-04-17 

 

 
a) in Polish 

 

 

DIDACTIC ACTIVITY 

Ł. Adamowski - Lectures and exercises in the training of PGE EJ employees. 

 

Ł. Adamowski - Lectures for visitors in NCNR Department of Education and Training. 
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L. Dobrzyński - Lectures during a course on basics of nuclear energy and technology for employees of Polish Energy 

Group: 

1. Structure of matter 

2. Atomic and nuclear radiations 

3. Formal description of radioactive sources; dosimetry 

4. Biological effects of ionizing radiation 

5. Nuclear reactor: the priniciples  

6. Big nuclear reactors' accidents 

in civil service 

 

E. Droste - Training courses for teachers and employees of the Polish Energy Group (PGE);<br /> 

Popular lectures and demonstration of experiments concerning various aspects of atomic and nuclear physics organized for 

visitors of National Centre for Nuclear Research.  

 

T. Ostrowski - Lectures for pupils, students and teachers visiting Department of Education and Training in National Centre 

for Nuclear Research. 

 

W. Szymczyk - Translating (into English) some popularizing leaflets published by Training & Education Division 

 

R. Wołkiewicz - Conducting laboratory classes during training for PGE EJ 

 

R. Wołkiewicz - The teaching of classes of school children visiting NCBJ. 

 

K. Żuchowicz - Preparation and conduct of educational activities with students, teachers, pupils 

 

 

PARTICIPATION IN SCIENTIFIC COUNCILS, ASSOCIATIONS AND ORGANIZING COMMITTEES 

L. Dobrzyński 
Session chairman on NARE2012: Natural Radiation Exposures and Low Dose Radiation Epidemiological Studies in 

Horosaki, Japan 

member 

Physica Scripta, Ohysica Scripta, Institute of Physics 

Adviser of the Polish Delegation to UNSCEAR 

member of the Scientific Council of the Institute of Nuclear Energy, Swierk 

Polish Atomic Agency, member of the Advisory Board, Chairman of the Commission of Social Education and Information 
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6. RADIOISOTOPE CENTRE POLATOM 
 

Director of Centre: Dr. Eng.Dariusz Socha 

phone:  +48 22 7180700 

e-mail:  d.socha@polatom 

 

Overview 

 

The R&D Department of the Radioisotope Centre POLATOM carries out research programme related to the 

application of radioactive preparations and radiolabelled compounds in various fields of medicine, research and 

industry and includes basic research as well as development and implementation of new technologies. The two main 

research and development domains of the Department are: 

- new methods for obtaining radioactive isotopes, 

- development of novel radiopharmaceutical preparations and radioactive sources for medicine, industry and 

research. 

In particular, these studies are related to the development of methods and technologies for obtaining therapeutic 

radionuclides of high specific activity produced by neutron irradiation in the Maria research reactor; development of 

technologies related to production of radionuclides in cyclotrons, development of new markers for diagnostics and 

radionuclide therapy based on active biological carriers, such as peptides and monoclonal antibodies; developing 

novel markers for PET diagnostics; designing multifunctional markers based on nanoparticles, etc.; as well as 

development of analytical and biological methods for the proper evaluation of therapeutic effectiveness of newly 

developed radiopharmaceuticals. The effects of these investigations are usually directly implemented at the 

Radioisotope Centre POLATOM in the development and manufacturing of new radiopharmaceuticals or the 

improvement of existing technologies and manufactured products. Therefore, a significant part of the results of the 

research performed in the R&D Department is later applied in pharmaceutical documentation required to obtain 

marketing authorization permission for novel radiopharmaceuticals, in accordance with the current legal regulations.  

In 2012 the R&D Department carried out four research and research-development projects financed by the Polish 

granting institutions, i.e. the National Centre for Research and Development and the National Science Centre. These 

were: 

(1) NCBiR Project No. N R05 0062 06/2009, entitled “An isotopic gel generator 188W/188Re” (01.08.2009 – 

31.07.2012). 

(2) NCN Project No. UMO-2011/03/B/ST5/02734, entitled “In vitro and in vivo investigations of the radiometals 

influence on the ability of CCK2R receptors imaging by the radiolabelled gastrin analogs” (30.08.2012 – 

29.08.2015).  

(3) NCBiR Project No. PBS1/A9/2/2012, entitled “Alternative methods of technetium-99m production” 

(01.11.2012 – 31.10.2015). 

(4) Research service agreement with IChTJ for realization of the project entitled “Electrochemical methods of the 

metals separation from radioactive waste” within the Project “Development of techniques and technologies 

supporting the housing of the used atomic fuel and radioactive waste” (01.10.2011–16.08.2014). 

The R&D Department also carried out three projects coordinated by IAEA on the development of new PET and 

SPECT radiopharmaceuticals: 

(1) IAEA No. 16476 “Development of 
68

Ga based PET-Radiopharmaceuticals for Management of Cancer and 

other Chronic Diseases“ (2011–2014). 

(2) IAEA No. 16639 “Therapeutic radiopharmaceuticals based on 
177

Lu- and 
90

Y- labelled monoclonal antibodies 

and peptides: development and preclinical evaluations” (2011–2014). 

(3) IAEA No. 17419 “Accelerator-based alternatives to non-HEU production of Mo-99/Tc-99m 

 (2012-2015). 

The research team of the R&D Department participated in two programme of the international COST action 

(European cooperation program of scientific and technical cooperation):  

(1) COST TD1004 – Theragnostics Imaging and Therapy: An Action to Develop Novel Nanosized Systems for 

Imaging-Guided Drug Delivery (2011-2015). 

(2) COST CM1105 - Functional metal complexes that bind to biomolecules (2012–2016). 
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In 2012 the R&D Department of RC POLATOM joined the international project entitled “Phase I clinical trial 

using a novel CCK-2/gastrin receptor-localizing radiolabelled peptide probe for personalized diagnosis and therapy 

of patients with progressive or metastatic medullary thyroid carcinoma”, under the ERA-NET TRANSCAN call.  

The most important achievements of the R&D Department of RC POLATOM in 2012 were:  

(1) Awards: Silver Medal at The Belgian and International Trade Fair for Technological Innovation “Brussels 

INNOVA 2012” for the innovation “ItraPol & LutaPol, 
90

Y and 
177

Lu precursors for application in oncological 

radiotherapy” 

(2)  Organization of international scientific meeting of the Working Group WG1 “Imaging reporters for theragnostic 

agents” within the COST TD1004 action, Warsaw, Hotel Harenda, 27.08.2012. 

(3) Preparation of the Pharmaceutical Dossier for a new radiopharmaceutical TECHIMMUNA, diagnostic kit 

labelled with 
99m

Tc for imaging of inflammation, submitted to The Office for Registration of Medicinal 

Products, Medical Devices and Biocidal Products (Poland) for granting Marketing Authorization in Poland. 
 

 Dr. Dariusz Socha 
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REPORTS 

Estimation of radiological protection on the territory of Nuclear Centre Świerk and its vicinity (2011) 

B. Filipiak, ... , Z. Haratym, T. Pliszczyński, B. Snopek, B. Boimski, K. Ciszewska, S. Domański, M. Dymecka, R. 

Ejsmont, M. Feczko, A. Garboliński, B. Karpińska, J. Lechniak, G. Pindara, R. Sosnowiec, M. Szostak, W. Śniegoń, 

M. Umaniec, K. Wiśniewska, Z. Worch, D. Zielińska, ... et al. 

NCBJ Otwock 

 

 

PARTICIPATION IN CONFERENCES AND WORKSHOPS 

Invited Talks 

 

Nowe radiofarmaceutyki stosowane w kardiologii nuklearnej 

R. Mikołajczak 
Sympozjum (Poland, Warszawa, 2012-02-09 - 2012-02-09) 

 

Radionuclides and radiopharmaceuticals at POLATOM 

R. Mikołajczak 
NRC-8, EuCheMS, International Conference on Nuclear and Radiochemistry (Italy, Como, 2012-09-16 - 2012-09-21) 

 

Radioisotopes for Therapy and Development of Therapeutic Radiopharmaceuticals 

R. Mikołajczak 
XIII National Days of Radiochemistry and Nuclear Chemistry (France, Nantes, 2012-10-04 - 2012-10-05) 

 

Terapia znakowanymi izotopowo analogami somatostatyny w Polsce (PRRT) 

J. Kunikowska, L. Królicki, A. Sowa-Staszczak, A. Hubalewska-Dydejczuk, D. Pawlak, R. Mikołajczak, , 

D. Handkiewicz-Junak, N. Szaluś, G. Kamiński, J.B. Ćwikła 

XIII Zjazd Polskiego Towarzystwa Medycyny Nuklearnej (Poland, Kielce, 2012-09-19 - 2012-09-22) 

 

Radiometale stare i nowe w diagnostyce i terapii 

R. Mikołajczak 
XIII Zjazd Polskiego Towarzystwa Medycyny Nuklearnej (Poland, Kielce, 2012-09-19 - 2012-09-22) 

 

Glioblastoma Therapy with Substance P labelled with Bismuth-213 - Initial experience 

L. Królicki, J. Kunikowska, H. Koziara, A. Morgenstern, F. Bruchertseifer, M. Jakuciński, D. Pawlak, R. Mikołajczak, 

B. Królicki, S. Barszcz 

7th International Conference on Radiopharmaceutical Therapy ICRT 2012 (Finland, Levi, 2012-11-25 - 2012-11-29) 

 

Clinical trials of radiopharmaceuticals 

R. Mikołajczak 
11C i 15O in Preclinical Studies (Poland, Warsaw, 2012-05-16 - 2012-05-16) 

 

 

Oral Presentations 

 

First assessment of [Lys40-(Ahx-HYNIC)NH2-
99mTc] Exendin-4 potential for GLP-1 receptor imaging 

R. Mikołajczak, B. Janota, E. Jakubowska, H.R. Maecke, R. Mansi, A. Hubalewska-Dydejczyk, A. Sowa-Staszczak, 

Tomaszuk, B. Glowa 

16th European Symposium on Radiopharmacy and Radiopharmaceuticals (France, Nantes, 2012-04-26 - 2012-04-29) 

 

Materia magnetyczna z sąsiedztwa wybranych meteorytów pustynnych 

W. Stankowski, Z. Tymiński 

VII Konferencja Meteorytowa (Poland, Łowicz, 2012-04-20 - 2012-04-21) 

 

44Sc-labelled octreotides: Synthesis, stability, iv vitro, ex vivo, and in vivo behaviour. 

E. Eppard, M. Pruszyński, R. Mikołajczak, E. Koumarianou, M. Miederer, R.P. Baum, F. Roesch 

Society of Nuclear Medicine (SNM) 59th Annual Meeting (USA, Miami Beach, Florida, 2012-06-09 - 2012-06-13) 

 

Improvement of construction of recombination chambers for mixed radiationdosimetry at work places 

M.A. Gryziński, M. Zielczyński, N. Golnik, E. Jakubowska 

13th International Congress of the International Radiation Protection Association. Living with Radiation - Engaging with 

Society (United Kingdom, Glasgow, 2012-05-13 - 2012-05-18) 
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Nowy zestaw diagnostyczny HmPAO znakowany technetem 99m do badania ukrwienia mózgu i wykrywania ognisk 

zapalnych 

U. Karczmarczyk, E. Byszewska-Szpocińska, J. Pijarowska-Kruszyna, A. Jaroń, E. Jakubowska, E. Laszuk, 

B. Janota 
XIII Zjazd Polskiego Towarzystwa Medycyny Nuklearnej (Poland, Kielce, 2012-09-19 - 2012-09-22) 

 

Prekursory radiofarmaceutyków - wymagania jakościowe i metody badań na przykładzie chlorku itru-90, i chlorku lutetu-

177 

P. Garnuszek 
XIII Zjazd Polskiego Towarzystwa Medycyny Nuklearnej (Poland, Kielce, 2012-09-19 - 2012-09-22) 

 

Kontrola Jakości preparatów radiofarmaceutycznych w Laboratorium Wzorców Radioaktywności NCBJ OR POLATOM 

A. Listkowska, E. Kołakowska, A. Muklanowicz, A. Patocka 

XIII Zjazd Polskiego Towarzystwa Medycyny Nuklearnej (Poland, Kielce, 2012-09-19 - 2012-09-22) 

 

Scyntygrafia analogiem GLP-1 znakowanym 99m-Tc szansą dla pacjentów z trudno wykrywalnym insulinoma i rakiem 

rdzenistym tarczycy 

A. Sowa-Staszczak, D. Pach, M. Tomaszuk, A. Stefańska, A. Jabrocka, R. Mikołajczak, B. Janota, G. Kamiński, 

A. Kowalska, A. Hubalewska-Dydejczyk 

XIII Zjazd Polskiego Towarzystwa Medycyny Nuklearnej (Poland, Kielce, 2012-09-19 - 2012-09-22) 

 

Analiza czasu przeżycia i ocena efektywności terapii I.V. 90-Y DOTATATE w grupie pacjentów z nieoperacyjnymi 

progresywnymi guzami neuroendokrynnymi trzustki oraz jelita cienkiego (GEP-NEN) 

E. Wachuła, J.B. Ćwikła, A. Lewczuk, A. Sankowski, N. Seklecka, W. Rogowski, D. Pawlak, R. Mikołajczak 

XIII Zjazd Polskiego Towarzystwa Medycyny Nuklearnej (Poland, Kielce, 2012-09-19 - 2012-09-22) 

 

Functional imaging of neuroendocrine tumors: Comparison of PET/CT with 68Ga DOTATATE and 18FDG. Do we need 

18FDG in neuroendocrine tumors? 

J. Kunikowska, L. Królicki, A. Zemczak, J. Strzelczyk, D. Pawlak, R. Mikołajczak, J. Mączewska, K. Fronczewska-

Wieniawska 

Annual Congress of the EANM 2012 (Italy, Milan (Mediolan), 2012-10-27 - 2012-10-31) 

 

Charakterystyka wychwytu fizjologicznego w badaniach PET/CT z zastosowaniem Ga-68 -DOTA-TATE 

J. Kunikowska, L. Królicki, D. Pawlak, I. Zerizer, R. Mikołajczak 

XIII Zjazd Polskiego Towarzystwa Medycyny Nuklearnej (Poland, Kielce, 2012-09-19 - 2012-09-22) 

 

68Ga-DOTATATE PET/CT in oncogenic osteomalacia - our experience 

J. Kunikowska, L. Królicki, D. Pawlak, R. Mikołajczak 

Annual Congress of the EANM 2012 (Italy, Milan (Mediolan), 2012-10-27 - 2012-10-31) 

 

Ki-67 and/or 18FDG PET/CT? Which do we need for Qualifying Patients for Peptide Receptor Radionuclide Therapy? 

J. Kunikowska, L. Królicki, D. Pawlak 

7th International Conference on Radiopharmaceutical Therapy ICRT 2012 (Finland, Levi, 2012-11-25 - 2012-11-29) 

 

Ocena narażenia pacjenta podczas scyntygrafii analogiem GLP-1 znakowanym 99m-Tc-[Lys40(AHX-HYNIC-

99mTc/EDDA)NH2]-EXENDIN-4 

M. Tomaszuk, A. Sowa-Staszczak, W. Lenda-Tarcz, B. Głowa, R. Mikołajczak, B. Janota, A. Hubalewska-Dydejczyk 

XIII Zjazd Polskiego Towarzystwa Medycyny Nuklearnej (Poland, Kielce, 2012-09-19 - 2012-09-22) 

 

Opracowanie formy farmaceutycznej peptydu [LYS40-(AHX-HYNIC)NH2]-EKSENDYNA-4 do znakowania 99m-Tc jako 

radiofarmaceutyku do obrazowania receptorów GLP-1 

B. Janota, P. Garnuszek, U. Karczmarczyk, E. Jakubowska, E. Laszuk, R. Mikołajczak 

XIII Zjazd Polskiego Towarzystwa Medycyny Nuklearnej (Poland, Kielce, 2012-09-19 - 2012-09-22) 

 

Development of therapeutic radiopharmaceuticals based on 177Lu and 90Y labeled monoclonal antibodies and peptides. 

W. Wojdowska, U. Karczmarczyk, M. Maurin, E. Byszewska-Szpocińska, P. Garnuszek, R. Mikołajczak 

2nd Research Co-ordination Meeting of the “Co-ordinated Research Project (Macedonia, Stip, 2012-10-01 - 2012-10-15) 

 

 

Posters 

 

European project ‘Metrology for radioactive waste management’ 

P. Kovar, J. Suran, F.J. Maringer, Z. Tymiński 

ICRM-LLRMT 2012 (Korea, Jeju Island, 2012-09-17 - 2012-09-21) 
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Opracowanie metod analitycznych do badania jakości prekursora radiofarmaceutycznego LUTAPOL (177-LuCl3 roztwór 

do znakowania) 

P. Garnuszek, D. Pawlak, T. Dziel, A. Filiks, M. Maurin, I. Sasinowska, M. Korytkowski, R. Mikołajczak 

XIII Zjazd Polskiego Towarzystwa Medycyny Nuklearnej (Poland, Kielce, 2012-09-19 - 2012-09-22) 

 

68Ga-DOTA-Substance-P as a tool for diagnostic and locoregional administration follow up of 213Bi-DOTA-Substance-P 

in the course of glioma therapy 

D. Pawlak, P. Garnuszek, M. Maurin, L. Królicki, J. Kunikowska, J. Marchel, M. Jakuciński, R. Mikołajczak 

COST TD1004 WG1 Meeting (Poland, Warsaw, 2012-08-27 - 2012-08-27) 

 

Odnalezienie, rozpoznanie i pierwsze badania meteorytów z Oslo 

Z. Tymiński, M. Burski, M. Stolarz, T. Kubalczak 

VII Konferencja Meteorytowa (Poland, Łowicz, 2012-04-20 - 2012-04-21) 

 

Opracowanie metod analitycznych do badania jakości prekursora radiofarmaceutycznego ITRAPOL (90 YCl3 roztwór do 

znakowania) 

P. Garnuszek, D. Pawlak, T. Dziel, A. Filiks, M. Maurin, I. Sasinowska, M. Korytkowski, A. Markiewicz, 

R. Mikołajczak 
XIII Zjazd Polskiego Towarzystwa Medycyny Nuklearnej (Poland, Kielce, 2012-09-19 - 2012-09-22) 

 

Radiolabeling and preliminary in vitro and in vivo evaluation of cyclic growth inhibitor peptides (cGIPs) as potential 

radioligands of alfafetoprotein receptor 

M. Maurin, P. Garnuszek, U. Karczmarczyk, G. Mizejewski, R. Mikołajczak 

16th European Symposium on Radiopharmacy and Radiopharmaceuticals (France, Nantes, 2012-04-26 - 2012-04-29) 

 

Pitfalls of glucagonlike peptite-1 receptor imaging performed by [Lys40(Ahx-HYNIC-99mTc/EDDA)NH-2]-exendin-4. 

A. Hubalewska-Dydejczuk, A. Sowa-Staszczak, D. Pach, A. Gilis-Januszewska, G. Kamiński, M. Tomaszuk, 

R. Mikołajczak, B. Janota 

Society of Nuclear Medicine (SNM) 59th Annual Meeting (USA, Miami Beach, Florida, 2012-06-09 - 2012-06-13) 

 

Pharmaceutical Development of the one Vial Kit for Preparation of [LYS40-(AHX-HYNIC)NH2-99mTc]EXENDIN-4 

Radiopharmaceutical Targeting GLP-1 Receptor 

B. Janota, R. Mikołajczak, P. Garnuszek, U. Karczmarczyk, E. Jakubowska 

Annual Congress of the EANM 2012 (Italy, Milan (Mediolan), 2012-10-27 - 2012-10-31) 

 

Preparation of 57Co sources for Mossbauer Spectroscopy 

I. Cieszykowska, M. Żółtowska, M. Mielcarski, P. Zachariasz, A. Piasecki, T. Janiak, T. Barcikowski 

NRC-8, EuCheMS, International Conference on Nuclear and Radiochemistry (Italy, Como, 2012-09-16 - 2012-09-21) 

Universita degli Studi di Milano, Dip. Di Fisica Press No. (2012) p. 119 

 

Studies of Mo-99 separation from uranium solution using alumina as a sorbent 

W. Wojdowska, D. Pawlak, J. Parus, R. Mikołajczak 

Society of Nuclear Medicine (SNM) 59th Annual Meeting (USA, Miami Beach, Florida, 2012-06-09 - 2012-06-13) 

 

Quality Control of the Radiopharmaceutical Precursor ItraPol (90YCl3) Produced at POLATOM 

P. Garnuszek, D. Pawlak, T. Dziel, A. Filiks, I. Sasinowska, M. Maurin, M. Korytkowski, R. Mikołajczak 

Annual Congress of the EANM 2012 (Italy, Milan (Mediolan), 2012-10-27 - 2012-10-31) 

 

Separation of carrier free 177Lu from 177Lu/Yb mixture by electro-amalgamation of ytterbium 

I. Cieszykowska, M. Żółtowska, M. Mielcarski, A. Filiks 

NRC-8, EuCheMS, International Conference on Nuclear and Radiochemistry (Italy, Como, 2012-09-16 - 2012-09-21) 

Universita degli Studi di Milano, Dip. Di Fisica Press No. (2012) p. 119 

 

Method for 90Sr determination in 90YCl3 solution used as precursor for labeling 

D. Pawlak, J.L. Parus, A. Korsak, T. Dziel, A. Muklanowicz, R. Mikołajczak 

Annual Congress of the EANM 2012 (Italy, Milan (Mediolan), 2012-10-27 - 2012-10-31) 

 

Pharmaceutical development on DOTA-anti-CD20 monoclonal antibody for 177Lu labelling 

W. Wojdowska, U. Karczmarczyk, E. Byszewska-Szpocińska, P. Garnuszek, R. Mikołajczak 

Annual Congress of the EANM 2012 (Italy, Milan (Mediolan), 2012-10-27 - 2012-10-31) 

 

Spójność pomiarowa w medycynie nuklearnej 

T. Dziel, A. Listkowska, Z. Tymiński 

XIII Zjazd Polskiego Towarzystwa Medycyny Nuklearnej (Poland, Kielce, 2012-09-19 - 2012-09-22) 
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Reversed phase TLC method for investigation and RPC testing of radiopharmaceutical preparations 

P. Garnuszek, M. Maurin, D. Pawlak,  

16th European Symposium on Radiopharmacy and Radiopharmaceuticals (France, Nantes, 2012-04-26 - 2012-04-29) 

 

Corrections for camera dead-time in post-radionuclide therapy SPECT imaging 

H. Piwowarska-Bilska, S. Shcherbinin, B. Birkenfeld, R. Mikołajczak, A. Celler 

Annual Congress of the EANM 2012 (Italy, Milan (Mediolan), 2012-10-27 - 2012-10-31) 

 

Optymalizacja zestawu radiofarmaceutycznego do znakowania erytrocytów 

B. Janota, M. Maurin, E. Byszewska-Szpocińska, E. Jakubowska, M. Leszczyńska, W. Mikołajczak 

XIII Zjazd Polskiego Towarzystwa Medycyny Nuklearnej (Poland, Kielce, 2012-09-19 - 2012-09-22) 

 

Zastosowanie metody TLC-Rp18 do oceny czystości radiochemicznej preparatu 99m-Tc(III)-DMSA 

M. Maurin, P. Garnuszek, M. Korytkowski 

XIII Zjazd Polskiego Towarzystwa Medycyny Nuklearnej (Poland, Kielce, 2012-09-19 - 2012-09-22) 

 

A one step automated radiosynthesis of 18F-FECNT from mesylate precursor 

J. Pijarowska-Kruszyna, A. Jaroń, B. Małkowski, K. Kasprzak, A. Kowalska, A. Kachniarz, R. Mikołajczak 

Positron Emission Tomography in Research and Diagnostics PETRAD 2012 (Poland, Warsaw, 2012-05-16 - 2012-05-19) 

 

Preliminary results of 90Y and 177Lu radiolabelling of ultra small rigid particles as multimodal probes 

M. Maurin, P. Garnuszek, R. Mikołajczak, C. Truillet, F. Lux, A. Clabaut, O. Tillement 

COST Action TD1004 Annual Meeting, London (United Kingdom, Londyn, 2012-10-28 - 2012-10-30) 

 

Metrology for radioactive waste management : Clearance levels and acceptance criteria legislation, requirements and 

standards 

F.J. Maringer, J. Suran, P. Kovar, Z. Tymiński 

ICRM-LLRMT 2012 (Korea, Jeju Island, 2012-09-17 - 2012-09-21) 

 

Nowe radiofarmaceutyki terapeutyczne - opracowanie metody znakowania 177-Lu przeciwciała ANTY-CD-20 

(RYTUKSYMAB) 

W. Wojdowska, U. Karczmarczyk, E. Byszewska-Szpocińska, P. Garnuszek, R. Mikołajczak 

XIII Zjazd Polskiego Towarzystwa Medycyny Nuklearnej (Poland, Kielce, 2012-09-19 - 2012-09-22) 

 

DIDACTIC ACTIVITY 

P. Garnuszek - Wykład dla studentów V roku Wydziału Farmacji Warszawskiego Uniwersytetu Medycznego pt." 

Radiofarmaceutyki - otrzymywanie, właściwości, zastosowanie, jakość i bezpieczeństwo stosowania. (2 godz.) Zakład 

Farmacji Stosowanej, Wydział Farmacji WUM, Warszawa dn. 6.12.2012 

 

P. Garnuszek - Wykład pt. "Radiofarmaceutyki – charakterystyka, zastosowanie i aspekty prawne." (2 godz.) 23.04.2012r. 

„Zadania Farmacji Szpitalnej” Specjalizacja podstawowa – Farmacja Szpitalna [III rok] – nr kursu 02/SP/12. Zakład 

Farmacji Stosowanej – Warszawski Uniwersytet Medyczny 

 

D. Pawlak - " Preparation of Radiopharmaceuticals Used in Endocrinology" 

Educational Conference "Radioisotope Diagnosis and Treatment in Endocrine ", Poznan, 20-22 April 2012  

Lecture 

 

J. Wojnarowicz - A-A type of training 

 

J. Wojnarowicz - IOR-1 type of training 

 

J. Wojnarowicz - S-Z type of training 

 

PARTICIPATION IN SCIENTIFIC COUNCILS, ASSOCIATIONS AND ORGANIZING COMMITTEES 

K. Bańko 
Member of Europen Association of Nuclear Medicine 

Member of Reactor and Isotope Group of Association of Imaging Producers & Equipment Suppliers 

Member of Polish Society of Nuclear Medicine. 

 

R. Broda 
Delegate. Consultative Committee for Ionizing Radiation (CCRI). Section II - Measurement of radionuclides.  

Member. Polish Physical Society. 

Delegate member. International Committee for Radionuclide Metrology (ICRM).  

Elected member. Committee for Metrology and Scientific Instrumentations of Polish Academy of Science  
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I. Chwalińska 
European Association of Nuclear Medicine, member 

 

P. Garnuszek 
European Association of Nuclear Medicine (EANM) 

Polish Society of Nuclear Medicine  

 

E. Iller 
European Association of Nuclear Medicine (EANM)  

member of Scientific Council of National Center for Nuclear Research. 

external member of Scientific Council of Institute of Nuclear Chemistry and Technology, Warsaw 

 

B. Janota 
member 

 

U. Karczmarczyk 

Member, Polish Society of Nuclear Medicine 

Member 

 

A. Markiewicz 
member of Scientific Council of National Center for Nuclear Research. 

 

M. Maurin 
Member, Polish Society of Nuclear Medicine 

 

M. Mielcarski 
member of Scientific Council of Institute of Atomic Energy POLATOM 

member of Scientific Council of National Center for Nuclear Research. 

 

R. Mikołajczak 
Session chairman on Positron Emission Tomography in Research and Diagnostics PETRAD 2012 in Warsaw, Poland 

Session chairman on 16th European Symposium on Radiopharmacy and Radiopharmaceuticals in Nantes, France 

Session chairman on Annual Congress of the EANM 2012 in Milan (Mediolan), Italy 

Session chairman on XIII Zjazd Polskiego Towarzystwa Medycyny Nuklearnej in Kielce, Poland 

Session chairman on NRC-8, EuCheMS, International Conference on Nuclear and Radiochemistry in Como, Italy 

European Association of Nuclear Medicine, EANM 

Polish Society of Nuclear Medicine, PTMN, member of the General Board of PTMN since 2006 

Society of Radiopharmaceutical Sciences 

European Society for Molecular Imaging, ESMI 

member of Expert Group evaluating units applying for the rights to run specialization program in Radiopharmacy, called by 

The Medical Centre of Postgraduate Education  

Nuclear Medicine Revew , member of Editorial Board, Grupa Via Medica 

 

D. Pawlak 
European Association of Nuclear Medicine 

Society of Radiopharmaceutical Sciences  

Polish Society of Nuclear Medicine 

World Association of Radiopharmaceutical and Molecular Therapy 

 

D. Socha 
member of Scientific Council of National Center for Nuclear Research. 

 

Z. Tymiński 
Polish Fireball Network  

Meteoritical Society 

 

W. Wojdowska 
Polish Society of Nuclear Medicine 
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7. DIVISION OF NUCLEAR EQUIPMENT - HITEC 
 

Director of Centre: Dr. Paweł Krawczyk 

phone:  +48 22 7180500 

e-mail:  p.krawczyk@ncbj.gov.pl 

 

Overview 

 

The Division of Nuclear Equipment - HITEC specializes in applications of accelerator technologies in medicine 

and industrial radiography. It combines research and development with manufacturing activities.  

In 2012, HITEC continued intensive research and development work in the framework of the Project 

No.POIG.01.01-14-012/08-00 (known under the short name of “Accelerators and Detectors”) funded by the EU 

Structural Funds. As described in detail elsewhere in this Report, these efforts concentrated on developing a new 

generation of medical multi-energy accelerators for advanced radiotherapy. The first model of the accelerator was 

used to implement and to test highly specialized treatment techniques. This stage of development required 

integration of various components that so far had been developed independently and as such, it served as an 

important test for the whole system Further design work was carried out for the second (and the final) model of the 

accelerator for advanced radiotherapy. The design of two other devices: a mobile accelerator for intraoperative 

radiation therapy and an accelerator that would serve as a radiation source for a border control system, has been 

finished and assembly has begun. 

For HITEC 2012 was also a time of substantial effort and progress in the manufacture of PI-Mode Structure 

(PIMS) accelerating cavities for Linac 4 in the framework of a Collaboration Agreement with CERN aimed at 

upgrading the performance of the CERN Large Hadron Collider (LHC). After working out the details of the 

technological process that allows the demanding precision of machiningto be achieved, HITEC invested in a new 

CNC 5 axis machine. It will greatly extend HITEC’s manufacturing capabilities allowing it to meet the contracted 

delivery schedule. 

HITEC signed in 2012 three agreements for delivery of radiographic accelerators (scheduled for 2013). In two 

cases, the accelerators will be accompanied by fully integrated digital radiography systems consisting of a detector 

and a set of manipulators: for the accelerator, for the X-rayed object and for the detector. The manipulators and their 

integration were a subject of extensive development work by HITEC engineers. Also, for one of the systems, 

HITEC began development of a new dual-energy radiographic accelerator. The device, delivering significantly 

higher dose rates than the earlier models will enrich the range of commercially available HITEC linear accelerators.  

 

 

 Dr. Paweł Krawczyk 
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III. REPORTS ON RESEARCH 
 

 

 

1. ASTROPHYSICS, COSMIC RAYS & ELEMENTARY PARTICLE PHYSICS 
 

 

2. NUCLEAR PHYSICS 
 

 

3. PLASMA PHYSICS & TECHNOLOGY 
 

 

4. DETECTORS, ACCELERATORS, PHYSICS OF MATERIALS & 

APPLICATIONS 
 

 

5. SOLID STATE PHYSICS 
 

 

6. NUCLEAR TECHNOLOGY IN ENERGY GENERATION 
 

 

7. NUCLEAR TECHNIQUES IN HEALTH AND ENVIRONMENTAL 

PROTECTION MANAGEMENT OF HAZARDS 
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Galaxies and the Properties of the Universe: our Involvement in VIPERS 

(VIMOS Public Extragalactic Redshift Survey) 

by A. Pollo, for the VIPERS collaboration 

National Centre for Nuclear Research, Warsaw, Poland 

 

The "VIMOS Public Extragalactic Redshift Survey" 

(VIPERS) is an ongoing European Southern 

Observatory (ESO) Large Program, designed to map in 

detail the spatial distribution of galaxies over an 

unprecedented volume of the z~1 Universe.  

The story began in 2008, when with a group of 

collaborators from the VIMOS VLT Deep Survey 

(VVDS) – an earlier and smaller deep galaxy survey – 

we published a test of the nature of cosmic acceleration 

using galaxy redshift distortions [1]. 

Thanks to observations of distant supernovae we 

know today that our Universe is presently in a phase of 

accelerated expansion; this discovery was rewarded by a 

Nobel prize in 2011. However, the physical cause for 

this phenomenon is still unknown: it may be related to 

some exotic form of energy, but alternative explanations 

require modifications of general relativity theory. 

Luckily for us, different models predict measurable 

differences in the growth rate of the large-scale structure 

with cosmic time, and these differences can be read 

from the radial anisotropy in the clustering pattern in 

galaxy surveys. Our first measurement of this effect at 

z~0.8 [1] was consistent with the standard cosmological 

constant model. However, the error bars were too large 

to make conclusive statements.  

In 2008, after publishing this result, with a group of 

authors we submitted a proposal to ESO to conduct a 

larger spectroscopic galaxy survey, which would allow 

error bars to be decreased and give conclusive answers 

to the problem of the nature of dark energy. 

Today, VIPERS has already performed half of its 

planned observations, which makes it is largest redshift 

survey available at z~1 [2]. VIPERS uses the 

multispectrograph VIMOS at the VLT to measure 

100,000 redshifts for galaxies with red magnitude I(AB) 

brighter than 22.5 over an area of 24 square degrees. At 

this redshift, VIPERS fills a unique niche in galaxy 

surveys, optimizing the combination of 5-band accurate 

photometry from the CFHTLS with the multiplexing 

capability of VIMOS. A robust colour-colour pre-

selection allows the survey to focus its measurements on 

the 0.5<z<1.2 redshift range, yielding an optimal 

combination of large volume (5x107h-3 Mpc3) and high 

effective spectroscopic sampling (>50%). With these 

figures, the VIPERS data set will be the z~1 equivalent 

of current state-of-the-art "local" (z<0.2) surveys, 

allowing us to compare measurements at these two 

different epochs on an equal statistical footing.  

In 2012, we decided to freeze the internal database 

with 55,358 measured redshifts and close to 60,000 

observed targets, and the scientific analysis of this 

dataset is ongoing. The public release of this first 

VIPERS catalogue is planned in the autumn of 2013.  

The VIPERS redshift distribution has already been 

used to measure the real-space galaxy power spectrum 

from colour-selected subsamples of the CFHTLS survey 

[3], while an early subset of the data has been analysed 

and classified by the Principal Component Analysis [4]. 

The VIPERS scientific investigations focus on 

measurements of large-scale structure and cosmological 

parameters at an epoch when the Universe was about 

half its current age. At the same time, we are trying to 

explore the ensemble properties of luminous galaxies, 

groups, clusters and AGNs with unprecedented 

statistical accuracy at these redshifts. The main wave of 

papers is expected in 2013, but we can already see from 

the present data that VIPERS is exploring the large 

scale structure at z~1 with detail never seen before at 

this epoch. In Fig. 1, we can see galaxies observed in 

one of the two VIPERS fields: they form very complex 

structures, some of them almost of the size of the 

survey, but we also observe a very clear segregation 

with respect to galaxy types, which implies that the 

structures existing today were already well established 

in the z~1 Universe. 

 

References 

[1] L. Guzzo, et al., 2008, Nature, 451, 541 

[2] vipers.inaf.it 

[3] Granett et al., 2012, MNRAS, 421, 251 

[4] Marchetti et al., 2013, MNRAS, 428, 1424 

 
Fig. 1 VIPERS cone W1: we can observe densely clustered 

red (passive) galaxies, much less clustered blue star-forming 

galaxies, and a transient population of green galaxies.  
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Investigation of Properties of Neutron Stars 

by A. Majczyna for the X-ray bursters group 

National Centre for Nuclear Research, Warsaw, Poland 

 
The basic parameters of neutron stars allow physical 

properties of super dense matter to be explored. Some 

theoretical models assume exotic states of matter, like 

pion or kaon condensations, some even free quarks, 

neutrons superfluidity or superconductivity. Each set of 

assumptions results in a different mass-radius relation 

and different maximal mass of the neutron star. The 

main goal undertaken by our group is to develop a new 

method of determination of the mass and radius of 

neutron stars. Our approach is based on fitting 

theoretical spectra to the spectra observed by X-ray 

satellite facilities. An important and difficult problem is 

to develop a method which for observations with 

relatively large errors, as high as 20%, allows 

unambiguous results to be obtained. The main goal of 

our Bursters group is the reliable modelling of hot 

neutron star atmospheres. Although the neutron star 

atmosphere is very thin (from a few centimetres to a few 

metres), modelling the spectrum of radiation leaving its 

surface provides important information about the 

neutron star, like its surface temperature or surface 

gravity. Fitting our model spectra to the observed ones, 

we obtain the gravitational redshift in addition to the 

temperature and surface gravity. Values of gravitational 

redshift and surface gravity allow in turn an 

unambiguous determination of the mass and radius of 

the neutron star.  

This method, developed in the last year, gives results 

which were confirmed by a comparison with the values 

presented in Kuśmierek et al. (2011) for the neutron star 

in the X-ray burster 4U 1820-30.  

 

 

 
Fig. 1 1,2,3-sigma confidence levels for our mass and radius 

determination for a neutron star in MXB 1728-34 (Majczyna, 

Madej i Należyty 2012). Dashed line determination from 

Fujimoto & Gottwald (1989), green Shaposhnikov et al. 

(2003) and grey Kaminker et al.(1989). 
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The “Pi of the Sky” experiment has been carried out 

in our institute for many years in collaboration with 

several national and foreign institutes with the aim to 

detect short optical counterparts (so called afterglows) 

of Gamma-Ray Bursts and other short time scale optical 

astrophysical phenomena. The continual observations 

are carried out with the use of robotised equipment 

remotely controlled over the Internet. 

Currently, “Pi of the Sky” consists of two 

observatories. One is located in Northern Chile, close to 

San Pedro de Atacama (SPdA), at 2257’12” S and 

6810’48” W, near the Chilean-Bolivian border. The 

Chilean observatory has been operational since March 

2011, since we moved there our prototype mount with 

two cameras from Las Campanas Observatory (LCO), 

which we had to leave in 2009. The cameras in Chile 

observe the same parts of the sky in coincidence; we 

reject flash events, which occur in one camera only, 

assuming they are caused by cosmic rays or hot pixels. 

The second observatory is located in Southern Spain, in 

the Instituto National de Tecnica Aeroespacial (INTA) 

near Huelva, at 376’14” N, 644’3” W. The Spanish 

observatory has been in use since October 2010 and a 

new type of equatorial mount, carrying four cameras, is 

installed there. The detector has two observation modes: 

WIDE (cameras observe adjacent fields) and DEEP (all 

cameras observe the same part of the sky). In the WIDE 

mode the field of view covers about 40x40, while it is 

about 20x20 in DEEP. Usually we observe in the 

WIDE mode, to maximize our discovery potential. In 

both observatories we use cameras with a 2000x2000 

pixel matrix, and a fast lens (f=85 mm, f/d=1.2). The 

Spanish cameras only have standard UV and infrared 

cut filters, whereas in Chile one camera has the same 

filter set as in Spain, but the second one has an R 

Johnson-Bessel filter installed. 

The year 2012 was devoted to building and testing 

software and hardware in INTA. The station in INTA 

should increase our chances for new discoveries, 

especially as new telescopes with four cameras in each 

of them will soon become operational. 
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The Spectrum of High-energy Cosmic Rays Measured  

with KASCADE-Grande 

by P. Łuczak and J. Zabierowski (for the KASCADE-Grande Collaboration) 
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The main goals of experimental cosmic ray research 

are the determination of the arrival direction 

distribution, the primary energy spectrum, and the 

elemental composition. These measurements comprise 

important hints for understanding the origin, 

acceleration and propagation of energetic cosmic ray 

particles.  

The determination of the primary energy and 

elemental composition in the energy range from 10
15 

eV 

up to above 10
20 

eV, only possible to be accessed via 

indirect study of the properties of extensive air showers 

(EAS), has been the subject of earth-bound experiments 

for more than five decades. The shape of the spectrum is 

described by various theoretical models trying to 

explain or predict its different features, manifesting 

themselves by changes of the spectral index. These 

models can be validated only by experimental results.  

 

Fig. 1  The all-particle energy spectrum obtained with 

KASCADE-Grande. The residual intensity after multiplying 

the spectrum with a factor of E2.918 and normalized with A is 

displayed as well as the band of systematic uncertainty [2]. 

Recently, such validation has been made by the 

KASCADE-Grande [1] experiment which published [2] 

the spectrum of cosmic rays between 10
15 

eV and 10
18

 

eV, derived from measurements of the shower size 

(total number of charged particles) and the total muon 

number of extensive air showers. The resulting all-

particle spectrum exhibits structures which do not allow 

us to describe the spectrum with a single power law. 

To emphasize this, Fig. 1 shows the residuals of the 

all-particle energy spectrum multiplied by a factor in 

such a way that the middle part of the spectrum 

becomes flat. A power law index of =-2.92±0.02 is 

obtained. For the full energy range a statistical analysis 

reveals that the spectrum is not described by a single 

power law with a significance of 2.1 . 

Just above 10
16 

eV the spectrum exhibits ‘concave’ 

behaviour, which is significant with respect to the 

systematic and statistical uncertainties. Such hardening 

of the spectrum is, on the one hand, expected when a 

pure rigidity dependence of the galactic cosmic rays is 

assumed. On the other hand, there are also other 

possible astrophysical scenarios, e.g. the transition from 

one source population to an other. In such a case, our 

result could be the first experimental hint of the 

‘component B’ of galactic cosmic rays, as proposed by 

Hillas. 

Another feature in the spectrum is a small break 

slightly below 10
17 

eV. Applying a second power law 

there, an index of =-3.39±0.07 is obtained. This change 

in slope occurs at an energy where the charge dependent 

knee of the iron component would be expected. 

 

Fig. 2 Comparison of the all-particle energy spectrum 

obtained with KASCADE-Grande data based on the QGSJet-

II model to results of other experiments. The band denotes the 

systematic uncertainties. [2]. 

Fig. 2 compares the KASCADE-Grande energy 

spectrum with results of other experiments. Despite the 

independent measurements and data analysis there is 

good agreement with the result of the KASCADE 

experiment and the others in the overlapping energy 

range at low energies. In particular, the concave 

behaviour seems to be needed to connect the spectrum 

with the spectra obtained by other experiments in the 

knee region. At higher energies the KASCADE-Grande 

spectrum (based on QGSJet-II model) results in a 

slightly lower intensity compared to earlier experiments. 

The strong peak-like structure below 10
17

 eV claimed 

by the GAMMA experiment is not confirmed by our 

results. At the highest energies accessible by the 

KASCADE-Grande experiment, where we suffer from 

missing statistics, our result is in agreement with a 

single power law and with the spectrum reported by the 

HiRes and Auger experiments. 
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The investigation of ultra-high-energy cosmic rays 

works at the frontiers of particle physics as well as 

astrophysics. Since these cosmic rays are too rare to be 

measured directly, they can only be measured by 

observing extensive air showers (EAS) of secondary 

particles. In particular, the longitudinal development of 

air showers is of interest for two main physics goals: for 

particle physics, since the shower development depends 

on the interactions at ultra-high energies, and for 

astrophysics, since the shower development also 

depends on the mass and type of the primary cosmic ray 

particle. Longitudinal shower development can be 

studied either with measurements of secondary EAS 

particles or by detecting electromagnetic radiation 

emitted by the shower or the traversed air. A method of 

the first category is the measurement of secondary 

muons with a muon-tracking detector (MTD), as 

performed at the KASCADE-Grande experiment [1]: 

the directions of the muon tracks relative to the EAS 

axis carry information on the longitudinal shower 

development. Into the second category fall the methods, 

limited to dark, clear and moonless nights, based on the 

detection of fluorescence and Cherenkov light emitted 

by EAS, or on measuring the radio emission of air 

showers. 

 
Fig. 1 Shower cores of 59 selected events measured 

simultaneously with the east-west aligned LOPES antennas, 

the KASCADE-Grande particle-detector array and the MTD 

[3].  

Digital radio-antenna arrays can measure under almost 

any conditions and would significantly increase the 

statistics [2]. Until now, the sensitivity of radio 

measurements to longitudinal EAS development was 

predicted by simulations of radio emission, but the 

experimental proof was still missing. The LOPES 

collaboration has supplied this proof [3] by comparing 

the mean pseudorapidities of muons measured by a 

MTD with the slope of the radio lateral distribution 

measured with LOPES, a digital radio-antenna array 

collocated with KASCADE-Grande.  

For the analysis 59 EAS events with an estimated 

primary energy above 5 x 10
16 

eV were used, being 

measured between December 2005 and May 2009 with 

both the MTD of KASCADE-Grande and with LOPES 

(Fig. 1). The radio lateral distribution is the maximum 

amplitude of the radio signal in the individual LOPES 

antennas as a function of the axis distance of each 

antenna. For each shower, the pseudorapidities of all 

measured muons (on average 23 ± 9 muon tracks per 

event) were averaged. Measured at a certain distance to 

the shower axis, large muon pseudorapidities indicate 

that the shower development started at high altitudes in 

the atmosphere. 

After considering all systematic effects a significant 

correlation (r = -0.44 ± 0.12, significance of 3.7 ) has 

been found between the mean muon pseudorapidity and 

the slope of the radio lateral distributions of individual 

showers (Fig. 2). Since the sensitivity of the mean muon 

pseudorapidity to the longitudinal shower development 

is established [4] the result serves as the first 

experimental proof that the radio lateral distribution is 

also sensitive to the longitudinal EAS development, 

which implies sensitivity to the primary mass of the 

high-energy cosmic rays. 

 
Fig. 2 Correlation (r=-0.44±0.12) between the mean muon 

pseudorapidity and the slope of the radio lateral distribution 

after correcting for the distance to the shower axis and the 

shower inclination [3]. 
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T. Tymieniecka, T. Wibig, A. Zwolińska 
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JEM-EUSO is a satellite experiment for measuring 

the highest energy cosmic rays. JEM is for Japan 

Experiment Module – connected to the International 

Space Station (ISS) since 2009. The Japanese Space 

Agency JAXA offered that JEM-EUSO might dock 

with this module at the beginning of 2017. EUSO is for 

Extreme Universe Space Observatory. Currently nearly 

300 scientists from 13 countries and 74 institutions 

participate in the preparation for the mission. The Polish 

group has 14 participants from 5 institutes [1]. 

 
Fig. 1 Schematic view of the principle of high energy EAS 

measurements. 

The main scientific goal of the experiment is to 

search for the highest energy Cosmic Ray sources. The 

EAS energy threshold for JEM-EUSO observations will 

be about 5E19eV. Trajectories of Cosmic Ray protons 

with energies above 1E20eV are barely deflected from a 

straight line. Directional correlations should determine 

the direction to the high energy cosmic ray source. Due 

to large exposure the number of events should be 

sufficient to find out the directions of the main ultra-

high energy Cosmic Ray sources, if they exist. 

JEM-EUSO will also have a “slow trigger” to 

observe meteorites, lightning and transient luminous 

events (TLE). Cloud coverage and atmosphere 

transparency will also be monitored. 

EUSO-Balloon is a CNES/IRAP experiment related 

to JEM-EUSO. Its main task is to test the detection 

method and performance of a JEM-EUSO detection unit 

at 40km. The first flight is scheduled for spring 2014. 

NCBJ’s main contribution is a high voltage power 

supply (HVPS) equipped with fast high voltage 

switches. We developed a very efficient HVPS to power 

four 64-anode PMTs without a resistive divider. Fast 

switches will reduce the PMT's efficiency and protect 

them in the case of a light flush (e.g. lightning, meteor 

etc.).  

During 2012 different tests of our HVPS were 

performed in the APC Laboratory of the University of 

Paris-7. All tests were positive and some parameters 

were adjusted after measurements with new multianode 

PMTs specially developed for EUSO by Hamamatsu. 

 

 

 
Fig. 2 Different views of the latest model of HVPS. 

Dimensions are 7cmx4cmx0.7cm. 

The latest version of the HVPS is shown in Fig. 2. It 

meets the size and weight requirements. This circuit 

version is now scheduled to be used in EUSO-Balloon 

experiments. 9 HVPS units, control and DC-DC 

converters which will separate the external power 

system from the HV power system should fit into two 

boxes 2.9cmx5.38cmx15.89cm.  

In our solution for powering the photomultipliers we 

do not use resistive dividers, and this way we are able to 

reduce the required HVPS power 400 times (to meet 

JEM-EUSO power restrictions). The HVPS is a 

Cockcroft-Walton voltage multiplier. The PMT's 

dynodes are directly connected to successive C-W 

ladder steps. This solution has problems in balloon 

applications for voltage breakdown in low pressure 

conditions (Paschen's law). We need to connect 14 

wires (most of them with voltage above 200V) from 

HVPS to PMT's. All HVPSs in EUSO-Balloon will be 

placed inside metal boxes.  
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From November 19, 2011 till January 10, 2012 we 

made measurements of the neutron background in the 

Unirea salt mine in Slanic, Romania. The IFIN HH low 

background underground laboratory is installed there in 

large caves. Since the salt there is nearly free of 

potassium we expected a very low neutron flux.  

 
Fig. 1 The underground laboratory of IFIN HH in the salt 

mine at Slanic, Romania. 

We used a tray of 16 helium counters made by 

ZDAJ IBJ in the 70s. Each counter measures thermal 

neutrons which enter the counter volume and in the 

nuclear reaction with 3He protons and tritium are 

produced with total kinetic energy of 764 keV. The 

helium counters are set in proportional mode and in 

most of the neutron events this energy is measured. At 

very low neutron flux density we have a difficult 

problem with background due to α particles emitted 

from residual radioactive elements in the detector 

construction. We have measured thermal neutron flux 

with naked helium counters and energetic neutrons with 

helium counters in polyethylene (PE) blocks. For the 

measurements in Slanic we have used the same set of 

helium counters and the same acquisition system as we 

used in measurements made in the underground 

laboratory in Gran Sasso in 2008. So we can nearly 

directly compare the neutron background in both 

underground laboratories.  

For thermal measurements only 13 counters were 

working stably (there are blasts in the mine everyday). 

As a result we have measured 471 events with energy 

deposited near to 764 keV, (273.6 events were expected 

from α background), therefore we have 197.4 neutron 

events in nearly 229 hours of effective measurements. 

This gives a rate of 1.6 thermal neutron per day per 

counter and the flux was (1.35±0.32)·10-7n/(s cm
2
) 

(about 4 times lower than in Gran Sasso). 

During nonthermal neutron measurements (12 stable 

helium counters in PE moderator) we have nearly 2295 

neutrons (3727 events in 764 keV peak region, and 

1432.1 expected as α background) in 35.5 days. This 

gives a rate of 5.4 neutrons per day per counter which 

was 1.4 times higher than the corresponding rate in 

LNGS.  

Multiple neutron events observed in the Slanic 

laboratory are probably related to cosmic ray muon 

interactions in a cave near to the detectors. The Slanic 

low background laboratory is only about 200m 

underground, and has another large cave above it. 

 
Fig. 2 Distribution of number of multiple neutron events 

while detectors were in PE blocks. 

Last years the availability of 3He was reduced and 

the price of 3He jumped more than ten times. Since 

neutron detectors are used in some commercial 

applications (like border screening) scintillation neutron 

detectors came on the market. We developed a 

scintillation neutron detector and a method of data 

analysis which make this detector sensitive to neutrons 

and not sensitive to gamma radiation. 

 
Fig. 3 Comparison of neutron counting efficiency between 

two helium counters and a scintillation counter as a function 

of distance to an AmBe source. 

Measurements in Slanic were supported by the 

Polish Ministry of Science and Higher Education grant 

no: N N202 262838 and the Romanian Authority for 

Scientific Research by the projects PN II Capacitati145 

“CEXFIZNUC, PN II Parteneriate82-104/2008” 

DETCOS, PN09 37 01 05, BSER-ANET 041 - RACE, 

PN II IDEI 271/2011 and PN II Capacitati 60-EU. 
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X-ray polarisation measurements of Gamma Ray 

Bursts may provide important information about the 

emission processes. These very energetic astrophysical 

events are also candidates for ultra high energy cosmic 

ray sources. 

POLAR is a Swiss project of a satellite detector for 

50-500 keV photon polarisation measurements using 

Compton scattering. 1600 low-Z scintillation bars are 

viewed by 25 multianode photomultipliers (MAPMTs) 

(Hamamatsu 8500 series – 64 anodes). Simultaneous 

measurements of signals from two bars would indicate 

Compton scattering. A much larger and “linear” energy 

deposit would indicate a cosmic ray proton track 

through the detector. 

 
Fig. 1 A schematic vie of the POLAR detector. The space 

allocated to host the HVPS is at the lower right. 

In the middle of 2011 we were asked to design, 

develop and produce a functional model of a high 

voltage power supply for 25 MAPMTs. The goal was to 

provide individually adjustable high voltage to every 

MAPMT, retain the redundancy required in space 

experiments, make power efficient device, provide the 

opportunity to measure some actual performance and 

finally fit the allocated space and weight. From the 3 

different solutions we proposed one was selected for 

development. 

The basic idea was to generate one high voltage 

(-700V - -1100V) below any required level by 

MAPMTs, and reduce it for each MAPMT to an 

individual level. Each MAPMT has a resistance divider 

to distribute voltages to cathode, dynodes and grid. We 

propose to use current sources to reduce the current 

individually on each divider, and this way to provide a 

cathode voltage equal to the product of this current and 

the divider resistance. 

For redundancy we propose to make 4 HV 

generators, which are controlled from 2 central 

computer units. Each computer can control only 2 HV 

generators. Only one (out of 4) HV generators should 

work at the same time. The HV level can be adjusted 

numerically. Generators emit “Status” and “ON” signals 

when working in normal conditions. Each HV generator 

has protection against overload. 

 
Fig. 2 HVPS for POLAR - EM model. Top PCB has 4 HV 

generators, middle PCB control and lines and Photo-MOSes, 

and the bottom PCB has Photo-Moses. 

At the GND level HV generators have 2 level 

amperometers to measure used current (one level is 

adjusted to single MAPMT power consumptions, and 

the second level is for full load, i.e. 25 MAPMTs). 

Individual voltage settings (for each MAPMT) are 

controlled via two (for redundancy) SPI lines accessible 

from both central computers. On the computer side all 

signals are at the 5V level (relative to GND). As all 

DACs and current source circuits are at HV level, all 

signals go through galvanic isolations (optocouplers). 

The GND_HV level (HV+5V) is made by the HV 

generator.  

 
Fig. 3 HVPS simple controller unit.  

For each MAPMT channel there are (for 

redundancy) two sets of two photo-MOSes in sequence 

to control the current through the divider. These 

elements keep the voltage difference up to 1.5kV, 

therefore they are capable of switching-off the 

MAPMT. These photo-MOSes were tested for 

performance changes under radiation up to 40 krad at 

PSI. 

At the beginning of 2012 we provided a HVPS 

engineering model, a simple controller and HV-board 

for tests of HVPS performance to the University of 

Geneva, the leading institution of the POLAR 

experiment. 
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The T2K experiment is a long baseline neutrino 

experiment that uses the neutrino beam produced at the 

J-PARC facility in Tokai, Japan, and two detectors: the 

near detector complex situated at 280 m from the proton 

target and the Super-Kamiokande detector, 295 km 

away. The main goals of the experiment are the 

measurement of the mixing angle between the 1
st
 and 3

rd
 

generation neutrinos (θ13) and the precise measurement 

of the oscillation parameters in the 2-3 sector. 

T2K is the first experiment which reported the 

indication of the signal of the νμ→νe oscillation, 

observed in the far detector as an excess on the number 

of the charged current electron neutrino interactions 

over the number of such interactions produced by 

electron neutrino admixture in the beam and the 

background. The observation allowed the θ13 mixing 

angle to be measured, which was found to be non-zero 

with statistical significance 2.5σ. The data collected in 

2011 and 2012, after the break caused by the Great East 

Japan Earthquake, allowed the significance to be 

increased to 3.2σ. The best fit value of sin
2
2θ13 is 0.094 

(0.116) for normal (inverted) hierarchy of neutrino 

masses and δCP=0. The confidence intervals are shown 

in Fig.1, together with the best fit values for different 

values of δCP. The publication of the new result is in 

preparation. 

As the data taking continues, analysis of the 

systematic errors becomes more important, as well as 

the review and development of new analysis methods. 

In 2012 the NCBJ neutrino group was involved in 

the following studies related to the near detector: 

1. Simulation and analysis of the neutrino 

interactions outside the near detector (in the walls and 

structures of the detector pit and surrounding sand). 

A big sample of such events was generated at the 

computer cluster in CIŚ and provided to the T2K 

collaboration (needed for the cross section and 

efficiency analyses). The simulation code prepared by 

the group was included in the official T2K software 

framework. 

An estimation of the systematic error related to such 

events misidentified as CC interactions inside the 

detector was performed and the error was found to be at 

the level of 1%. This result contributes to the 

uncertainty of the neutrino flux and energy spectrum. 

2. Analysis of the Meson Exchange Current (MEC) 

interactions. In this type of event more than one proton 

state is expected in the final. The protons are invisible in 

the far detector (energy under the Cherenkov threshold), 

thus MEC events can be misidentified as quasi-elastic 

events. The standard formula for the reconstruction of 

the neutrino energy will give shifted results when 

applied to MEC events, and the reconstructed energy 

spectrum of the neutrinos can be distorted. The fraction 

of MEC events can be estimated using the 

measurements in the near detector. The group is 

studying the efficiency of the proton detection and 

methods to estimate their momentum – using the range 

in the detector or the energy deposited near the neutrino 

interaction vertex. The first results look promising and 

the analysis will be continued in 2013. 

 
Fig. 1 The T2K 2012 results for the normal (top) and 

inverted (bottom) mass hierarchy. The shaded areas show the 

allowed regions of sin2(2θ13) at the 68% (lighter blue) and 

90% (darker blue) confidence level. The black solid line 

represents the best fit values. The allowed regions for the 

2011 results are shown in pink for comparison. 

The systematic error on the neutrino flux is also 

reduced by the analysis of pion and kaon production in 

proton-carbon collisions in the NA61 experiment at 

CERN. The group participated in the measurement of 

the differential cross sections and mean multiplicities of 

π
-
, K

0
 and Λ, a pioneer measurement in the energy 

region of the overlap of low and high energy Monte 

Carlo models  

Concerning the far detector, a new method of muon 

neutrino disappearance analysis in the far detector was 

proposed, using the muon momentum and angle instead 

of the reconstructed neutrino energy usually used. The 

new approach is promising, but needs an evaluation of 

the systematic errors connected to the muon properties, 

which has not been carried out yet. Studies have been 

started and will be continued in 2013. 
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The purpose of the COMPASS experiment at CERN 

is the study of hadron structure and hadron spectroscopy 

with high intensity muon and hadron beams. The main 

objectives of the programme with the muon beam are 

the estimate of gluon polarization in the nucleon and the 

precise determination of the longitudinal and transverse 

quark spin distributions. This programme is being 

accomplished using a high energy polarized muon beam 

and polarized deuteron and proton target. Both 

transverse and longitudinal target polarizations are used. 

Furthermore, there is also an extensive programme of 

hadron spectroscopy realized with hadron beams and 

unpolarised proton or nuclear targets. 

In 2012 the COMPASS experiment started a new 

physics programme outlined in the CERN approved 

‘COMPASS-II proposal’ [1]. The programme of the 

proposal includes studies of generalised parton 

distributions (GPDs) via measurements  of  Deeply 

Virtual Compton Scattering (DVCS) and hard exclusive 

meson production, measurements of the Drell-Yan 

process in the scattering of pions on polarised protons, 

and studies of the polarisability of pions and kaons via 

Primakoff reactions. Data taking in 2012 was mostly 

devoted to measurements of Primakoff reactions. It was 

followed by a significant changeover of the 

experimental setup for the GPD program, a period of 

commissioning of new detectors, and a short period of 

data taking during the ‘DVCS pilot run’. 

The new equipment for the setup needed for the 

GPD programme installed in 2012 comprises: a 2.5 m 

long liquid hydrogen target which replaced the  

polarised target,  a large recoil proton detector (RPD) 

surrounding the target, and the inner part of the large 

acceptance electromagnetic calorimeter (ECAL0). 

ECAL0 will be completed in 2013. The group from 

NCBJ was responsible for providing magnetic shielding 

for all 48 photomultipliers of the outer barrel of 

scintillators of the RPD, and also supplied a part (1/3) of 

the scintillators for the inner barrel. Tests performed 

with muon and pion beams confirmed that the new 

apparatus performs well. 

Analyses of data taken before 2012 resulted  

recently in several publications [2-7].  Another two 

papers [8, 9] submitted and approved by the editors in 

2012 will be published in 2013.  

There are two final results from COMPASS on the 

gluon polarisation in the nucleon based on the photon-

gluon fusion process (PGF) tagged via charm meson 

production [9] or by deep inelastic production of pairs 

of hadrons with large pT [8]. The measured gluon 

polarization is small (consistent with zero within the 

experimental uncertainties) in the covered range 

0.05<xg<0.2, where xg is the fraction of the proton 

momentum carried by the gluon. It should be 

emphasized that the results of Ref. [9] were obtained 

both in LO and NLO order QCD approximations. The 

group from NCBJ played a leading role in these 

analyses and the preparation of  both publications. 

Another result [6] from COMPASS which was 

obtained with a significant contribution by our group, is 

the measurement of the azimuthal asymmetry for 

exclusive ρ
0
 meson muoproduction on transversely 

polarised protons and deutrons. This asymmetry is 

related to the orbital angular momentum (OAM) of 

quarks. The measured asymmetries are small and this 

can be explained by an approximate cancellation of 

OAM contributions from u and d valence quarks in the 

case of ρ
0
 meson production. 
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During 2012 the CMS experiment running at the 

LHC was taking data at a proton-proton collision energy 

of 8 TeV, 1 TeV more than during 2011. The collected 

integrated luminosity was equal to 23.3 fb
-1

, about four 

times more than during the previous year. Already 5 fb
-1

 

of data taken at the beginning of 2012 (together with 

data from 2011) has permitted the discovery of a 

particle of mass around 125 GeV [1] in the γγ (Fig. 1) 

and four charged leptons (electrons and muons) decay 

channels (Fig. 2) to be established. The properties of the 

observed particle are compatible with the predicted 

Higgs boson, especially its spin-parity and observed 

branching ratios [2].  

The activities of the group were concentrated on the 

following subjects: 

 Maintenance of the muon level 1 triggering system 

based on the Resistive Plate Chambers. Within this 

scope one may mention the work on upgrading the 

hit pattern sets used in the trigger and the study of 

the system efficiency, crucial for the calculation of 

the cross sections of observed reactions.  

 Search for phenomena beyond the Standard Model 

(BSM), with the most direct contribution to the 

search for so called Heavy Stable Charged Particles 

(HSCP) [3] predicted in various versions of the 

BSM including supersymmetry. Closely related to 

the previous point the RPC muon triggering system 

has been adapted to register delayed paricles. No 

other subsystem was able to do this at the first level 

of the triggering. The Warsaw group played a 

leading role in the special trigger design and data 

analysis. No signal has been found and only cross 

section and mass limits for these hypothetical 

objects have been given (Fig 3). 

 The Higgs boson couples preferentially to heavy 

objects, so one of the important channels for its 

decay is the ττ one. A study of the efficiency of 

detecting Higgs decays into ττ pairs has been 

conducted and was used in the search for such 

process [4]. 

 The group also participates in the Heavy Ion 

programme of the CMS [5]. 

The operation of the LHC will be interrupted during 

2013-2014 in order to permit its design energy of 

14 TeV to be reached as well as to increase the 

luminosity to 10
34

cm
-2

s
-1

. During this time many 

upgrades of the CMS detector are foreseen, among them 

the introduction of the fourth RPC layer in the endcaps 

allowing for better performance of the muon trigger. 

The Warsaw group will participate in these activities as 

well as in the analysis of data already taken. 

 
Fig. 1 The gamma-gamma mass spectrum showing a peak 

around 125 GeV [1]. 

 

 

Fig. 2 The four lepton mass spectrum showing a peak around 

125 GeV [2]. 

 

 

Fig. 3 Expected likelihood distributions for pure 

pseudoscalar and pure scalar hypotheses. The arrow 

indicates the value determined from the observed data [2]. 
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Fig. 4 Approximately horizontal lines represent cross section 

limits for various HSCP species as a function of their masses 

[3] obtained using information about momentum, the specific 

ionization in the tracker and the delay in the muon system 

(TOF). Cross sections above these lines are exluded at the 

95% CL. Falling lines show predicted cross sections for 

appropriate models. These were the most stringent limits at 

the moment of publication 
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We briefly report on some selected findings in Pb-

Pb data measured with the ALICE detector and 

published in 2012. All details can be found in the 

original publications [1-5].  

In [1] the yield of charged particles associated with 

high-pt trigger particles (8<pt<5 GeV/c) is measured 

with the ALICE detector in Pb-Pb collisions at √sNN 

=2.76 TeV relative to proton-proton collisions at the 

same energy. The conditional per-trigger yields are 

extracted from the narrow jetlike correlation peaks in 

azimuthal dihadron correlations. In the 5% most central 

collisions, we observe that the yield of associated 

charged particles with transverse momenta pt>3 GeV/c 

on the away side drops to about 60% of that observed in 

pp collisions, while on the near side a moderate 

enhancement of 20%–30% is found. 

In [2] the ALICE experiment reported the inclusive 

J/ψ production in Pb-Pb collisions at √sNN=2.76 TeV 

down to zero transverse momentum in the rapidity range 

2.5<y<4. A suppression of the inclusive J/ψ yield in Pb-

Pb is observed with respect to that measured in pp 

collisions scaled by the number of binary nucleon-

nucleon collisions. The nuclear modification factor, 

integrated over the 0%–80% most central collisions, is 

0.545±0.032(stat)±0.083(syst) and does not exhibit a 

significant dependence on the collision centrality. These 

features appear significantly different from 

measurements at lower collision energies. Models 

including J/ψ production from charm quarks in a 

deconfined partonic phase can describe our data. 

In [3] the ALICE Collaboration reported the 

inclusive production of muons from heavy-flavour 

decays at forward rapidity, 2.5<y<4, in pp and Pb-Pb 

collisions at √sNN=2.76 TeV. The pt -differential 

inclusive cross section of muons from heavy-flavour 

decays in pp collisions is compared to perturbative QCD 

calculations. The nuclear modification factor is studied 

as a function of pt and collision centrality. A weak 

suppression is measured in peripheral collisions. In the 

most central collisions, a suppression of a factor of 

about 3–4 is observed in 6<pt<10 GeV/c. The 

suppression shows no significant pt dependence. 

In [4] we report the first results on π±, K±, p, and 

anti-p production at midrapidity (|y|<0.5) in central Pb-

Pb collisions at √sNN=2.76 TeV, measured by the 

ALICE experiment at the LHC. The pT distributions and 

yields are compared to previous results at 

√sNN=200 GeV and expectations from hydrodynamic 

and thermal models. The spectral shapes indicate a 

strong increase of the radial flow velocity with √sNN, 

which in hydrodynamic models is expected as a 

consequence of the increasing particle density. While 

the K/π ratio is in line with predictions from the thermal 

model, the p/π ratio is found to be lower by a factor of 

about 1.5. This deviation from thermal model 

expectations is still to be understood.  

This article has been selected by the Editors as an 

especially valuable piece of information. 

In [5] the first measurement of neutron emission in 

electromagnetic dissociation of 
208

Pb nuclei at the LHC 

is presented. The measurement was performed using the 

neutron zero degree calorimeters of the ALICE 

experiment, which detect neutral particles close to 

beam rapidity. The measured cross sections of 

single and mutual electromagnetic dissociation of Pb 

nuclei at √sNN=2.76 TeV with neutron 

emission are σsingleEMD=187.4±0.2(stat)-11.2
+13.2

(syst)b 

and σmutualEMD=5.7±0.1(stat)±0.4(syst)b, respectively. 

The experimental results are compared to the 

predictions from a relativistic electromagnetic 

dissociation model. 
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A brief report is presented below on some selected 

findings in the proton-proton data measured with the 

ALICE detector in 2012. All details can be found in the 

original publications [1-6].  

In [1] the ALICE Collaboration studied J/ψ 

production in pp collisions at √s=7 TeV at the LHC 

through muon pair decay. The polar and azimuthal 

angle distributions of the decay muons were measured, 

and results on the J/ψ polarization parameters λΘ and λΦ 

were obtained. The study was performed in the 

kinematic region 2.5<y<4, 2<pt<8 GeV/c, in the helicity 

and Collins-Soper reference frames. In both frames, the 

polarization parameters are compatible with zero, within 

uncertainties. 

In [2] identical neutral kaon pair correlations are 

measured in √s=7 TeV pp collisions in the ALICE 

experiment. One-dimensional K
0
sK

0
s correlation 

functions in terms of the invariant momentum 

difference of kaon pairs are formed in two multiplicity 

and two transverse momentum ranges. The femtoscopic 

parameters for the radius and correlation strength of the 

kaon source are extracted. The fit includes quantum 

statistics and final-state interactions of the a0/f0 

resonance. K
0
sK

0
s correlations show an increase in 

radius for increasing multiplicity and a slight decrease 

in radius for increasing transverse mass, mT , as seen in 

ππ correlations in pp collisions and in heavy-ion 

collisions. Transverse mass scaling is observed between 

the K
0
sK

0
s and ππ radii. Also, the first observation is 

made of the decay of the f2’(1525) meson into the 

K
0
sK

0
s channel in pp collisions. 

In [3] the first measurements of the invariant 

differential cross sections of inclusive π
0
 and η meson 

production at mid-rapidity in proton–proton collisions at 

√s=0.9 TeV and √s=7 TeV are reported. The π
0
 

measurement covers the ranges 0.4<pT<7 GeV/c and 

0.3<pT<25 GeV/c for these two energies, respectively. 

The production of η mesons was measured at √s=7 TeV 

in the range 0.4<pT<15 GeV/c. Next-to-Leading Order 

perturbative QCD calculations, which are consistent 

with the π
0
 spectrum at √s=0.9 TeV, overestimate those 

of π
0
 and η mesons at √s=7 TeV, but agree with the 

measured η/π
0
 ratio at √s=7 TeV. 

In [4] the pT-differential inclusive production cross 

section of the prompt charm-strange meson D
+

s in the 

rapidity range |y| < 0.5 was measured in proton–proton 

collisions at √s = 7 TeV at the LHC using the ALICE 

detector. The analysis was performed on a data sample 

of 2.98×10
8
 events collected with a minimum-bias 

trigger. The corresponding integrated luminosity is Lint 

= 4.8 nb
-1

. Reconstructing the decay D
+

s→φπ
+
, with 

φ→K
-
K

+
, and its charge conjugate, about 480 D(±)s 

mesons were counted, after selection cuts, in the 

transverse momentum range 2<pT<12 GeV/c. The 

results are compared with predictions from models 

based on perturbative QCD. The ratios of the cross 

sections of four D meson species (namely D
0
, D

+
, D*

+
 

and D
+

s) were determined both as a function of pT and 

integrated over pT after extrapolating to full pT range, 

together with the strangeness suppression factor in 

charm fragmentation. The obtained values are found to 

be compatible within uncertainties with those measured 

by other experiments in e+e−, ep and pp interactions at 

various centre-of-mass energies. 

In [5] the ALICE Collaboration has reported 

inclusive J/ψ production in pp collisions at a centre-of-

mass energy √s=2.76 TeV at the LHC. The results 

presented in this Letter refer to the rapidity ranges 

|y|<0.9 and 2.5<y<4 and were obtained by measuring 

the electron and muon pair decay channels, respectively. 

We presented dσJ/ψ/dy for the two rapidity regions under 

study and, for the forward-y range, d
2
J/ψ/dy dpt in the 

transverse momentum domain 0<pt<8 GeV/c. The 

results are compared with previously published results 

at √s=7 TeV and with theoretical calculations. 

In [6] the differential production cross section of 

electrons from semileptonic heavy-flavour hadron 

decays was reported at midrapidity (|y|<0.5) in proton-

proton collisions at √s=7 TeV with ALICE at the LHC. 

Electrons were measured in the transverse momentum 

range 0.5<pt<8 GeV/c. Predictions from a fixed-order 

perturbative QCD calculation with next-to-leading-log 

resummation agree with the data within the theoretical 

and experimental uncertainties. 
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WASA is a large acceptance detector setup (Fig. 1) 

at present installed at the COSY synchrotron in Juelich, 

Germany. In 2012 analysis of the data collected during 

the September/November 2008 runs was performed. A 

new longer data collection at the accelerator took place 

this year. These runs were dedicated to eta meson 

decays from the pp→pp reaction at 1.4 GeV proton 

beam energy. The selection of events with eta meson 

production was based on the observation on two protons 

emitted at small angles to the beam. Therefore the 

protons should be observed in the so-called Forward 

Detector (see fig. 1) and do not reach the detectors 

situated after the absorber. In addition two types of eta 

decay product selection were applied: one based on the 

large energy deposited in the two halves of the 

electromagnetic calorimeter and the second based on the 

requirement of at least two charged reaction products in 

the Central Detector. 

The aim of the analysis was further improvement of 

the present limit on the rare →e
+
e

- 
decay [1]. The more 

frequent leptonic decay channel →e
+
e

-
 was also 

selected as well as the → channel for calibration and 

normalisation. A clear signal of →e
+
e

-
 events is seen 

in fig.3 where the missing mass of two protons is 

presented as a function of e
+
e

-
 invariant mass. 

A new upper limit for eta decay into a e+e- pair of 

4.6x10
-6

 was found at the 90% confidence level [2]. 

Other charged leptonic decays ( e
+
e

-
e

+
e-, 

+


-
e

+
e

-
) 

are under study. An example of the reconstruction of an 

event candidate for the 4e decay in the Mini Drift 

Chamber is presented in fig. 2. The picture presents the 

projection on the plane perpendicular to the beam. The 

red points correspond to hits in the straw tubes. Blue 

curves represents the reconstructed tracks. The statistics 

of the fully reconstructed events appeared to be 

sufficient for a branching ratio calculation and 

extraction of the electromagnetic transition form-factor 

but the study of CP symmetry conservation needs the 

analysis of the long run, which was performed in 2012 

and is being analyzed. 

A search for a hypothetical dark photon U produced 

in the °→U→e
+
e

-
 decay was carried out. Pions were 

produced in proton-proton interactions at 550 MeV. The 

final data sample consists of 5x10
5
 fully reconstructed 

°→e
+
e

-
 events.The upper limit for the coupling of the 

U boson to the photon was extracted for a boson mass 

between 15 and 120 MeV. 

 

 
Fig. 1 Schematic view of the WASA set-up. 

 

Fig. 2 An event with → e+e-e+e- decay. 

 
Fig. 3 Plot of the missing mass of two protons vs eeγ 

invariant mass from pp→ppη→ppe+eγ- reaction at 1.4GeV. 
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My researches in 2012 were concentrated on studies 

of the following problems: 

a) Studies of πN transition distribution amplitudes: of 

their symmetries and constraints from chiral dynamics 

and their applications to meson production in hard 

exclusive reactions. 

b) Studies of the relationship between time-like and 

space-like hard exclusive reactions 

c) Study of double logarithmic asymptotics of scattering 

amplitude of deeply virtual Compton scattering 

d) Contribution to the development of the physics 

programme of the new collider LHC at CERN. 

Under a) 

Baryon to meson transition distribution amplitudes 

(TDAs) extend the concept of generalized parton 

distributions. Baryon to meson TDAs appear as building 

blocks in the collinear factorized description of 

amplitudes for a class of hard exclusive reactions, 

prominent examples of which being hard exclusive 

meson electroproduction off a nucleon in the backward 

region and baryon-antibaryon annihilation into a meson 

and a lepton pair. In two Refs. [1] we present and use a 

general framework for modelling nucleon to pion 

TDAs. Our main tool is the spectral representation for 

these TDAs in terms of quadruple distributions. We 

propose a factorized Ansatz for quadruple distributions 

with input from the soft-pion theorem for pion-N TDAs. 

The spectral representation is complemented with a D-

term like contribution from nucleon exchange in the 

cross channel. We then study backward pion 

electroproduction in the QCD collinear factorization 

approach in which the non-perturbative part of the 

amplitude involves pion-N TDAs. Within our two 

component model for pion-N TDAs we update previous 

leading-twist estimates of the unpolarized cross section 

in Jlab kinematics. We estimate also the cross section of 

backward (and forward) pion and eta meson production 

in association with a high invariant mass lepton pair for 

the kinematical conditions of GSI-FAIR. The cross 

sections are found to be large enough to be measured 

with the PANDA detector. Interesting 

phenomenological applications of the approach are thus 

expected.  

 

Under b) 

In Ref. [2] we show to next-to-leading order 

accuracy in the strong coupling alpha_s how the 

collinear factorization properties of QCD in the 

generalized Bjorken regime relate exclusive amplitudes 

for spacelike and timelike hadronic processes. This 

yielded simple space--to--timelike relations linking the 

amplitudes for electroproduction of a photon or meson 

to those for photo- or meso-production of a lepton pair. 

These relations constitute a new test of the relevance of 

leading twist analyses of experimental data.  

Under c) 

In Ref. [3] we calculate the quark coefficient 

function that enters the factorized amplitude for deeply 

virtual Compton scattering (DVCS) at all order in a soft 

and collinear gluon approximation, focusing on the 

leading double logarithmic contributions. We show that 

the dominant part of the known one loop result can be 

understood in an axial gauge as the result of a semi-

eikonal approximation to the box diagram. We then 

derive an all order result for the leading contribution of 

the ladder diagrams and derive a resummation formula 

valid in the vicinity of the boundaries of the kinematical 

regions defining the energy flows between the incoming 

and outcoming quarks. 

Under d) 

I contributed to the writing of Ref. [4] which is 

devoted to the physics programme and the design of a 

new collider for particle and nuclear physics, the Large 

Hadron Electron Collider (LHeC), in which a newly 

built electron beam of 60 GeV, up to possibly 140 GeV, 

energy collides with the intense hadron beams of the 

LHC. 
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In the traditional collinear factorization framework 

the scattering amplitude for exclusive processes has 

been shown [1–3] to factorize in specific kinematical 

regions, provided a large scale controls the separation of 

short distance dominated partonic subprocesses and 

long distance hadronic matrix elements. This large scale 

may come from a spacelike momentum exchange, as in 

hard leptoproduction processes, or from a timelike 

momentum as in electron-positron annihilation or lepton 

pair production.  

The complementarity of spacelike and timelike 

processes has been much used in inclusive reactions to 

understand in detail parton distributions and parton 

fragmentation functions, in particular through deep 

inelastic leptoproduction and Drell–Yan processes in 

hadron reactions. In the realm of exclusive reactions, 

much work has been devoted to the electromagnetic 

form factors. In particular, the spacelike and timelike 

meson form factors were analyzed in great detail in 

Ref. [4]. 

The analyticity of the factorized amplitude is the 

basic property that allows us to derive the new relations 

Eqs. 17, 24 at the heart of paper [5]. Analyticity, which 

is a consequence of causality in relativistic field theory, 

and factorization of short distance vs long distance 

properties, are common tools in many fields of 

theoretical physics. Our instance is to our knowledge 

the first case where they are put together to obtain 

useful relations between observables. 

In our paper [5] we have detailed two instances of 

direct interest to near future phenomenological studies, 

firstly near forward deeply virtual Compton scattering 

(DVCS) and timelike Compton scattering (TCS), and 

secondly near forward deeply virtual meson 

leptoproduction (DVMP) and mesoproduction of a 

lepton pair. The momentum transfer square t in these 

processes is taken to be small w.r.t. the large virtuality 

of one photon. 

As we have seen, the space-to-timelike relation of 

hard coefficients is at NLO modified by -iπ proportional 

terms that are associated with factorization and 

renormalization ln’s. Since Generalized Parton 

Distributions and Distribution Amplitudes are real 

valued, our findings imply a relation between Compton 

Form Factors in the spacelike and timelike case. Since 

of the -iπ proportional NLO addenda in Eq. (25) of [5], 

the small Re (H) will only mildly influence the LO 

prediction Im
T
(H)=-Im(H). On the other hand we expect 

huge NLO corrections to LO Re
T
(H)=Re(H), induced 

by Im(H). Utilizing the Goloskokov-Kroll model for H 

GPDs [6], we illustrate this effect in Fig. 1 for 

10
-4

≤ξ≤10
-2

, accessible in a suggested Electron-Ion-

Collider, and t=0. We plot Re(H) vs. ξ, for LO DVCS or 

TCS (solid), NLO DVCS (dashed) and NLO TCS 

(dotted) at the input scale μ
2
=Q

2
=4 GeV

2
. In the case of 

NLO TCS − Re
T
(H) is shown, since even the sign 

changes. We read off that the NLO correction to Re
T
(H) 

is of the order of −400% and so the real part in TCS 

becomes of similar importance as to imaginary part. 

This NLO prediction is testable via a lepton-pair angle 

asymmetry, governed by Re
T
(H) [7].  

 

Fig. 1 The real part of CFF H vs. ξ with μ2=Q2=4 GeV2 and 

t=0 at LO (solid) and NLO for DVCS (dashed). For TCS at 

NLO its negative value is shown as the dotted curve. 
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We presented an updated and extended global 

analysis of the Constrained MSSM (CMSSM ) [1] 

taking into account new limits on supersymmetry from 

~5/fb data sets at the LHC. In particular, in the case of 

the razor limit obtained by the CMS Collaboration we 

simulated signal strength and detector efficiencies for 

the experimental analysis and derived an approximate 

but accurate likelihood function. The 95% CL contour 

obtained from our approximate likelihood shows perfect 

agreement with the original CMS line.  

We discussed the impact on the global fit of a 

possible Higgs boson with mass near 125 GeV, as 

implied by recent data, and of a new improved limit on 

BR(Bs --> μμ). We identified high posterior probability 

regions of the CMSSM parameters as the stau-

coannihilation and the A-funnel region, with the 

importance of the latter being much larger than in the 

past due to the combined effect of the above three LHC 

results and of dark matter relic density. We show in Fig. 

1a the three regions favoured by the global constraints. 

The A-funnel region, at the top of the plane, is 

predominant at 68% credibility. We also found that the 

focus point region was disfavoured, as can also be seen 

in Fig. 1b, where the focus point region is represented 

by a 95% credibility island in the lower right corner. 

Ensuing implications for superpartner masses favoured 

even larger values than in previous studies, and even 

lower ranges for the dark matter spin-independent cross 

section. The resulting high probability regions of the 

posterior pdf in the (mchi, sigsip) plane are shown in 

Fig. 1b. We also found that relatively minor variations 

in applying experimental constraints could induce a 

large shift in the location of the best-fit point. We 

discussed the goodness-of-fit and found that, while it 

was difficult to calculate a p-value, the g-2 constraint 

made the overall fit of the CMSSM poor. We 

considered a scan without that constraint, and we 

allowed the parameter μ to be either positive or 

negative. We found that the global fit improved 

enormously for both signs of μ, with a slight preference 

for μ<0, caused by a better fit to BR(b-->sγ) and 

BR(Bs-->μμ). 

Despite the so far null results of SUSY searches at 

the LHC, which have pushed the allowed ranges of 

CMSSM mass parameters, especially m1/2, up to larger 

values, we note that the best-fit point, both before and 

after including the CMS razor 4.4/fb limit, is found 

close to the bottom of the marginalized 1σ posterior 

ranges of both m0 and m1/2. Despite the uncertainties in 

determining its location, this is certainly encouraging 

for prospects of finding a signal of SUSY in a much 

larger dataset already collected by both ATLAS and 

CMS. However, we note that the preference for the low-

mass spectrum in the CMSSM and similar unified 

models is driven primarily by the constraint from the 

δ(g−2)SUSYμ anomaly, satisfying what has already been 

in some tension with BR(anty-B→Xsγ), and is now 

becoming increasingly harder also with improving LHC 

limits. 
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Fig. 1 a) Marginalized posterior pdf on the CMSSM (m0, m1/2) plane with a likelihood from the razor and Higgs searches, 

b) Marginalized posterior pdf on the (σSI
p , mχ) plane without including the XENON100 limit. 
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It has recently been noted that transverse momenta 

(pT ) distributions observed in high-energy production 

processes exhibit remarkably universal scaling 

behaviour. This is the case when a suitable variable 

replaces the usual pT. For example, prompted by 

geometrical scaling behaviour found in deep inelastic 

scattering data, the following universal variable has 

been proposed [1]: 
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with F(τ ) being some energy-independent universal 

function and λ a parameter [1]. 

On the other hand, it is also widely known that 

transverse momentum distributions in general follow a 

power-like Tsallis distribution, rather than an 

exponential Boltzmann–Gibbs one, with a (generally 

energy dependent) nonextensivity parameter q.  
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where Cq is a normalization constant.  

In [2] we show that it is possible to choose a suitable 

variable such that all the data can be fitted by the same 

Tsallis distribution (with the same, energy-independent 

value of the q-parameter). They thus exhibit q-scaling. 

The variable proposed is 

TT

T

bpp

p

u

u




0    (3) 

which replaces pT/T in the corresponding Tsallis 

distribution (2). Using energy dependent <pT(s)> as 

seen experimentally and energy-dependent coefficient 

b(s) =-0.0397+0.08(√s)
-0.075

 one can fit data at all 

available energies reasonably well, cf. Fig. 1, with 

universal q=1.172 (and with C=79.4 and u0=0.17). 

 
Fig. 1 Fits of a Tsallis distribution to data at different 

available energies. The value of the nonextensivity 

parameter q is the same for all energies and equal to 

q=1.172. The fact that it fits all energies is rearded as a 

sign of the q-scaling present in the data [2]. 

The important thing which must be stressed is that 

the Tsallis formula (2) describes here not the statistical 

features of the observed distributions (using 

nonenextensive q-thermostatistics) as is the case in its 

usual applications [3], but rather some underlying 

dynamical mechanism leading to variable u. One 

possibility discussed in [2] is the possible connection of 

the variable u with the so called stochastic networks 

proposed by us some time ago [4]. Such an approach 

can probably connect the Tsallis distribution with the 

usual approaches based on Quantum Chromodynamics 

(QCD). This is a subject to be investigated in the future 

and there is hope that it could explain the unexpected 

fact that Tsallis distributions can also fit data for 

extremely high values of pT , as shown in [5]. 
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Measurements of exclusive leptoptoproduction 

processes are known to provide valuable constraints on 

Generalised Parton Distributions (GPDs) which 

constitute the present theory of nucleon 

structure.Deeply virtual Compton Scattering (DVCS) is 

one of the key reactions and the simplest one to 

constrain GPDs experimentally. 

In the HERMES measurements reported here a 27.6 

GeV longitudinally polarised positron and electron 

beam scattered off an unpolarised proton target 

produces a real photon and leaves the target nucleon 

intact: 

eN → eNγ, 

process, where a bremsstrahlung photon is radiated from 

the incident or scattered lepton, Fig1. (b). As both 

processes have the same initial and final states their 

amplitudes interfere: 

│Τ(ep→epγ)│
2
 = │TBH│

2
 + │TDVCS│

2
+ I, 

where term I represents the interference of both 

scattering amplitudes. In order to avoid normalization 

problems it is simpler to measure asymmetries instead 

of cross section differences:  

ALU = (σ
+
 - σ

-
) ∕ (σ

+
 + σ

- 
) 

AC = (σ
+
 - σ

-
) ∕ (σ

+
 + σ

- 
), 

where indices LU and C denote longitudinally polarised 

positron beam and unpolarised target proton and charge 

 

 
Fig. 1 (a) The DVCS process in which an electron/positron (e) interacts with a quark in the nucleon (N) via a virtual photon (γ*). 

The quark is found in the nucleon with longitudinal momentum fraction x + ξ and emits a real photon (γ). The quark is absorbed 

by the nucleon with longitudinal momentum fraction x – ξ. (b): The Bethe-Heitler (BH) process is the emission of a real photon 

from the incoming or outgoing lepton. Both processes BH and DVCS have the same initial and final states. 

 

The GPDs functions (H, H
~
, E, E

~
) depend on four 

kinematic variables: t, x, ξ, and Q
2
. The Mandelstam 

variable t=(N-N’)
2
 is the square of the difference 

between the initial (N) and final (N’) four-momenta of 

the target nucleon. Variable x is the average of the 

initial and final fractions of the target longitudinal 

momentum that is carried by the struck parton, and 

variable ξ, known as the skewness, is half of the 

difference between those fractions. Variable Q
2
=-q

2
 

defines the photon virtuality with q=k–k’ being the 

difference between the four momenta of the incident 

and the scattered quark. 

In the Bjorken limit of Q
2
→∞ with fixed t, the 

skewness ξ is related to the Bjorken variable as 

ξ≈xB/(2-xB). The results are presented here as a function 

of xB because there is no consensus on an 

experimentally observable representation of ξ. As 

depicted in fig. 1(b), there is also another contribution to 

the ep→epγ channel - the Bethe – Heitler (BH)  

of the beam, respectively, and σ
+
 and σ

-
 - the scattering 

cross section for two orientations of longitudinal 

polarization or two charges (positron/electron) of the 

beam.  

The asymmetries ALU,DVCS(Φ), ALU,I(Φ) and AC(Φ) 

are expanded in Φ (the azimuthal angle between the 

scattering and production planes): 

ALU,DVCS (Φ) ≈ ALU,DVCS,SINΦ*sinΦ + 

∑
1
n=0 ALU,DVCS,COS(nΦ)*cos(nΦ) 

 

ALU,I(Φ) ≈ ∑ 
2
n=1 ALU,I,SIN(nΦ)*sin(nΦ)+ 

∑
1
n=0 ALU,I,COS(nΦ)*cos(nΦ) 

 

AC(Φ) ≈ ∑
3
n=0 AC,COS(nΦ)*cos(nΦ) + 

AC,SINΦ*sinΦ, 

where the approximations are due to the truncation of 

the infinite Fourier series. 
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Only the sin(nΦ) terms of the ALU asymmetries and 

the cos(nΦ) terms of the AC asymmetry are motivated 

by the physical processes. The other terms are included 

as a test of the normalization of the fit . These terms are 

expected to be consistent with zero and are found to be 

so. 

A maximum-likelihood fitting technique was used to 

extract the asymmetry amplitudes in each kinematic bin 

of–t, xB and Q
2
.The results are presented in figs 2 and 3. 

 
Fig. 2 Beam helicity asymmetry amplitudes extracted from all the hydrogen data recorded at HERMES in 1997 - 2007 as a 

function of –t for three different xB ranges. The error bars (bands) represent the statistical (systematic) uncertainties. An 

additional 3.2% scale uncertainty is present in the amplitudes due to the precision of the beam polarization measurements. 

 
Fig. 3 The beam-charge asymmetry amplitudes extracted from all the hydrogen data recorded at Hermes in 1996-2007 as a 

function of –t for three different xB ranges. The error bars (bands) represent the statistical (systematic) uncertainties. 
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Results of the measurement of the electroproduction 

of real photons by a longitudinally polarized positron 

beam of an energy of 27.6 GeV scattered off an 

unpolarised hydrogen target are presented. The aim of 

the measurement was to provide additional data capable 

of constraining Generalized Parton Distributions 

(GPDs) which constitute the contemporary theory of the 

nucleon structure. The GPDs describe the soft, non-

perturbative part of hard exclusive reactions, e.g., hard 

exclusive leptoproduction of a real photon leaving the 

nucleon intact. They are expressed by 4 functions:H, E, 

H
~
, E

~
 . 

As compared to Parton Distribution Functions 

(PDFs) GPDs represent a richer concept of nuclear 

structure. While PDFs integrate over “spectator” quarks 

and over all transverse momenta, GPDs contain 

correlations: 

1. between states of different longitudinal momenta  

2. between longitudinal momenta and transverse 

positions of quarks. 

The DVCS process on unpolarised protons is most 

sensitive to GPD H,which describes the transition that 

conserves the helicities of both the struck quark and the 

nucleon. The GPD functions depend on four kinematic 

variables: t, x, ξ, and Q
2
. The Mandelstam variable 

t=(N-N’)
2
 is the square of the difference between the 

initial (N) and final (N’) four-momenta of the target 

nucleon. Variable x is the average of the initial and final 

fractions of the target longitudinal momentum that is 

carried by the struck parton, and variable ξ, known as 

the skewness, is half of the difference between those 

fractions. Variable Q
2
=-q

2
 defines the photon virtuality 

with q=k–k’ being the difference between the four 

momenta of the incident and the scattered quark. 

Deeply Virtual Compton Scattering (DVCS), 

depicted in Fig. 1(a), is one of the key reactions and the 

simplest one to determine GPDs experimentally. 

 
Fig. 1 Leading-order diagrams for the channel ep → epγ for: 

(a) deeply virtual Compton scattering (DVCS) and (b) the 

Bethe Heitler (BH) process. 

In DVCS a real photon is radiated from the struck quark 

(Fig. 1(a). There is also another contribution to the 

ep→epγ channel - the Bethe–Heitler (BH) process, 

where a bremsstrahlung photon is radiated from the 

incident or scattered lepton, Fig.1. (b). As both 

processes have the same initial and final states their 

amplitudes interfere: 

│Τ(ep → epγ)│
2
 = │TBH│

2
 + │TDVCS│

2
+ I, 

where the term I represents the interference of both 

scattering amplitudes.  

In order to satisfy the exclusiveness of the process 

the residual nucleus has to be left in its ground state. 

This requirement poses a great experimental 

challenge. In the present experiment the HERMES 

spectrometer to register the scattered lepton and the 

photon was supplied in 2005/2006 with a recoil detector 

surrounding the target. The detector provides 

discrimination of the contribution to the studied reaction 

from the target proton left in excited states.  

To leading order in 1/√Q
2
 the │TBH│

2
 term cancels 

out in beam-spin cross section differences for the two 

helicities of the beam. The beam spin differences have 

been employed to measure the azimuthal asymmetry of 

the cross section: 

ALU = (σ
+
 - σ

-
) ∕ (σ

+
 + σ

- 
), 

where indices L and U denote the longitudinally 

polarised positron beam and the unpolarised target 

proton, respectively, and σ
+
 and σ

-
 - the scattering cross 

sections for two orientations of longitudinal polarization 

of the beam. The definition of the scattering angles is 

shown in Fig. 2. 

 
Fig. 2 Momenta and azimuthal angle for exclusive 

electroproduction of real photon in the target rest frame.Φ is 

the angle between the lepton scattering plane. and the photon 

production plane 

The measured asymmetry ALU is expanded in 

harmonics of Φ in order to extract azimuthal asymmetry 

amplitudes.: 

ALU(Φ) ≈A
sinΦ

sinΦ+A
sin2Φ

sin(2Φ), 

where the approximation is due to the truncation of the 

infinite Fourier series. The asymmetry amplitudes 

obtained are presented in Fig.3 together with theoretical 

predictions. The measured amplitudes are compared 

with calculations from the GPD model described in [1]. 

Variants of this model differ in the t dependence of 
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GPD H function. A Regge inspired ansatz for the t 

dependence is used in the calculations. The ξ 

dependence is controlled by the b parameter, where bval 

(bsea) is a free parameter for the valence (sea) quarks. 

The broad width of the bands corresponds to a variation 

of the b parameter between unity and infinity. In 

general, the result of the model calculation is larger in 

magnitude than the measured amplitude. 

The upper part of the model band that is closer to the 

extracted amplitudes corresponds to bsea = ∞ which 

eliminates the skewness dependence for the sea quarks 

in this model. In Fig. 3 are also shown the results of 

model calculations [2] labelled “KM”.  

This model is a dual representation of GPDs with 

very weakly entangled skewness and t dependences. 

The model is constrained by previous measurements at 

HERMES, Jefferson Lab, and the collider experiments 

at HERA. The calculations resulting in curve 

“KM10a”disregard data from experiments at Hall A at 

Jefferson Lab, while curve “KM10b” includes these 

data. 
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Fig. 3 Amplitudes of the beam-helicity asymmetry extracted from the ep→epγ sample obtained with recoil-proton 

reconstruction. The amplitudes are presented in projections of –t, xB and Q2. The “overall” results are extracted in a single 

kinematic bin covering the entire kinematic acceptance. Statistical (systematic) uncertainties are represented by error bars 

(bands). A separate scale uncertainty arising from the measurement of the beam polarization amounts to 1.96%. The theoretical 

curves represent model calculations described in the text. 
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The main objective of the project initiated on 

1.10.2011 and planned to run for 3 years is to develop a 

scientific centre that will collect and analyze 

astrophysical data as well as provide software/hardware 

support for these tasks.  

The centre’s tasks include: 

• putting the collected data and developed methods 

within the reach of both professional and amateur 

astronomers 

• providing a forum for the exchange of ideas 

between  astrophysicists, IT specialists and electronics 

engineers. 

Having the above goal in view work on several 

national and international astrophysical projects was 

continued in 2012. 

Within the POLAR project the following work 

should be mentioned:   

1. production of plastic scintillators 

2. designing and programming of electronic modules. 

Under 1. 

The first batch of 3000 out of 6000 plastic 

scintillator bars necessary for POLAR was produced 

and roughly tested by our HITEC firm in Świerk. 

Technology that was developed under a grant in our lab 

was used. Random tests using a dedicated stand and 

methodology were performed in our lab. The delivery 

was made at the end of 2012. 

Under 2. 

Work was greatly accelerated since qualification and 

flight models of the apparatus must be delivered in 

2013.  

It should be mentioned that the POLAR project is 

carried out in an international collaboration. Work is 

done in contact with other participants, especially with 

the Chinese side, due to the fact that it is planned to 

launch  the POLAR module with a Chinese rocket.  

The activity of the Beneficiary in the national “Pi of 

the Sky” project, besides contributions to routine 

observations, was reduced to the participation in the 

choice and purchase of components for a new model of 

astrophysical robot. This apparatus controlled over the 

internet will be able to position a set of 4 CCD cameras. 

The choice resulted from a series of conceptual 

meetings. 

The year 2012 was dedicated, among others, to the 

acquisition and reduction of spectroscopic data in the 

VIPERS project. We participated in all stages of the 

data analysis.  The result of the analysis dedicated to the 

problem of reconstruction and classification of spectra 

has been published. In the AKARI project we continued 

data analysis and the processes of cross-identification of 

the detected sources with other databases. Preliminary 

results regarding the classification of the data and their 

statistical properties were obtained.   

Some other activities in the Polish-Swiss astro 

project are worth mentioning here also: 

• Analysis of X-ray source data either already 

acquired or expected in future experiments was 

performed 

• Simulation of spectra that are expected in the future 

LOFT experiment – 

http://www.isdc.unige.ch/loft/index.php/the-loft-

mission). LOFT (Large Observatory for X-ray 

Timing) being the successor of the RXTE 

experiment is listed on the ESA Cosmic Vision 

Programme with a good chance to be financed and 

realized. Results of simulations should be published 

soon, 

• Analysis of roentgen bursters spectra delivered by 

the RXTE satellite, 

• in order to increase the accuracy of the analysis of 

roentgen bursters a proposal concerning 

collaboration in the observation of the EXO 1747-

214 source made by the SUZUKU satellite was 

prepared. 

 

* Grant PSPB 200/200 supported by Polish – Swiss 

Research Program. 
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A metastable isomer, 
99m

Tc, of the 
99

Tc isotope is the 

most widely used in nuclear medicine for diagnostic 

imaging procedures. It is an emitter of a single-photon 

of energy Eγ=140 keV with a relatively short half-life 

T½=6.02h. This γ-ray energy is optimal for detection 

using NaI(Tl) scintillator which makes 
99m

Tc an 

effective radioactive tracer for SPECT (Single Photon 

Emission Computerized Tomography). 

The required amounts of the 
99m

Tc parent isotope 
99

Mo (
99

Mo→β
‾
→

99m
Tc) have been obtained so far as a 

fission product and supplied mainly by two 50-year old 

nuclear-reactor facilities: NRU in Chalk River (Canada) 

and HFR in Petten (the Netherlands). Both reactors are 

now shut-down for repair up to 2016 [1] which may 

cause a shortage of 
99m

Tc for medical applications. 

Therefore alternative methods of 
99m

Tc production 

are now being considered and investigated [1,2,3]. This 

isomer can be easily obtained in particle accelerators. In 

particularly, a cyclotron beam with proton energy about 

(20-25) MeV induces the nuclear reaction 
100

Mo(p,2n)
99m

Tc giving it directly. 

To investigate the feasibility of 
99m

Tc production via 

the (p,2n) reaction on 
100

Mo, the target material 
nat

Mo – 

(metallic foil 0.05 mm thick) was irradiated by a 

22 MeV, 0.2 µA proton beam from a C-30 cyclotron. 

The γ-ray spectrum of the irradiated target shown in Fig. 

1 was measured with a HPGe gamma spectrometer 24h 

after end of beam (EOB). 

We expect that subsequent tests will enable us: 

- to estimate the thick target yield of 
99m

Tc 

production as a function of incident proton energy, 

- to select a suitable beam energy for minimum 

impurities from other isotopes, 

- to choose a proper target holder, 

- to extrapolate the yield for the case of an enriched 
100

Mo target. 

 
Fig. 1 Gamma lines of all Tc isotopes produced in a natMo 

target via (p, xn) reactions. The line at 140.5 keV relates to 
99mTc. 

We hope that the measurements will be continued in 

collaboration with the Heavy Ion Laboratory of the 

University of Warsaw and the University of Silesia in 

Katowice. 
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In 2012 we finished the data analysis and published 

2 papers concerning our barrier height distribution (BD) 

studies. In ref. [1] we described the results of 

experiments in which we simultaneously measured the 

BD for 
20

Ne + 
208

Pb derived from large-angle 

quasielastic scattering and fusion. Both distributions 

turned out to be smooth, in spectacular disagreement 

with the results of standard coupled channels 

calculations (see Fig. 1). 
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Fig. 1 Compilation of barrier distributions for 20Ne 

interacting with several targets, measured in our experiments. 

The curves denote the results of Coupled Channel calculatios 

folded with the experimental energy resolution. Different 

symbols refer to different laboratory detector angles. For the 
208Pb target we show the distributions Dfus and DQE in panels 

(c) and (f), respectively. The arrows denote the energies at 

which we measured the transfer cross sections.  

Namely, they do not posses the strong structure 

expected theoretically, even if apparently they take into 

account explicitly all relevant couplings. This points to 

the importance of weak channels, i.e. transfer reactions 

and scattering connected with noncollective excitations. 

In the second paper [2], to further our understanding 

of the influence of weakly coupled channels on the BD, 

we measured transfer cross sections for 
20

Ne ions 

incident on 
nat

Ni, 
118

Sn and 
208

Pb targets at near-barrier 

energies (see Fig. 2). The Q-value spectrum for the 
208

Pb target was also determined. The transfer channels 

appear to be especially important for 
208

Pb, whose 

double-closed-shell nature leads to a relatively low level 

density for non-collective inelastic excitations. 
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Fig. 2  Contributions of different transfer channels to the 

quasielastic scattering at 142.5 (lower panel) and 

corresponding differential cross sections (upper panel) for 
20Ne+various targets at near-barrier energies. Contributions 

are labelled by the measured masses. 

The third paper [3] contained preliminary results of 

an analysis of experiments devoted to a study of the 

sensitivity of the 
20

Ne+
208

Pb quasi-elastic angular 

distributions at two near-barrier energies and the 

previously measured corresponding barrier distribution 

to the value of the nuclear quadrupole deformation 

length of 
20

Ne. It has been shown that the quasi-elastic 

barrier distribution is much more sensitive to the 
20

Ne 

deformation length value than the corresponding 

angular distributions. Thus, measurements of the BD 

can give valuable additional information when trying to 

fix nuclear deformation lengths. 

We also performed measurements of the angular 

dependence of the excitation energy distribution for the 
20

Ne +
118

Sn system. This experiment will be continued 

in 2013.  
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So far masses of 56 deformed heaviest nuclides with 

atomic number Z=98-110 are known experimentally [1]. 

The mass of no spherical superheavy nuclide is known 

experimentally. 

The objective of our calculation was to reproduce as 

well as possible existing experimentally known masses 

and predict so far unknown masses of the heaviest 

nuclides. To achieve this objective we used a restricted 

region of nuclides to adjust the parameters of the mass 

formula, a large enough deformation space to describe 

the shapes of the nuclei as well as carefully chosen 

pairing strength. 

We performed our calculation using the 

macroscopic-microscopic method. In this method the 

nuclear energy (mass) is the sum of a bulk nuclear 

energy and the microscopic energy originating from 

shell effects. The latter is crucial for the stability of the 

superheavy nuclei. 

The microscopic energy was calculated using the 

Strutinsky method. The shell correction, which is the 

main contribution to the microscopic energy, was 

calculated using the single-particle energy spectra for 

protons and neutrons. These were obtained by 

diagonalization of a Woods-Saxon Hamiltonian in the 

harmonic oscillator basis. The universal parameters [2] 

of the Woods-Saxon potential were applied. The pairing 

correction, which is another part of the microscopic 

energy, was calculated by means of the BCS method. 

The pairing strength was taken from ref.[3]. 

The macroscopic energy was calculated by means of 

the Yukawa-plus-exponential formula. All terms 

describing the macroscopic energy were used [4] in our 

calculation. Three parameters of the macroscopic 

energy were adjusted to reproduce as well as possible 

the known masses of the even-even nuclides with 

atomic number greater or equal to 82 and neutron 

number greater or equal to 126. We adjusted the 

parameters in terms independent of deformation in order 

not to spoil earlier obtained equilibrium deformations as 

well as fission barriers. We obtained a standard 

deviation for even-even nuclides equal to 0.26 MeV.  

The nuclear mass was obtained by minimizing the 

macroscopic-microscopic mass formula in four-

dimensional deformation space describing axially 

symmetric nuclear shapes. We checked earlier that the 

use of a larger deformation space leaves the nuclear 

mass practically unchanged. 

An average pairing energy equal to 12 MeV divided 

by the square root of the mass number of the nucleus 

was used as the energy of an unpaired nucleon in odd 

and odd-odd nuclei [5]. The latter was added to the 

ground state mass of an even-even nucleus. 

We obtained a standard deviation of 0.35 MeV for 

nuclides with atomic number greater or equal to 82 and 

neutron number greater or equal to 126. For 56 nuclides 

with atomic number Z=98-110, for which experimental 

masses are known, we obtained a standard deviation 

equal to 0.30 MeV [6]. 
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Theoretical studies of the properties and the 

synthesis of heaviest nuclei have been continued. For a 

realistic description of these properties and also of the 

cross sections for the synthesis, a good description of 

the masses of these nuclei is needed. Due to this, much 

attention has been given by us to the problem of the 

accuracy of the description of nuclear masses by various 

theoretical models [1-4]. 

Examples of the results of our studies of this 

problem are given in Figs. 1 and 2, taken from Ref. [2]. 

Figure 1 shows the accuracy (root-mean-square: Rms) 

for 8 models in the global region of nuclei (all nuclei 

with Z,N≥8). Figure 2 illustrates the accuracy of these 

models and of two local models (LMZ and HN) in the 

region of heaviest nuclei (Z>100). Experimental masses 

are taken from Ref. [5]. 

A comparison between Fig. 1 and Fig. 2 shows how 

strongly the accuracy of a given model depends on the 

region of the nuclear chart described. Thus, to describe 

realistically masses in a given region, one should take 

the model which is accurate just in this region. 

All details concerning Figs. 1 and 2 may be found in the 

original paper [2]. 

 

 

Fig. 1 Rms values of the discrepancies between theoretical 

and experimental masses, calculated for 8 models in the 

global (Z,N≥8) region of nuclei [2]. 

 

Fig. 2 Same as in Fig. 1, but for the region of heaviest nuclei 

(Z>100) [2].  

Realistic masses have been used in the description of 

the properties of superheavy nuclei [6] and also in 

calculations of the cross sections for their synthesis 

[7,8]. 

In addition to the research papers, some attention has 

been also devoted by us to review [6] and popular [9] 

works.  
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The secondary fission barriers in the actinides 

emerged with the discovery of fast fissioning states by 

Polikanov et al. [1]. These states were soon interpreted 

as the secondary minima in these nuclei [2,3], thus, the 

barrier had to have a complex, double-humped 

structure. Very short lifetimes, in the range from 10 ps 

to 10 ms, and experimental difficulties prevented up to 

now knowledge of nuclear structure in the second 

minimum. Isomeric states (fission isomers) in secondary 

minima have been observed in 34 actinide nuclei, with a 

detailed knowledge (quadrupole moments, energy 

levels) only in a few cases. Recently, quite extensive 

experimental results were collected on the excitations in 

the second minimum of 
240

Pu [4,5]. Information on the 

height and width of the second barrier comes from 

experimental studies of fission cross sections in 

reactions induced by different incident particles 

(neutron or charged particle induced reaction). Realistic 

theoretical calculations, both macroscopic-microscopic 

and self-consistent, reproduce the second minima and 

barriers and consistently attribute a moderate height of 

the latter to the reflection-asymmetric deformation. This 

nicely correlates with the experimentally observed 

asymmetry of fragment masses in fission. However, the 

degree of agreement of the calculated barrier heights 

with the data varies from calculation to calculation. An 

accurate knowledge of the two-humped barriers in the 

actinides could have an impact on the fuel fabrication 

process in reactor physics. There is also an astrophysical 

aspects of these barriers. First, precise knowledge of the 

two-humped barrier structure is of great importance to 

an understanding of stellar nucleosynthesis. Second, the 

upper limit for the age of the Galaxy can be estimated 

by nuclear chronometers like long-lived heavy 

elements: 
232

Th, 
235

U formed during r-process 

irradiation. The main aim of the Ref. [6] is to extend the 

previous discussion [7] to the second fission barriers 

BfII in even-even actinide nuclei. To find it, significant 

modifications to the previous scheme are needed. First, 

the complicated topology of the potential energy 

surfaces (PES) in these nuclei makes a search for 

second saddle points much more difficult than for the 

first. This is why we decided to use here two 

independent methods of searching for the transition 

(saddle) points. The deformation space required for the 

analysis of second barriers is much bigger than that 

required for superheavy nuclei. Therefore, the second 

extension is the inclusion of reflection-asymmetric 

shapes. No parameters of the model have been changed.  

 
Fig. 1 Energy along a sequence of smoothly elongating 

shapes, beginning at the superdeformed minimum. 

Appropriate shapes along the trajectories are shown.  
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Electron shakeoff (SO) is fundamental atomic 

processes in which a bound electron is excited into the 

continuum, resulting from a sudden change of the 

central potential [1]. This type of ionization occurs due 

to a modification of the nuclear charge, like in nuclear 

beta decay, nuclear electron capture, internal conversion 

and alpha decay. The probability of the shakeoff process 

has been calculated in the framework of the sudden 

approximation (SA). The accuracy of the calculation 

depends on how fast the central potential changes as 

compared with the relaxation time of the electrons in the 

new core potential.  

Nuclear beta decay offers ideal conditions to test 

such calculations due to the change in the central 

potential. For radioactive species with one active 

electron, such as 
6
He

+
 ions, electron-electron 

correlations and secondary relaxation processes are 

absent, leaving only two possible mechanisms for the 

daughter ionization. The dominant one, electron SO, is 

caused by both the rapid change of the nuclear charge 

and the sudden recoil velocity acquired by the daughter 

nucleus resulting from beta decay. In 
6
He decay, the 

recoil energy can reach 1.4 keV so that the recoil effect 

can have a sizable impact on the SO probabilities. The 

second ionization mechanism is a direct collision, in 

which the beta particle knocks out the bound electron. 

Its probability depends on the energy of the beta 

particle, Emax=3.5 MeV, as compared to the 54.4 eV 

electron binding energy. The direct collision is thus 

expected to have a very small contribution in the 
6
Li

2+
 

ionization following the 
6
He

+
 decay. 

The ionization probability in the SO process during 

the beta decay of 
6
He

+
 ions has been calculated in the 

sudden approximation, this leads to  

Pso=(2.338 10+0.00412Erec) x 10
-2

 

where Erec is the recoil energy of the daughter nucleus 

expressed in keV. The calculations were performed 

applying the sudden approximation limit. We have 

applied 10000 hydrogen-like wave functions.  

Next, a correction to the SA probability was 

estimated to account for the finite duration of the 

potential change. This leads to the value  

δPso=-20x10
-5

, 

which is a 1% relative correction to the dominant value 

obtained in the SA.  

 
Fig. 1 Beta decay of 6He+ ion.  

The final experimental result obtained in this work 

[1],  

P
exp

so= 0.023 39  0.000 36, 

is in perfect agreement with the theoretical result above 

and with a previous calculation [2]. The measured value 

is however inconsistent, by 10σ, with the ionization 

probability per electron of the K shell estimated by 

Feinberg [3]. 
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We present a method of describing an evolution in 

quantum cosmology in the framework of the reduced 

phase space quantization of loop cosmology. We apply 

our method to the flat Friedman-Robertson-Walker 

(FRW) model coupled to a massless scalar field. We 

identify the physical quantum Hamiltonian that is 

positive definite and generates globally unitary 

evolution of the considered quantum system. We 

examine the properties of expectation values of physical 

observables in the process of the quantum big bounce 

transition. The dispersion of evolved observables is 

studied for the Gaussian state. Calculated relative 

fluctuations enable an examination of the 

semiclassicality conditions and possible occurrence of 

cosmic forgetfulness. Preliminary estimations based on 

the cosmological data suggest that there was no cosmic 

amnesia. Presented results are analytical, and numerical 

computations are used only for visualization purposes. 

Our method may be generalized to sophisticated 

cosmological models. The loop quantization methods 

applied to simple cosmological universes teach us that 

approximating the curvature of connection by 

holonomies around small loops enables the replacing of 

classical singularities by quantum bounces. To get some 

information about the nature of a bounce, one examines 

the propagation quantum states across the bounce. Such 

a method is similar, to some extent, to the method used, 

for instance, in nuclear physics where one scatters a 

particle against an atomic nucleus to get information on 

the structure of the latter [1]. 

The reduced phase space quantization of loop 

quantum cosmology (LQC) is applied to the Friedman-

Robertson-Walker universe with a free massless scalar 

field. Evolution of quantum moments of the canonical 

variables is investigated. The covariance turns out to be 

a monotonic function so it may be used as an evolution 

parameter having quantum origin. We show that for the 

Gaussian state the Universe is least quantum at the 

bounce. We propose explanation of this counter-

intuitive feature using the entropy of squeezing. The 

time dependence of entropy obtained is in agreement 

with qualitative predictions based on von Neumann 

entropy for mixed states. We show that, for the 

considered Gaussian state, semiclassicality is preserved 

across the bounce, so there is no cosmic forgetfulness. 

We are conscious that our results may depend on the 

choice of the initial state. Therefore, we have been 

working on the extension of our investigation 

considering a variety of semiclassical states. For such 

states, the mean values follow the classical trajectories 

as in the case of the Gaussian state. However, evolution 

of quantum fluctuations may differ from the case 

described here. In particular, one can construct a 

squeezed vacuum state for which dispersions of 

elementary variables remain constant during evolution, 

but the covariance is varying in time. Our classical 

Hamiltonian is unique for a given choice of an evolution 

parameter (time). But, it is commonly known that 

quantization of an observable may suffer from 

ambiguities. In our next paper, we consider different 

factor ordering of elementary variables defining the 

Hamiltonian to test the sensitivity of our results to this 

procedure [2]. 

The LQC results obtained for the FRW type models 

probably cannot be used successfully to describe the 

Universe. The very high symmetry of space specific to 

the FRW model is probably unrealistic near a 

cosmological singularity. We suggest that the real 

nature of the bounce may become known only after we 

quantize the Belinskii-Khalatnikov-Lifshitz scenario 

[3], which concerns generic cosmological singularity. 

Quantization of simple cosmological models carried out 

during the last decade may be treated as warming up 

before meeting this challenge. 
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Intermediate mass fragments (IMF) mostly originate 

from the decay of neck-like structures formed in 

nucleus-nucleus collisions during the reseparation of a 

colliding system into the projectile-like fragment (PLF) 

and target-like fragment (TLF). Abundant emission of 

IMFs has been observed in many experiments at 

sufficiently high bombarding energies of several tens of 

MeV per nucleon. A characteristic feature of IMF 

emission is their neutron enrichment that probably is 

caused by the migration of neutrons from the bulk of the 

colliding nuclei to the neck region where the density 

decreases in time due to the expansion. According to 

theoretical models, the effect of the neutron enrichment 

of the neck region is driven by the density-dependent 

symmetry energy term in the nuclear equation of state 

(EOS). Therefore, the isotopic content of the neck IMFs 

has been used recently in attempts to deduce some 

information on the parameters of the symmetry energy 

in the sub-saturation region.  

The average neutron-to-proton ratio <N/Z> of the 

observed IMFs has so far been used for this purpose [1]. 

Unfortunately, the calculations within the theoretical 

dynamical models used to simulate the nucleus-nucleus 

collisions terminate at the so called freeze-out 

configuration when all fragments, including the IMFs 

are still excited. Therefore, in order to compare the 

theoretical isotopic composition of the IMFs with 

experimental data it is necessary to simulate (in a 

separate calculation) the deexcitation of the IMFs to 

their final ground states. This stage of the analysis is, 

however, very uncertain because the description of the 

decay of the primary IMFs with the standard statistical 

model is very inaccurate due to the limited applicability 

of the statistical model in the case of light nuclei. 

Moreover, the crucial information on the initial 

excitation energy of the IMFs at the freeze-out 

configuration, provided by the dynamical models as an 

input to the statistical model calculation, is also very 

uncertain. 

To avoid this difficulty we propose to use another 

observable that should be sensitive to the symmetry 

energy in the EOS at sub-saturation densities and that 

would allow the problem of the secondary decay of 

IMFs to be bypassed. The double ratios of the isotopic 

ratios for selected pairs of isotopes, taken for two 

nuclear systems of considerably different isospin, may 

serve as such a prospective observable. As a test case 

we used two reactions studied at the INFN LNS 

laboratory in Catania [2-4], the 
122

Sn+
64

Ni reaction for a 

neutron-rich system (reaction 1) and the 
112

Sn+
58

Ni 

reaction for a neutron-poor system (reaction 2), both at 

the same bombarding energy of 35 MeV/nucleon. By 

using the molecular dynamics model QMD-CHIMERA 

of Łukasik [5] we calculated for both these reactions the 

theoretical values of the isotopic ratios 
9
Be/

7
Be, 

12
B/

10
B 

and 
14

C/
12

C denoted by R1(
9,7

Be), R1(
12,10

B) and 

R1(
14,12

C) for reaction 1, and similarly by R2(
9,7

Be), 

R2(
12,10

B) and R2(
14,12

C) for reaction 2. These ratios 

were calculated by selecting only the IMFs originating 

from the neck region. Then the double ratios, R1,2(
9,7

Be) 

= R1(
9,7

Be) / R2(
9,7

Be), R1,2(
12,10

B) = R1(
12,10

B)/R2(
12,10

B) 

and R1,2(
14,12

C) = R1(
14,12

C) / R2(
14,12

C) were evaluated. 

The advantage of the double ratios R1,2 is that for 

comparable excitation energies the deexcitation 

probabilities of individual isotopes for reactions 1 and 2 

should cancel out in the double ratio and therefore the 

theoretical values of these ratios can be directly 

compared with experimental values (without calculating 

the secondary decay of the IMFs with the statistical 

model).  

The QMD calculations of the double isotopic ratios 

R1,2 have been done assuming two different forms of the 

density dependence of the symmetry energy term in the 

EOS, the "asy-stiff" and the "asy-soft" limits [6]. For the 

asy-stiff option we obtained: R1,2(
9,7

Be) = 1.76, 

R1,2(
12,10

B) = 1.71 and R1,2(
14,12

C) = 1.79, while for the 

asy-soft option R1,2(
9,7

Be) = 2.09, R1,2(
12,10

B) = 2.25 and 

R1,2(
14,12

C) = 2.33. Thus, it is seen that the double 

isotopic ratios R1,2 for the reactions chosen in the 

present analysis are sufficiently sensitive to the shape of 

the symmetry energy term to enable discrimination 

between the two assumed forms of this term. The 

theoretical values of the R1,2 ratio can now be compared 

with respective experimental values and hence some 

constraints regarding the density dependence of the 

symmetry energy in the EOS could be deduced. 
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Chaoticity and Shell Effects in the Nearest-Neighbour Distributions for an 

Axially-Symmetric Potential 
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1
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2
, 

1
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2
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The Statistics of the single-particle levels in a 

deformed axially symmetric Woods-Saxon potential are 

analyzed in terms of the Poisson and Wigner nearest-

neighbour spacing distributions for several deformations 

and multipolarities of the surface distortions. We found 

significant differences between all the distributions with 

a fixed value of the angular momentum projection of the 

particle on the symmetry axis, more closely to 

theWigner distribution, in contrast to the full spectra 

with Poisson-like behaviour. The shell effects in the 

nearest-neighbour spacing distributions, for both small 

and large deformations of the surface are analyzed. 

 

 

 

 

 

 

Quantum Chaos and Shell Effects Through Nearest Neighbour  

Spacing Distributions 
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2
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The Statistics of the single-particle levels in a 

deformed Woods-Saxon potential are analysed in terms 

of the Poisson and Wigner nearest neighbour spacing 

distributions for several deformations and 

multipolarities of their surface distortions. We found 

significant deflections of all distributions with a fixed 

value of the angular momentum projection of the 

particle, more closely to the Wigner distribution, in 

contrast to the full spectra with Poisson-like behaviour, 

though all potentials considered are non-integrable in 

the plane of the symmetry axis. Notable shell effects are 

observed in the nearest neighbour spacing distributions, 

the larger the smaller deformations for several surface 

multipolarities. 

 

 

 

 

 

 

Nuclear Asymmetry Energy and Isovector Stiffness within the Effective  

Surface Approximation 
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The isoscalar and isovector particle densities and 

surface tension coefficients for the average binding 

energy in the approximation of a sharp edged proton-

neutron asymmetric nucleus are used for analytical 

calculations of its neutron skin and isovector stiffness. 

For most Skyrme forces they are significantly larger 

than the well-known ones. The mean energies and sum 

rules of the isovector giant dipole resonances in the 

hydrodynamical and Fermi-liquid droplet models using 

the analytical isovector surface energy constants are in 

fairly good agreement with the experimental data. 
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Gross-Shell Effects in Dissipative Nuclear Dynamics 
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1
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2
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1
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The order-to-chaos transition in the dynamics of a 

quantum gas of independent particles was studied 

within a nuclear model based on the time-dependent 

mean-field approach. The excitations of the quantum 

gas in a Woods-Saxon potential with a small surface 

diffuseness rippled according to the Legendre 

polynomials P2 and P3 are obtained for a slow and 

small amplitude collective motion. We found strong 

correlations between the time-derivatives of the 

excitation energies (one-body friction coefficients) and 

shell-correction energies as functions of the particle 

number. 

 

 

 

 

 

 

Transport Coefficients for a Slow Fermi-Particle Motion 
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The collective dynamics of a quantum gas of 

independent particles were studied within a nuclear 

model based on the time-dependent mean-field 

approach. The excitations of the quantum gas in a 

Woods-Saxon potential with sharp surfaces rippled 

according to the Legendre polynomials Pn are obtained 

for a slow and small amplitude collective motion. We 

found strong correlations between the one-body friction 

coefficients and shell-correction energies as functions of 

the particle number. 

Smooth leading semiclassical corrections to the 

friction and inertia coefficients were obtained within the 

periodic orbit theory. 
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Development of Dynamical Model for Simulation of Nuclear Spallation 
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1
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2
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There are two theoretical approaches describing 

spallation: statistical [1] and dynamical [2]. In statistical 

spallation models an excited remnant achieves thermal 

equilibrium and then expands, eventually reaching the 

freeze–out volume. At this point it decays into neutrons, 

light charged particles and residual nuclei. In dynamical 

models fragments of nuclei are formed at the fast stage 

of the nuclear collision via dynamical forces between 

nucleons during the evolution of the total system of 

interacting projectile and target. 

Well-known models for the statistical description of 

the disintegration of the excited nuclei include 

evaporation and multifragmentation. At the same time 

the Quantum Molecular Dynamics (QMD) model was 

successful for calculations of spallation products, 

generated at collision energies less than 0.3 A GeV [2]. 

For higher energies an Ultra Relativistic Quantum 

Molecular Dynamics, UrQMD, model has been 

developed. However, there is a serious deficiency in 

UrQMD: it does not take into account the formation of 

the residual nucleus and its fragmentation. We propose 

a modification to UrQMD, adding nuclear 

fragmentation and evaporation. Parameters of the 

modification are adjusted by comparison with the 

Modified Cascade Model(MCAS) [4], including 

evaporation, fission and multifragmentation. The 

modified UrQMD is compared with the experimental 

data for spallation of an iron nucleus irradiated by 

protons.[3]. Implementation of the fragment and residue 

production in UrQMD are performed in the following 

manner. In the first stage of the process of the nuclear 

collision the time evolutions of the spatial distributions 

of nucleons and mesons (pions, kaons, etc) are traced. 

Then, taking into account the relative space coordinates 

of the nucleons, and a mutual nucleon-nucleon 

potential, nucleon clusters are formed. In the next step 

nuclear fragments are shaped from these clusters, and 

their kinetic energies, masses and binding energies are 

calculated. There is one important problem: how long 

should the process of cluster formation be prolonged? 

When the dynamical cluster formation should be 

stopped could be defined from a comparison with the 

yield of fragments in the modified cascade model 

MCAS. In the last stage of the interaction the decay of 

the excited fragments to smaller ones was calculated 

using the EVAPOR code of the Dubna Cascade Model 

[1]. Stages of fragment generation and decay of their 

excited states into smaller ones are compared with 

MCAS stages of fragmentation and evaporation 

correspondingly. The adequacy of the modified 

UrQMD, the Dynamical Model to describe fragment 

production is demonstrated by a comparison of 

simulations at different stages of the evolution process 

with MCAS [5]. The mass distribution of fragments at 

formation times 40 fm/c and 45 fm/c for an energy of 

1 GeV is given in Fig. 1 and for 1.5 GeV in Fig. 2. One 

can see that 45 fm/c is more preferable for adequacy of 

UrQMD and MCAS results. The final mass distributions 

of fragments, simulated by the modified UrQMD and 

MCAS, are compared with the experimental data from 

GSI Darmstadt. [3].As one can see there is a satisfactory 

agreement between the dynamical models and the 

experimental data and MCAS.  

 
Fig. 1 Mass distributions of fragments before and after 

evaporation for p(1 GeV)+ Fe-56 reaction. 

 
Fig. 2 Mass distributions of fragments before and after 

evaporation for p(1.5 GeV)+ Fe-56 reaction. 
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Local Structure and Cohesive Properties of Mixed Thorium and Uranium 

Dioxides Calculated by the “Ab Initio” Method 

by L. Dąbrowski
 
, M. Szuta 

National Centre for Nuclear Research, Otwock-Świerk, Poland 

 

Density functional theory (DFT) calculation results 

concerning the mixed thorium and uranium dioxide Th1-

xUxO2 for the mole ratios x=0, 0.25, 0.75 and 1 are 

presented. Ab initio calculations were performed using 

the Wien2k program package. To compute the unit cell 

parameters 12 atom super-cells were chosen. The lattice 

parameters were calculated through minimization of the 

total energy by change of lattice parameters and atom 

displacement within the unit cell. Calculations were 

performed for five different exchange energy 

approximations EXC, with and without a corrective 

orbital potential U. The lattice constants obtained are 

presented graphically (Fig. 1.) and compared with the 

experimental data. 
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Fig. 1 Lattice parameters vs.mole ratio for unit cell Th1-

xUxO2. 

It is established that the initially assumed oxygen 

locations within the unit cell x=y=z=±0.25 of the mixed 

compounds are not the equilibrium positions. The 

oxygen atoms within the unit cell undergo dislocation in 

the (111) direction so, that the oxygen-uranium 

distances are smaller than the distances oxygen-thorium. 

The changes in local structure are presented graphically 

in Fig. 2. 
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Fig. 2 Average interatomic distances oxygen-metal for Th1-

xUxO2. 

The cohesive properties are counted and presented in 

Fig. 3. 
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Fig. 3 Variation of the cohesive energy with mole ratio x for 

Th1-xUxO2 (DFT+U) and the bulk modulus are also presented 

graphically in Fig. 4. 
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Fig. 4 Variation of the bulk modulus with mole ratio for Th1-

xUxO2. (DFT+U). 
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Xe and Kr Bonding Abilities in Single Crystal Oxygen Vacancies  

of Uranium Based Fuel 

by L. Dąbrowski, M. Szuta
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The valence electron density distribution of krypton 

and xenon located in the oxygen vacancy and in its 

nearest neighbourhood was calculated using the “ab 

initio” method. The results are presented in the Figs 1a 

and 1b. 
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Fig. 1a Electron density of xenon and oxygen electrons 

roundabout uranium. Dashed line – before occupation of the 

oxygen vacancy, full line – after occupation of the vacancy. 
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Fig. 1b Electron density of krypton and oxygen electrons 

roundabout uranium. Dashed line – before occupation of the 

oxygen vacancy, full line – after occupation of the vacancy. 

The binding energies of krypton and xenon in the 

uranium dioxide crystal lattice were calculated. In the 

case of xenon the energy is equal to –1.23 eV, and –3.42 

eV in the case of krypton. Since both energies are 

negative, such a chemical bond can exist stably. 

It was also found that krypton and xenon cause local 

increase of UO1.75Xe0.25 and UO1.75Kr0.25.unit cell and 

cause its deformation, as presented in tables 1 and 2. 

Table 1. Reduced coordinates of uranium in the presence of 

xenon. 

Original position Final position 

0.0, 0.0, 0.0 

0.0, 0,5, 0.5 

0.5, 0.0, 0,5 

0.5, 0.5, 0.0 

-0.022, -0.022, 0.022 

-0.022, 0.522, 0.478 

0,522 -0,022 0,478 

0,522, 0,522, 0.0220 

 

Table 2. Reduced coordinates of uranium in the presence of 

krypton. 

Original position Final position 

0.0, 0.0, 0.0 

0.0, 0.5, 0.5 

0.5, 0.0, 0.5 

0.5, 0.5, 0.0 

-0.020, -0.020, 0.020 

-0.016, 0.515, 0.480 

0.520, -0,020, 0.480 

0.5125, 0.513, 0.0150 

 

This is additionally confirmed by the atomic force 

constants calculated for Xe and Kr equal to Cxe=5,5 

eV/Å
2
 and CKr=7,9 eV/Å

2
 respectively. These are large 

values which confirms that detachment of Xe and Kr 

atoms from the UO2 crystallographic lattice is not easy. 

Such lage values of the atomic force constants may 

suggest the occurrence of just this situation. 

The results obtained are compared with analogous 

studies of He atom incorporation into the UO2 single 

crystal lattice. 

Further, the calculations presented above show that 

during chemical bonding of Kr and Xe enlargement of 

unit cell dimensions is expected. This expectation is 

supported by the measurement of the lattice parameter 

of irradiated UO2 fuel which is progressively expanded 

in the burn-up range 0 -70 GWd/tM. 

 

References 

[1] L. Dąbrowski , M. Szuta, Xe and Kr bonding abilities in 

the single crystal oxygen vacancies of the uranium based. 

Nukleonika V 57, N 1 (2012) pp.95-100 

 



188 Annual Report 2012 
 

“Ab initio” Study of Helium Atom Immobilization in UO2 Crystals 
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We present density functional theory (DFT) 

calculation results concerning uranium dioxide crystals 

with a helium atom incorporated in the octahedral 

interstitial position. Ab initio calculations were 

performed using the Wien2k program package. For 

comparison, a pseudo-potential approach in the 

generalized gradient approximation was applied using 

the ABINIT program package. To compute the unit cell 

parameters a 13 atom super-cell was chosen. The 

potential values V(x) of the UO2 + He arrangement were 

calculated using the of PBE+U, LSDA+U potential 

approximations and the ABINIT pseudopotential 

method for comparison All the calculated potentials 

were normalized to unity and are presented in Fig. 1. 
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Fig. 1 Crystal field potential εo=(E-Eo)/(Emax-Eo) versus 

helium location (x,x, ½) in the UO2 crystal lattice for the 

range from x=0 to x=0.25. 

The parameters of the potential barrier which the 

helium atom has to overcome while jumping to the next 

octahedral interstitial position were calculated with the 

help of both program packages. The results, obtained 

using two different program packages, are shown in 

table 1. 

Table 1. The potential barrier heights for helium, in eV, 

which separates the neighbouring octahedral interstitial 

positions in the crystal lattice of UO2 calculated using 

different methods. 

Exc PBA LSDA PBsol W91 Abinit 

ΔU 8,9 8,3 7,8 7,7 8,0 

Using the numeric diagonalization methods and 

Hermite polynomials as basic functions, we can find the 

stationary values and eigenvectors of this system. In our 

case we applied Jacobi numerical methods. For the 

parameters thus described the quantum mechanical 

movement of the helium atom around the equilibrium 

position is considered. Occupation of quantized energy 

levels of helium in UO2 at different temperatures is 

presented in Fig. 2. We can see that even at a 

temperature equal to 1200 K the zero energy level is 

occupied preferentially (over 65 %), and occupation of 

the next energy levels strongly decreases with quantum 

number n. 
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Fig. 2 Energy level occupation probability of helium in UO2 

versus quantum number at different temperatures. 

It is established that the helium atoms are located 

(with an accuracy of several percent of the lattice 

constant) near the equilibrium position and form a local 

bound state. Applying the two site –model we evaluated 

the time for an over-barrier jump. The results are shown 

in Fig. 3. 
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Fig. 3 Over-barrier jump time of helium atom in UO2 in 

function of temperature.1 - parabola approximations of 

potential V, 2 – real potential V. 

The results presented show that a helium atom over-

barrier jump is not possible even for temperatures as 

high as 1200 K. The influence of potential barrier height 

on the jump time was also considered.  
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Irradiation History and Resulting Isotope Decay Scheme Influence on 

Yttrium Gamma Activity 
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Introduction 

Activation detectors based on yttrium are used 

together with others for neutron production studies 

during QUINTA setup experiments. The basic reactions 

taken into account at yttrium sample activation are of 

type 
89

Y(n,xn). The resulting isotopes are 
88

Y, 
87

Y, 
86

Y 

and 
85

Y and x=2, … ,5 respectively. The reaction yield 

or in other words determination of the production rate of 

the resulting isotope is based on sample gamma spectra 

measurements. Each isotope can be identified by the 

energy of the emitted gamma quanta i.e. by the energy 

of the peak in the gamma spectrum. Irradiation history 

affects the sample activity. 

To make the isotope quantities comparable between 

themselves the measured values have to be corrected for 

several effects. Here we concentrate on two specific 

corrections: correction for beam instability during 

irradiation and production of isomeric states. Because of 

limited space the reader is referred to [1] for details. 

The best way to illustrate irradiation history 

influence is to create a variable beam to constant beam 

formulae ratio (IHR). To make the effect more 

spectacular a mirror run was created – named 

“reversed” – and compared with the real one (see 

Fig. 1). In both cases the deuteron beam integral and 

irradiation time were the same. 

 
Fig. 1 QUINTA setup 16-17.12.2011 experiment beam run 

(left) and “reversed” beam run (right). 

 

Table 1. 16-17.12.2011 experiment parameter IHR as a 

measure of irradiation history influence on yttrium isotope 

production 

Beam 

run\isotope 
88Y 87mY 87Y 86Y 85Y 

Constant 

beam 
1.00 1.00 1.00 1.00 1.00 

Real beam 1.00 0.84 0.97 0.86 0.55 

Reversed 

beam 
1.00 1.18 1.03 1.16 1.83 

The example displayed above shows very strong 

dependence on irradiation history for short-lived 

isotopes (
85

Y) and rather weak for long-lived ones (
88

Y) 

compared to irradiation time. 

Influence of the decay scheme on measured 
87

Y 

activity needs a special treatment as it results in two 

ways, from two isomeric state decay - 
87

Y
m
 (of 

T1/2=13.38 h) indexed as “1” and 
87

Y (of T1/2=79.8 h) 

indexed as “2”. Both they are produced in 
89

Y(n,3n) 

reaction and then both of them decay. The 
87

Y
m
 transits 

first into 
87

Y and then decays.  

Each sample activity is measured two times, usually. 

Neglecting the 
87

Y
m
 effect leads to discrepancy between 

series 1 and series 2 results of 
87

Y. Assuming constant 

deuteron beam and constant neutron flux  one gets 

formulae for isotope quantity Nk after irradiation time tir:  
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For the time after irradiation, t+ the formulae look 

like: 
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Here λ1 and λ2 are the mean decay constants. 

 
Fig. 2 Time dependence of 87mY and 87Y quantity during 89Y 

sample irradiation and after end of irradiation. 
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High Energy Neutron Spectrum Measurement(>10MeV ) in the Quinta 

Assembly Irradiated with Deuteron Beam from Nuclotron (JINR Dubna) by 

Using Yttrium threshold Detectors. 

by M. Bielewicz , S. Kilim, A. Polański, E. Strugalska-Gola, M. Szuta, A. Wojciechowski 

National Centre for Nuclear Research, Otwock-Świerk, Poland 

 

This study was performed within the project 

“Energy and Transmutation of Radioactive Wastes” 

(E&T – RAW) – JINR Dubna, Russia. The scientific 

programme of the project includes activities in four 

basic directions: integral data, constants, simulation and 

materials. We have started with experiments which refer 

to the study of high energy neutron spectra at various 

points in the volume of the Quinta assembly.  

 
Fig. 1 Longitudinal view of the Quinta assembly. 

The Quinta assembly has five sections of a hexagon 

shape (see Fig. 1). Each section consists of 61 fuel rods 

of natural uranium inside an aluminum cover (36mm 

diameter, 124 mm length, weight of 1.64 kg). Each 

section contains 100 kg of uranium, so the whole target 

contains around 500 kg of natural uranium. The first 

section has a hole in its centre, a beam window. In some 

experimental sessions the target is surrounded by 

massive lead shielding of total weight 1780 kg.  
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Fig. 2 Location of yttrium detectors. 

The Y-89 activation detectors were placed in the 

Quinta setup on the detector plates in front of, between 

the five sections, and on the rear of the setup in two 

positions at varying radial distances (4 and 8 cm; see 

Fig. 2 ) from the beam axis. The location of the Y-89 

detectors is presented in Fig. 2. 

After irradiation by deuterons, the gamma activity of 

the Yttrium-89 detectors was measured using a HPGe 

spectrometer and we then determined the isotope 

production per gram of sample and per beam deuteron - 

B parameter. 

Using the experimental data (parameter B) we 

evaluated the average neutron flux density per deuteron 

and their energy for the three deuteron beams for the 

three energy ranges (11.5 - 20.8 MeV), (20.8 - 

32.7MeV) and (32.7 – 100 MeV 

An example of a comparison of average neutron flux 

density per deuteron and per unit energy of deuteron for 

the three deuteron beams of energies equal to 2, 4 and 6 

GeV as a function of the Quinta target axis at R=4 cm 

and the energy range 11.5 – 20.8 MeV is presented in 

Fig. 3. 
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Fig. 3 Average neutron flux density per deuteron and its 

energy as a function of the Quinta target axis at R=4 cm for 

three deuteron energies (2, 4, 6 GeV)in the neutron energy 

range11.5-20.8 MeV 

The curves of the neutron flux density per deuteron 

and its energy (2, 4 and 6 GeV) overlap were as 

expected. 
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The impact parameter (IP) is one of the basic 

characteristics determining the initial geometry of the 

interaction of hadrons and nuclei with nuclear targets at 

intermediate and high energies. It appears across the 

relevant theoretical formalism and, in particular, in the 

commonly used Glauber model. Moreover, it 

significantly conditions the character of a concrete 

interaction event registered experimentally because the 

nuclear properties (density and nontrivial potential 

ingredients) appreciably change with nuclear radius. 

However, only such quantities as multiplicity (M) of 

particles of a definite kind, their energies, momenta and 

emission angles are directly measurable. By means of 

these observables one can construct the characteristics 

enabling categorization of experimental data like 

various and numerous scaling variables, longitudinal 

rapidity (LR), four-velocity transfer and centrality. But 

classification of this kind is by its nature of statistical 

meaning and a question always arises about the 

reliability and ambiguity of this procedure. That is the 

reason that in the present work the correlation between 

the IP, M and LR of neutral and charged pions, protons 

and neutrons produced/emitted in the interactions of 

charged pions with xenon nuclei at momenta of 2.34, 

3.5, 9 and 30 GeV/c is studied. The correlation is 

investigated using the JAM modelling code [1] whereas 

the π-Xe reactions have been chosen since just in this 

case the corresponding experimental information is 

available, especially on neutral pions registered within 

4π geometry and practically without limitation on their 

energy except the case at 30 GeV/c which has been 

selected only in order simply to observe the energy 

behaviour of the quantity under study.  

In this work all investigated and modelled 

correlations have been fitted by two simple functions 

[2]. The average multiplicity of pions, protons and 

neutrons versus impact parameter and the average 

rapidity of pions, protons and neutrons versus impact 

parameter were satisfactorily described by a Gaussian 

function (more precisely, by its right and left parts, 

correspondingly):  
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where the free parameters p0, p1, p2 and p3 were 

determined as a function of the interaction energy [2]. 

The next analyzed correlation, i.e. the correlation 

between rapidity and multiplicity of various particles 

emitted in nuclear interactions at intermediate and high 

energies has been approximated by the Cauchy-Lorentz 

function: 

 
 













2

2

2

3

2
10

1

ppN

p
ppNf


 (2) 

Similarly as above the parameters p0, p1, p2 and p3 

were determined as a function of the energy of the 

primary pions and N is the number of particles produced 

(i.e. their multiplicity). Finally, the correlation between 

multiplicity (N) and impact parameter (Y), rapidity and 

impact parameter (b), and multiplicity and longitudinal 

rapidity for pions and protons emitted in π
+/-

+Xe 

interactions at 2.34, 3.5, 9 and 30 GeV/c was 

investigated according to the standard formula: 
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where X and Y are the dispersions of random variables 

X and Y, respectively, and cov(X,Y) is the relevant 

covariance. The results obtained show that there exists 

some meaningful correlation between the impact 

parameter and both the average multiplicity and average 

rapidity of produced neutral and charged pions, as well 

as protons and neutrons. Moreover, this correlation can 

be simply described by formulae (1) and (2). So, it is 

possible in principle to infer more than simply 

qualitatively about the initial interaction geometry on 

the basis of the available observables. 
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Surface ionization ion sources of various designs are 

widely used in many fields of science and technology, 

including nuclear spectroscopy and solid state physics. 

Sources of this kind, very often equipped with a hot 

cavity ionizer, were invented many years ago. However, 

they still attract the attention of scientists and engineers 

[1,2], due to their numerous advantages, i.e. the high 

purity of the extracted ion beam. 

Recently, a new numerical model of ionization in a 

hot cavity surface ion source was developed [3]. The 

model is suitable mostly for stable and long-lived 

isotope production, as it does not include effects related 

to radioactive decay.  

The upgraded version of the model presented here 

takes into account loss of desired isotope ions due to 

radioactive decay, implemented in the code using a 

Monte Carlo approach. The code also deals with one of 

the most important factors determining the delay of 

nuclide release, sticking of particles onto the ionizer 

surface. Figure 1 presents a schematic view of the 

simulated system, note that a flat extraction electrode 

was used for simplicity. 

 
Fig. 1 Schematic view of the simulation area. During 

calculations L=40 mm, d=2 mm, r=mm were asumed. 

In this paper we present the model and discuss the 

changes of the ion source efficiency caused by 

radioactive decay. As first, the “no sticking'' (sticking 

s=0) case was considered. The decrease of 

efficiency becomes important for travel times 

comparable to the nuclide half- 1/2. One should, 

however, have in mind that the time the particle spent 

on the surface could be of major importance for short-

lived isotopes (see figure above), so the proper choice of 

the ionizer material/coating and its temperature is 

crucial for high efficiencies. We study the influence of 

the sticking time on ionization efficiency (see results 

shown in Figure 2.), as well as the influence of such 

factors as ionizer geometry. 
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Fig. 2 Total ion source ionization efficiency for different 

1/2=0.01 s (on the left). 

Average time spent by a particle on the ionizer surface for 

different values of the sticking time, dashed line represents 

average time of flight during travel inside the ionizer (lower 

figure). 

 

During further studies such factors as delays caused 

by diffusion as well as the influence of electron 

impactionization should be taken into account. 
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Practically the simplest and roughest description of 

the main features of electromagnetic cascades (ECs) 

created in dense amorphous materials (DAMs) by high 

energy gamma quanta (GQ) is currently in use: 

longitudinal profiles (LPs) and several integral formulas 

describing the longitudinal energy deposition in ECs as 

estimations of energy resolution for photodetectors [1]. 

It is therefore commonly assumed that the longitudinal 

distribution of energy deposition (or profiles) of ECs 

initiated in DAMs can be approximated satisfactorily by 

a gamma type function. Nevertheless, such a simple 

model is not too adequate, especially at large depths t 

and at the very beginning of the cascade [1]. 

Furthermore, since the longitudinal dimensions of ECs 

increase with primary photon energy E as ~lnE at 

dimensions of electromagnetic calorimeters limited, 

usually up to 20-25 radiation lengths (r.l.), it is also 

important to have information about longitudinal 

fluctuations in ECs. Moreover, in order to reconstruct as 

far as possible a real EC picture, and so to estimate with 

acceptable accuracy the primary gamma quanta energy, 

knowledge of the correlations in longitudinal EC 

development, which is of prime importance for 

segmented gamma detectors is also of particular 

interest.  

We studied the average longitudinal profiles, 

fluctuations and correlations of ECs created in eight of 

the most popular dense amorphous media: liquid xenon, 

PWO, CdWO4, GaAs, NaI, Pb, lead glass and BGO by 

GQ of energy E=1003500 MeV at four different cut-

off energies Eco of electrons and positrons: 0.6, 1.2, 2.0 

and 3.0 MeV. The fluctuations were investigated as a 

distribution of the cascade depth, up to which a part A 

of energy E was deposited. Correlations in longitudinal 

energy deposition of ECs are also estimated. The work 

was performed using the EGS4 and GEANT modelling 

codes. For every set of parameters: Eγ, Eco and material 

20000 events were modelled [2]. As a material 

characteristic the parameter (A/Z)ρ has been taken (A 

and Z are average atomic and charge numbers of the 

material, and ρ is its density). The results obtained are 

compared with experimental data.  

The modelled average longitudinal EC profiles have 

been fitted to the function 

 tt ttdtdE ttt

   exp)()/( ,   (1) 

where αt, βt, δt, γt, εt are free parameters calculated as 

depending on the cut-off energy Ec.o. of cascade 

particles and material properties. Note that the 

parameter δt in (1) reflects the nonmonochromaticity of 

cascade particles at the end of cascades whereas the 

parameter εt takes into account the fact that traces of 

some cascade’s electrons/positrons may be twisted back 

as a result of multiple Coulomb scattering and stop 

before the conversion point of the primary GQ. Our 

formula (1) fairly well describes all the modelled ECs. 

Next, the dependence of these parameters on E, Eco and 

(A/Z)ρ is also obtained in the form of simple formulas 

convenient for practical applications. Finally, the 

correlation in longitudinally segmented dense 

amorphous material has been investigated showing that 

this effect may be useful in practice for registration of 

high enough energy GQ and estimation of their energy 

[2]. 
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Ion implantation is one of the most important 

methods enabling modification of metals and 

semiconductors: improving their tribological properties, 

preparing new light sources, tailoring the magnetic 

properties of implanted targets and many others. In 

many cases, especially when a large depth and width of 

the dopand profile is required, the maximum energy of 

the accelerated beam in a typical implanter (several 

hundred keV) could be a severe restriction. The easiest 

way to overcome this difficulty is to use a beam of 

multiply charged ions produced in a hollow cathode [1], 

rf-powered [2] , or other type of ion source, as ion 

energy En rises as En = nE1, where n is the charge state 

of the ion.  
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Fig. 1 Dependences of ion current of doubly charged ions 

Ge2+, Al2+ and Bi2+ (squares) and anode voltages (circles) on 

discharge current. 

We present studies of doubly charged ion production 

using an arc discharge ion source with an internal 

evaporator, which construction was described in detail 

in [3-5]. The evaporator enables using solids as a 

feeding material. Test were done for several substances, 

including Al, Sb, As, Ga, Bi, Mn, Te and others. 

Typically, ion currents in the range 2-1

obtained, which enables moderate dose implantations 

(up to 10
15

 ions/cm
2
) with ion energies up to 550 keV 

with a standard implanter used in the Institute of 

Physics, Lublin. In order to find optimal working 

parameters for doubly charged ion production we 

measured basic characteristics of the ion source, namely 

the dependeces of ion current and anode voltage on 

discharge current Ia, cathode current Ic and magnetic 

field flux density. Some experimental results are 

presented in Fig. 1.  

 
Fig. 2 Ion current of Bi2+ as function of the anode voltage: 

simulations (a) and experimental results (b). 

A numerical model of the ionization process is also 

discussed. It describes production and extraction of 

single and double ions based on experimental electron 

impact ionization cross-section data. Some experimental 

results are compared to those obtained from simulations 

(see Fig. 2); good agreement has been achieved.  

 
References  

[1] D. Mączka et al., Vacuum 58 (2000) 536 

[2] H.F. Le Roux, A.G.K. Lutsch, and B.M. Lacquet Nucl. 

Instrum. Meth. B, 6 (1985) 133 

[3] M. Turek, A. Droździel, K. Pyszniak, S. Prucnal, Nucl. 

Instrum. and Meth A 654 (2011) 57 

[4] M. Turek et al., Acta Phys. Pol. A 120 (2011)184 

[5] M. Turek et al., Invited talk on the IX-th Intern. Conf. 

ION 2012. Kazimierz Dolny, Poland. June 25-28, 2012, 

Book of abstracts, p.52 

 



198 Annual Report 2012 
 

New Data on Electron Beams  

and Hard X-ray Emission Studies in Tokamaks* 

by L. Jakubowski
1
, V.V. Plyusnin

2
, K. Malinowski

1
, M.J. Sadowski

1
, J. Żebrowski

1
,  

M. Rabinski
1
, H. Fernandes

2
, C. Silva

2
, P. Duarte

2
, M.J. Jakubowski

1
 

1
National Centre for Nuclear Research, Otwock-Świerk, Poland 

2
Instituto de Plasmas e Fusão Nuclear, Lisbon, Portugal  

 

High-temperature plasmas in tokamaks and 

stellarators usually contain large populations of high 

energy electrons and ions. The determination of their 

parameters is an indispensable part of plasma fusion 

studies. The NCBJ team, operating within the 

framework of the EURATOM/IPPLM Association, 

proposed Cherenkov type probes for measurements of 

fast electrons within tokamaks, because of their high 

spatial- and temporal resolutions.  

The results obtained within the ISTTOK tokamak in 

2011 were summarized in a paper [1].  

 
Fig. 1 Dependence of correlation between intensities of electron signals CH1 and CH2 on the measuring head position for a 

series of ISTTOK plasma discharges. 

 

A new Cherenkov probe, equipped with radiators 

made of diamonds and dedicated to measurements of 

electron beams within the ISTTOK experiment, was 

constructed in 2012. The measuring head of this probe 

was equipped with two diamond radiators of 10 mm in 

diameter and 1 mm in thickness, parallel to each other 

and located at a distance of 5 mm. To ensure a good 

transfer of heat the radiators were pressed together into 

a stainless-steel body. The diamond radiators with 

appropriate coatings could detect electrons of energy 

above 58 keV. This Cherenkov measuring head was 

mounted upon a holder that made it possible to insert 

the probe into a toroidal experimental chamber. It was 

possible to change the position r of the measuring head 

along the tokamak minor radius in the range from 120 

mm to 50 mm from the chamber axis. The plasma 

discharge in the ISTTOK chamber was determined by a 

limiter placed at r=85 mm. The diagrams in Fig. 1 

present the dependence of signals from channel No.1 vs. 

signals from channel No.2, as obtained at different 

radial position of the measuring head. A comparison of 

these diagrams shows that at the probe positions r=80 

mm and 85 mm the correlation of the electron-induced 

signals obtained from the two Cherenkov radiators was 

quite good. At deeper immersion of the probe into the 

plasma (for r<70 mm) the signals from both radiators 

became less correlated. This means that in the region 

r<70 mm the electron beams were more chaotic. It 

should be noted that the measuring head placed at r>80 

mm could record only the fast electron beams, those 

escaped from the toroidal plasma column. Such beams 

had relatively large diameter (>5 mm) and could 

produce similar signals in both radiators, which proved 

the appearance of runaway electrons. Some selected 

results from these measurements have been published in 

a paper [2].  

In 2012 a more detailed analysis of results from the 

electron measurements was also performed, this were 

carried out by means of single- and multi-channel 

Cherenkov probes in ISTTOK during previous years 

[3]. 

As regards other electron measurements performed 

in 2012 by means of Cherenkov-type detectors, a new 

four-channel Cherenkov probe (DENEPR-3) was 

mounted within the TORE-SUPRA, but due to serious 

technical breakdown of the tokamak main supply 

transformer the measurements were postponed. 

Nevertheless, a detailed analysis of the experimental 

data obtained from the previous two TORE-SUPRA 

experimental sessions was performed and a new paper 

[4] was prepared.  

As regards the preliminary electron measurements 

within the COMPASS tokamak (operated at the IPP CR, 

Prague), in 2012 a prototype single-channel Cherenkov 

detector with a radiator made of an aluminium-nitride 

(AlN) crystal, was designed and manufactured. 

Preliminary measurements with this probe were 

performed for several measuring head positions along 

the minor radius of the tokomak, outside the Last 

Closed Flux Surface (LCFS) only. Relatively high-

intensity Cherenkov signals were obtained.  
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At the Andrzej Soltan Institute for Nuclear Studies 

(SINS), now the National Centre for Nuclear Research 

(NCBJ), CR-39/PM-355 track detectors have been used 

for a long time. Calibration studies of the detectors have 

also been performed at SINS for several years. As a 

result of these studies we obtained an extensive 

collection of data on the shapes of tracks formed by 

different projectiles at various energies. The problem of 

the track development has been the subject of many 

studies in recent years conducted in many laboratories 

around the world. Therefore, our recent work has been 

directed at gaining from the collected data some 

knowledge of such physical quantities as detector 

etching rates VB and VT, sensitivity function VT/VB, 

track profiles etc [1]. The widely accepted model of 

track etch-pit development involves two etch rates: the 

track etch rate along the particle trajectory (VT) and the 

material bulk etch rate (VB). The latent track develops 

into a conical etch pit when VT is much larger than VB. 

To determine the VB value we used a non-irradiated 

PM-355 sample which was subjected to an interrupted 

etching procedure. VB was determined from the weight 

losses of the sample mass after every 2 h of etching. In 

general, the track registration sensitivity function 

V=VT/VB was obtained on the basis of the results of the 

track diameter measurements D(t). The track etch rate 

VT was calculated using the method proposed by 

Fleischer et al.. The approximate formula for VT was 

derived assuming conical track profiles. The values of V 

obtained are presented in Fig. 1.  

 
Fig. 1 The track registration sensitivity function V=VT/VB 

versus proton energy and etching time t.  

One can see that the sensitivity function V does not 

depend on the etching time. The maximum value of the 

function V is almost the same for etching times of 8, 12 

and 14 h. Considering the shape of the sensitivity 

function we can conclude that this dependence 

correlates reasonably well with the stopping power 

dependence. 

In 2012 we used the PM-355 detector to analysis fast 

ions emitted from laser target experiments. Thick and 

thin CD2 targets were irradiated with laser pulses 

generated by the Asterix laser, which was operated in 

Prague at the fundamental wave length of 1315 nm and 

300 ps pulse duration [2]. The laser pulse intensity on 

the target surface amounted to 10
16

 W/cm
2
, which 

produced non-equilibrium plasma with deuteron and 

carbon ion emission. The ion energies attained a level of 

4 MeV per charge state, as measured by time-of-flight 

(TOF) techniques using ion collectors and silicon 

carbide detectors (Fig. 2). Accelerated deuterons (Fig. 

3) induced D-D nuclear reactions which generated 3 

MeV protons and 2.5 MeV neutrons, as was revealed by 

TOF analyses. To increase the fusion reaction proton 

yield, secondary CD2 targets were employed to be 

irradiated by the plasma-accelerated deuterons. The 

experiment demonstrated that high intensity laser pulses 

can be employed to induce nuclear reactions from which 

characteristic ion streams may be acquired. 

 
Fig. 2 Typical spectrum of fast ions emitted from a CD2 

target irradiated with a laser pulse. The spectrum was 

measured using a SiC detector. 

 
Fig. 3 An sample picture of craters produced by deuterons 

emitted from a CD2 target and which penetrated through a 9 

μm thick Al foil (Ed>900 keV). To avoid track overlapping the 

detector sample was etched for 0.5 h 
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In 2012 the preparation of a paper about recent 

experimental research on spatial- and energetic-

characteristics of ion beams produced by PF-360 

discharges was finished, and this paper was published in 

Nukleonika [1]. Subsequent studies were concentrated 

on the elaboration of results form time- and space-

resolved measurements of high-energy ion beams 

emitted from PF-type discharges. An example of space-

resolved measurements is shown in Fig. 1.  

 
Fig. 1 Ion image recorded along the z-axis in the PF-360 

facility and the corresponding profiles of the ion angular 

distribution, as measured along the broken lines marked on 

image (a). 

To perform time-resolved measurements of fast ions 

use was made of pinhole cameras equipped with 

miniature scintillation detectors of the NE102 type, 

which were coupled with fast photo-multipliers [2]. The 

time-resolved ion signals showed that high-energy ions 

(e.g. 500-keV deuterons) are emitted in bunches and 

correlate with hard X-ray pulses , as shown in Fig. 2. 

 

Fig. 2 X-ray and ion signals from two measuring channels 

(ch2-ch3) in the pinhole camera (placed at 450 and a distance 

of 50 cm from the PF-360 electrode ends), and signals from 

the neutron scintillation detector (placed at z = 7 m). 

To study the spatial and energetic structure of fast 

ion streams emitted from RPI facilities use was made of 

nuclear track detectors (NTDs) [3-5] placed directly 

upon internal supports or in ion pinhole cameras and 

Thomson analyzers. An example is shown in Fig. 3. 

 
Fig. 3 Ion pinhole image recorded on PM-355 detector with 

(right part) and without (left part) an absorption filter in the 

RPI-IBIS facility operated in the “fast mode”. 

To explain the ion emission characteristics of RPI-

IBIS discharges computer modelling of the electric- and 

magnetic-field as well as ion trajectories was performed 

[6], as shown in Fig. 4. 

 
Fig. 4 Computer simulation of trajectories for 200-keV 

deuterons inside the RPI-IBIS facility. 

A detailed analysis of the ion emission from the 

RPI-IBIS facility was presented in a PhD thesis [7]. 
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In the framework of DMP studies was finished the 

preparation of a paper on the most important issues of 

high-current plasma experiments of the Z-pinch type 

(including PF discharges) was finished. The paper 

concerned different types of Z-pinch experiments, the 

problems of their diagnostics, development of 

appropriate physical models and codes, and was 

published in Nukleonika [1]. Another paper, that 

reported on progress in MJ Plasma-Focus research at 

IPPLM, was also completed and published [2]. 

Other efforts concerned the finalisation of two 

papers on interferometry of the MJ PF experiment with 

a forehead cathode and energy transformations in a 

column of the PF discharge with MA currents. Both 

papers were published [3-4].  

Particular attention was paid to research on the 

characteristics of neutron production in the modified 

MA PF experiment. The main discharge current was not 

changed considerably, but the pulses of the X-ray and 

neutron emission were different from those for the 

standard configuration, as shown in Fig. 1. 

 
Fig. 1 Current traces for the standard (1) and modified (2) 

electrode configuration (left), and typical X-ray and fusion-

neutron signals measured at a distance of 7 m down-stream 

from the PF-1000 electrode ends. 

The results of all the experiments with the modified 

electrodes were summarized in a paper [5]. Other 

studies concerned plasma self-organization effects in 

high-current discharges of axial symmetry. Numerous 

examples of the observed plasma filaments were 

analyzed. Indirect proves of the current filaments, e.g. 

erosion tracks, as shown in Fig. 2, were also analysed  

  
Fig. 2 X-ray pinhole picture of the old PF-360 electrode 

showing spots of the increased X-ray emission (on left), and 

another PF-360 inner electrode after series of discharges 

(on right). 

Theoretical models describing the formation and 

influence of current filaments were also considered [6]. 

Particular attention was paid to the influence of the self-

organized axial magnetic field on the neutron 

production in Z-pinch discharges, as described in a 

paper [7]. In connection with studies of various 

filamentation effects attention was also paid to results of 

fast deuteron emission measurements in PF-1000 

discharges. It was shown that the number of ion micro-

beams does not correspond to the number of cathodes, 

but it can be explained by the influence of the current 

filaments existing in the current sheath [8], as shown in 

Fig. 3. 

 
Fig. 3 Explanation of the pinhole image formation (left) and 

the ion pinhole image from two 290-kJ shots in PF-1000. 

The development of various diagnostic techniques, 

applied to experimental studies of DMP at the IFPiLM, 

was also reported in another paper [9]. Different 

techniques of fusion-neutron measurements, a multi-

frame laser interferometry, magnetic probes, X-ray 

studies, as well as measurements of fast electron- and 

ion-beams were desribed. 
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According to the time-schedule of a contract with 

the NCBiR, in 2012 our main efforts were concentrated 

on the elaboration of detailed technical documentation 

for two new ion probes. The first probe should contain 

an ion pinhole camera equipped with a rotating drum for 

fixing several nuclear track detectors (NTDs), which are 

to be irradiated during a single plasma discharge. The 

second probe should contain a miniature ion mass- and 

energy-analyzer of the Thomson type with NTDs [1-2]. 

On the basis of an analysis of different 

constructional solutions, which enable a measuring head 

to be put in and out, it was decided to design and 

construct universal manipulator [2-3]. It should be 

equipped with high-vacuum connectors for mechanical 

drives, as shown in Fig. 1.  

 

Fig. 1 Sample solution of a mechanical drive for axial 

positioning of the ion probes. 

The manufacture of a universal manipulator for both 

measuring heads should reduce the cost of the 

developed diagnostic equipment.  

Simultaneously with the elaboration of the technical 

documentation for the measuring heads and 

manipulator, in 2012 orders for standard high-vacuum 

structural elements and special materials, needed for 

manufacturing the both ion probes [2-3] there were 

placed and fulfilled. It accelerated the collecting of all 

parts needed for the assembling of a prototype setup, as 

shown in Fig. 2.  

 

Fig. 2 Parts collected for assembly of the universal 

manipulator for the designed ion probes. 

The design of both ion probes dedicated to 

measurements under extreme experimental conditions, 

occuring inside fusion facilities, was accompanied by an 

analysis of possible motions of fast ions (including 

charged fusion-products). Particular effort was devoted 

to the computer simulation of ion trajectories inside the 

COMPASS-U tokamak, operated at the IPP in Prague, 

because the developed ion probes might be explored in 

this facility [4]. An example of such a simulation is 

presented in Fig. 3. 

 

Fig. 3 Trajectories of 3.02-MeV fusion-produced protons, as 

computed for different values of the poloidal current in the 

COMPASS-U tokamak operated with deuterium filling. 

Another task concerned the technical modernization 

of the PF-360 facility at the NCBJ, as shown in Fig. 4.  

 

Fig. 4 Picture of a PF-360 condenser section after finishing 

its renovation and high-voltage tests (in December 2012). 

Details of the PF-360 modernization are to be 

reported at the 2
nd

 Scientific Seminar of the NCBiR 

Project, to be held at the IFJ PAN in Cracow, in 

February 2013. 
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In 2012 the preparation of a paper on the optical 

emission spectroscopy of plasma produced from a 

tungsten target irradiated within the RPI-IBIS facility 

was finished [1]. The editing of another paper, 

summarizing research on simulation experiments with 

the QSPA Kh-50 facility in Kharkov, was also 

completed [2]. An invited lecture, describing progress in 

high-temperature plasma research (including optical 

spectroscopy studies) at the NCBJ, was given at the 

Alushta-2012 international conference, and the 

corresponding paper was published [3]. A more detailed 

description of the optical emission spectroscopy of 

pulsed plasma streams, emitted from a modified PF-

1000 facility, was presented in another paper [4]. 

Particular attention was paid to spectroscopic and 

corpuscular analysis of carbon plasma produced by laser 

pulses. A solid target made of a carbon-fibre-composite 

(CFC) was placed inside a vacuum chamber and 

irradiated by intense (6 GW/cm
2
) Nd:YAG laser pulses. 

Optical spectra were recorded with a Mechelle
®
900 

spectrometer, and the ion emission was measured with 

an electrostatic analyzer. A detailed analysis of the CII 

426.7 nm line was performed. Results of the 

spectroscopic and corpuscular measurements were 

reported at the Alushta-2012 conference and 

summarized in a paper [5]. 

Other efforts concerned spectroscopic studies of 

dense plasma streams and their interactions with CFC 

targets in the PF-360 and RPI-IBIS facilities at the 

NCBJ. In the PF-360 experiment it was observed that 

the emission of carbon-lines (i.e. erosion of the target) 

depends considerably on the orientation of the carbon 

fibres [6], as shown in Fig. 1. 

 

Fig. 1 Temporal behaviour of theCII-426.7 nm line in the 

PF-360 experiment with CFC targets of different orientations. 

The interaction of pulsed deuterium-plasma streams 

with CFC targets was also analyzed in another paper 

[7], as presented in Fig. 2. 

 
Fig. 2 Optical spectra of plasma produced from a CFC-3 

target (with a high number of C-fibre ends) exposed to pulsed 

plasma streams in the PF-360 facility. 

Experimental data, collected during the previous 

experiments with a tungsten (W) target, were analyzed 

in more detail and a new paper presented at the 

ESCAMPIG-2012 conference [8]. Particular attention 

was paid to investigation of deuterium-plasma 

interaction with a W-target at different energy fluxes. 

W-target erosion was observed at fluxes >3 J/cm
2
. It 

was found to be 10 times higher at 5 J/cm
2
, and about 

20 times higher at 7 J/cm
2
. 

The most important results of the spectroscopic 

studies were also reported in an invited lecture given at 

the ICDMP 2012 workshop [9].  
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A well-known shortcoming of the diffusion (heat-

condution, Fourier) equation for the temperature θ at 

time t and position r (with the diffusion coefficient ) 

t θ(r,t) = κ 2
θ(r,t)   (1) 

is the instantaneous reaction of its solution to an 

initial change of temperature. For arbitrarily small time t 

the solution varies arbitrarily far away from the origin. 

This property is obviously incompatible with any 

relativistic description. When we construct a correct 

relativistic model, two questions arise: (i) How can the 

classical diffusion equation be obtained as a c→∞ 

asymptotic of a more precise description. (ii) Which 

equation could play the role of the diffusion equation in 

a model with a speed of propagation limited to c. 

In 1970 N.G. van Kampen shed new light on both 

problems with his ingenious one-dimensional model of 

relativistic heat transport [1]. The model consisted of 

electromagnetic radiation interacting with macroscopic 

dust particles (immobile in the time scale of the model). 

The solution of the linearized equations was an inverse 

Fourier-Laplace integral reduced to a sum of residua at 

3 poles. The contribution from the only persistent pole, 

corresponding to the long-time limit, satisfied the 

diffusion equation. In the complete solution however, a 

pulse of heat at the origin had no effect on the medium 

at distances |x| > ct. As a by-product, the author 

obtained a relativistic counterpart of the diffusion 

equation in the form of a 3
rd

 order differential equation. 

In this paper the Van Kampen model is extended to 

3 dimensions, which enables it to describe some real 

systems like dusty plasmas. Here the dust interacts with 

the radiation in 3D. The solution in the form of the 

inverse Fourier-Lapace transform reduces to the sum of 

a residuum at the persistent pole, usually a residuum at 

the 2
nd

 pole and an integral around a cut in the complex 

plane (as the integrand contains the arctan function). 

Both non-persistent components are proven to be finite 

and vanish exponentially with time. As a result, the 

contribution from the persistent pole satisfies the 

diffusion equation (with the coefficient κ being a natural 

generalization of its 1D counterpart), while the complete 

solution vanishes beyond the ball r≤ct. 

While the generalization of the solution to 3D 

introduced only mathematical difficulties, some extra 

physical assumption was necessary to obtain a 

reasonably simple 3D diffusion equation for the 

relativistic model, because. a naïve generalization of the 

1D model would lead to an integro-differential equation, 

nonlocal both in space and time.  

The assumption concerns the radiation which 

propagates when a point-like (Dirac delta) initial 

temperature disturbance is applied. Then the radiation is 

assumed to consist of two components: the primary one 

propagating in the radial direction, and the secondary 

one, which is isotropic in the wave vector. Due to the 

linearity of the model, the temperature also splits into 

the corresponding components θ
 rad

 and θ
 iso

. The “total“ 

temperature θ may be regained from θ
 rad

 by means of 

the equation 

)2(.0
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1
1

3

2 rad 
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while θ
 rad

 may be obtained from an equation 

governing the “radial temperature potential” ψ(r, t), 

such that r ψ=θ
 rad

 . In natural units (including c=1), the 

latter equation reads 
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where  is the emission coefficient. Besides the 

factor 1/3 in front of the Laplacian, which is an obvious 

effect of higher dimensionality, equation (2) differs 

from its 1D counterpart by the extra mixed-derivative 

term (2/3)(1+)tr. In the limit of slow variation of  

both in r and t, with t being of order r
2
, eq. (2) turns 

into the diffusion equation (1). If we return to standard 

units, this limit indeed corresponds to c→∞. 
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We present exact solutions to the fluid equations that 

model traffic flow [1]. The model, proposed by the 

authors mentioned in the above title, is described in [2]. 

It was discussed and extended in many subsequent 

papers. The fluid density ρ(x,t) that gives the number of 

cars per unit surface of the road, is described by a 

standard continuity equation. In the model equation 

describing the fluid velocity u(x,t), the force is 

appropriately modelled. 

Our method of finding exact solutions is an 

extension of that pertaining to Langmuir waves in a 

plasma, used by us in [3] and [4]. 

One starts with transforming x and t to lagrangian 

variables ξ and t, where ξ is the initial position (at t=0) 

of a fluid element which at time t was at x. Then an 

auxiliary variable s(ξ) is introduced by integrating the 

initial fluid density ρ0(ξ) over ξ. The initial position of 

the fluid element can be specified by either ξ or s. 

A characteristic feature of the present case is that the 

transformed model equations for ρ and u lead to a 

partial differential equation for just one unknown 

ψ(s,t)= 1/ρ(s,t). This equation can be factorized in two 

possible ways, I and II, where the factors are of first 

order in s and t. In each case, only one factor is used to 

produce our exact solutions. The nonlinear term in the 

resulting equation for ψ(s,t) is equal to minus or plus 

(1/ψ)∂ψ/∂s. It can be eliminated by another 

transformation of variables, similar to the lagrangian 

one, in which the role of u is played by minus or plus 

1/ψ. This is a formal trick without physical 

interpretation. 

Now the new variables are η and t, and the resulting 

linear equation for ψ(η,t) can be solved. This ψ(η,t) 

along with 

s = η + ln ( F(η,t) )   (1) 

where F is simply related to ρ0(s=η) and t, gives us 

two classes of exact solutions (for case I and II) in 

parametric form. They can be used to plot ρ and u in the 

physical variables x and t. Each such plot is specified by 

ρ0(ξ) and, in the case of u, also by two parameters: u0 

which is the initial velocity of the ξ=0 car, and V0 which 

defines a common velocity of all cars as t→∞, equal to 

V0±1. There are limitations on the form of ρ0(ξ). The 

solutions obtained in case I are only valid if ρ0(ξ) falls 

down from its starting value a at ξ=0 to zero at ξ=∞, and 

there are no cars for ξ<0. Similarly, in case II, ρ0(ξ) 

must grow from zero at ξ=−∞ to a at ξ=0, and no cars 

are present for ξ>0. 

In Fig. 1 we present ρ(X,t) for ρ0(ξ)=a/cosh
2
(λξ) in 

case I (ξ≥0), where X is the position of a fluid element 

in the frame moving along with the discontinuity at ξ=0. 

 

Fig. 1 Car density as a function of X and t for a=1, λ=2. The 

mesh lines correspond to ξ=const and t=const. 

If ρ0(ξ)=aexp(−λξ) for case I or its mirror 

image(ξ→−ξ) for case II, it is possible to eliminate the 

parameter η, and even find the fluid density ρ in terms 

of X and t. This is because F in (1) is a linear function of 

η with time dependent coefficients. Therefore the 

solution η(s,t) of (1) can be given in terms of the 

Lambert function W(x) defined by W exp(W)=x, 

equivalent to W+ln W=lnx.  
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A jet of hydrogen clusters and mini-droplets will be 

one of the targets used in antiproton annihillation 

studies in the PANDA experiment at the FAIR Facility 

in Darmstadt. The jet is created in the process of 

expansion into vacuum of cold (~25 K) H2 under 

pressure through a Laval nozzle. Flowing out of the 

specially shaped nozzle the gas expands which leads to 

an additional cooling and cluster formation on the jet 

axis. In order to separate the useful jet core from the 

rest, which is a parasitic gas ballast, a number of 

diaphragms are installed on the axis of the device. Any 

droplet which fails to enter the narrow cone of the thus 

formed collimator, evaporates instantaneously on 

contact with its warm surface and is pumped out 

efficiently. This is achieved by installing each 

collimating stage on the bottom of a rather large volume 

which is pumped down through its side wall with pumps 

of large diameter and high pumping speed. At distance 

of about 2m from the nozzle the cluster jet intersects the 

antiproton beam circulating in the beam tube of the 

HESR accelerator/accumulator. Interaction products are 

emitted from the intersection point and are detected by 

the different subsystems of the PANDA detector. 

The NCBJ team embarked on a project of designing 

and construction together with teams from WWU and 

GSI of a slow-control system for the Hydrogen Cluster-

Jet Target. This system should fulfill several important 

tasks: ensure safe operation for flammable gases, protect 

the PANDA detector and the HESR accelerator against 

any target failures, switch on the various target 

subsystems in the right sequence and with the right 

dependencies, drive the production stage in the 

smoothest way, possibly compensating for antiproton 

loss thus keeping the luminosity constant throughout the 

accelerator cycle. These requirements led us to conclude 

that the control system must be based on an industrial 

standard working with a real-time operating system, 

able to react to inputs in a deterministic way and in a 

well defined time. An analysis of the tasks of the slow-

control system led us to conclude that the whole target 

system can be driven using National Instruments (USA) 

hardware and software in the well-known LabVIEW 

environment. The proposed programmable logic 

controller is the CompactRIO (cRIO) of NI. The cRIO 

is a low-cost reconfigurable control and acquisition 

system designed for applications that require high 

performance and reliability. The system combines an 

open embedded architecture with small size, extreme 

ruggedness, and hot-swappable industrial I/O modules. 

NI cRIO is powered by reconfigurable I/O (RIO) FPGA 

technology. 

As an example we present in Fig.1 a fragment of the 

vacuum-system serving the beam-dump i.e. the collector 

of the cluster-jet featuring seven turbomolecular pumps 

TP6 - TP12, two forvacuum pumps VP4 and RP4 (vane 

and roots), vacuum sensors and valves. The I/O modules 

used to control this fragment of the target vacuum 

system are indicated. 

 
Fig. 1 A fragment of the slow-control system serving the beam-dump. 
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Study of the Resolution of the PANDA GEM Detector with Garfield 

by D. Melnychuk and B. Zwięgliński
 
for the PANDA Collaboration at FAIR-Darmstadt 
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The PANDA (AntiProton ANnihilation at 

DArmstadt) experiment is one of the key projects at the 

future Facility for Antiproton and Ion Research, which 

is currently under construction at GSI, Darmstadt. The 

PANDA experiment will perform precise studies of 

antiproton-proton annihilation and reactions of 

antiprotons with nucleons of heavier nuclear targets. 

Particles emitted at angles below 22°, which are not 

fully covered by the central tracker (STT) will be 

tracked by four planar GEM stations placed 

approximately 0.8 m, 1.2 m, 1.5 m and 1.9 m down-

stream of the target. Each station consists of double 

planes with two projections per plane. The stations will 

be equipped with Gaseous micro-pattern detectors based 

on Gas Electron Multiplier (GEM) foils as amplification 

stages. The chambers have to sustain a high counting 

rate of particles peaked at the most forward angles due 

to the relativistic boost of the reaction products as well 

to the small angle proton-antiproton elastic scattering.  

Creation and propagation of an electron avalanche 

and its collection by a PAD plane in a GEM detector 

has been simulated with the Garfield program to 

determine how the size of the pad strips influences the 

position resolution of a GEM detector. Position 

resolution is defined by the distribution of charge in 

space at the readout plane. It is determined by two main 

processes: drift of electrons in the electric field and their 

diffusion in the gas filling the detector. 

A standard-design GEM plane has been assumed for 

calculations with a 50 m thick Kapton foil covered on 

both sides with a 5 m copper layer. The holes are 

spaced so as to have a distance of 140 m between their 

centers. Each GEM hole has a double conical shape 

with an outer diameter of 70 m and an inner diameter 

of 50 m. The electric field in GEM was calculated with 

ANSYS. Simulations were performed for 1 GeV muons 

crossing the drift volume perpendicular to the GEM 

plane. On average 29 primary electrons are produced in 

the drift volume. A calculation for one track takes on 

average 7 days on one CPU. In total, simulations for 

130 primary tracks have been performed. The endpoints 

of electrons at the PAD plane have a 2-dimensional 

Gaussian distribution with  = 264m. 

The two-dimensional readout structure has been 

studied with different granularities. The structure 

consisted of vertical strips with the widths = 200, 300, 

400, 500 and 1000 m to provide information on the x 

coordinate and pads with the sizes 200x400, 

300x600,400x800, 500x1000 and 1000x2000 m to 

provide information on the y coordinate. Pads are 

assumed to be connected along the X-axis. In such a 

configuration the pitch in x and y coordinates is the 

same. 

To cover the different relative positions of the initial 

tracks with respect to the GEM holes and the readout 

elements the initial track positions were uniformly 

distributed in a square of 1x1cm
2
. The track positions 

were reconstructed as the weighted mean of the cluster, 

i.e. group of neighbouring elements. 

For the 400m pitch size of the readout structure the 

distribution of residuals between the generated and the 

reconstructed track positions is shown in Fig. 1. The 

resolution as a r.m.s. of the distribution is 36 m and 

33 m for x and y, correspondingly. 

 
Fig. 1 Distribution of the residuals between the generated 

and the reconstructed track positions for the 400 m pitch 

size. 

These numbers may be compared with the space 

resolution measured for the COMPASS GEM detector, 

which has the same pitch size of 400 m. It is quoted as 

around 70 m, however it is mentioned that with the 

prototype a resolution of around 40 m has been 

achieved. In addition, the measured resolution has a 

contribution from the uncertainty of the strip positions, 

which is not the case for the simulation. So the numbers 

are roughly consistent. Increasing the pitch size the 

following resolutions were obtained in the simulations 

(see Table 1). 

 

Table 1. Space resolution of the triple GEM detector for 

different pitch sizes of the readout. 

Pitch size, m r.m.s.(x), m r.m.s.(y), m 

400 36 33 

600 38 37 

800 91 46 

1000 169 92 

2000 525 407 

 

From these data it can be seen that between the pitch 

sizes of 400 m and 600 m the resolution is almost 

constant and is below the design requirement of 

100 m. 
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Jet Counter – Progress Report 

by A. Bantsar, S. Pszona, E. Jaworska and A. Dudziński  

National Centre for Nuclear Research, Otwock-Świerk, Poland 

 

Most of the activities carried out with the Jet 

Counter, JC, [1], device during 2012 were concentrated 

on: 

- experiments with radioisotope sources of I-125 

and I-131 as well as the interpretation of the results. 

- design work for planned experiments with carbon 

ions. 

The details experiments with radioiodine isotopes-

namely measurements of the ionization cluster size 

distribution, ICSD, created by I-125 and I-131 sources 

in simulated nanometer sized nitrogen were described in 

the previous annual report [2]as well in[3]. The results 

of these experiments i.e. the ICSD spectra for I-125 and 

I-131 are presented in “Nanodosimetry-progress report” 

in this Annual Report. A schematic view of the Jet 

Counter device for measurements with radioisotope 

sources is presented in figure 1. A simulated nanometre-

sized site (SNS) is obtained in the device by pulse 

expansion of nitrogen (which leads to a nitrogen jet) to 

the volume of the interaction chamber, IC. The volume 

of the IC is of cylindrical shape, 10 mm in diameter and 

10 mm in height, walled by 1 mg/cm
2
 mylar. The 

nitrogen jet is created by the pulse-operated valve, PZ, 

which injects nitrogen from a gas reservoir, R, through a 

nozzle with an orifice, 1 mm in diameter, to the IC. The 

nitrogen gas density (and, in particular, its maximum 

which defines the SNS) was determined and controlled 

in an electron-transmission experiment, using electrons 

with known energy and known total scattering cross 

section (for details, see Bantsar [4]). The diameters of 

the SNS applied in the experiment to measure the 

ionization cluster-size distributions caused by particles 

emitted by a decaying radionuclide had a mass per area 

of 0.16 μg/cm
2
 to 1.7 μg/cm

2
. To measure the ionization 

cluster-size distributions, the nitrogen sites were 

irradiated by electrons emitted from I-125 and I-131 

radioactive-sources. For further details concerning the 

measurements of cluster-size distributions due to Auger 

electrons see[2,5]. 

The experiment with carbon ions will carried out at 

the Heavy Ion Laboratory, University of Warsaw. A 

schematic view of the Jet Counter device for the 

experiments with carbon ions is presented in figure 2. 

The electronic and data acquisition system will be 

modified using the synchronization signal from the 

cyclotron steering system (CYCL.SYNCH). 
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Fig. 1 Schematic diagram of the Jet Counter for the 

experiments with 125I and 131I. 
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Fig. 2 Schematic diagram of the Jet Counter for the 

experiments with carbon ions. 
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On the Variability of Ultimate Energy Loss Under Spectrometric Mode  

of Conventional Avalanche Counters Filled With n-Heptane Vapour 

by J. Sernicki 

National Centre for Nuclear Research, Otwock-Świerk, Poland 

 

Avalanche counters have been recognized as 

excellent timing detectors for several years [1]. 

Moreover, parallel-plate avalanche counters (PPAC) 

have good properties as elementary detecting devices 

[2]. But the spectrometric properties of PPAC detectors 

may be evaluated based only partial data on the detector 

energy resolution [3]. At present, there is generally 

insufficient data available on the spectrometric 

properties of avalanche counters. 

In general, the properties of avalanche counters 

depend upon the electric field intensity and gas 

pressure. It should be fully realized, however, that the 

counter’s spectrometric properties depend on not only 

the statistical fluctuations of the charge generated in the 

interelectrode space, which are affected by the basic 

ionization processes, but also on additional factors. 

However, the effect of additional factors under 

measurement conditions typical for the majority of 

physical experiments in which avalanche counters are 

used can be minimized [4]. 

When the radiation initiating the discharge growth 

within the avalanche counter interelectrode gas space 

generates a sufficiently large number of charge carriers 

during the primary ionization process, the carrier 

multiplication process in a strong electric field, i.e. the 

gas gain process, will be obstructed by a local space 

charge effect. Hence, the product of the critical absolute 

value of gas amplification (Mabs) and the energy lost in 

the counter (dE/dx×d) by the radiation detected, in 

practice plays the role of a criterion of the effect 

occurrence [5]; dE/dx is the specific energy loss, and d 

refers to the electrode spacing. 

The criterion of local space charge effect in the 

PPAC detectors was determined at moderate specific 

ionization in n-heptane. Therefore, it is interesting – 

from a practical point of view – to meet the values of 

the ultimate energy loss (dE/dx×d) corresponding to the 

critical values of the gas gain at the supply voltages 

from Umin to Umax (the minimum and maximum supply 

voltage, respectively) at different n-heptane vapour 

pressures (p). The voltages determine the useful range 

∆U for individual values of p and d (fig. 1). 

Hence, the purpose of this investigation is to 

determine absolute values for both the effective gas 

amplification of PPAC detectors filled with n-heptane 

vapour (general equations of the absolute gas gain 

characteristics, which are justifiable for the detectors, 

were used [5]) and the ultimate energy loss 

corresponding to these values. 

The (dE/dx×d) variability within the ∆U-range – for 

individual PPAC electrode spacings – is shown in figs. 

2 and 3. It can be seen that the largest variability occurs 

at lower n-heptane pressures. The PPAC with d=0.3 cm 

has greater change dynamics than that one with d=0.4 

cm. The ultimate energy loss values determined 

provide, within the ∆U-range, a strictly linear course of 

the gas gain characteristics in a semilogarithmic 

coordinate system. 
 

 

Fig. 1 Width of the useful ranges of the PPAC supply 

voltage; ∆U=Umax−Umin. The PPAC has an interelectrode 

gap of d. 
 

 

Fig. 2 The PPAC energy losses corresponding to linear 

courses of logMabs=ƒ(U) characteristic of a detector with 

d=0.3 cm. 
 

 

Fig. 3 The PPAC energy losses corresponding to linear 

courses of logMabs=ƒ(U) characteristic of a detector with 

d=0.4 cm. 
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Monte Carlo Simulations of Gamma-ray Interactions with Scintillators* 

by I. Zychor, A. Gójska, M. Moszyński, J. Rzadkiewicz, P. Sibczyński, A. Syntfeld-Każuch, Ł. Świderski 
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Gamma-ray spectroscopy is one of the diagnostic 

tools to study processes in plasma tokamaks. The 

gamma radiation is emitted during deexcitation of 

nuclei produced in reactions between, e.g., the plasma 

and targets like the walls etc. The observed gamma 

energies for deexcitation of, e.g., 
10

Be are from 2.5 MeV 

and 
10

B from 0.4 MeV. Such radiation could be 

measured with a scintillator detector. In the 

experimental spectrum there are peaks corresponding to 

certain well known reaction channels but there are also 

peaks of unknown origin. Independently, measurements 

are made in a well defined geometry with a scintillator 

and a gamma-ray source. From these measurements the 

properties of the scintillators are derived: intrinsic 

energy resolution, non-proportional relationship 

between the energy of the detected radiation and the 

light yield, decay time, and efficiency [1]. The 

measured properties of the scintillators are input 

parameters to simulations since nothing better than the 

experimental values are available. 

A program based on the Geant4 code [2] was used to 

simulate the interaction of gamma radiation in a user 

defined geometry. In particular, the processes of gamma 

absorption and light generation, observed when 

a gamma ray is passes through a scintillator, are 

simulated. 

In Fig. 1 the setup used in the simulations is shown. 

 
Fig. 1 Simulation setup, D – distance between the wall and 

the source, d – between the source and the scintillation 

crystal. 

The presented simulations were performed for 

a scintillator made of CsI with dimensions 10×10×5 cm
3
 

and 10×10×5 mm
3
. The point-like 

137
Cs source with the 

4 emission of a 661.7 keV γ-ray was used in the 

simulations. The measured energy resolution, defined as 

the full width at half maximum (FWHM) of the 

Gaussian function with a fit between 600 and 720 keV, 

equal to 6% was used in the simulations. The 
137

Cs 

source was placed on the crystal surface. 

In Fig. 2 a comparison of simulations performed for 

crystals described above is shown. The wall was made 

of lead and the distance from the wall to the source was 

equal to 10 cm. The peak-to-Compton ratio depends on 

the crystal size and for the smaller scintillator is a factor 

of ~7 larger than for the bigger one. 

 

Fig. 2 Monte Carlo simulated spectra with a 137Cs source for 

CsI scintillators with dimensions 10×10×5 mm3 and 

10×10×5 cm3. 

From the simulated spectra shown in Fig. 3, it is 

concluded that the wall material has only a small 

influence on the peak-to-Compton ratio. 

 

Fig. 3 Monte Carlo simulated spectra with a 137Cs source for 

CsI scintillators with dimensions 10×10×5 mm3 for walls 

made of lead and water, placed 10 cm from the source. 
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In this work we measured the scintillation efficiency 

for various energy neutrons of EJ309 liquid scintillator. 

This scintillator has been developed as an alternative to 

the commonly used BC501A and its follower-EJ301 

and provides slightly poorer pulse shape discrimination 

characteristics than EJ301 [1], but it has a high flash 

point, low vapour pressure and lower chemical toxicity, 

therefore it is recommended for use in environmentally 

difficult conditions. The scintillation efficiency is 

defined as the fraction of incident particle energy that is 

converted into visible light and it depends on the type of 

the particle and its energy. The reminder is dissipated in 

non-radiative forms grouped together under the term 

quenching. The degradation of the light output is caused 

mainly by impurities introduced into the scintillator in 

the fabrication process. For organic scintillators the 

response to electrons is linear for energies higher than 

100 keV [2], but in the case of heavy charged particles 

(alphas, protons) is always less for equivalent electron 

energies and is nonlinear in the higher energy range. 

The method of measurement is based on 14 MeV 

neutron scattering on hydrogen in EJ309. Afterwards, 

the scattered neutron is registered in another detector 

(plastic BC408). The fixed angle between the centre of 

the EJ309 and BC408 determines the energy of the 

scattered neutron, En’  

2cosEnnE   (1) 

where En – is the incoming neutron energy. 

In order to decrease the energy dispersion (large 

angle θ), we determine the Time of Flight (ToF) of the 

scattered neutron and we can more precisely calculate 

En’  

2

2

)(2
'

ToF

md
En n

 (2) 

where d – is the distance between the centre of the two 

detectors, mn – is the neutron mass.  

We can calculate the recoil proton energy (Er) in the 

EJ309: nEEnEr  (3) 

Scanning through the angle, we can obtain the 

detector response at various neutron energies. 

The measurements were made with a d-t neutron 

generator. We controlled the gain with 
137

Cs, 
60

Co 

sources and also calibrated the system in g-ray energy 

units. The data were analyzed by choosing narrow cuts 

on the ToF axis (determines the energy of the recoil 

protons) and ZC axis (to choose only neutron events). 

We plotted the curve of light output in MeV of the 

EJ309 (see, Fig. 1) as a function of energy in MeV for 

electrons (dashed line) and recoil protons (dots and 

squares). As a comparison the results obtained with 

BC501A by S. A. Pozzi et al. [3] are presented as blue 

triangles. We see that the light output for EJ309-in 

contrast to BC501A-has a polynomial characteristic for 

low energies and becomes linear in the higher energy 

range. 
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Fig. 1 Light output of EJ309 as a function of energy for 

electrons (dashed line) and recoiled protons (red dots and 

black squares).  
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Fig. 2 Scintillation efficiency as a function of energy 

deposited for EJ309 and BC501A.  

 

Scintillation efficiency as a function of energy 

deposited (in MeV) for EJ309 and BC501A is presented 

in Fig. 2. For electrons, we assumed that efficiency is on 

the level of 100%. We see that EJ309 is characterized 

by about two times lower quenching than BC501A.  
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Scintillator nonproportionality to γ-rays has been 

studied for about 50 years [1]. The nature of this 

phenomenon is not entirely understood and is still being 

thoroughly investigated. However, it is in general 

accepted that ionization density plays a major role in the 

problem. We have assumed that investigating the energy 

dependence of light pulse shapes in scintillators may 

shed some light on this issue. An effort to perform such 

measurements has already been made by W.-S. Choong 

et al. [4]. The results presented for a NaI:Tl sample did 

not show differences in pulse shapes recorded for 

various energy deposits, however at low energy deposits 

the experimental uncertainty was substantial. The 

results published by Choong et al. triggered us to 

prepare a similar experimental setup to investigate the 

energy dependence of scintillation pulse shapes in a 

more direct way. 

A NaI:Tl sample of 10105 mm
3
 provided by 

Scionix B.V. was coupled to a Hamamatsu R5320 PMT. 

The scintillation pulses from the NaI:Tl crystal were 

recorded directly from the anode output of the PMT 

using a 500 MHz Tektronix TDS5054B digital 

oscilloscope. The scope was triggered using a logic 

pulse from a simple electronics setup implemented in 

order to ensure precise energy selection of registered 

events.  

The measured scintillation pulses were obtained for 

selected energy deposits in the scintillator by averaging 

10
4
 events. The resolution of the scope was set to 4 

ns/pt.  

 

Fig. 1 Scintillation pulse shapes measured with 10105 

mm3 NaI:Tl sample coupled to a R5320 PMT. The scintillator 

was irradiated with 662 keV γ-rays from a Cs-137 source. The 

scope was triggered with pulses corresponding to Compton 

electrons depositing 200 keV energy in the scintillator. A 

single exponential function was fitted to the decay pulse. 

An example of a scintillation decay pulse 

corresponding to 200 keV energy deposited in the tested 

NaI:Tl sample is presented in Fig. 1. The registered 

pulses were fitted using a single exponential decay 

function. The decay time was measured to be 2315 ns. 

The pulses were measured for events that deposit 

accurately defined (within 10%) energy in the 

scintillator. The range of tested energies ran from 

10 keV up to 662 keV. The measurements were 

performed with several full-energy γ-ray and K X-ray 

peaks, as well as with electrons contributing to the 

Compton continuum. 

Fig. 2 presents the energy dependence of the single 

mode decay time constant registered for various 

selections of the energy deposited in the scintillator. The 

results obtained with full-energy γ-ray peaks and 

Compton electrons follow the same trend. Although the 

decay time is equal above 50 keV deposited energy, we 

have observed a substantial decrease (up to 15%) of the 

decay time for lower energy deposits between 10 keV 

and 50 keV. This effect may be related to the higher 

ionization density observed in the case of stopping 

electrons of lower energy in the scintillator. 

 

Fig. 2 Dependence of the NaI:Tl decay time constant on the 

energy deposited in the scintillator. Results obtained for full 

γ-ray absorption peaks and Compton electrons are presented 

in red and blue, respectively. 
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The aim of this work is to provide the characteristics 

of MPPC arrays with an active area of 6x6 mm
2
 in 

gamma-ray spectrometry with a 5x5x5mm
3
 CsI:Tl 

scintillator over a wide temperature range. All 

measurements were carried out as a function of 

temperature and compared with similar results obtained 

previously with a CsI:Tl crystal coupled to a Large Area 

Photodiode (LAAPD). The measurements presented in 

this work covered:  

-Characteristics of the breakdown voltage,  

The method of determining the breakdown voltage 

used in this work was previously presented by 

Grodzicka et al. [3]. Fig. 1 presents plots of the relative 

gain of single photoelectron signals as a function of bias 

voltage and temperature from -20C to +22C. The 

straight lines, extrapolated towards signal low 

amplitudes, cross the ordinate axis at a value of the 

MPPC bias voltage called the device operation 

threshold voltage or breakdown voltage.  
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Fig. 1 Gain characteristics of the entire channels of 

(S10985-025C) MPPC. 

The calculated breakdown voltage increases linearly 

with temperature. The temperature coefficient of the 

breakdown voltage is equal to 62±1 mV/C for both 

measured samples of 2x2ch MPPC array. 

-Selection of MPPC optimum operating voltage,  

The optimum operating voltage was selected based 

on the results of measured energy resolution vs. bias 

voltage [2]. The lowest value of the energy resolution 

corresponds to the optimum operating voltage. 

Measurements were done for a 5x5x5mm
3
 CsI:Tl 

crystal and gamma peak of 662 keV. The optimal bias 

voltage for the tested MPPC array of 73.37 V 

corresponds to an overvoltage of 2.77V. The energy 

resolution of 6.4% was measured for the 662 keV peak 

in the recorded 
137

Cs spectrum.  

-Number of photoelectrons per 1 MeV  

-Energy resolution vs. temperature as measured for 

the optimum operating voltage with CsI:Tl crystal for 

662keV γ-rays from 
137

Cs.  

The method of calculating the number of 

photoelectrons per 1 MeV and energy resolution used in 

this work was presented by Grodzicka et al. [1, 2, 3]. 

Measurements of the number of photoelectrons or 

energy resolution made with constant overvoltage for 

different temperatures depend only on the 

characteristics of the scintillator used. This means that 

the performance of the MPPC array with scintillators is 

practically independent of temperature (except the dark 

noise contribution).  

-Verification of the excess noise factor vs. 

temperature 
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Fig. 2 The excess noise factor vs. overvoltage measured for a 

6x6mm MPPC. 

Fig. 2 presents the dependence of the excess noise 

factor versus temperature. It is worth noting that the 

excess noise factor is independent of temperature for 

over voltages lower than 3V. 
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In this study the  spectrometry of the 10x10x5 mm
3
 

CeBr3 scintillator was measured. The crystal has a very 

good light output and an energy resolution, fair linear 

response to  quanta, an effective atomic number (Zeff) 

almost identical to that of LaBr3:Ce and a fast decay 

time of 22.2 ns1.0 ns (see Fig. 1) [1, 2]. 

 

Fig. 1 Decay time measured with CeBr3 scintillator. 

The crystal was coupled to the photomultiplier 

(PMT) with silicone grease to improve optical contact 

with the photodetector window. Measurements of the 

crystal energy resolution and non-proportional response 

a Photonis 

XP5200B PMT. The signal was amplified by a 

Canberra 2005 preamplifier, then shaped by an Ortec 

672 spectroscopy amplifier. The gaussian signals were 

recorded by a Tukan 8K USB Multi-Channel Analyzer 

[3]. The scintillator decay time was measured using a 

Photonis XP2020 timing PMT, signals from the PMT 

anode were recorded by a Tektronix digital 

oscilloscope. 

 

Fig. 2 Spectrum of a 137Cs source measured with CeBr3 

scintillators. 

The gamma spectrum from a 
137

Cs source recorded 

by CeBr3 is presented in Fig. 2. The energy resolution of 

the tested sample was calculated by a fitting procedure 

of the gamma peak with a Gaussian function and 

estimating its full-width-at-half-maximum (FWHM). 

The crystal tested in this paper shows very good energy 

resolution of 4.3%  0.2%, much better than that 

obtained with NaI:Tl and CsI:Tl, typically between 5% 

and 6% [4, 5]. The light yield of the CeBr3, measured at 

0.5 s shaping time, was estimated to be 53400 ph/MeV 

 2700 ph/MeV. A comparison of the energy resolution 

of CeBr3 with other scintillators is presented in Fig. 3. 

 
Fig. 3 Energy resolution of CeBr3, LaBr3:Ce and NaI:Tl 

measured for  energies from 22 to 1770 keV. Error bars are 

within the size of the points (preliminary). 

Summarizing, CeBr3 is a very promising inorganic 

scintillator due to its high light output, fair linearity of 

response to -rays and fast scintillation decay time. 

Further study will cover additional measurements of 

different scintillators potentially used as a gamma 

camera, applied to a plasma monitoring in tokamaks. 

This work was partially supported by Euratom 

project no. FU07-CT-2007-00061. 
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Nowadays, detection of nuclear materials at 

international borders plays an important role in 

Homeland Security and Border Monitoring, due to the 

potential risk of illegal use. As an example, Special 

Nuclear Material, like 
235

U or 
239

Pu, can be used for 

construction of nuclear bombs, being a deadly weapon 

in possession of unauthorized groups [1]. 

Particularly, delayed γ-rays are emitted from nuclear 

materials after its photofission or activation by neutrons. 

In this study, the detection of delayed γ-rays from 

nuclear materials after irradiation with high energy 

Bremsstrahlung radiation is presented [2]. In this case, 9 

MeV or 15 MeV electrons were converted into 

Bremsstrahlung radiation and excited 100 g of metallic 

U sample (enriched to about 92% 
235

U). Measurements 

of the delayed γ-rays is the easiest and cheapest way to 

detect nuclear materials, because it can be done even 

with cheap plastic scintillators. Fig. 1 and Fig. 2 show 

the delayed gamma spectra obtained from a HPGe 

detector and 3” x 2” EJ-200 plastic scintillator, 

respectively. In the former measurement, the sample 

was irradiated with photons with a maximum energy of 

15 MeV for 10 minutes, the distance from the 

conversion target was equal to 180 cm. The accelerator 

dose rate was set to 40 cGy/min•m. After the irradiation 

the sample was placed in the vicinity of the HPGe 

detector. Thus, the spectrum from the U sample was 

recorded. In the second measurement, the sample was 

placed 1 m from the conversion target of a 9 MeV 

electron accelerator. The sample was placed close to the 

detector. The dose rate was set to 20 cGy/min•m. 

Spectra were recorded for 120 s. 

 

Fig. 1 Delayed Gamma radiation measured from 100 g 
235U sample with a HPGe detector (preliminary). 

An off-beam technique was applied to measure the 

spectra simultaneously between the accelerator pulse. In 

both cases, the spectra were recorded with a Tukan 8k 

MCA [3]. 

 

Fig. 2 The background radiation from the U sample (before 

irradiation) and delayed gamma rays emmited from the 

sample recorded with a EJ-200 3”x2” plastic scintillator are 

shown (preliminary). 

Summarizing, it is noticeable that detection of the 

delayed γ-rays even with a cheap plastic scintillator is 

an especially effective method of revealing the presence 

of nuclear material inside a cargo container. The 

energies of the delayed γ-rays are up to 5 MeV, thus, 

such energies could be sufficient even to penetrate a 

potential shield of the nuclear material. Statistics of the 

background are very low and do not exceed 10 counts 

per channel above 1 MeV incident gamma energy 

through the whole measurement time. Currently, our 

group is working on the development of a system for 

nuclear threat detection at the national border. 

This work was partially supported by EU Structural 

Funds Project no. POIG.01.01.02-14-012/08-00. 
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Time jitter, i.e. the timing distribution of the detector 

response to single photons, is one of the key parameters 

describing the timing resolution capabilities of any 

photodetector. In this work, time jitter measurements of 

silicon photomultipliers (SiPMs) with active area from 1 

to 36 mm
2
 are presented. These measurements were 

made using a fast picosecond laser PicoQuant LDH P 

C-405 with a wavelength of 405 nm and pulse width 

below 70 ps. The measurements were made with the 

Hamamatsu Multi-Pixel Photon Counters (MPPCs) with 

a micro-pixel size of 50 m (05C) and an active area of 

1x1 mm
2
, 3x3 mm

2
 and 6x6 mm

2
 (4 channel device). 

Additional data were also recorded when only part of 

the active area of the tested MPPCs was illuminated. 

The MPPC output was fed into a fast amplifier Mini-

Circuits ERA-4SM+ with 4GHz bandwidth and then 

further amplified by NIM modules and processed by a 

constant fraction discriminator. In each experiment the 

noise component was also measured and subtracted 

from the raw timing data. 

In Fig. 1 an example of the measurements (red) of 

the time jitter of 3x3 mm
2
 MPPC for different bias 

voltages is presented. Subtraction of the noise (green) 

leads to much weaker dependence of the corrected time 

jitter (blue) on the bias voltage. Linear fitting to the 

corrected points leads to a slope of only 63ps/1V, a 

relatively low value taking into account the time jitter at 

a level of 400-500 ps and overvoltage not higher than 

2.2V. The above result confirms that the dependence of 

the timing characteristics of MPPC on bias voltage is 

not only an intrinsic property of the detector but is 

strongly affected by the signal to noise ratio and the 

amplitude of the pulse send to the discriminator. 

 

Fig. 1 Dependence of the time jitter on the bias voltage for 

3x3 mm2 MPPC (S10362-33-050C SN22). 

Next, differences in time jitter values between 

individual channels of a 6x6 mm
2
 MPPC were tested. In 

Fig. 2a comparison of individual sections (pins) is 

presented. Two pairs can be observed on the plot, which 

are correlated with the distance from the contacts. 

Moreover, pins 3 and 4 are also characterized by a 

slightly slower rise time of 2.65ns comparing to 2.51ns 

for pins 1 and 2. 

 

Fig. 2 Time jitter of individual channels (pins) in 6x6 mm2 

MPPC. 

In the next step all four channels were connected but 

the illuminated area was limited to only a 2x2mm
2
 part 

of pin 1. Results of these measurements are presented in 

Fig. 3.  

 

Fig. 3 Time jitter of the whole 6x6mm2 MPPC (blue) and for 

illumination of only a 2x2mm2 part of pin1 (magenta). 

The observed time jitter improvement is significant. 

This shows that the time jitter for large area monolithic 

devices is not only affected by the MPPC output pulse 

characteristics (rise time, amplitude, decay time, noise) 

but also by differences in response of individual 

channels. 

The reported measurements are the first to show the 

dark noise contribution to the time jitter measurements 

of MPPCs.  

Presented at 2012 IEEE Nuclear Science 

Symposium and Medical Imaging Conference, 

Anaheim, California, USA, Oct. 29 – Nov. 3, submitted 

for publication to IEEE Trans Nucl. Sci. 

 

* This work was supported in part by the EU Structural 

Funds Project no POIG.01.01.02-14-012/08-00. 



220 Annual Report 2012 
 

Algorithms for Digital Gamma–Ray Spectroscopy 

by Z. Guzik, T. Krakowski 

National Centre for Nuclear Research, Otwock-Świerk, Poland 

 
For the purposes of the AiD project concerning 

national border protection, we developed a set of 

algorithms to be used in the digital spectrometric 

channel containing all necessary data acquisition 

elements (a hybrid charge preamplifier was also 

included). All DSP calculations were performed by a 

Field Programmable Gate Array (FPGA) and the results 

obtained (values of deposited energy) accompanied by a 

time stamp were sent directly to the main computer via 

a VME bus.  

Evaluated algorithms were focused on energy 

reconstruction, baseline restoration, trigger generation 

and event acceptance. The derivation and description of 

all algorithms were conducted fully with the application 

of the Z-transform. 

The key concept in digital ,-ray spectrometry is the 

algorithm of filtering the incoming sampled data from 

the preamplifier into a form suitable for precise 

determination of accumulated energy. Below the final 

form of evaluated algorithm for energy determination 

based on trapezoidal filtering is shown, where R and M 

are the trapeze legs and top, φ is the normalization 

coefficient (1/R) and β is the pole zero cancellation 

factor associated with the decay time constant.  
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The graphical representation of developed algorithm 

is presented in Fig. 1. The Z
-N 

node is the digital delay 

for N cycles. 

 
Fig. 1 Graphical representation of trapezoidal shaping 

algorithm. 

Baseline determination and calculation were realized 

by a moving window average of the trapezoid wave in 

cases when the spectrometric channel is not busy.  

The trigger pulse is the main reference for all DSP 

calculations – its quality is of primary importance and 

has a dominating influence on the energy resolution of 

the conducted measurements. Our trigger generation 

algorithm consists of two distinct phases – a timing 

filter phase and a zero crossing detector phase.  

The responsibility of the timing filter phase is to 

convert the input wave into a form suitable for the 

extraction of a precise, well determined time reference 

for the incoming discrete pulse. The result of this phase, 

performed by a timing filter, is a smoothed bipolar 

pulse. The representation of the timing filter in the Z-

transform domain, called also an RC-CR2 filter, is as 

follows: 
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Zero crossing detection operation is rather 

straightforward, but in our case it should be supported 

with an isolation mechanism, which can distinguish 

properly one from many other false trigger occurrences 

caused mainly by noise.  

The event is considered valid when three conditions 

are fulfilled. These are: the external gating condition, 

the energy condition and the lack of pile-ups condition.  

If any of above condition is not met, an event will be 

rejected. Valid event data may be sent to the main 

computer or may be used to update local histograms. 

All algorithms developed and described above were 

implemented in hardware (instantiated in FPGAs) and 

successfully used in the AiD project. The four 

spectroscopy channels were incorporated into the VME 

data acquisition board accompanied by four tag 

channels, based on constant fraction discrimination, for 

time measurements. The sampling Flash ADC rate was 

set to 50 MHz and 32-bits calculation accuracy was 

chosen.  

Fig. 2 shows the gamma spectrum of a 
60

Co source 

that was measured with a LaBr3 scintillator using PMT 

readout, a CR-113 charge sensitive preamplifier and our 

DSP analyzer. An energy resolution of 2.07% and 

2.01% was obtained for the 1173.2 keV and 1332.5 keV 

full energy peaks, respectively. The source of the third 

peak on the right is self-activity of Lanthanium in the 

LaBr3 scintillator which was chosen for our setup. The 

low energies were discarded up to channel 30 by the 

event acceptation criterion. Note the excellent 

performance of the gamma spectrometer. 

 
Fig. 2 The spectrum of 

60
Co measured with LaBr. 

Note that the evaluated algorithms are used in the 

digital versions of the TUKAN multichannel analyzer 

(TKN-DSP-MAXI i TKN-DSP-MINI), which are 

currently in the final stage of development.  
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NCBJ is involved in the development of the control 

system for the FLASH and X-FEL superconducting 

linear accelerators at DESY. These machines are 

designed to provide unique conditions to perform 

studies in such domains as chemistry, biology or 

materials science. In order to be able to achieve 

maximum performance (high acceleration factor, low 

beam fluctuations), efficient and powerful control 

electronics is needed. 

In 2012, NCBJ was involved in the upgrade of the 

beam feedback system, and for this task an uTCA 

compatible electronic device called uFMC25 was 

developed (see Fig. 1). 

 

Fig. 1 First prototype of the uFMC25 board. 

The aim of this board was to host the FMC 

mezzanine boards with the dedicated opto-analog 

electronics, provide the processing power (Virtex-5 

FPGA) and support the high speed communication with 

the uTCA backplane using mostly the PCI Express 

protocol. 

After performing initial tests and ongoing discussion 

with other participants in the project at DESY, a 

specification for the second revision of the boards has 

been introduced. The 3D visualization of the second 

revision of uFMC25 is shown in Fig. 2 and the block 

diagram of the board in Fig. 3. The uFMC25 boards will 

be installed and tested with signals at FLASH in the 

middle of 2013. 

Besides providing support for beam control NCBJ 

was also involved in software and firmware 

development for the TMCB board (Fig. 4) – a 

standalone Ethernet based device used for controlling 

electronics enclosed in custom 19” boxes.  

 

Fig. 2 Second revision of the uFMC25 board (uFMC25v2). 

 

Fig. 3 Block diagram of the uFMC25v2. 

 

Fig. 4 TMCB – Temperature Monitoring and Control Board. 
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In 2012 the construction team completed device 

assembly and is now preparing for laboratory and field 

tests, see Fig. 1. 

 

Fig. 1 SWAN-the neutron activation technology demonstra-

tor in deployed position. 

What has been accomplished is a device designed 

for demonstrating the possibilities of applied isotopic 

identification by means of neutron activation analysis. 

Significant effort was put in to make its physical 

package robust yet mobile, while preserving its main 

functionality of detecting and identifying materials, see 

Fig. 2 

 

Fig. 2 SWAN in transport position. 

The focus was set on explosives, but it should not in 

any way be limited to them. In fact, detection of any 

materials that have in their composition isotopes 

characterized by a high neutron reaction cross section or 

just react with neutrons in a distinctive way, is now 

taken into account. The final device shape and 

functionality will be defined by market studies which 

will reveal the true requirements for on such a device 

and its application scenario. 

Since the electronics, and particularly the digital 

acquisition of the SWAN matured and achieved the 

designed performance parameters, the team effort 

shifted towards software development. The GUI will 

depend strongly on the ultimate users’ desires and it 

currently serves demonstration purposes only. The merit 

is located in the internal device program that controls 

the electronics, communicates with the neutron 

generator and other device peripherals, and runs the 

analysis algorithms. For this report the authors chose the 

auto calibration subroutine to serve as an example, see 

Fig. 3. 

 

Fig. 3 One of the SWAN software service panels. This one 

helps the operator to debug the peak identification and fitting 

module of the auto calibration subroutine. 

Its power lies in the ability to automatically calibrate 

the accumulated energy spectra without the need to 

perform any sort of additional measurements and/or 

calibration sources. Only gamma lines naturally present 

in the background are taken into account. 

 

* This work was supported by EU Structural Funds, 

Project No. POIG.01.01-14-012/08-0 
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In 2011 the Laboratory of Radioactivity Standards of 

the Radioisotope Centre POLATOM NCBJ joined the 

European Joint Research Projects of the European 

Metrology Research and Development Program 

(EMRP) with a total duration of three years. LRS 

participates in two projects developed by a consortium 

of 14 European National Metrology Institutes which 

guarantes the application of the highest metrological 

knowledge supported by 32 stakeholders belonging to 

the most experienced end-user community.  

Within the project “Metrology for Radioactive 

Waste Management” (MetroRWM) the research 

consortium will to develop new measurement 

methodologies and measurement devices for the 

assessment of radioactive waste, including their 

calibration with newly developed reference materials 

with traceability to national standards of EU member 

countries. The results of on-going work are two 

facilities - an experimental free release measurement 

testing facility and the repository acceptance 

measurement facility (FRMF & RAMF based on HPGe 

detectors) already constructed and initially tested with 

the software algorithms which are still in progress. For 

the FRMF facility a reduction in background radiation 

by a faster of 1-2 was achieved (Fig. 1) by placing the 

facility in a special shielding house built of low activity 

bricks. The development of containers for contaminated 

materials, phantoms and the specification of reference 

materials is completed. Three reference materials 

(metal, building material and light material - wood, 

plastic etc.) and three required phantoms with non-

active materials and standard sources were selected. 

Radionuclides needed for testing and calibrating the 

whole system such as Am-241, Ag-110m, Co-57, 

Cs-137, Co-60 and natural radionuclides are used as 

standarda sources which are under construction. 

Material for determination of the half-life of Ho-166m 

and Sm-151 has been obtained, but purification is 

needed. The activity measurement of I-129 has already 

been started.  

The project “Ionizing Radiation Metrology for 

Metallurgical Industry” (MetroMETAL) addresses a 

European-harmonized action to configure appropriate 

instruments, develop reference materials and issue 

measurement procedures and technical standards for SI-

traceable radioactivity monitoring of scrap, slag, fumes 

dust and cast steel, in order to prevent contamination 

effects, population hazards and trade disputes, leading 

to uniform application and technical acknowledgment 

across European and worldwide foundry industries. The 

on-going work is focused on the design of a new 

spectrometric device based on semiconductor detectors. 

The development of composite steel reference standards 

contaminated with 
241

Am, 
137

Cs and 
60

Co needed for the 

calibration and tests of the facility are completed. 

Further work is dependent on the detector choice, 

therefore final simulations can only start after the 

decision has been made on detector type. Nevertheless, 

Monte Carlo models are being developed in each 

laboratory internally for the recommendation of 

measurement geometries and for the calculation of true 

coincidence summing corrections for cast steel, slag and 

fume dust samples (5 different MC codes). The 

validated by measurement models will be used for the 

comparison of the codes using the detection efficiencies 

calculated for selected samples and photon energies. 

 
Fig. 1 Comparison of the background radiation spectra 

measured OUT and IN the facility shielding house. 
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Tc]Exendin-4 as a Potential 

Radiopharmaceutical for Insulinoma Diagnostics 

by B. Janota, R. Mikołajczak, P. Garnuszek, U. Karczmarczyk 
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In recent years the Radioisotope Centre POLATOM has 

participated in COST Action BM0607 entitled 

“Targeted Radionuclide Therapy” involving cooperation 

between with researchers from 21 European countries. 

The main objective of this Action was to improve the 

potential of cancer therapy through the development and 

application of innovative vectors labelled with 

therapeutic radionuclides. Besides the therapeutic 

probes, imaging probes based on the same vectors were 

also developed in order to allow pre-therapeutic 

imaging for patient-specific dosimetry and therapy 

planning as well as for therapy monitoring. The 

programme of our investigations was focused on the 

development of a radiopharmaceutical based on the 

synthetic peptide analogue of glucagon-like peptide 1 

(GLP-1) receptor agonist since receptors of GLP-1 are 

highly overexpressed in insulinomas and MTC [1]. 

Usually, both these types of cancer are difficult to 

diagnose with other imaging modalities. Previously the 

indium-111 labelled exendin-4 analogue, [Lys
40

-(Ahx-

DTPA-
111

In)NH2] exendin-4, was used for diagnostic 

imaging of insulinoma [2]. However [Lys
40

-(Ahx-

DTPA-
111

In)NH2] exendin-4 imaging may have some 

limitations including high kidney uptake and its high 

cost due to the cost of indium-111. The aim of our 

project was to develop the a one-vial dry kit formulation 

for 
99m

Tc labelling of [Lys
40

-(Ahx-HYNIC)NH2] 

exendin-4 and to initiate its pre-clinical investigation. 

[Lys
40

-(Ahx-HYNIC)NH2]exendin-4 was custom-

synthesized by PiChem, Austria. Exendin-4 is a peptide 

modified C-terminally with Lys
40

-NH2, whereas the 

lysine side chain was conjugated with Ahx-HYNIC 

(Ahx is aminohexanoic acid). The “wet” 
99m

Tc-labelling 

of [Lys
40

(Ahx-HYNIC)NH2]exendin-4 was performed 

to optimize the concentration of reagents, temperature 

and reaction time, which was then transferred to 

development of the [Lys
40

(Ahx-HYNIC)NH2]exendin-4 

dry kit formulation. A one-vial freeze-dried kit was 

prepared starting with 30 µg [Lys
40

-(Ahx-

HYNIC)NH2]Exendin-4 and excipients: SnCl2x2H2O, 

Tricine [N-[Tris(hydroxymethyl)-methyl-glycine] and 

EDDA (Ethylenediamine-N,N’-diacetic acid). 

[Lys
40

(Ahx-HYNIC)NH2]exendin-4 was successfully 

labelled with 
99m

Tc with radiochemical yields over 95% 

controlled by HPLC and TLC and radiopharmaceutical 

preparation of [Lys
40

(Ahx-HYNIC-
99m

Tc)NH2]Exendin-

4 was stable for at least 4 hours when stored at room 

temperature.  

Biodistribution studies performed in healthy Wistar 

rats showed a high uptake of the peptide radioactivity in 

receptor positive organs, such as the lungs, pancreas, 

and stomach. This uptake was shown to be receptor 

specific, pointing out the significant reduction of uptake 

in the group of animals, which received an excess of the 

“cold” peptide [Lys
40

(Ahx-HYNIC)NH2]exendin-4 

(Fig. 1).  
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Fig. 1 Biodistribution of [Lys40(Ahx-HYNIC-99mTc)NH2]-

Exendin-4 alone and after co-injection of the “cold” peptide. 

The highest concentration of the radiolabelled 

peptide was observed in the kidneys at an almost 

constant level of ca. 40%ID/g from 1 h to 24 h after 

administration. Co-injection of gelofusine significantly 

reduced the kidney uptake to the level of 17%ID/g. (Fig. 

2). 
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Fig. 2 Biodistribution of [Lys40(Ahx-HYNIC-99mTc)NH2]-

Exendin-4 alone and blocked by gelofusine. 

The first patient studies carried out at the Nuclear 

Medicine Unit, Chair and Department of 

Endocrinology, Medical College, Jagiellonian 

University, Cracow, Poland, under the supervision of 

prof. A. Hubalewska-Dydejczyk and dr A. Sowa-

Staszczak, indicated that [Lys
40

(Ahx-HYNIC-
99m

Tc)NH2]-exendin-4 scintigraphy using the kit 

formulation developed in our Centre is an useful tool for 

imaging of insulinoma and MTC.  

 

References 

[1] J.C. Reubi, Endocr. Rev. 2003; 24: 389-427 

[2] Wild et al., J. Nucl. Med. 2006; 47: 2025-2033 



Solid State Physics 
 

 

227 

Pharmaceutical Development of DOTA-Anti-CD20  
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The development of new target-specific 

radiopharmaceuticals for diagnosis and therapy of 

various diseases remains a challenge for the scientific 

community. Monoclonal antibodies (mAb) are attractive 

molecules in the field of molecular imaging agent 

development, partly because of the development of 

personalized medicine. Several mAbs have been 

introduced for immunotherapy of various cancers. 

These include Rituximab® (for B-cell lymphomas), 

Trastuzumomab® (for breast cancer), Alemtuzumab®, 

Cetuximab® and Bevacizumab®. Two radiolabelled 

mAbs, i.e.: Zevalin® (labelled with 
90

Y) and Bexxar® 

(labelled with 
131

I), have been approved for 

radioimmunotherapy (RIT) of B-cell lymphomas. While 

RITs have been demonstrated to provide effective 

alternative treatments against some cancers, they do not 

yet constitute a firmly established therapeutic modality 

due to the high cost and low availability of relevant 

radionuclides for routine clinical studies. For this reason 

in 2011 the IAEA initiated a coordinated research 

project (CRP) on the “Development and preclinical 

evaluations of therapeutic radiopharmaceuticals based 

on 
177

Lu and 
90

Y labelled monoclonal antibodies and 

peptides”, in which the Radioisotope Centre 

POLATOM participates. This CRP was designed to 

develop technologies for the production of therapeutic 

radiopharmaceuticals based on monoclonal antibodies 

and peptides labelled with 
177

Lu and 
90

Y with the aim to 

of promoting the clinical application of RIT and peptide 

receptor radionuclide therapy, PRRT.  

Our study was focused on the conjugation of 

Rituximab (chimeric anti-CD20 monoclonal antibody) 

with macrocyclic bifunctional chelating agents, the 

optimization of 
177

Lu labelling of the conjugates 

DOTA(SCN)-Rituximab and DOTA(NHS)-Rituximab 

and the formulation of a freeze-dried kit for 

radiolabelling both conjugates. 

The main effort of our work has been addressed to 

optimization of techniques for conjugation of two 

different bifunctional chelating agents (BFCA) such as: 

DOTA(SCN) and DOTA(NHS) to Rituximab and 

optimization of 
177

Lu labelling conditions followed by 

appropriate quality control methods. In particular, the 

following procedures have been extensively 

investigated to assess the experimental conditions 

allowing the highest yield and degree of reproducibility 

including:  

 - conjugation of the monoclonal antibody with 

bifunctional chelating agents: DOTA(SCN) and 

DOTA(NHS);  

- purification of the conjugated antibody (DOTA(SCN)-

Rituximab and DOTA(NHS)-Rituximab); 

- chemical characterization of the resulting conjugates; 

- labelling of the conjugates with 
177

Lu;  

- determination of the radiochemical purity (RCP) of the 

resulting radiolabelled conjugates; 

- determination of the in-vitro stability of 
177

Lu- 

DOTA(SCN)-Rituximab and 
177

Lu-DOTA(NHS)-

Rituximab. 

Based on the procedures previously described, [1,2] 

we conjugated DOTA(SCN) to Rituximab using 5 and 

10–fold molar excess of chelator, which resulted in 

DOTA-Rituximab conjugates with an average ratio of 3 

and 5 DOTA molecules attached per antibody, 

respectively. Radiolabelling at pH 7.0 resulted in 
177

Lu-

DOTA-Rituximab with specific activity of 1.1 GBq/mg 

(158 GBq/μmol). High radiochemical yields above 95% 

were obtained for mAb conjugated at 1:10 molar ratio. 
177

Lu-DOTA(SCN)-Rituximab was stable up to 24 h in 

HSA at RT.  
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Fig. 1 Example of HPLC profile of 177Lu-DOTA(SCN)-

Rituximab (UV detection and radiometric detection). 

Similarly, high radiochemical yields above 98% 

were obtained for DOTA-NHS conjugated Rituximab at 

1:100 molar ratio. Radiolabelled conjugates (both wet 

and freeze-dried conjugates) were stable up to 120 h at 

RT. This approach could be adapted to dry kit 

formulation of DOTA-Rituximab for 
177

Lu labelling, 

however further studies in order to confirm the 

immunoreactivity of such obtained tracers are still 

required.  
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Lutetium-177 is a very promising radionuclide for 

targeted radiotherapy. The high specific radioactivity of 
177

Lu is a prerequisite to formulate radiopharmaceuticals 

targeting tumors for various cancer treatments 

(neuroendocrine tumors, breast and colon cancer, and 

lymphomas) [1].  

Non-carrier-added (n.c.a.) 
177

Lu with high specific 

activity can be obtained from beta decay of the short-

lived radioisotope 
177

Yb (T˝=1.9 h) produced by neutron 

capture of enriched 
176

Yb (>99%) . However, the 

thermal neutron cross section of the 
176

Yb (n,) 
177

Yb 

reaction is low (2.1 barn), so only a very small part of 

the target is transformed into 
177

Lu. As a consequence, 

to obtain n.c.a. 
177

Lu with maximum specific activity, 

micro quantities of 
177

Lu must be separated from the 

macro quantities of the ytterbium target [2].  

The aim of this work was an investigation of the 

process of separation of n.c.a
 177

Lu produced via 
176

Yb 

(n,) 
177

Yb
177

Lu from the mixture containing 

macroscopic amounts of ytterbium target material. For 

this purpose a method of electrochemical selective 

amalgamation of ytterbium from 
177

Lu/Yb mixture into 

a mercury-pool cathode was applied [3]. The electrolyte 

solution contained a mixture of 20 mg ytterbium in 5M 

HCl and 
177

Lu as 
177

LuCl3 in 0.15 M sodium citrate. As 

anode a platinum plate was used. The concentration of 

lutetium and ytterbium in the electrolyte solution was 

determined by ICP-OES spectrometry. In order to 

develop optimal conditions of ytterbium amalgamation, 

the effect of the pH of the electrolyte solution, applied 

potential and time of the electrochemical process as well 

as the number of repeated steps of electrolysis 

performed under the same conditions using fresh 

electrodes were examined. 

The best performance of the applied method, 

allowing cementation of up to 94 % of ytterbium from 

the 
177

Lu/Yb mixture was obtained at a pH of 6-7 and a 

potential of 8 V [4]. The influence of time of the process 

on the efficiency of ytterbium extraction investigated 

for the two step process is shown in Fig. 1. The results 

obtained indicated that the optimal time for ytterbium 

amalgamation is 45 min/step, whereas a time of 30 

min/step appeared to be too short. Increasing the 

amalgamation time to 60 min/step, resulted in 

decreasing the ytterbium extraction yield. This can be 

caused a decrease in the pH of the electrolyte solution 

with time of the electrochemical process, contributing to 

the rapid decomposition of the amalgam.  

A comparison of two- and three step ytterbium 

amalgamation is shown in Fig.2. It can be seen that the 

addition of a third step of ytterbium extraction using 

fresh electrodes results in the efficiency increasing from 

85 to 94 %. As a result of the optimized process, the 

molar ratio of Yb:Lu was reduced from 3000 to 170 [5]. 

As was reported earlier [5], the concentration of 
177

Lu in the solution after fixing ytterbium in the 

amalgam remained at the same level. The atomic 

absorption spectroscopy (AAS) measurement showed 

that the content of mercury in the solution containing 
177

Lu after cementation of the ytterbium was below the 

detection and determination limits level, which in this 

case amounted respectively to 0.3 and 0.6 µg/kg. 

The simplicity of the technique presented here 

coupled with the ease of using a liquid mercury cathode 

makes it an attractive method. The proposed procedure 

should be particularly useful for an initial, fast (2h) 

separation of the bulk target material followed by 

purification by means of extraction chromatography. 

 

Fig. 1 Effect of time on ytterbium amalgamation yield. 

 

Fig. 2 Effect of number of steps on ytterbium amalgamation 

yield. 
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A new coincidence liquid scintillation counting 

system, TDKG, with three photomultipliers in the beta 

channel and a scintillation detector with a NaI(Tl) 

crystal in the gamma channel was constructed in the 

Laboratory of Radioactivity Standards (LWR). The 

system is intended for radionuclide activity 

determination. The old detection systems of the national 

standard unit of radionuclide activity, working at 

present in the LWR, will be replaced by the TDKG 

system in the future. 

 

Fig. 1 TDKG detector cross-section. 1–light-tight 

cylindrical cover; 2–sources store; 3–counting chamber; 

4-beta channel photomultiplier; 5–gamma detector; 6–lead 

shield. 

The beta channel of the TDKG detector consists of a 

counting chamber and three photomultipliers of 

Electron Tubes type 9214 SA which are mounted 

horizontally and symmetrically around the centrally 

located counting vial. The vial with liquid scintillator 

mixed with radioactive solution is placed in the chamber 

manually. The internal surface of the chamber is painted 

with a white dispersive paint containing TiO2. A light-

tight cylindrical cover with a light-tight fabric sleeve 

placed over the counting chamber allows the measured 

source to changed without exposing the photocathodes 

to light. Inside the cylindrical cover radioactive sources 

for measurement are stored. The cover is separated from 

the counting chamber by a lead plate which shields the 

chamber from γ-rays from the stored sources. 

An ORTEC 905-4 scintillation detector with a 3”x3” 

NaI(Tl) crystal is located vertically below a 0.1 mm 

thick aluminium window in the bottom of the counting 

chamber. This detector forms the gamma channel and is 

shielded all around with a lead layer 6 cm thick.  

An acquisition and data-processing electronic 

system was designed based on the similar system in the 

LNHB in France. Connecting the electronic modules 

and programming of the system is continuing. All 

coincidence channels in the beta channel of the new 

TDKG system will be similar to those in the triple–to–

double coincidence ratio TDCR system existing at 

present at the LWR. Beta and gamma channels will be 

connected in coincidence and in anticoincidence to 

enable measurements of activity of β-γ emitters as in the 

4(LS)- coincidence and anticoincidence system 

working at present in the LWR. The three 

photomultipliers of the beta channel will be connected 

to a 4-channel CAEN N798 amplifier and the gamma 

detector – to an ORTEC 113. The signals from the 

amplifiers will be sent via a 8-channel constant fraction 

discriminator to a programmable FPGA coincidence 

module. The extended dead time and live-time 

registration applied in the FPGA module will enable an 

automatic dead time correction. Multi-parametrical 

measurement of β-γ emitters will be possible owing to 

computer control of the gamma channel window in the 

TDKG system. 

 

Fig. 2 Beta and gamma channels of the TDKG detector. 
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The Laboratory of Radioactivity Standards in the 

National Centre for Nuclear Research Radioisotope 

Centre POLATOM in Otwock, Poland, continues the 

tradition of the Laboratory of Radioactive Materials 

Metrology, where measuring methods of the 

radioactivity of radionuclides were developed for over 

30 years. It is the only laboratory in Poland performing 

radioactivity measurements of -, - and -emitters by 

absolute methods and performing calibration of standard 

solutions and radioactive sources. At present, the 

laboratory staff consists of 11 specialists in the field of 

radionuclide metrology and radiochemistry. 

In 1999 the President of the Central Office of 

Measures in Poland (GUM) established and with 

Decision No. 1/2004 dated 21
st
 April 2004 confirmed 

the establishment of a National Standard of 

Radionuclides Activity in Poland. The standard is stored 

and used in the Laboratory of Radioactivity Standards 

(LRS) of the National Centre for Nuclear Research 

Radioisotope Centre POLATOM. It consists of a triple-

to-double coincidence ratio (TDCR) system, 4(LS)- 

coincidence/anticoincidence and X- coincidence 

system. These are unique measuring systems of the 

highest metrological quality system in Poland, which 

are used for absolute methods of radioactivity 

measurements. LRS passes the unit of radioactivity to 

customers in Poland and abroad, providing them with 

standard solutions and sources, and performs the 

calibration of dose calibrators mainly used in the field 

of nuclear medicine. 

Currently a new system for the absolute 

measurement of radionuclide activity is being 

constructed. It will combine the properties of all “old” 

systems and make possible the development of new 

measuring methods. 

 
Fig. 1 New measuring system consisting of 3 PMT’s and a 

NaI(Tl) detector placed below an optical chamber. 

LRS also participates in international key 

comparisons of radioactivity measurements, enabling 

linking to the global system of national standards. These 

comparisons are organized by the International Bureau 

of Weights and Measures (BIPM) and the European 

Association of National Metrology Institutes 

EURAMET. In 2012 two intercomparisons took place: 

activity measurements of 
99

Tc solution and emission 

rate measurements from a set of surface sources. 

As the depository of the National Standard of 

Radionuclide Activity, NCBJ Radioisotope Centre 

POLATOM is recognized by GUM as a Designated 

Institute (DI). Therefore, it is entitled to direct contact 

with EURAMET and to participation in scientific 

projects supported by this organization. LRS 

participates in international projects related to the use of 

ionizing radiation metrology in radioactive waste 

management and the metallurgic industry. 

Radioactivity of radionuclides determined with 

secondary systems, such as liquid scintillation counter 

TriCarb 2910 TR, liquid scintillation counter Wallac 

1411, a set of four scintillation counters with NaI(Tl) 

detectors, a set of three 4 ionization chambers, dose 

calibrator Capintec CRC-15 and three spectrometric 

systems with HPGe detectors, is related to the National 

Standard in an unbroken chain of comparisons. LRS 

also has equipment adequate for determining particle 

flux leaving the area of a source (2 and 4 

rate meter MAD 2000). 

LRS has implemented and maintained a quality 

management system compliant with the international 

standard ISO/IEC 17025:2005. Confirmation of our 

technical competence as a calibration laboratory is 

contained in the accreditation certificate awarded by the 

Polish Centre for Accreditation. 

The Laboratory of Radioactivity Standards as an 

accredited calibration laboratory (accreditation no. AP 

120) offers the following services: calibration of dose 

calibrators with ionization chambers, calibration of 

radioactive solutions with primary and secondary 

methods, calibration of radioactive point sources of a 

single radionuclide, calibration of radioactive 

multigamma solutions and sources, calibration of 

radioactive control sources for use with dose calibrators, 

calibration of radioactive area sources. 
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Four directional Compton profiles (CPs, one-

dimensional projections of electron momentum density 

distribution) of a hexagonal magnesium single crystal 

have been measured with high momentum resolution 

(0.12 a.u.) using 115.6 keV synchrotron radiation at the 

BL08W station in SPring-8. Using experimental and 

theoretical CPs, the difference profiles (anisotropies) 

were calculated and compared. The anisotropy of the 

experimental CP's agrees well with first principles 

theoretical calculations using Korringa-Kohn-Rostocker 

(KKR), Augmented Plane Waves (APW) and Density 

Functional Theory (DFT) methods. The better 

agreement with the older APW and the latest DFT 

calculations indicates a more itinerant, nearly free, 

character of the valence electrons than predicted by 

KKR theory. 

In order to reconstruct the full three-dimensional 

valence electron momentum density distribution, 

maximum entropy method (MEM) was applied. The 

reconstructions were performed using two different 

codes: MEMSYS3 and MEED-LIKE. The 3D electron 

momentum density obtained using the MEM method 

after integration along the ΓA direction (c axis) results 

in a 2D projection which can be compared with the two-

dimensional electron momentum density reconstructed 

using Cormack's tomographical method. All results 

were compared with the free electron and DFT models 

of valence electron momentum density in Mg. Electron 

occupancy in the reduced zone scheme (k vector space) 

for the hexagonal plane MΓK was also calculated using 

the Lock-Crisp-West (LCW) folding procedure. 

The maximum entropy method has proved its 

advantage as a technique for reconstruction of the 

density distributions when initial information is 

insufficient and noisy. The three-dimensional valence 

electron momentum density of hexagonal Mg was 

successfully reconstructed using as few as 4 

experimental or 5 theoretical Compton profiles. As is 

shown, despite a clear anisotropy of the electron 

momentum density our results indicate a nearly-free 

character of the valence electrons in Mg. 
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Cr3Si crystallizes in an A15-type structure. The 

densities of d-states for spin-up and spin-down electrons 

for pure Cr3Si are fully compensated and the alloy is a 

paramagnet. However, a small amount of cobalt added 

to the parent compound causes visible changes in the 

densities of the electronic states. In this contribution we 

present a theoretical investigation of Co impurity 

distribution in the Cr3Si matrix as well as the influence 

of Co doping on the electronic and magnetic properties 

of the alloys. The calculations were carried out using 

first principles spin-polarized calculations of Cr3-xCoxSi 

for x=0.0625 and x=0.125. It turns out that cobalt atoms 

in the Cr3Si matrix lead to a ferromagnetic state, 

although the magnetic moments of cobalt atoms are 

rather weak, 0.3–0.8 Bohr magneton. They depend on 

the Co-Co atom distance. For x=0.125 the magnetic 

moment increases with decreasing distance, the opposite 

is observed at x=0.0625. The total energy decreases 

with decreasing distance between cobalt atoms which 

could indicate a tendency to clustering.  
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The theoretical electronic structure, Fermi surface 

topology, neutron magnetic form-factor and magnetic 

Compton profiles of ferromagnetic gadolinium are 

analyzed. The calculated band structure is in good 

agreement with the results of a photoemission 

experiment, especially in the position of the 4f band. 

Some tendency to parallelisation behaviour in the Fermi 

surface was observed. The magnetic form factor is 

calculated and compared with the experimental value. 

The maximum entropy reconstruction of the 

magnetization density from neutron diffraction data is 

also presented and compared with the theoretically 

predicted distribution. Magnetic Compton profiles are 

calculated and analyzed. It is shown that accurate 

measurements of such profiles could reveal negative 

magnetization due to the semi-core electrons 5s and 5p. 
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The P2O5-Fe2O3 glass system is of a great interest as 

a matrix for storage of different types of radioactive 

wastes. Use of borosilicate glasses for nuclear waste 

vitrification is not suitable for immobilization of a high 

content of molybdenum, sulphate or chromium 

components because of their low solubility in the glass. 

These components form the so called “yellow phase” at 

the surface of the melt, which could be easily leached 

out [1]. 

Although pure P2O5 glasses have a low chemical 

durability an addition of Fe2O3 yields significant 

enhancement of their durability. The highest chemical 

durability is observed for 60P2O5-40Fe2O3 glass, where 

some of the weak P–O bonds are replaced by much 

stronger Fe–O ones. 

The structure of P2O5-Fe2O3 glass is immensely 

complicated because of the coexistence of Fe
3+

 and Fe
2+

 

ions with a different content strongly depending on the 

conditions of glass synthesis and batch preparation. 

The glass can crystallize in about 24 different 

crystallographic systems in which the iron atoms can be 

simultaneously present in tetrahedral, octahedral and 

five-fold coordination sites. The Mössbauer technique 

was used to analyze the local environment of Fe atoms 

incorporated in phosphorus glass. 

 

Fig. 1 57Fe transition Mössbauer spectrum of 60P2O5-

40Fe2O3 glass at room temperature. 

The Mössbauer spectrum was deconvoluted for three 

Extended Voight Based Fits (xVBF) with allowance for 

a Gaussian component of the line shapes for modelling 

the distribution of sites in an amorphous glass [2]. 

Results show that the Fe
2+

 ions are probably in the 

octahedral environments but this site could be highly 

distorted and a five-fold coordinated Fe
2+

 is also 

possible. Most of the Fe
3+

 ions are in tetrahedral 

coordination, which means that trivalent iron plays the 

important role of a network former, and only about 23% 

of Fe
3+

 irons act as a network modifier in the iron-

phosphate glass structure. 

Table 1. The hyperfine interaction parameters: A - area of 

the component, IS - mean value of isomer shift, QS - mean 

value of quadrupole splitting, r(IS,QS) - correlation 

parameter. 

No A [%] IS [mm/s] 
QS 

[mm/s] 
r (IS,QS) 

1. Fe3+ Oh 23.0 0.421 0.540 -0.021 

2. Fe3+ Td 57.3 0.411 0.967 0.071 

3. Fe2+  19.7 1.240 2.085 -0.431 

 

Determination of the oxygen/phosphorus ratio is 

equal to 3.5 which means that the investigated material 

is a polyphosphate glass mainly built of PO4 tetrahedra. 

Two oxygen anions bridge and create the P–O–P bonds. 

The out of the oxygen ions are non-bridging and form a 

P=O bond. Then, the structure of the glass is built of 

long tetrahedrally coordinated PO4 chains, terminated 

by PO4 tetrahedra with three non-bridging oxygen ions. 

In that sense, FeO4 tetrahedra substitute for PO4 

tetrahedra in order to maintain charge neutrality. The 

remaining Fe
3+

O6, Fe
2+

O6 and possible Fe
2+

O5 

tetrahedra are probably surrounded by non-bridging 

oxygen ions and iron cations, whose role is a 

modification of the glass network [3]. 

The network modifiers open the weak P=O bonds 

and create much stronger P–O–Fe bonds permanently 

combining non-bridging oxygen ions with cross-linking 

iron-phosphate chains yielding a more rigid glass 

network. The network formed of Fe
3+

 tetrahedra induces 

a substitution of the weaker P–O–P bonds by the 

stronger P–O–Fe bonds. Therefore, both types of bonds 

could increase the chemical durability of the iron-

phosphate glass that constitutes such modified glass as a 

good candidate for a matrix in the immobilization 

process of radioactive wastes. 
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New material, which expose two or three 

simultaneous orderings in one single phase are mostly 

preferable in modern science as well as in innovative 

technical applications. Magnetically and 

ferroelectrically ordered substances named multiferroics 

or multifunctional materials could make a great step for 

in the development and design of more user-friendly 

devices used in common practice. Especially, 

compounds with an electromagnetic coupling are highly 

interesting for both puzzling effects at a basic level and 

potential applications in optoelectronics, spintronics and 

communications. Also, an improvement in the 

electromechanical characteristics of sensors, 

transmitters, transducers and other electronic 

components is possible. 

Promising candidates for multifunctional materials 

are natural perovskites with slightly modified structure, 

for example, by doping with ferromagnetic lanthanide 

cations La
3+

, Dy
3+

, Er
3+

 [1] or by combining two 

perovskites with different electromagnetic 

characteristics. 

A series of xBDF–(1-x)PFW compounds was 

synthesized by the solid-state reaction method for a few 

intermediate concentrations x=0.1, 0.3, 0.5, 0.7. In order 

to investigate the  local environment at the atomic scale 

a fitting model based on a binomial distribution was 

employed, where P(6;n)=6!/[(6-n)!n!](1-x)
6–n
x

n
 is the 

probability of the individual neighbourhood of the 

selected iron atom being composed of (6–n) Fe atoms 

and n (=0, ..., 6) W atoms, and x corresponds to the 

BDF content. Particular neighbourhoods of iron atoms 

produce the individual subspectra that contribute to the 

overall Mossbauer effect pattern. Presuming that the 

amplitudes of particular Mossbauer sub-spectra are 

proportional to the probabilities P(6;n), a fit was 

performed employing a limited number of sextets based 

on the assumption that probabilities below 5% were 

negligible. Therefore, at the final stage of the fitting 

procedure the free amplitudes of the subspectra were 

also considered. 

Substitution of a W
6+

 by on Fe
3+

 ion at a B site in 

ABO3 perovskite structure gives rise to an increment of 

s-electron density at the Fe nucleus involving a 

reduction in the value of the isomer shift parameter. 

The evaluation of the quadrupole splitting parameter 

Δ is important with respect to the local symmetry. 

Generally, the values of Δ are rather small for the BDF-

PFW series indicating a slightly disordered structure of 

the synthesized materials. 

 
Fig. 1 57Fe transmission Mossbauer spectrum of 0.3BDF–

0.7PFW sinter measured at 77 K. 

The Mossbauer spectroscopy technique was also 

used to estimate the magnetic ordering temperatures of 

BDF–PFW compounds. The full width at half maximum 

of a single line was monitored as a function of 

temperature, and TN was defined as the intersection of 

two trend lines decreasing and horizontal, below TN and 

in the paramagnetic state, respectively. As expected the 

magnetic ordering temperature TN monotonically 

increases with BDF content and the change exhibits a 

saturation-like character. 

The mean magnetic hyperfine field parameter is 

increases with the BDF content. This effect is explained 

by increasing effective hyperfine fields at Fe nuclei that 

induce larger magnetic moments and stronger magnetic 

coupling to resist thermal fluctuations at higher 

temperatures. 

The observed similarity of the P(6;n) probabilities 

and contributions to Mossbauer subspectra is evidence 

of a random distribution of Fe/W cations. The average 

hyperfine magnetic fields correspond approximately to 

the saturated magnetic moments of Fe atoms and 

indirectly to the magnetic ordering temperatures TN, 

which could be linearly modified between 350 K and 

640 K, by changing the BDF content. Therefore, 

potential applications of x·BDF–(1-x)·PFW compounds 

require supplementary investigations of their 

magnetoelectric properties. 
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RMn2 (R: rare earth and Yttrium) compounds 

commonly crystallize in two closely related structures 

either in the cubic (C15) or in the hexagonal (C14) of 

the Laves phase. Both phases readily absorb hydrogen 

forming hydrides with hydrogen contents achieving 

~4.5 H atom per formula unit (f.u.), which induces 

strong modifications of their structural and magnetic 

properties. In recent years many different investigations 

of RMn2Hx (R: Y, Dy, Gd, Tb, Er, Sm and Ho) hydrides 

(both C14 and C15 type) have been carried out [1-3]. 

Research on the rare earth compounds with Mn 

shows an important role of the Mn-Mn nearest 

neighbour distance d which determines the magnetic 

interactions in the RMn2Hx systems and leads to a 

variety of patterns of magnetic ordering. Above the 

critical value of dc≈2.7 Å a localized magnetic moment 

at the Mn sites is observed leading to a frustrated Mn 

sublattice. 

The lattice parameters of the parent material NdMn2 

determined at room temperature are ahex≈5.567 Å and 

chex≈9.063 Å implying that the Mn-Mn distance ~2.74 Å 

is only slightly larger than the critical value dc. 

Therefore, upon hydrogenation one should expect 

nontrivial magnetic structures in this hydrogen system. 

On the basis of X-ray powder diffraction and bulk 

magnetization measurements a tentative phase diagram 

for NdMn2Hx was constructed. 

 
Fig. 1 Tentative structural phase diagram for NdMn2Hx 

hydrides. Squares correspond to magnetic ordering 

temperatures. The dashed green line separates paramagnetic 

and magnetically ordered states. Symbols β, γ and ε denote 

hexagonal, orthorhombic and monoclinic phase, respectively. 

Only results for NdMn2Hx samples with 

concentrations x=2.0, 2.5, 3.0, 3.5, and 4.0 H/f.u. are 

considered since samples with x<2.0 H/f.u. consistently 

demonstrated a tendency to amorphization and 

multiphase behaviour. 

For all the hydrides examined the structural 

transformations share the same phase sequence from the 

high-temperature hexagonal phase β via the 

orthorhombic γ and finally to the monoclinic phase ε. 

The NdMn2Hx samples with x=2.0 and 2.5 H/f.u. 

split into two phases with different hydrogen contents at 

low temperatures. On the other side, for NdMn2H4.0 two 

phases with different hydrogen contents are observed in 

the whole temperature range following probably a 

spinodal decomposition located somewhere above 

385 K. 

Unusually complex structural transitions of the 

NdMn2Hx hydrides are reflected by its magnetic 

properties. indicating a correlation between the 

structural changes and the magnetic interactions in the 

compounds. 

One may presume that this rather complex magnetic 

behavior of the hydrides is a peculiar property of the 

host NdMn2 material showing spin reorientation at 50 K 

[4]. At the same time, a substantial increase of the 

magnetic ordering temperatures with increasing 

hydrogen content should be attributed to the primary 

role played by the manganese sublattice in the 

determination of the NdMn2Hx magnetism. This is due 

to the relatively more accessible and unshielded 3d 

electrons as compared to those residing in the 4f rare 

earth shell. 

For all hydrides the Mn-Mn distance is larger than 

2.7 Å and increases with growing hydrogen content and 

temperature. This effect correlates with increasing of the 

magnetic ordering temperature related to localization of 

Mn moments and their exchange interaction. The 

magnetic properties of the NdMn2Hx hydrides are 

generally governed by the relative importance of the 

Mn-Mn, Mn-Nd and Nd-Nd exchange interactions, and 

the improving stability of the Mn moments along with 

the increasing strength of the Mn-Mn coupling causes 

an increase of TN,C with hydrogen content x. 
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The zeolites like clinoptilolite are hygroscopic 

porous systems that are significantly different from the 

capillary porous ones like quartz sand [1]. This 

difference is discernible in observations of macroscopic 

processes of water migration during imbibition and 

drying. The water adsorption in the zeolite and the large 

surface roughness of the zeolite grains impedes 

substantially the imbibition rate of dry zeolite beds [2]. 

Similarly, the large amount of physically bound water in 

a saturated zeolite sample affects significantly the 

characteristics of the drying process of the zeolite. 

In this work [3], performed mainly with neutron 

radiography, although augmented with mass and 

temperature measurements, we report on the results of 

drying of wet samples of natural clinoptilolite and 

discuss them in comparison to the results obtained for 

wet samples of marble powder and kaolin clay. 

Cylindrical samples of 27 and 35 mm diameter and 

~30 or 40 mm height were prepared by extrusion and 

immediately placed inside a vertical dryer tunnel at the 

neutron radiography station [4]. For comparison a cubic 

sample (with 25 mm side) of clinoptilolite was also 

prepared.  

 

Fig. 1 Time dependence of the brightness standard 

deviation for clinoptilolite, kaolin clay and marble powder 

cylinder samples dried at 90°C. 

All the standard periods of drying were found in the 

clinoptilolite. The observations of drying of the cube 

made of clinoptilolite confirmed that the process pattern 

does not depend on the sample shape. New insight into 

the process studied was obtained through a statistical 

analysis of the neutron images [4,5]. A comparison of 

the dependence of the brightness standard deviation on 

time (Fig. 1) reveals that the drying process of the 

zeolite is similar to that of kaolin clay and is 

approximately five times longer for zeolite than for 

marble powder.  

In order to compare the drying rate of different 

samples the initial water content as well as the sample 

surface exposed to the drying air should be taken into 

account. For the purpose of further analysis we defined 

the drying rate as the rate of the water mass decrease 

divided by the initial water mass and the sample surface, 

so the plausible drying rate unit is mg·g
-1

·s
-1

·cm
-2

. In the 

first drying period the rates at the 90C are 0.018, 0.01 

and 0.036 mg g
-1

 s
-1

 cm
-2

, for clinoptilolite, kaolin clay 

and marble powder, respectively. This result should be 

attributed to the differences in the capillary motion of 

water in the investigated systems. One should stress that 

the grain size distributions of the zeolite and marble 

powder are very similar and are different from the wide, 

many modal distribution of the grain size of the kaolin 

clay [3]. This difference is probably responsible for the 

lower drying rate of the kaolin clay than that of the 

zeolite. However, it is interesting to note that the 

effective capillary radius determined from the water 

imbibition rate is ~0.2 µm for both clinoptilolite and 

kaolin clay. One should note that according to optical 

microscopic investigations in the 5–200 µm range the 

kaolin clay grains are almost spherical with smooth 

boundary surfaces whereas the zeolite grains are very 

irregular with rough surfaces. The drying rates for the 

clinoptilolite were 0.005 and 0.018 mg g
-1

 s
-1

 cm
-2

, for 

60 and 90C, respectively, whereas for the kaolin clay 

that rates were equal to 0.006 and 0.01 mg g
-1

 s
-1

 cm
-2

, 

respectively. Since first drying period is due to the 

capillary motion of the liquid [1], this result should be 

explained by a large increase in the rate of capillary 

flow with increasing temperature of the clinoptilolite. 

This effect is weaker in the kaolin clay, probably due to 

the smooth pore boundaries of this medium. However, 

the drying front was clearly observed with the neutron 

imaging in all samples but the kaolin clay. 
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The visualization of processes occurring within 

optically opaque macroscopic samples is of 

indispensable value to studies of liquid migration within 

porous systems. In recent years at least three imaging 

techniques have been employed in studies of drying 

processes. The overwhelming contribution has been 

provided by magnetic resonance imaging and X-ray 

computed tomography. The third method has been 

brought about by thermal neutron radiography. The 

main advantage of thermal neutron imaging is provided 

by very strong incoherent scattering of thermal neutrons 

by hydrogen nuclei. 

In our work [1] an application of modern digital 

neutron radiography in the study of the drying process 

in porous media is demonstrated with two simple 

examples of cylindrical and rectangular samples made 

of different materials. The statistical method of image 

analysis is used and the standard deviation of grey scale 

values (referred to as brightness) is shown to be a useful 

measure of receding drying front emergence. The 

motion of the drying front was analysed and found to be 

neither linear nor proportional to the square root of time 

and was delineated with non-linear functions different 

for each sample shape. 

Samples of cylindrical and rectangular shape were 

prepared from quartz sand and aged mortar, 

respectively.  

In the advanced period of drying a darker central 

region emerged in both samples. The darker inner 

region was separated from the lighter outer region by a 

discernible boundary corresponding to the drying front. 

The registered neutron radiographs reveal the shrinking 

of the inner dark region towards the centre of the 

sample. This region represents the sample’s inner wet 

region, which contains the amount of water still 

detectable by neutrons. The emergence of the receding 

drying front can be reveled by the increase in the 

standard deviation of the brightness. The position of the 

drying front was determined by visual inspection of the 

neutron images for rectangular samples and by fitting 

the brightness profiles with appropriate formulae for the 

cylindrical sample brightness (Fig.1).  

These results reveal a quantitative difference in the 

kinetics of the drying front between the two cases 

investigated. We found [1] that the width of the outer 

dry region can be described with a quartic polynomial in 

time for the rectangular mortar sample, and with a 

Boltzmann function for the quartz sand cylinder. 

The constant value of the drying front velocity 

suggested by Pel and Landman [2] seems to be rather 

limited since the drying front motion is highly non-

linear. Moreover, the law of drying front motion 

depends on the shape of the sample. It remains an open 

question whether the diffusion-like equation used for 

the description of drying [2, 3] allows for such non-

linear solutions valid for the whole process. 

 

(a) 

 

(b) 

Fig. 1 Time dependence of the width of the dry outer region 

for cylindrical sample of quartz sand (a), and a rectangular 

sample of mortar (b). 
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The MnxNixCu1-x partly pseudo-binary alloys are 

known [1] to decompose into regions of different 

composition. The regions of the one type are closer to a 

pure MnNi inter-metallic compound with a tetragonal 

crystal structure. In the regions of the other type the 

content of Cu is higher than average and the crystal 

structure is FCC.  

In our work a quenched Mn0.3Ni0.3Cu0.4 sample was 

annealed four times at 700-730K for 0.5, 0.5, 1 and 2 

hours and the atomic and magnetic short range order 

(SRO) was investigated after each annealing.  

To estimate the SRO the elastic neutron scattering in 

the vicinity of the (100), (110) and (210) reciprocal 

lattice points (RLP) was studied in the 15–298 K 

temperature range after each treatment. Examples of the 

neutron intensity distribution measured at 15K close to 

the (100) RLP are shown in Fig. 1.  

An increase in the tetragonal distortion was observed 

after each annealing. Moreover, the distribution of the 

scattered neutron intensity in the vicinity of the (100) 

RLP became complex (Fig. 1). The Gaussian and 

Lorentzian components were distinguished and were 

interpreted similarly to those found for MnNi compound 

[2] as atomic and magnetic component.  
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Fig. 1 Neutron intensity distributions close to the (100) 

RLP at 15 K before and after annealing for 0.5 and 4 hours. 

The solid black line is the fit to the distribution obtained 

after 4 h annealing. The broken red and blue lines are its 

Gaussian and Lorentzian components. 

The evolution of the scattered neutron intensity 

amplitudes of both components with total aging time is 

presented in Fig. 2. The maximum intensity of the 

atomic order component was smaller than the magnetic 

one only after the first 0.5 h annealing. However, the 

atomic order component increased sharply with total 

aging time much more rapidly than the magnetic one. 

Neither the neutron intensity amplitudes nor the widths 

of the component distributions after aging are a simple 

continuation of the distribution observed before aging. 

Our conclusion is that the character of the short range 

order changed immensely just during first 0.5 hour of 

aging.  
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Fig. 2 Annealing time dependence of the intensity of the 

magnetic and atomic order components in neutron 

scattering measured at the (100) RLP at 15 K. 
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Mn1-x-Cux alloys with x<0.6, when aged at 700-

800K, are decomposed into regions of two types: one 

with x<0.1, the other with x close to 0.6. Our previous 

investigations on the quenched and decomposed 

samples of the Mn0.75Cu0.25 alloy [1] revealed the diffuse 

neutron scattering (DNS) at the (1,1/2,0) reciprocal 

lattice point (RLP). The measurements indicate that, in 

addition to the well-known AF1 antiferromagnetic long 

range order, there is a short range order (SRO) of 

different type. In the quenched sample the SRO has a 

magnetic character. In the decomposed sample the AF1 

order is present in the regions of small x, and SRO of 

both atomic and magnetic character is present in the 

regions of high x.  

The aim of the present work was a determination of 

the spin wave dispersion relations in the AF1 phase in 

both samples by inelastic neutron scattering. In the 

discussion, the conventionally assumed form of the spin 

wave dispersion relation E(q): 

222)( qvEqE g 
 

for manganese alloys in the small wave vector q region 

was applied. Two parameters of this expression are, 

Eg=E(q=0) - the energy gap in the spectrum and v - the 

spin wave velocity. 
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Fig. 1 Lines represent dispersion relation for the quenched 

sample: black solid line – T= 50 K, Eg = 6.8 meV, 

v =112 meV Å, red dashed line – T =200 K, Eg = 3.9 meV, 

v = 87 meV Å. White circles - data obtained at 50 K. Red 

squares – data obtained at 200 K. 

Parameters of the dispersion relation were derived 

from the analysis of the appropriate neutron scattering 

scans in (E,q) space. Examples of the resulting 

dispersion relation data are shown in Fig 1 for the 

quenched sample at 50 K and 200 K and in Fig. 2 for 

the decomposed sample at 290 K. 
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Fig. 2 Line represents spin wave dispersion relation 

calculated for data obtained for the decomposed sample at 

T=290 K; Eg=8 meV, v=199 meV Å. 

The values of the energy gap and velocity obtained 

for a reduced temperature T/TN ≈ 0.65 for the 

decomposed sample are twice as large as those found 

for the quenched one. The values of the parameters for 

the decomposed sample are very close to those known 

for quenched Mn0.9-Cu0.1 alloy [2], providing support 

for the conjecture that the Cu concentration is close to 

x = 0.1 in the sample regions with AF1 order. 
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A high pressure, beryllium bronze, chamber filled 

with D2 (99.8% purity) gas at 3 kbar containing a 

massive Pd (99.996% purity) specimen and bronze 

substrate was irradiated for 2.2×10
4
 s with 8.8 MeV γ-

quanta. As a result, a synthesized novel object (SNO) 

(Fig.1a), strongly deformed Pd-specimen, destructed 

brass surface and strongly deformed central area of the 

γ-quanta window plug were observed [1]. A detailed 

chemical analysis of the initial and irradiated 

components as well as SNO was performed. Large 

concentrations of light elements such as Ti were found. 

A model of fusion-fission reactions leading to the 

observed chemical compositions is proposed. The 

discovered effects may be applied in research of nuclear 

reactions occurring in deuterated metals at high pressure 

of D2 gas as well as in designing novel deuterium 

fusion-fission reactors. 

Another investigation was carried out on massive 

palladium and rhenium specimens irradiated in high 

pressure deuterium gas with γ-quanta of continuous 

spectrum with a threshold energy of 23 MeV. In this 

study a special finger clamped high pressure chamber 

made of SS316Ti, was used. Significant anomalies were 

found in the structure and element composition of the 

irradiated specimens. At both ends of the palladium 

wire, considerable changes (Fig.1b) of the form of 

blowouts (resembling congealed “Solar protuberances”) 

of molten metal with a complex element composition 

(mainly Al, O, C, Re) were observed (Fig.1c). After 

irradiation the palladium surface was found to be 

covered with small, ~1-2 μm diameter particles 

composed of rhenium oxide Re2O7. Close to the 

observed cracks and fractures of the surface rhenium, 

carbon and oxygen crystallites of hexagonal symmetry 

were discovered. A phenomenological model of nuclear 

reactions leading to the observed changes in the 

rhenium and palladium is discussed in depth in [2]. 

The presented results are only preliminary and 

further studies and analyses of the observed phenomena 

are is progress. 
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a b c 

Fig. 1 Synthesized novel object (diameter ~1.5mm) (a), “nuclear erosion” at the end of the Pd specimen (b) and blowout form of 

the irradiated side of the Pd specimen (“nano solar protuberance”) – c).  
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Depressive disorders have become a major public 

health issue in recent decades and about 10% of the 

world population appears to be affected by different 

diseases that fall into this category. The deterioration of 

human relations and individual daily living creates 

social and economic consequences [1]. Therefore, the 

development of novel antidepressant agents of possible 

low side effect is of current interest in medicinal 

chemistry. During our studies on biologically and 

pharmacologically active compounds we performed 

work on the synthesis of several important compounds 

that are members of the large group of natural 

compounds with cyclic nitrogen atoms called alkaloids. 

Among others we were interested in two relatively safe 

antidepresive, on the first glance very similar tetracyclic 

alkaloids: mianserine and aptazepine (Fig. 1). 

N

N

N

N

N

Mianserin (1) Aptazepine (2)  

Fig. 1 Two similar alkaloids. 
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Fig. 2 Scheme of aptazepine synthesis. 

 

Both compounds contain asymmetric carbon atoms. 

It is commonly known that different enantiomers of the 

same compound differ significantly in their activity and 

side effects. Hence it is of great importance to 

synthesize or isolate the proper enantiomer. Here we 

report synthetic and structural work concerning 

aptazepine. The synthetic goal was to develop (or 

implement) an effective method of enantioselective 

synthesis of the proper enantiomer. The curtail step of 

the reported synthesis [2] was the development of an 

effective catalyst for the so-called asymmetric transfer 

hydrogenation (ATH) process (Fig. 2). Different Ru 

complexes were tested as catalysts and reaction 

conditions were optimized. The enantiomeric excess 

was improved by simple re-crystallizations. Single 

crystals of compounds 7 and 8 were obtained and served 

as objects for X-ray crystallographic studies. The 

molecular structures obtained proved the course of the 

hydrogenation process and hence the final configuration 

of aptazemine 2. Figures 3 and 4 show the molecular 

structures of compounds 7 and 8, respectively. 

 

Fig. 3 Molecular structure of compound 7. 

 

Fig. 4 Molecular structure of compound (S)-8. 
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The development of a new generation of short pulse 

radiation sources exploring free electron lasers has 

focused interest on the problem of the interaction of the 

beam generated by these devices with solid matter.  

It is expected that irradiation with very intense 

femtosecond pulses will create states of very strong 

electronic excitation with a highly reduced influence of 

optical nonlinearities at the frequencies in the range 

between the plasma frequencies and the frequency in the 

inner shell absorption edge [1,2]. The experiment 

included generation of damage by the beam coming 

from the Free-Electron Laser in Hamburg (FLASH) 

operating in the range 6 - 100 nm and focussed by an 

ellipsoidal mirror onto the surface of crystalline silicon. 

Analogous damage was previously studied with the 

synchrotron radiation diffraction method [3-5]. 

In the present experiment we performed a successful 

attempt to confirm this observation by taking 

synchrotron transmission section white beam 

topographs. Also a successful simulation of contrast in 

transmission section images was obtained using a more 

adequate approximation of the craters by droplet-like 

inclusion. 

The observation of the deformation field of craters 

generated by FLASH pulses along the whole thickness 

of silicon wafers was performed by taking synchrotron 

transmission section topographs using the beam 

perpendicular to the surface of the sample. Numerous 

relatively dense series of section topographs spaced by 

10 µm provided a precise scan allowing the evaluation 

of geometrical shape and depth extension of various 

craters. In the topographic images obtained we observed 

the direct image connected with the boundary of the 

crater accompanied by the deformation of the Kato 

fringes.  

The evaluated depth extension was different for 

individual craters and was in the range 30 – 100 µm and 

it may be expected that some of the craters were formed 

including the melting and recrystallization of the 

material. The evaluated depth values were confirmed 

also by evaluations basing on the vanishing of the 

images of the series of spots in the Bragg case section 

topographs obtained when the beam entered the crystal 

at low 4 angle. 

It was possible to reproduce the topographic contrast 

of the craters in transmission section topographs by 

numerical simulations based on integration of the 

Takagi-Taupin equations. The defects connected with 

craters were approximated as droplet-like inclusions. 

The synchrotron investigations were supported by 

the HASYLAB project I-20110423 EC. 
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(a) (b) 

Fig. 1 a - Three representative white beam transmission section topographs exposed using 5 µm beam perpendicular to the 

crystal surface corresponding to sweeping of the row of craters with the maximum extension of the dark image from the lower 

edge of the section image corresponds to its depth extension. b - The series of corresponding numerical simulations calculated 

using approximation of the craters by droplet-like inclusion – i.e. as a volume in the form of droplets uniformly filled with equally 

spaced point-like inclusions.  
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Crystals of ferroelectric niobates with the structure 

of tungsten bronze such as SrxBa1-xNb2O6 (SBN) and 

CaxBa1-xNb2O6 (CBN) are the subject of intense 

investigations in view of their very interesting non 

linear electro-optical, dielectric, piezoelectric and 

pyroelectric properties. Doping with rare earth ions 

additionally increases the possibility of using these 

crystals in laser technology [1]. Also, growth of crystals 

composed of SBN and CBN mixture is possible, 

permitting changing the Curie temperature. The 

published results of crystallographic perfection studies 

of SBN and CBN crystals revealed the core, 

dislocations and glide bands. In some cases dislocation 

loops [2] were also reported.  

We present some results of synchrotron diffraction 

topographic investigations of Czochralski grown CSBN 

crystals with a composition obeying the formula 

(Ca0.28Ba0.72)x(Sr0.61Ba0.39)1-xNb2O6 with x=0.25, 0.50 

and 0.75. The crystals were characterized by means of 

synchrotron diffraction topography. The topographs 

were obtained using both white and monochromatic 

beams at DORIS III.  

Contrary to previously studied SBN and CBN 

crystals we did not observe any glide bands in the 

CSBN. The most characteristic defects were segregation 

fringes and some rod like inclusions around the core 

present in the central part of samples cut from different 

crystals. In addition, the topographs revealed a very 

characteristic phenomenon. This consisted of the 

presence of two different systems of segregation fringes 

forming the crossing pattern, as may be seen in the two 

reproduced monochromatic beam topographs of 

samples cut from two different crystals with x=0.75 

(Fig. 1 and 2). The visibility in both of these systems of 

segregation was much better in the monochromatic 

beam topographs than in the white beam ones. We also 

observed the inversion of contrast for two different 

slopes of the rocking curve maximum. At may be 

noticed one of the systems is connected with the 

subsequent position of the growth surface, being coaxial 

with the core and the boundaries of the crystal. The 

second system crossing the previous one cannot be 

connected with the position of the growth surface. In 

addition, by taking a topograph from both sides of a 

relatively thick crystal wafer we confirmed that this 

fringe system is relatively slowly changing, hence it can 

propagate through relatively large distances along the 

growth axis.  

The possible explanation of the observed 

phenomenon is a kind of ghost pattern reproducing 

some chemical composition changes in the new part of 

the growing crystal.  

An example of another characteristic pattern formed 

by the second (ghost) system of fringes for x = 0.75 is 

depicted in Fig. 3.  

The synchrotron investigations were supported by 

the HASYLAB project I-20110423 EC. 

 
Fig. 1 Monochromatic beam topograph of the central part of 

the sample revealing rod like inclusions around the core and 

segregation fringe systems. 

 
Fig. 2 Monochromatic beam topograph of the near edge part 

of other CSBN crystal where two systems of segregation form 

a characteristic crossing pattern. 

 
Fig. 3 Monochromatic beam topograph of the central part of 

another sample revealing mainly the second (ghost) system of 

fringes. 
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We studied the structural properties of alloy layers 

prepared using two different impulsively working 

PAPVD methods: Pulsed Magnetron Sputtering (PMS) 

and Impulse Plasma Deposition (IPD).  

The distinctive feature of these two methods is the 

fact that both of them utilize the solid state as a source 

of the vapour-phase. However, the mechanism of the 

transport and the structures of the vapour-phase 

(plasma), the location of nucleation and intensity of 

elementary phenomena during the condensation of 

layers are quite different in each of the methods. We 

study the relation between the structure of the 

multicomponent metallic alloy layers and the specific 

features of both methods. We treated the Fe-Cu alloy 

layers as a good model material.  

 

Fig. 1 SEM morphology of the Fe-Cu layers synthesized by 

the IPD (A) and PMS (B) methods. 

Fig. 1 shows the surface morphology and cross 

section view of the Fe-Cu layers synthesized by the IPD 

and PMS methods, respectively. X-ray diffraction 

patterns are shown in Fig. 2. The results of our 

investigation revealed a nanocrystalline structure of the 

layers. Significant differences in the phase composition 

of the Fe-Cu alloy layers produced by these methods 

were observed.  

The synthesis of the Fe-Cu layers using the Pulsed 

Magnetron Sputtering method resulted in two-phase, 

polycrystalline structures. Clear evidence of mixing 

between the iron and copper was not observed. The Fe-

Cu layers deposited by the Impulse Plasma Deposition 

method were characterized by non-equilibrium phase 

composition - the presence of one-phase supersaturated 

solid solution: fcc-Cu(Fe) in the case of the copper –

dominant layer and bcc-Fe(Cu) in case of the iron-

dominant layer were formed in immiscible systems. 

These results suggest a short-distance diffusion between 

the neighbouring nanoparticles of the two metals (Cu 

and Fe) occurring during the IPD layers growth [1].  

 
Fig. 2  θ /2θ diffraction patterns and TEM micrographs with 

corresponding ED pattern of the Fe-Cu layers obtained by 

PMS (left) and IPD (right) methods. 

We studied the effects of utilizing pulse valves for 

dosing a plasma forming gas supplied directly to the 

plasma source. The concept of exploiting such valves as 

actual controllers of the plasma process replacing the 

ignitrons – spark switch valves used up to now has been 

practically verified in the technology of TiN layers 

manufactured by the IPD method. This new way of 

plasma generation in the magnetron sputtering 

technique referred to as Gas Injection Magnetron 

Sputtering (GIMS) [2] has been used for producing thin 

AlN layers for electronics applications using a single 

magnetron system. The results showed that dense AlN 

coatings with a significantly reduced tendency for 

columnar growth could be produced in this way. In our 

opinion the experiments carried by us proved that the 

plasma processes of layer deposition by different 

methods: IPD and GIMS could be effectively controlled 

by the use of pulse valves and the gas injection 

technique. In both cases they demonstrated their 

individual advantages [2, 3]. 
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A thin film Pb photocathode has been prepared by 

high vacuum arc deposition using the compact 

deposition system constructed in late 2011. A 1μm thick 

film was deposited on the back wall of a modified 

electron gun resonator. This film was 0.5 μm in 

thickness which is thicker than that prepared previously. 

It was expected to improve the injector performance. 

Test measurements were planned at the Horizontal Bi-

Cavity Test Facility (Hobicat) at Helmholtz Zentrum 

Berlin as the continuation of the project launched in 

2010. For these tests the injector was prepared at 

Jefferson Laboratory (Newport News, USA). The 

reached Pb layer was treated with the BCP chemical 

cleaning procedure and high pressure rinsing with 100 

Bar clean water . The latter caused layer detachment of 

the first photocathode. 

Due to the time lasting photocatode preparation on 

the cavity back wall compared to consuming the limited 

time available before the measurement, a decision was 

taken to reconstruct the resonator. The solid back wall 

was replaced by a cylindrical plug installed in the centre 

of the wall. The aim was to simplify the coating and use 

a plug only rather than the massive and fragile 

resonator. An arc system with a 60
0
 magnetic field 

droplets filter was used to deposit a photocathode on a 

niobium plug. The new system enabled electrostatic bias 

of the substrate (the plug) at – 70V with respect to the 

anode which typically improves the layer adhesion. The 

micro-droplet density was further reduced (Fig. 3) and 

the deposition rate increased by an order of magnitude 

up to ca 200 nm/min.  

 

a  

 

b  

 

d  c  

Fig. 1 Plug – type photocathodes. a. film surface, b. coated head of the plug, c general view of the plug, d. cavity back wall. 

 

A cold test of the RF performance showed a 

resonant quality above 10
10

 up to an accelerating 

gradient of 30 MVm
1
. This result gives on positive 

verification of the plug photocatodes performance. The 

test performed at HZB showed a low dark current of 

150 nA at the maximum accelerating gradient equal to 

28 MV/m reached at Hobicat. Low dark current is a 

significant improvement compared to the results 

obtained previously. Quantum efficiency was measured 

with a laser of wavelength, pulse duration, repetition 

rate and average power equal to 258 nm, 3 ps, 8 kHz , 1 

mW , respectively. The result obtained of 2•10
-5

 was 

worse than that obtained previously 

Investigation of thin Pb film surface interaction with 

an EUV laser was begun in collaboration with the 

Military Academy of Technology. The aim of these 

studies is to flatten and densify the outer part of the 

film. These studies are on-going to optimise the 

conditions leading to shallow melting and 

recrystalisation. 

 
Fig. 2 A map of quantum efficiency measured for the plug 

photocathode. 

The experimental work described above was 

complemented by a model calculation of the electron 

beam emittance for the 1.6 cell Pb photocathode 

electron gun (see the contribution by T. Wasiewicz 

“Calculations of complex cavity models for a 

superconducting electron linac”).  
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Research grant MNiSW Nr 4731/B/T02/2009 on 

“Formation of magnetic semiconductors using high-

energy plasma pulses” has been terminated and 

reported. A summary has been published in “Vacuum” 

[1]. It was shown that a crystal lattice perturbed by ion 

implantation fully recrystallizes after the plasma pulse. 

Significant redistribution of Mn profile is observed. 

There is no indication of substitutional location of Mn 

ions in the silicon lattice. 

 

 
Fig. 1 RBS spectra of Mn implanted Si before and after argon pulse plasma treatment. 

 

International project I-20110041 EC “Lattice 

location of manganese atoms in silicon after ion 

implantation and plasma pulse annealing” and the 

supporting 2317/DESY/2012/O national project: 

“Lokalizacja sieciowa atomów manganu w krzemie po 

implantacji i wygrzewaniu impulsami plazmy” have 

been terminated. The XANES measurements performed 

at the DESY synchrotron indicated differences in the 

neighbourhood of Mn atoms after thermal annealing and 

pulse melting. 

Supplementary measurements in the international 

SPIRIT 144 project on “Ion beam induced epitaxial 

crystallization of manganese implanted conventional 

and SOI silicon samples” have been performed. The 

expected effect of vacancy and interstitial atom 

separation in SOI samples has not been confirmed. 

Preliminary measurements in the international TNA-

165 project on “Manganese location in Mn implanted 

and plasma pulse annealed germanium by cPIXE” and 

the supporting 2467/SPIRIT/2012/2 national project on 

“Lokalizacja manganu przy użyciu metody cPIXE w 

germanie implantowanym manganem i wygrzewanym 

impulsami plazmy” have been performed. The 

measurements confirmed the high effectiveness of pulse 

annealing of post-implantation damage in germanium. 

 
Fig. 2 “Manganese-free” sample holder for XANES 

measurements at the DORIS synchrotron in Hamburg. 
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Doping stainless steels or iron-chromium alloys with 

oxygen reactive elements like Y and Rare Earth 

Elements (REE) like Ce, La, Er and others improves 

their oxidation resistance at high temperatures. 

There are numerous methods of incorporating REE 

into steel by surface treatment, e.g.: ion implantation, 

metalo-organic, chemical vapour deposition, sol-gel 

coating, pack cementation, screen-printing, molten-salt 

electrodeposition [1-2]. 

In the present work we report on the use of yttrium 

as an active element incorporated into 316L stainless 

steel using High Intensity Pulse Plasma Beams 

(HIPPB). 

The samples were cut from AISI 316L commercial 

austenitic stainless steel in the form of coupons of 

20×10×1mm
3
 in size, with roughness of about 

Ra=0.06µm. The samples were modified using high 

intensity (106-108 W/cm2) pulsed plasma beams 

generated in a Rod Plasma Injector (RPI). 

The main parameters of the modification were: 

- delay time τD (between the moment of injection of the 

working gas to the interelectrode space and application 

of voltage to the electrodes): about 140 µs, 

- delay time τB (between the moment of voltage 

application and the beginning of the plasma implosion): 

about 2.5 µs, 

- pulse energy density: about 2 Jcm
-2

, 

- number of pulses: 6, 9, 12 and 15, 

- working gas: nitrogen (99.9% purity), 

- electrode material: yttrium. 

The selected pulse-treated samples were 

subsequently oxidized at 1000°C for 100 hours in air at 

50% relative humidity. 

The samples were characterized by stereoscopic 

optical microscopy (OM), scanning electron microscopy 

(SEM), energy dispersive X-ray spectroscopy (EDX) 

and Rutherford back scattering (RBS). 

The average atomic concentration of yttrium 

incorporated into the specimens used for the oxidation 

test as a linear function of the number of plasma pulses 

were: 10.03, 16.31, 21.65 and 28.91 for: 6, 9, 12 and 15 

pulses, respectively. 

The average thickness of Y modified layers 

determined from RBS spectra was: 109, 172, 241 and 

340 nm for 10.03, 16.31, 21.65 and 28.91 at.% of 

average Y concentration, respectively. 

Macroscopic surface images of specimens 

containing different amounts of yttrium after oxidation 

in air at 1000°C for 100 h are shown in Fig. 1. 

For a better visualization of this situation, computer 

processing increasing the contrast between “good” and 

“poor” areas was adopted. The results of this treatment 

are shown in the lower part of the picture, where 

“white” regions correspond to the flawless and well 

adhering surface (good) and “black” regions correspond 

to defects, e.g. pits (poor). 

The percent contribution of flawless surface is a 

linear function of the yttrium content and reaches 

91.37% at the maximum Y content (28.91 at.%). 

 
Fig. 1 Macroscopic surface images of specimens containing 

different amounts of yttrium after oxidation in air at 1000°C 

for 100 h with computer processing results 

Conclusions 

1. The use of high intensity plasma beams enabled 

the formation of the Y-enriched layer with a thickness 

of several hundreds of nanometers. 

2. In the investigated range, the nature of the 

relationship between the yttrium content and the 

numbers of pulses has an almost linear character. The 

number of plasma pulses can be a good parameter to 

adjust the yttrium concentration in 316L type steel. 

3. Similarly, the nature of the relationship between 

the yttrium content and the percent of flawless surface 

has an almost linear character. 

4. The results of the oxidation tests show that the 

proposed process parameters make it possible to obtain 

above 91% of the surface with satisfactory high 

temperature oxidation resistance. 
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The optical properties of GaAs and particularly of 

oxides formed on the GaAs surfaces have been widely 

discussed by many investigators. This problem is still 

interesting and timely. The main aim of the present 

work is to study the influence of ion implantation on the 

formation of the native oxide layers and their refraction 

nox and extinction kox coefficients.  

SI (100) – oriented GaAs wafers were implanted 

with Ne+, Al+, Ar+ and In+ ions at energies of 100 

keV, 120 keV, 150 keV and 250 keV respectively. The 

implantations were carried out at target temperature of 

300K at a fluence of 1x1016 cm-2. The unimplanted 

and as-implanted samples were studied by two methods: 

spectroscopic ellipsometry (SE) [1] and nuclear 

reactions (NR) [2]. The spectra of nox and kox were 

determined by means of the SE method from 1.24 eV to 

4.96 eV. The values of nox and kox for virgin materials 

were evaluated with the equations presented in [3].  

It was observed that after implantation the values of 

nox and kox coefficients changed; they were fitted by 

the Cauchy formula [4]. It was also noticed that the 

shape of kox spectra for the studied layers depends on 

the type of ion implanted in the GaAs samples.  

Using the nuclear reactions 
16

O(α,α) 
16

O the 

thickness of the native oxide layers (dox) formed on the 

GaAs samples was determined. The results of these 

measurements show that the values of dox increase from 

about 3.8 nm (for virgin GaAs) to 5.5 nm-9.0 nm for the 

implanted samples. The present investigations also 

confirmed that, according to our earlier study [5, 6], the 

native oxide layers formed on GaAs samples stabilized 

in air after about 5h. 
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In many cases, especially during the ionization of 

radioactive nuclides, it is necessary to apply an 

additional (besides the material to be ionized) carrier 

gas to maintain a stable discharge in the ion source 

chamber. This fact offers the possibility of increasing 

the ionization efficiency by using not only electron 

impact ionization but also other kinds of collisions, e.g. 

collisions of sample atoms with metastable atoms of the 

carrier gas:  

A
m
 +B -> A + B

+
E 

where A
m

 is a metastable atom of the carrier gas, B is an 

atom of the ionized sample. 

The above mentioned process is called Penning 

ionization and it takes place when the ionization energy 

of the sample atoms is less than the energy of the 

metastable state of the atoms of the gas responsible for 

stable discharge in the ion source [1]. 

The aim of the present work is to estimate the 

influence of the Penning effect on the ion currents 

emitted from discharge plasma burning in He and Ar 

mixtures [2]. As shown in table 1 both gases fulfill the 

Penning condition for many elements subject to 

ionization. 

Table 1. Ionization energies and energies of metastable 

states of He and Ar atoms  

Atom 
Ionization  

energy (eV) 

Metastable  

state energy (eV) 

He 24,6 
20,6 (2 

1
S0) 

19,8 (2 
3
S1) 

Ar 15,7 
11,5 (3P2) 

11,7 (3P0) 

A numerical model of the ionization processes 

(electron and Penning collisions) taking place in the 

discharge plasma has been proposed. The developed 

method was also used to evaluate the ionization 

efficiency of the plasma ion source.  
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Introduction 

This work was part of project SP/J/6/143339/11 

supported by The National Centre for Research and 

Development for the period 2011-2014. 

Iodine I-131 is one of the radioisotopes most 

commonly used in medicine, both for diagnostics and 

therapy. As a consequence, there is a large group of 

people who are occupationally exposed to internal 

uptake of iodine. All of them need to be monitored for 

internal contamination with iodine by measuring the 

activity gathered in the thyroid. In several cases, mostly 

for diagnostics, there is also a need to measure 

radioactive iodine activity in the thyroid of a patient. 

Most measurements for radiation protection are 

performed at low activities which do not exceed a few 

hundreds of kBq.  

The situation is different in the case of 

measurements after therapeutic administration of iodine 

or after a severe radiation accident, when the iodine 

activities can be much higher. The typical measurement 

geometry used for radiation monitoring becomes 

unsuitable because very high count rates at short 

distances between detector and human neck can cause 

too large uncertainties. The easiest way to improve the 

measuring conditions is to increase the distance between 

the detector and the neck. 

Materials and methods 

The analyzed case measurements are performed for 

a female patient subjected to thyroid diagnostics and 

therapy. During diagnostic treatment, the patient was 

administered orally with 50 μCi (1.85 MBq). The iodine 

activity orally administered during therapeutic treatment 

was 555 MBq. The absorbed doses were in both cases 

much higher than doses which are usually recorded for 

occupationally exposed persons during routine work. 

Two measuring series were carried out on the patient 

studied – the first after the diagnostic administration of 

iodine and the second after the therapeutic treatment. 

The measurements were performed with various dose 

equivalent rate meters. InSpector 1000 – a mobile 

spectrometer with NaI scintillation detector, ECO C and 

FH40 rate meters were used. 

Results  

The measurements were performed in two 

geometries. The distance between the detector and the 

neck was 0 and 60 cm. The results of dose rate 

measurements after diagnostic and therapeutic 

administration of iodine are shown in Table 1 and Table 

2 respectively. 

Table 1  Dose rates from iodine in the thyroid after 

diagnostic administration [μSv/h] [2].  

Instrument 

  

Day after administration of iodine 

4 5 8 

Geometry 60 cm 

InSpector 
0.36±0.04 0.31±0.03 0.15±0.02 

FH40 
0.29±0.01 0.26±0.01 0.14±0.01 

ECO C 
out of range 0.47±0.07 0.34±0.05 

Geometry 0 cm 

InSpector 
out of range 26.93±2.7 15.09±1.5 

FH40 
out of range 17.43±0.09 11.39±0.06 

 

Table 2  Dose rates from iodine in the thyroid after 

therapeutic administration [μSv/h] [2.]  

Instrument 

  

Day after administration of iodine 

26 33 47 80 87 

Geometry 60 cm 

InSpector 
2.5±0.3 1.2±0.1 0.27±0.03 0.04±0.005 0.06±0.005 

FH40 
3±0.2 1.3±0.05 0.32±0.002   

ECO C 
3.8±0.6 1.4±0.2 0.40±0.06 0.14±0.02 0.016±0.002 

Geometry 0 cm 

InSpector 
1300±130 220±22 16.5±1.7 0.52±0.05 0.22±0.02 

FH40 
180±9 90±5 21.3±1.1   

ECO C 
75.8±11 91.9±14   0.45±0.07 0.16±0.02 

Conclusions 

The results showed that most of the measuring 

devices used in this work can be used for initial 

estimation of internal contamination with iodine I-131. 

The registered results are close to the theoretical 

retention function within large range of activity. This 

confirms that simple measuring devices can be used in 

case of a radiation accident to select contaminated 

people for accurate measurements in the laboratory.  
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Introduction 

This work was a part of project SP/J/6/143339/11 

supported by The National Centre for Research and 

Development for the period 2011-2014. 

During routine measurements of internal 

contamination spectrometric systems with scintillation 

or germanium detectors are used. They register the 

energy spectrum of gamma rays emitted from inside the 

human body and allow for easy identification of 

accumulated radionuclides. In the framework of this 

project it is assumed that in emergency conditions a 

dose rate counter may also be used for the measurement 

of internal contamination. The result would only 

indicate a possible contamination, without identification 

of radioactive isotopes, and hence without any 

possibility of even approximate estimation of the 

effective dose resulting from the internal contamination. 

However, in emergency conditions, it is sufficient for 

the rapid selection of a group of contaminated people, 

who should be subjected to careful inspection under the 

laboratory conditions. 

Numerical calculations 

A part of this project was the development of a 

numerical model of the detector and whole body 

phantom filled with Cs-137 and I-131, which will be 

used for the calibration. 

The detector used for numerical modelling was a 

2”x2” NaI(Tl) scintillation detector manufactured by 

Polon and routinely used in the measurement system of 

the thyroid radiation counter at the Radiation Protection 

Measurements Laboratory. 

Two numerical whole body phantoms were defined. 

The first is a bottle phantom used for calibration of the 

whole-body radiation counter at the Radiation 

Protection Measurements Laboratory. It reproduces the 

human silhouette of a standard weight of 70 kg and 

height of 170 cm and consists of 17 containers with 

volumes of 20; 2.5; 1.5 and 1 dm
3
 [1]. 

The second of the developed models was a 

simplified phantom of the human body, which consists 

of only two (or three) containers with a capacity of 10 

and 20 (and 1) dm
3
. The smallest of the containers, 

representing the human neck, was filled with an 

aqueous solution of iodine I-131, the other two with a 

solution of cesium Cs-137. The simplified whole-body 

phantom was designed for calibration of measuring 

devices proposed for use during internal contamination 

emergency measurements. This calibration has to be 

simpler than the calibration of the whole-body radiation 

counter, mainly in terms of size and the difficulty of 

positioning.  

Two Monte Carlo codes, MCNPx and FLUKA were 

used for thecalculations. The obtained energy spectra of 

isotopes contained in the two phantoms do not differ 

significantly (Fig. 1). 

 
Fig. 1 Calculated energy spectrum of gamma radiation 

deposited in the scintillation detector placed near the bottle 

and simplified phantoms [2].  

These calculations show that the simplified whole 

body phantom is a sufficient approximation of the more 

complex bottle phantom and can be used for efficiency 

calibration of the measuring system for the internal 

contamination of the whole body.  

The calculations have shown that there is no need 

for additional collimators, shielding part of the detector 

during measurements of internal contamination. The 

shielding decreases the amount of radiation from the 

phantom reaching the detector. On the other hand, the 

effect of background radiation on measurements of high 

activity is not significant enough to increase the 

uncertainty of the measurement. The necessity for 

shielding in routine measurements is due to the low 

level of the measured activity, often below the 

background level. 
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The first recombination chambers were invented 

about 50 years ago. Up to now about 20 methods, about 

30 types of chambers and about 15 various 

recombination dose meters have been developed for 

several applications and different dose rates. Among 

them are large recombination chambers, e.g. of REM-2 

type, which can be used for determination of H*(10) in 

mixed radiation fields. A new generation of such 

chambers (denoted REM-3, see Fig.1) is now under 

development and testing. The main innovations in the 

REM-3 recombination chamber include proper 

positioning of insulators, which results in a decrease of 

the time needed for stabilizing the signal after a change 

of the polarizing voltage; the use of polypropylene as 

the material for the electrodes and of a cylindrical 

polypropylene insert which results in improvement of 

sensitivity and energy response characteristics in 

neutron-gamma radiation fields; and easy switch 

between summation and differential modes of the 

chamber operation [1]. Another innovation in the REM-

3 chamber is that the electrodes of the chamber form 

two sets and can be connected either in summation or in 

differential mode or if connected to two electrometers 

become a self-monitoring chamber (see Fig. 2). 
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Fig. 1 Cross section and view of the REM-3 chamber. 
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Fig. 2 Schematic of the triple-mode detector (summation mode raises sensitivity, differential mode gives possibility of direct 

measurements of the ambient dose equivalent rate, self-monitoring chamber in case of fluctuations of dose rate). 
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Althrough thorium based fuels have benefits in 

terms of radio-toxicity there are however challenges in 

terms of reprocessing the spent thorium based fuel. The 

database and experience of thorium fuels and thorium 

fuel cycles is very limited compared to UO2 and 

(U,Pu)O2 fuels, and needs to be augmented before large 

investments are made in commercial utilization of 

thorium fuels and fuel cycles. That is why, as the first 

step of studying the feasibility of thorium application, a 

once through thorium based fuel cycle analysis for 

energy production and radioactive waste transmutation 

was undertaken, which does not require the technically 

difficult reprocessing of the spent fuel. In Fig. 1. a 

vertical cross section of an EPR core fragment is 

presented. 

 

Fig. 1 Vertical cross section of an EPR core fragment 

presenting several UO2 fuel assemblies neighbouring the 

reflector (stainless steel +H2O(5%)). 

In order to determine the optimal conditions of U-

333 production we assumed that the EPR fuel rod is 

filled with UO2 and ThO2 forming in the reactor core 

several fuel layers alternately located (see Fig. 2).  

 
Fig. 2 Longitudinal cross section of EPR core. Different size 

fuel layers in the reactor core. Red indicates UO2; Blue, 

yellow, green, white blue, pink indicate means ThO2. 

The MCNPX 2.6.0 code was used to make Monte 

Carlo simulations of thorium dioxide based fuel 

behaviour. The concentration of U-233 tends to the 

saturation value (1.29 wt%) with reactor operation time 

and sharply increases after cutting off the power (see 

Fig. 3). The saturation value of U-233 concentration 

practically does not depend on the power density, while 

the kinetics of reaching the saturation value strongly 

depend on the power density (neutron flux). The final 

concentration of U-233 (Fig. 3) consists of two parts: a 

‘‘power on’’ concentration and a ‘‘power off ‘‘one (1.6 

wt%)[1]. 
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Fig. 3 The uranium 233U concentration versus reactor 

operation time for five thorium dioxide layers 20 cm thick 

as in Fig. 2. 

For an initial concentration of U-233 equal to the 

saturation value (1.29 wt%) the EPR reactor does not 

reach criticality, scarcely for 1.5 wt% the reactor 

becomes slightly overcritical which permits the reactor 

to be explored during a certain time. This means that a 

once through thorium fuel cycle can be reached with 

difficulty. 
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The implementation of nuclear power in Poland will 

force a new approach to the current procedures and 

systems related to the management of radioactive waste 

and spent nuclear fuel. Due to the disposal volume in 

the National Radioactive Waste Repository in Różan 

becoming full it will be necessary to build a new 

repository for low and intermediate radioactive waste 

with a capacity of about 170 000 m
3 

.(Ref.1) In the 

operation of nuclear power plants with a capacity of 

6 GWe over a lifetime of 60 years, the discharged spent 

fuel will contain up to 6 800 tHM. Three cycles for 

spent fuel management can be considered: an open fuel 

cycle with spent fuel storage in deep geological 

formations, a closed fuel cycle with spent fuel 

reprocessing and using the extracted plutonium in MOX 

fuel and a new cycle, in which a fast reactor will be 

used for burning hazardous for humans and the 

environment plutonium isotopes and minor actinides 

(neptunium, americium, curium, californium) and 

energy generated from burned spent nuclear fuel. At 

present the National Centre for Nuclear Research with 

its MARIA research reactor and radioisotope centre 

POLATOM are the main source of radioactive waste 

together with about 4000 radioisotope laboratories in 

Poland. Radioactive wastes are treated at ZUOP 

(Radioactive waste plant) and after suitable packing 

they are disposed at the Radioactive Waste Repository 

in Różan. Taking into account the Polish Atomic 

Energy reports the average amount (during 2001-2011) 

was about 58 m
3
 of radioactive waste. One could 

presume that the maximum volume of this type of 

radioactive waste will not be larger than 100 m
3 

per 

year. Considering the possibility of the introduction of 

nuclear energy in Poland the following questions should 

be solved: 

1. spent nuclear fuel management, 

2. management of radioactive waste produced during: 

 -nuclear power plant operation period, 

 -NPP and spent fuel decommissioning, 

 -applications of isotope techniques in health protection, 

industry, science and during operation of experimental 

nuclear objects and connected isotope facilities, 

-improvement or decommissioning of nuclear and 

isotope facilities.  

At the moment three methods of treatment could be 

considered (according the US definition, 3R): 

Repository, Reprocessing, Recycling. The first two of 

them could be applied to spent nuclear fuel 

management. 

- Repository – a so called open fuel cycle-where spent 

nuclear fuel is placed in geological disposal without 

reprocessing. 

- Reprocessing of spent fuel leading to separation of 

plutonium and fission products for MOX fuel 

production, the so called closed fuel cycle. 

- Recycling is a new technology where the spent fuel 

from water reactors is used in fast neutrons reactors and 

multiple recycling procedures are applied. This 

technology is being developed by General Electric –

Hitachi (PRISM reactor) and (BN-600) in Russia. 

A summary of low and medium radioactive waste 

predicted for repository during stage I of nuclear energy 

introduction in Poland Table 1. 

Source of radioactive waste Volume (m3) 

Operation of NPP 60 000 

Decommissioning 68 000 

Operation and decommissioning of 

spent fuel storages 

10 000 

Nuclear and radioisotope 

techniques application 

12 000 

Additional volume for renew 

nuclear facilities 

20 000 

All together 170 000 

 

Low and medium radioactive nuclear waste are 

allowed to be stored in a surface repository and such a 

repository should be built before 2020. 
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The Global Threat Reduction Initiative – GTRI, was 

a US initiative to develop a programme to reduce global 

threats, consisting among others in financing the return 

of spent fuel coming from research reactors to the 

producer of the nuclear fuel. The Polish Government 

made a decision to take advantage of this programme, 

financed by the US Government.  

With reference to the above, spent fuel of MR type 

enriched 80% and 36% with U-235 from the Polish 

research reactors EWA and MARIA, was taken back to 

the Russian Federation for reprocessing. The first 

shipments took place in 2010. The high radioactive 

waste coming from the reprocessing of the fuel will stay 

in the Russian Federation.  

This report concerns the next shipment of spent fuel 

from the Republic of Poland to the Russian Federation 

which took place in September 2012, in which spent 

fuel of the MR type was taken back from the MARIA 

reactor. The shipment included 60 pcs of spent fuel 

elements loaded into 15 Russian transport containers of 

TUK-19 type.  

The TUK-19 containers were delivered by rail and 

road to the forwarding point in the area of the Nuclear 

Centre in Świerk. Next, they were brought one by one 

(Fig.1) to the MARIA reactor facility where the spent 

fuel was loaded in the containers.  

The technological operations concerning loading of 

the MR type spent fuel from the MARIA reactor storage 

pool in the TUK-19 containers were successfully 

performed according to the technology developed [1].  

 
Fig. 1 TUK-19 containers in the MARIA reactor 

decontamination hall. 

The most important operations of the shipment of 

MR type spent fuel using the TUK-19 container took 

place in the disassembly cell of the MARIA reactor 

(Fig. 2). 

 
Fig. 2 Handling operations in the disassembly cell. 

The TUK-19 containers loaded with spent fuel 

returned to the forwarding point, where they were put 

back into ISO type containers and next they were 

shipped back to the Russian Federation. 

 
Fig. 3 The staff involved in shipment of MR type spent fuel.  

A detailed description of the technological 

operations, disassembly cell, devices, and the additional 

instrumentation is described in [1].  

During the transport-handling operation conducted 

in the MARIA reactor facility neither abnormalities nor 

increased radiological threat were detected. 
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The main purpose of this paper is to describe 

preparatory work on completion of the MR type spent 

fuel shipment from the MARIA reactor to the Russian 

Federation in 2012.  

The programme for MR type spent fuel shipment 

included 60 spent fuel elements loaded into 15 Russian 

transport containers of TUK-19 type. Operations 

associated with preparing spent fuel for transport were 

conducted partly in the storage pool of the MARIA 

reactor, and partly in the disassembly cell. 

In the first period after leaving the core the fuel, 

spent during the operation of the MARIA reactor, is 

stored in the storage pool of the reactor. The fuel can be 

cut off from the structure of the fuel channel and after a 

three-year period of cooling the fuel can be taken away 

beyond the storage pool of the reactor.  

The length of the spent fuel element, cut off from the 

structure of the channel, cannot exceed 1375 mm 

because of the structure of the TUK-19 container. 

In connection with the above, only spent fuel 

elements of the required length could be loaded into the 

transport container. They must be cut off from the 

structure of the channel in the reactor gate (Fig.1) and 

divided into four-element sets.  

After completing the set of fuel intended for transport, 

each cut off spent fuel element was measured precisely 

in the storage pool of the reactor. On the basis of these 

results it was stated that according to requirements of 

the recipient some spent fuel elements should be cut off 

to the dimension of 1375 mm to fit in the transport 

container.  

The operations of cutting off spent fuel elements to 

the required dimensions were conducted in the 

disassembly cell (Fig.2). 

The MR type spent fuel preparatory works for 

shipment to the Russian Federation also included 

measurement of the radiological release of fission 

products from spent fuel to water called a “sipping test”. 

The results of these tests confirmed the tightness of the 

spent fuel elements.  

The preparatory work for shipment was carried out 

in accordance with the developed technology presented 

in [1]. 

 

Fig. 1 Operation of cutting off the spent fuel element in the 

storage gate. 

 

 

Fig. 2 Operation of cutting off the spent fuel element in the 

disassembly cell. 
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The 14 MeV neutrons produced by deuterium-

tritium fusion are expected to carry out the fusion 

energy from future thermonuclear reactors like ITER 

and DEMO. After appropriate moderation they may also 

be used for tritium breeding in the fusion reactor lithium 

blanket. The 14 MeV neutrons are the main source of 

construction material radiation damage. Such materials 

testing irradiations in 14 MeV neutron field are, 

therefore, a crucial issue for thermonuclear reactor 

design activities. The shortage of strong 14 MeV 

neutron sources can be supplemented by a fission 

reactor equipped with a thermal to 14 MeV neutron 

converter. The conversion is based on thermal neutron 

capture by 
6
Li: 

6
Li+nT+

4
He (Q4.79 MeV) (1) 

followed by reactions of the triton produced with 

deuterium: 

T+D
4
He+n (Q17.58 MeV) (2) 

or 
6
Li 

T+
6
Li

8
Be+n (Q16.02 MeV) (3) 

The reactions (2) and (3) give neutrons with an 

energy of 14 MeV. As conversion materials the most 

suitable seem to be lithium deuteride (LiD) and lithium 

deuteroxide hydrated by heavy water (LiOD·D2O). Due 

to the small amount of 
6
Li in natural lithium (7.6%) the 

applied compounds need to be enriched with 
6
Li 

isotope. 

Studies of such reaction chains have been reported 

by Almquist [1] with theoretical efficiency ca 1.2·10-4. 

The first device based on this idea was described by 

Napier et al. [2] confirming the efficiency order of 

magnitude. 

Such a device has been designed and constructed in 

NCBJ under the National Centre for Research and 

Development Strategic Programme for Technologies 

Supported Development of Safe Nuclear Power 

Engineering.  

Selection of the converting material needs to take 

into account its chemical properties, e.g hygroscopicity 

of lithium deuteride or corrosivity of lithium 

deuteroxide to aluminium [3]. To avoid light water 

trapping by LiD the lithium deuteroxide hydrated by 

heavy water has been selected as a converting material. 

This choice excludes aluminium as a converter 

construction material. 

Due to the MARIA reactor core characteristics a 

cylindrical shape has been chosen for the converter. 

Optimization of the device geometrical parameters has 

been performed. It has been demonstrated that the 

14 MeV neutron flux on the converter symmetry axis 

does not depend on the converting layer radius or the 

converting material density. The calculations based, 

among others, on the triton ion continuous slowing 

down approximation allow the neutron conversion 

efficiency to be determined as 2.5510
-4

 and 1.4710
-4

 in 

case of 
6
LiD and 

6
LiODD2O respectively [4]. 

Due to the extremely high reaction (1) cross-section 

for thermal neutrons and high energy release (4.79 

MeV) the converting layer will generate a huge amount 

of heat when placed in strong thermal neutron fields. To 

enable thermo-hydraulic calculations to be performed 

and establish the temperature special distribution the 

converting material thermal conductivity coefficient has 

been experimentally determined. The high temperature 

causes crystallization water release from the converting 

layer during operation increasing the converter internal 

pressure. Due to gases released in the considered 

reactions i.e. tritium and helium, an expansion chamber 

has been designed to reduce the pressure within the 

converter. 
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Fig. 1 Considered locations of the converter in the MARIA 

reactor core (red marks). 
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To ensure the safety of the reactor operation a 

prediction of the influence of the converter on the 

neutronic parameters is necessary. The excess reactivity 

perturbation () caused by converter placed in various 

locations of the MARIA core (see Fig. 1) has been 

calculated. The effective reactor kinetic parameters like 

the neutron generation life-time (eff) and delayed 

neutron fraction (eff) do not change significantly 

(Tab. 1) [5]. 

 

Table 1 Reactor neutronic parameter influenced by 

converter. 

Parameter eff [s] eff [$] 

Ref. Case 144 6.98210
-3

 0.00 

J9-A 143 6.98410
-3

 -0.15 

J9-B 143 6.98510
-3

 -0.20 

G4-A 143 6.98310
-3

 -0.10 

G4-B 143 6.98310
-3

 -0.19 

G5-A 142 6.98510
-3

 -0.50 

G5-B 143 6.98510
-3

 -0.77 

 

The neutron energy spectrum inside the converter 

placed in different MARIA reactor core locations has 

been considered as well. Sample results are shown in 

Fig. 2. 

 

 
Fig. 2 Neutron energy spectrum inside a converter placed in 

different MARIA reactor core locations. 
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MARIA Reactor Operation 

by A. Gołąb, J. Jaroszewicz, G. Krzysztoszek 

National Centre for Nuclear Research, Otwock-Świerk, Poland 

 

The multipurpose high flux research reactor MARIA 

is a water and beryllium moderated reactor of a pool 

type with graphite reflector and pressurised channels 

containing concentric tube assemblies of fuel elements 

(Fig. 1, 2). It has been designed to provide a high degree 

of flexibility. 
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11. core and support structure
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13. reflector blocks
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Fig. 1 Vertical section of the MARIA reactor. 1. control rod 

drive mechanism, 2. mounting plate, 3. ionisation chamber 

channel, 4. ionization chamber drive mechanism,5. fuel and 

loop channels support plate, 6. plate support console, 7. 

horizontal beam tube shutter drive mechanism, 8. beam tube 

shutter, 9. fuel channel, 10. ionization chamber shield, 11. 

core support structure, 12. core and reflector support plate, 

13. reflector blocks, 14. beam tube compensation joint. 

The fuel channels are situated in a matrix containing 

beryllium blocks and enclosed by a lateral reflector 

made of graphite blocks in aluminium cans. The 

MARIA reactor is equipped with vertical channels for 

irradiation of target materials, a rabbit system for short 

irradiations and six horizontal neutron beam channels. 

The main characteristics and data of the MARIA 

reactor are as follows: 

o nominal power 30 MW(th) 

o thermal neutron flux density 4.0·10
14

 n/cm
2
s 

o moderator H2O, beryllium 

o cooling system channel type 

o fuel assemblies: 

o material UO2-Al alloy 

o enrichment 36% 

o cladding  aluminium 

o shape  six concentric tubes 

o active length 1000 mm 

o output thermal neutron flux 

o at horizontal channels 35·10
9
 n/cm

2
s 

The MARIA reactor reached its first criticality in 

December 1974. The reactor was in operation until 1985 

when it was shut down for modernization. The 

modernization encompassed refurbishment and 

upgrading of technological systems. In particular, the 

efficiency of the ventilation and cooling systems was 

improved. In 1993 the MARIA reactor was put into 

operation again. 

 

Fig. 2 A view of the reactor pool. 

The main areas of reactor application are as follows: 

o irradiation of target materials in vertical channels 

and in rabbit system 

o testing of fuel and structural materials for nuclear 

power engineering 

o neutron radiography 

o neutron activation analysis 

o neutron transmutation doping 

o research in neutron and condensed matter physics 

o training 

In 2012 the reactor completed 34 operation cycles at 

power levels from 30 kW to 24 MW (Fig. 3). The 

overall operation time: 4610 h. 
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Fig. 3 Schedule of the “MARIA” reactor operation in 2012. 

 

The main activities carried out at the MARIA 

reactor were focused on: 

o irradiation of target materials in vertical channels 

and in rabbit system 

o neutron scattering condensed matter studies with 

neutron beams from reactor horizontal channel 

o neutron radiography studies 

o neutron modification of crystals and minerals 

o training 

Until September mainly MR-6 type fuel assemblies 

with 36% enrichment and 430g contents of 
235

U were 

loaded in the reactor core. The release of fission 

products from this fuel is very low and achievable burn-

up is above 50%. 

In September the process of converting the Maria 

reactor core to low-enriched fuel with enrichment 

19,75% in 
235

U started. This process will be carried out 

progressively, i.e highly enriched MR-6 fuel type is 

being replaced, one by one, by low enriched fuel MC-5 

type, fabricated by the AREVA company. 

The core configuration has been changed several 

times because of fuel and irradiation requirements. The 

core configuration of December 2012 consisting of 22 

fuel assemblies and 2 special channels for molybdenum 
99

Mo production is presented in Fig. 4. 

Under the Global Threat Reduction Initiative 

programme the spent nuclear fuel of MR type (60 

assemblies) was transported from the MARIA RR to the 

Russian Federation for reprocessing. 

In 2012 the MARIA reactor was operated 

successfully. The reactor scram was activated 4 times, 

for short time, so it wasn’t necessity to shorten the 

operation cycles. One cycle wasn’t realized due to the 

urgent necessity to replace the main electrical supply 

lines.  

Operational availability factors were as follows: 

 

 

 

where OT (operational time) denotes the number of 

hours on power and NH is the sum of the number of 

hours on power and the number of unscheduled 

shutdowns. 

In 2012 the total emissions of radioactive materials 

to the environment were: 

o inert gases (mainly 
41

Ar): 1.5·10
13

 Bq, i.e. 1.5% of 

the limit determined by the NAEA 

o iodine: 3.6·10
7
Bq, i.e. 0.7% of the limit 

determined by the NAEA 

o 88
Rb and 

138
Cs: 6.9·10

8
 Bq 

The yearly emissions of noble gases, iodines and 

aerosols are presented in Fig. 5,6,7. 

In 2012 95 workers received measurable whole body 

doses from 0.2 to 1.71 mSv and 8 workers received skin 

doses from 0.35 to 3.41 mSv. 
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Fig. 4 Core configuration of December 2012. 

 

Fig. 5 Yearly emissions of noble gases in the last eleven 

years. 

 

Fig. 6 Yearly iodines total emissions in the last eleven 

years. 

 

Fig. 7 Yearly aerosol total emissions in the last eleven 

years*) in 2004 the reactor only operated in January. 

Neutron irradiation services 

Neutron irradiation services provided at the MARIA 

research reactor include radioisotope production, 

neutron transmutation doping of silicon, neutron 

activation analyses and biomedical technology. 

Available services cover the activation of a large 

variety of target materials for the production of isotopes, 

which can be processed at the discretion of the 

customer. Irradiation services are performed in various 

facilities constructed in the MARIA reactor, depending 

on the required neutron flux levels, irradiation times, 

target mass and geometry. Standard vertical in-core 

isotope channels as well as special ones equipped with a 

hydraulic transport system are in operation. 

For domestic customers targets of S, TeO2, Lu2O3, 

Yb2O3, Cu, Se, SmCl3 and KCl were irradiated (Fig. 8). 

Most of them were produced for the Radioisotope 

Centre of the NCBJ POLATOM. The production of 
192

Ir 

seeds used for Intravascular Radiation Therapy (IRT) 

and low activity 
192

Ir source ribbon for Oncology 

Applications was continued. Total annual isotope 

production reached 613 TBq in 2012. At the same time 

production of radioisotope 
99

Mo reached the level of 

7877 TBq. 

The neutron irradiation service utilizing the MARIA 

reactor also includes the colouring of topaz minerals. 

The irradiation of minerals in special channels located 

outside the reactor core changes its clear natural state to 

shades of blue, thereby increasing the commercial value 

of the product. Blue topaz is released to the market as 

non-radioactive material, conforming to strict 

international criteria. 
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Nuclear reactors remain a key hardware in the 

production of useful isotopes. A key medical isotope is 
99m

Tc, which is a decay product of 
99

Mo. One of the 

possible sources of molybdenum can be achieved in the 

course of 
235

U fission. The main objective of 
235

U 

irradiation is to obtain the 
99m

Tc isotope, which is 

widely used in the domain of medical diagnostics. The 

decisive factor determining its availability, despite its 

short lifetime, is the radioactive decay of 
99

Mo into 
99m

Tc. Technetium-99m to be a source of decaying 
99

Mo 

can be easily transported to hospitals where it is 

extracted and used for a variety of nuclear medicine 

diagnostic procedures. 

In the last year the total number of uranium plates 

irradiated and send to the Laboratory in Petten was 

more than 200. The average activity of 
99

Mo at the end 

of the activation (EOI) obtained from one irradiation 

channel was 280 TBq. The irradiation process as well as 

the handling and transport operations proceeded 

according to drawn up procedures. The realization of 

the molybdenum programme confirmed the correctness 

of the irradiation technology and handling operations in 

the reactor pools and in hot cell as well as the loading 

operation into the transport container MARIANNE.  

Following the shortage of the key medical 

radioisotope 
99

Mo and its daughter 
99m

Tc related to 

long-term reliability, major 
99

Mo-producers have agreed 

to convert to using low-enriched uranium (LEU) targets 

for the production of 
99

Mo. This decision was made 

based on important non-proliferation reasons. The 

MARIA reactor has declared its readiness to irradiate 

new-designed LEU. The first step, supporting 

conversion, was certification of new LEU targets. The 

programme includes a Safety Analysis Report, out-of 

reactor mechanical, hydraulic and special vibration tests 

as well as design and manufacture of a prototype 

version of the irradiation rig. The programme has been 

performed under collaboration with Covidien and the 

reactor team of HFR (Netherlands) and BR-2 

(Belgium). 

 

 

Fig. 8 Distribution of target materials irradiated. 
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Investigation of Nuclear Operation Parameters of the EPR Reactor 

by E. Grodzicka 

National Centre for Nuclear Research, Otwock- Świerk, Poland  

 

The aim of the nuclear operation changes analysis of 

the EPR reactor is to present the most important 

neutronic parameters of the reactor core during its 

operation with full power for one fuel cycle. Because of 

the fact that Poland is now introducing a nuclear 

programme, a very important issue is the reactor type 

selection. One of the available options is the pressurized 

water reactor produced by AREVA, the decision of 

technology selection requires detailed assessment of 

design, operational parameters and environmental 

impact of possible offers. 

In this work the EPR design is analyzed, a 

description of the reactor core is included, its geometry, 

isotopic concentration of the fuel and materials of the 

construction. The reactor core fuel loading is described, 

as well as the reactivity control. A comparison between 

a typical PWR and EPR reactor core is given with a 

description of the unique features of the pressurized 

reactor core. 

 

Fig. 1  Fuel assemblies geometry (B1 and C2). 

 

Fig. 2 EPR core geometry with the steel reflector. 

In another part of the investigation the equations 

used in the calculation tools are given with a description 

of the methods used for the neutronic core calculations. 

The transport equation is presented, which is used in the 

deterministic methods for example for the DRAGON 

Version4 code. Furthermore, stochastic methods are 

described, that are used in nuclear applications, 

especially the Monte Carlo method present in the 

Serpent code. 

In the most important part of the work the results 

from the simulations are presented. Characteristic 

parameters for the core like effective multiplication 

factor keff , isotopic concentration of the fuel during 

burnup and reactivity temperature coeffcient for the 

EPR core, are given and discussed. The results confirm 

the justification of the use of burnable poisons in the 

fuel (Gadolinium Gd). The results also show that light 

water reactors have very safe reactivity coefficients like: 

moderator and fuel temperature coefficients, whose 

equations respectively are shown below: 
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Fig. 3 Fuel and moderator coefficients for the EPR reactor 

core. 

The changes in the isotopic concentration in the fuel 

of the EPR are typical for pressurized reactors. During 

burnup isotopes are created in the same manner as for 

other reactors that use UO2 fuel and light water 

moderator. 
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Neural Network-Based Method for Analysis  

of Nuclear Reactor Malfunctions 

by L. Raczyński, K. Gomulski, J. Malesa 

National Centre for Nuclear Research, Otwock-Świerk, Poland 

 

Deterministic computational modelling performed 

by so-called nuclear reactor computational codes is the 

most important tool used to analyse different stages of 

nuclear power plant (NPP) operation, as well to study 

malfunctions which with a certain probability may 

occur during reactor operation. For the NPP staff the 

ability to simulate transients occurring during accident 

is particularly important. Advanced computational 

codes such as RELAP5 are used to perform very 

accurate analyse. This method is very time-consuming. 

Potential solutions to speed it up are to perform a whole 

series of simulations based on different initial 

conditions and the scale of a given malfunction and then 

create a specific tool that can model the scenario. A key 

feature of that kind of model should be short processing 

time. Good accuracy of the result is aslo crucial. 

The proposed approach is based on using neural 

networks for off-line analysis of a nuclear reactor 

accident involving a break in the primary system loop 

and leakage of coolant. Necessary data were obtained 

from simulations based on deterministic models. The 

goal was to estimate the time remaining to drain out of 

the upper part of the fuel rods in the reactor core. Well 

trained neural network allow information about the 

expected development of the accident to be obtained 

much faster in comparison to a full scope simulation. 

However, using a neural network instead of performing 

precise computations with the RELAP5 code might 

cause estimation error. The main difficulty that occurred 

during the development of a neural model was to 

guarantee an acceptable level of error in the estimated 

time remaining to possible serve accident. 

 

 

Fig. 1 Simplified PWR reactor model nodalization for RELAP5. 

 

Figure 1 presents the basic components of the 

reactor cooling system such as core, reactor pressure 

vessel, primary and secondary loops, pressurizer etc. 

Charging and safety injection (SI) systems components 

are marked as well. They are a part of the emergency 

core cooling system. 

It was assumed that if within 5 hours from the 

occurrence of the leak there is no superheated steam in 

the core the risk of fuel melt down after that time is 

negligible. Another important assumption is that time 

left to severe core damage depends on five parameters: 

flow area of the leakage and the number of fully 

functional Charging and SI components. 

The first parameter considered specifies the flow 

area of a break, and further in this paper is labelled as x. 

This parameter was changed between each simulation 

from 0.001 to 0.1 ft
2
. Next, two variables take binary 

values. They describe whether component Charging or 

SI is functional in the loop with a broken pipe 

(respectively n_ch and n_si). If the safety component is 

operational its variable is equal to 1, otherwise it is -1. 

The last two parameters specify how many other 

Charging and SI components are working. These are 

labelled o_ch, o_si and have discrete values of: 0, 1, 

2, 3. 

The investigation started with a fully connected 

feed-forward multilayer neural network with five input 
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nodes corresponding to the five parameters, one hidden 

layer and one output node. The first results show that 

using direct coding of the 5 input parameters it is not 

possible to fulfill the error requirements. F will 

represent the 5-dimensional function, estimated by the 

neural network, mapping the five input parameters into 

the time to malfunction. It is noteworthy that the 

function F can be decomposed into 64 1-dimensional 

functions f given by: 

 

Since all the f functions are monotonically 

decreasing and have similar shape, each of them can be 

represented by a single coefficient. This coefficient, 

further denoted by I, can be calculated as an integral of 

the f function in the whole range of the disruption area 

(x). The approach presented provides the possibility of 

defining a new function, denoted by G, mapping the 

relations between the input parameters and output time 

values. 

 

To test some other transformation possibilities we 

limited the information obtained from integral I only to 

preserve the order of all 64 calculated coefficients. 

 

The back-propagation Leveberg-Marquadt learning 

algorithm was used to train the connection weights of 

the neural networks. 

 

Fig. 2 The error distributions of three types of data. 

The error distributions are plotted in Figure 2, for 

the optimal numbers of hidden neurons, identified by 

the minimum values of the root mean square error. The 

resulting neural networks estimating F, G and H 

functions have hidden layers with 15, 42 and 15 neurons 

respectively. 

The results show that after a proper input space 

transformations much smaller RMSE can be achieved. 

The estimate of the G function is highly accurate with 

only 5 minutes of RMSE. Only a proper input space 

transformations allow the required error level to be 

obtained. 
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Modelling of the LOTF Facility with the Use of the RELAP5 CODE* 

by K. Samul 

National Centre for Nuclear Research, Otwock-Świerk, Poland 

 

A LOFT (Loss Of Fluid Test) facility has built us an 

installation to provide the necessary data for the thermo-

hydraulic system of a Nuclear Power Plant during 

occurrence of abnormal operating conditions (Fig [1]). 

The LOFT facility has been dedicated to simulate a loss 

of coolant accident (LOCA) in large, commercial 

pressurized water reactors (PWR). The LOFT facility 

has used fuel bundles with nuclear fuels with total 

power of 50 MWt, instead of commonly used 

electrically heated rods, which is a unique feature in the 

case of installations assigned to simulate various 

thermo-hydraulic conditions during a Design Basic 

Accident (DBA). During the lifetime of the facility over 

a dozen tests have been performed, with a severe 

damage experiment as the last one. For modelling 

purposes test L2-5 has been chosen, in which the facility 

was configured to simulate a double-ended cold leg 

break. 

Models of main components and piping have been 

made in the RELAP5 code. This code is broadly used to 

simulate the behaviour of facilities under a wide range 

of operating conditions and which the results from such 

calculations are used to evaluate nuclear safety in the 

reports. Equations describing fluid and energy flows are 

simplified to one-dimensional stream tubes and 

conduction models. It is important to have in mind that 

the code does not offer detailed simulations of fluid 

flow within components but is focused on the 

interaction between components. Components may be 

divided into four main categories, each category playing 

a different role in the model. The thermal hydraulic 

group is designed to simulate fluid passages and fluid-

handling equipment. Heat structures are created to 

simulate heat conduction between boundaries and fluid. 

The trip group is designed to simulate actuations of 

different components (e.g. valve opening). The control 

system is developed to allow component control 

systems (e.g. proportional-integral-differential 

controllers). 

The main objective of the work is to gain experience 

in modelling the functioning of a nuclear facility and to 

extend knowledge of possible thermodynamic 

phenomena which may occur during a postulated 

transient. These goals will be achieved by the creation 

of a full detailed model of the LOFT facility form 

scratch. The input file is under development.  
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Fig. 1 LOFT facility [1]. 
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Development of a Model for Hazard Area Assessment Based  

on an Early Warning Monitoring System 

by M. Borysiewicz, O. Dorosh, H. Jędrzejec, S. Potempski, G. Siess, A. Wasiuk, H. Wojciechowicz 

National Centre for Nuclear Research, Otwock-Świerk, Poland 

 

During the first year of the project aiming at the 

development of a real-time information system on 

hazards related to major accidents for crisis 

management systems, models and algorithms for 

realistic determination of hazardous areas based on the 

data from early warning monitoring systems were 

developed. The approach was based on utilizing the fact 

that universal krigging can be described in term of 

Baeysian methods.  

Suppose we want to estimate a random vector 

}:)({ DxxZ   for 2RD   of the form: 

)()()( xxfxZ T   , where f denotes the regression 

function, 
rjniij xfF ,...,1;,..,1))((  , β is a vector of 

parameters, while ε a random field with zero mean and 

covariance 

)]}()()][()({[),( 221121 xEZxZxEZxZExxC 

The Bayesian approach leads to a formula of the 

following form: 

)()())()(()()(* 1

0000

^

 FZFFKxfFxcxfxZ TTT  

where   )(,)( CovE , vector β stands for the 

estimator of parameter, 
njiji xxCK ,...,1,)),((   is an 

observable covariance and 
T

nxxCxxCxc )),(),...,,(()( 0100  . 

In the second year of the project techniques for 

estimation of uncertainties related to data and hazardous 

areas were developed. They are also based on the 

Bayesian approach. In general the method can be 

described as follows: assume that the data have the form 

(xi, yi): i=1,..., n, where xi denotes spatial localization 

and yi is an observation at xi. Assume also that each 

observation yi is an realization of random variable Yi, 

which is independent of non-observable random process 

S(x). Then the observation equation has the following 

form: 

Y i = H (S (xi)) + Zi, 
where H denotes the known observable operator which 

links the unknown random process S with the 

observable data Y. The variable Z stands for an 

additional, possibly non-gaussian, observation error. 

This equation determines the probability distribution 

function p(yi|S(x), H) and is useful in cases where there 

is no possibility to observe directly stochastic process. 

In cases when such observation is possible operator H 

becomes identity and one can use standard geostatistical 

models. 

Assuming the Bayesian approach the following 

equation can be applied: 
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Θ denotes here the vector of parameters (like the mean 

and variance), which have to be estimated. The idea lies 

in estimating a non-gaussian process by a gaussian one 

by minimizing the Kullback-Leibler divergence, which 

has the following form: 


i

KL
iq

ip
ipqpD

)(

)(
log)(),(  

It is important to notice that this approach is 

equivalent to fitting of two first moments in both 

distributions [1]. This, on theother hand, can be done by 

an iterative process based on the following two 

relations: 

µposteri (x) = µpriori (x) + ),( i

m

i

i xxc  

cposteri (x, x') = cpriori(x, x') + 


m

ji 1,

c (x, xi)C (i,j) c (xj, x') 

c(x,xi) is a covariance function between localizations of 

x and active point xi, which can be estimated by a 

variogram [2]. The iterative process is then 

parameterized and finally described as: 

),( 111   ttttt xxcq
 

)',(),()',( 11111 xxcxxcrxxc tttttt  
 This method was successfully applied to air quality 

data for the Warsaw area (Fig. 1) in order to estimate 

both concentrations and their uncertainties. 

 
Fig. 1 Estimation of NO distribution in the Warsaw area. 
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Thermal-hydraulic Calculation for a Fuel Assembly in the European 

Pressurized Reactor Using the RELAP5 Code 

by M. Skrzypek 

National Centre for Nuclear Research, Otwock-Świerk, Poland 

 

The aim of the project is to describe phenomena and 

calculate thermal-hydraulic characteristic parameters in 

a fuel assembly for the European Pressurized Reactor - 

EPR. This evolutionary project of the Areva concern, 

was designed based on several years of experience with 

pressurized reactors. It will be a demonstration of the 

first III generation reactor in the world. In this project a 

general view of reactor was described, especially the 

primary side and in particular the main elements such as 

the reactor pressure vessel, steam generator and 

pressurizer. The main object of interest was the fuel 

assembly, which creates the heart of the reactor - the 

core. 

EPR is a generation III reactor and is characterized 

by very low probability of core meltdown. To obtain 

this result, it was designed with additional safety 

systems, quadruple multiplication, facility 

diversification, doubled containment and in the case of a 

severe accident- an innovative core catcher. The aim of 

the design was to create a safe reactor, which produces 

1650MW of clean and ecological electricity with high 

efficiency for 60 years. 

To perform thermal-hydraulic calculations the 

system code RELAP5 was used. This code allows 

steady states and transients in reactor applications to be 

simulated. It is also appropriate, as a calculation tool, 

during loss of coolant accidents in light water reactors. 

The main calculation modules used in RELAP5 are 

described. The fuel assembly model is presented in the 

nodalization diagram (figure 1) that corresponds to the 

input deck for steady-state and transient calculations. 

 

Fig. 1 Nodalization and real view of the fuel assembly. 

In the task three calculations of the steady state were 

performed: nominal steady state, coolant flow decreased 

to 60% of nominal flow, and change in axial power 

profile for the end of fuel life with 50% of nominal 

power. The transient simulates a linearly decreasing 

flow of coolant as long as new level is stabilized and 

SCRAM occurs. All of the results obtained, which were 

presented in graphs and tables, were analyzed and 

commented. An example of coolant temperature along 

the fuel assembly during the first steady-state is shown 

in figure 1. Transients gave many interesting results: 

coolant temperatures, cladding and fuel temperature 

distribution, pressure and velocity along the channel. In 

particular void fraction changes are very useful, because 

they map the water level in the core (Fig. 2). 

 

Fig. 2 Void fraction in the fuel assembly during a transient. 

To check the correctness of the results, the author 

compared them with the reactor technical 

documentation. Steady state results are very similar to 

the design data. The hypothetical transient showed how 

important a role correct cooling plays in the reactor. The 

analysis indicated the consequences of coolant flow 

limitation during reactor operation. 

Future activities would be to simulate transients a 

using fully integrated computer code that models the 

progression of severe accidents in light water reactor 

nuclear power plants. These codes can predict the 

following phenomena: hydrogen production, relocation 

of the core, fission product release and transport 

behaviour.  

 

References 
[1] U.S EPR Final Safety Analysis Report, United States 

Nuclear Regulatory Commission, June 27, 2011 

[2] EPR Design Description Framatome ANP, Inc, 2005 



272 Annual Report 2012 
 

Pressurised Water Reactor Loop Model 
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The pressurized water reactor is the most common 

type of reactor in today's nuclear power plants. 

Although the basic design remains unchanged, there are 

variations in the detailed design by different reactor 

manufacturers.  

Compared to a boiling water reactor, the PWR has a 

more compact core and a higher system pressure. There 

is no equipment for steam separation in the reactor 

vessel since the water does not boil in the core. [1] 

Due to the fact it is the most common type of 

reactor, it was necessary to learn how to create a model 

of this type of reactor for future purposes in safety 

analyses which are to be performed by our department. 

The software chosen to fulfil this need was 

CATHARE, a French system code specifically 

developed to model whole nuclear power plant system. 

Validation of the code was done on numerous 

experiments, facilities and operating power plants. 

CATHARE has been used in multiple applications 

ranging from safety analysis, through design purposes 

up to a reference code for a real plant simulator. 

The model of the pressurized water reactor loop that 

is under development initially originated from just a 

steam generator model. Initially just heat exchange was 

modelled. A model of the pressurizer was subsequently 

added with logic to control the level in the secondary 

side of the steam generator as well as the level of the 

pressurizer. For the conditions of the system at that time 

it was required to change the model from open (inlet 

and outlet) to closed (coolant flowing in a loop).  

Currently the model consists of a Core (with Upper 

and lower plena), cold and hot lets, a steam generator 

(which is comprised of a steam dome and downcomer). 

Both sides – primary and secondary – are connected via 

a heat exchanger. 

The pump model is now undergoing implementation 

due to the complexity of the input file needed to 

describe the pump characteristics. 

It is planned in future to create a working model of a 

PWR consisting of three loops, among which one will 

simulate a break in the system for LOCA simulation. 

 

Fig. 1 CATHARE model of the PWR loop in steady-state 

condition. 

Modelling this will create a base of expertise, 

insights and experience that will be required in future 

PWR modelling. Moreover it gives good practice in 

using the CATHARE code. 
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Uncertainty and Sensitivity Analysis in the Reactor Analysis Team 

by R. Możdżonek 
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The Reactor Analysis Team uses best estimate (BE) 

thermal-hydraulic system codes such as RELAP5 and 

CATHARE2 in order to perform deterministic safety 

analysis, which is a very important tool for 

demonstrating the safety of nuclear power plants. The 

Safety Guide on safety assessment [1, 2] allows for 

demonstrating that safety is ensured with an adequate 

margin in two particular ways: by use of BE codes in 

combination with conservative input data or with 

realistic input data. The second option requires 

additional evaluation of the uncertainty and sensitivity 

of the generated results. Nowadays, there is an 

increasing interest in computational reactor safety 

analysis using the second approach (best estimate 

calculations with quantitative uncertainty analysis), 

which allows for more precise specification of safety 

margins and their potential use for higher operational 

flexibility. 

The aim of the uncertainty analysis (UA) is to 

identify and evaluate all potentially important uncertain 

parameters. The outputs of the above mentioned codes 

are affected by uncertainties coming from sources such 

as the code models, plant and fuel parameters, which are 

caused by scatter of measured values, approximations of 

modelling as well as variation of initial and boundary 

conditions. 

Sensitivity analysis, in turn, includes systematic 

variation of the individual code input variables and of 

the individual parameters that are used in models, to 

determine their influence on the results of the 

calculations, which allows the most important 

(influential) parameters to be found and, therefore, they 

are usually performed in conjunction with UA. 

The Reactor Analysis Team gained access to the 

uncertainty and sensitivity analysis platform, called 

URANIE, in mid-2012. URANIE is a tool developed by 

the CEA and based on ROOT, an object-oriented 

software multi-platform for the storage, treatment and 

analysis of large amounts of data. 

The URANIE functionalities cover the major part of 

the requirements for uncertainty and sensitivity analysis 

[4, 5]: deterministic and statistical sampling design 

methods, uncertainty propagation, optimization and 

sensitivity analysis techniques, surrogate models and 

automatic launching of the calculations on clusters. 

The process of implementation of the URANIE 

platform in The Reactor Analysis Team is in its early 

stages and will be continued over the next few years. 

Work is currently underway on creating scripts allowing 

tight integration of URANIE with the system codes 

RELAP5 and CATHARE2. Because uncertainty and 

sensitivity analysis rely on large amounts of data 

generated in simulations, lots of computational power is 

needed. For this reason, the CIŚ computer cluster will 

be exploited to complete this task. 
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The RODOS (“Real-time On-line DecisiOn Support) 

project was launched in 1989 and increased in size 

through the European Commission’s 3
rd

, 4
th

, 5
th

 and 6
th

 

Framework Programmes [1]. The system was finally 

installed and has been used in national or regional 

nuclear emergency centres, providing coherent support 

at all stages of an accident (i.e., before, during and after 

a release), including the long term management and 

restoration of contaminated areas. The system is able to 

support decisions about the introduction of a wide range 

of potentially useful countermeasures (e.g., sheltering 

and evacuation of people, distribution of iodine tablets, 

food restrictions, agricultural countermeasures, 

relocation, decontamination, restoration, etc.) mitigating 

the consequences of an accident with respect to health, 

the environment, and the economy. It can be applied to 

accidental releases into the atmosphere and into various 

aquatic environments. Appropriate interfaces exist with 

local and national radiological monitoring data, 

meteorological measurements and forecasts, and for 

adaptation to local, regional and national conditions in 

Europe.  

After almost a decade of experience with the system 

it has been decided to make some important changes. 

These includes: 

- applying the Java language to develop a graphical 

user interface and visualization package, 

- implementation of additional modules: 

o IAMM: Inhabited Areas Monitoring Model, 

o ERMIN: European model for inhabited areas, 

o DEMM: Deposition monitoring model, 

o FOMM: Food monitoring model, 

o AGRICP: Agricultural Countermeasures Program. 

The IAMM module allows the incorporation of 

gamma dose rate measurements into the RODOS 

system by operating on digital maps (i.e. with precise 

information on the location of measurement points) and 

data assimilation by merging monitoring data with the 

results of model simulations, taking into account the 

uncertainties. As a result for an area of interest one can 

obtain relatively precise information which can 

significantly help in making proper decisions for early 

countermeasures like evacuation and sheltering. 

The main purpose of the ERMIN module is to 

evaluate different recovery strategies for the selected 

area, taking into account already performed early 

countermeasures. ERMIN assumes that early 

countermeasures can affect long term doses in two 

ways. Firstly, the imposition of sheltering can reduce 

the initial indoor deposition and secondly, evacuation 

reduces exposure to both external radiation and re-

suspended activity. The user can also consider a 

reduction of initial indoor deposition during evacuation 

by choosing the appropriate option. It is also possible to 

assume that no early countermeasures have been 

introduced. Then the user can build different recovery 

strategies by combining various countermeasures.  

The aim of the DEMM module is to update the 

predicted total deposition (dry and wet) on the ground 

and on all kinds of plant surfaces. The predicted 

deposition data is calculated with a deposition model 

using results from atmospheric dispersion modelling. 

The update is based on measurements of net gamma 

dose rates after the deposition process has ended. The 

endpoints of DEMM are essentially the total deposition 

of the different radionuclides to in variety of crops. 

The FOMM module calculates activity 

concentrations in feedstuffs and foodstuffs (in Bq/kg). 

For this, FOMM uses model predictions as well as 

measured values of the activity concentration of 

feedstuffs and foodstuffs. The results of data 

assimilation are associated with less uncertainty than the 

uncertainties of the model predictions and measured 

values. 

The AGRICP allows for including different 

agricultural strategies for the selected area. The results 

of the AGRICP module can be combined with the 

DEMM module in order to take into account the effects 

of introduced countermeasures while calculating doses 

for the population in the region.  

Additionally two other modules are in the process of 

implementation: 

- FDMF: Food Chain Module Forest calculates the 

activity concentration in raw wild food (berries, game 

meat, mushrooms) and the ingestion doses from the 

intake of these products by different population groups.  

- LCMF: Late Countermeasures Module Forest 

simulates different countermeasures and provides results 

in the form of tables, maps and time series. 

The new version of JAVA RODOS has been 

recently released and all the modules have been 

implemented. For full customization of the system in 

Poland there is a need to include digital maps containing 

high resolution data on land use. This is currently under 

investigation – the main idea lies in utilizing the WMS 

(Web Map Service) server – standard created by the 

Open Geospatial Consortium in connection with data 

available via Polish geoportal, which serves as a source 

of digital maps for administration in Poland.  
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Comparative Analysis of the BNCT Converter in CFD and System TH codes 

by P.A. Prusiński, M. Spirzewski 
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Thermal hydraulic (TH) analyses for nuclear 

installations are usually conducted with the use of 

System TH and/or CFD codes depending on the scale of 

the issue. In nuclear technology, the aim of System TH 

codes is to provide a general view of the whole system, 

i.e. to present its response to any undesired distortion in 

the coolant flow under emergency conditions. Here, the 

“system” should be understood either as a primary loop 

of a nuclear power plant (NPP) or as a single subsystem 

like a PWR pressurizer. At the same time, CFD codes 

serve as a magnifying glass to show all the details of a 

particular area of the system.  

 
Fig. 1 Coolant temperature distribution at the outlet of an 

active zone (fuel rods): CEA CATHARE and ANSYS Fluent. 

However, at a certain scale there appears a problem 

related to the capabilities of both techniques. This scale 

is commonly known as the component-scale and covers 

all the cases that can be simulated by both techniques 

separately with sufficient resolution. Unfortunately use 

of one or the other always brings some benefits and 

losses. System TH (1D) code on single PC workstation 

is able to provide results for a whole NPP in the range 

of minutes, up to hours when a longer transient is 

considered, while CFD (3D), in most cases, requires 

days or months using HPC infrastructure to simulate a 

couple of real-time seconds of flow passing just a pump. 

On the other hand System TH code provides averaged 

results, whereas CFD yields high-resolution results 

showing very local phenomena, e.g. vena contracta 

effects. Thus the choice of code type for further analysis 

is relevant. Unfortunately, the choice is not always so 

easy. 

The same problem appeared during the validation 

process of results given in the safety report of the BNCT 

project [1]. The BNCT neutron beam converter, in a 

certain sense, is a fuel bundle of a highly non-uniform 

spatial heat distribution. Moreover, the specific rod 

configuration creates turbulent flow, causing impaired 

heat transfer. The main concern here is to retain a 

maximum coolant temperature below boiling point. 

Actually, the average rise of temperature along the 

active zone of the converter should not exceed 10K 

reaching less than 333K (60°C) according to the report 

[1].  

Fig. 1 and Fig. 2 present differences in results for the 

same simulation by different codes. Nevertheless, one 

can also find similarities, i.e. exit flow temperatures 

converge at the same level. 

 

Fig. 2 Coolant temperature rise along the converter channel 

at 1 mm distance from the hottest rod (between the rods). 

Both codes have proved that in this case the safety 

limits are preserved. This comparison proved also that 

the averaging may be misleading and one should always 

take care of appropriate minimum element size when 

decomposing the domain. Obviously CFD provides 

better resolution, showing local hot spots and flow 

disturbances, but the price for such a simulation seems 

to be high compared to that obtained with System TH 

code. In order to find only the steady state with ANSYS 

Fluent, it took over 11 hours of computational time on 

192 CPUs, while for CEA CATHARE it was just 3 

seconds on 1 CPU.  
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Application of IRIDM in Decision Making on Nuclear Facilities 
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The risk associated with the nuclear power industry 

focuses public attention all over the world. The main 

reason is that the long-term consequences of nuclear 

accidents can occur even far away from the nuclear 

power plant. Unfortunately, even meeting safety and 

security standards provided by national and 

international regulations does not reduce the risk to 

zero. Therefore, the operation of nuclear facilities must 

ensure a probability of undesired consequences much 

lower than risks to life and health arising from everyday 

lives. Otherwise it would not be accepted by public 

opinion. Moreover, the transparency and auditability of 

the decisions on nuclear safety is highly expected by 

society. In order to meet this challenge it is 

recommended to implement a new approach in the 

decision making process developed by the International 

Atomic Energy Agency (IAEA) and promoted as 

IRIDM – Integrated Risk Informed Decision Making [1, 

2]. 

According to the basic framework of IRIDM, 

proposed by the IAEA, the very first step of this process 

is the definition of the issue to be resolved. After 

defining the problem, consideration must be given to the 

requirements of both regulatory body and utility in order 

to draft the preliminary set of options, that potentially 

could solve the issue. However, to choose one from the 

preliminary set of options, qualitatively different 

insights must be taken into account at the same time, 

namely standards and good practice, operating 

experience, deterministic and probabilistic 

considerations, organizational and security systems and 

other factors such as research or economic insights. 

Moreover, the relative importance of each element 

depends upon the decision to be made and should be 

weighted either qualitatively or quantitatively. In 

implementing IRIDM, the US Nuclear Regulatory 

Commission expects that appropriate consideration of 

uncertainty will be given in the analysis and 

interpretation of findings. Such a consideration should 

also include implementing a programme of monitoring, 

feedback, and corrective action to address significant 

uncertainties [3]. 

The IRIDM methodology is continuously improved 

by the international community [4]. In this process 

representatives of NCBJ are actively involved. It is 

enough to mention participation in the Regional 

Workshop on Advances and Issues in IRIDM held by the 

IAEA in Sofia (Bulgaria), where new guidance on 

IRIDM was developed. Moreover the usage of this 

approach in risk management of technological 

installations has recently been proposed and discussed 

[5]. 

 

Fig. 1 Basic framework and key elements of IRIDM [cf. 2]. 
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A Reactor Protection System (RPS) is a complex 

control system comprising numerous electronic and 

mechanical components that provides the ability of an 

automatic or manual rapid shutdown of a nuclear 

reactor, given plant upset conditions that require a 

reactor trip [1]. In this study the RPS system of a 

Westinghouse triple-loop PWR has been thoroughly 

analyzed. The purpose of this system is to drop the 

poison rods into the core when certain emergency 

conditions exist. It is achieved by removing the voltage 

of the magnetic jacks that hold the rods during normal 

plant operation [2]. 

This analysis has been performed to determine the 

probability P(RPS) that a sufficient number of control 

rods (more than 2 out of 48) will fail to enter the core 

during emergency conditions that require a reactor trip. 

In order to do this, the fault tree model of the system has 

been developed, including the control rods, the 

magnetic jacks holding the rods, the motor generators 

providing power to the jacks, the circuit breakers 

removing power from the jacks, and the electronic logic 

controlling the breakers. Probabilities of all basic events 

(i.e. some mechanical faults, electrical equipment 

failures and human errors) in the RPS fault tree have 

been specified by the log-normal distribution. The 

reliability data were adopted from the U.S. NRC 

Reactor Safety Study [2]. The calculation was 

performed using the SAPHIRE (System Analysis 

Programs for Hands-on Integrated Reliability 

Evaluations) code developed by the U.S. NRC. 

SAPHIRE is a powerful software application for 

performing PSA (Probabilistic Safety Assessment) 

studies including evaluation of uncertainties inherent in 

probabilistic models [3]. 

As a result of this work the failure probability 

P(RPS) of the analyzed system has been calculated. Its 

point estimation is equal to 1.89E-4. Moreover its 

density and cumulative distribution have also been 

determined by Monte Carlo (MC) simulations (Fig. 1). 

For each event of the RPS fault tree a particular failure 

rate was sampled of the specified log-normal 

distribution using MC techniques. These failure rates 

were then used to compute a value for the unavailability 

of the whole system – P(RPS). This process was 

repeated 10000 times to obtain a distribution of P(RPS) 

values. The results of this simulation are collected in 

Tabele 1. 

Table 1. Final results of the MC simulations for P(RPS). 

Mean Value Median Value Std. Dev. 

1.91E-4 1.31E-4 2.12E-4 

The main contributions to P(RPS) are as follows: 

- Failure of a sufficient number of rods to drop 

when power is removed, 

- Failure to remove power by both redundant logic 

trains controlling the breakers,  

- Common mode faults in measuring 

instrumentation (sensors, comparators etc.) monitoring 

crucial parameters like pressure or temperature and 

providing the signal to reactor trip when required. 

Consideration of common mode failures (including 

human errors) in the RPS fault tree increases the RPS 

failure probability by about a factor of two. 

 
Fig. 1 Probability density and cumulative dist. of P(RPS). 
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th
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The National Centre for Nuclear Research continued 

in 2012 the cycle of Schools on Nuclear Power, which 

have already become a permanent feature of activities in 

the area of nuclear power development in Poland. 

In the period from 7th-10th May, 2012, in 

cooperation with the public utility Radioactive Waste 

Management Enterprise, the Institute organized the V-th 

International School on Nuclear Power.  

The objective of the School was to provide 

participants with objective information on nuclear 

energy sources, nuclear safety, nuclear power 

economics and the role of nuclear power in assuring 

environmental protection and energy security for 

Poland. It was also an opportunity to learn from the best 

world specialists about safety aspects of the specific 

reactor types proposed for Poland. Going beyond the 

basic information publicly available, the lecturers 

presented high level analyses of III generation reactors, 

in particular addressing their safety issues in the light of 

lessons learned from the Fukushima accident and the 

safety test programme of the European Union. 

During the four days of the School there were 

lectures for all participants and two sets of workshops in 

the high flux MARIA research reactor and in research 

laboratories of the Institute. The first group of workshop 

participants had them on 07th May, and the second 

group on 10th May. This arrangement made it possible 

for participants to get hands-on experience in using 

dosimetric equipment and performing radiation level 

measurements. Besides, they could visit the high flux 

MARIA reactor and Radioactive Waste Management 

Enterprise in small groups which enables better contact 

with instructors. 

 
Workshop in the Maria research reactor 

The days of lectures were common for all 

participants, who heard 18 presentations by eminent 

specialists. The lectures were divided into six topics: the 

nuclear energy programme for Poland, nuclear safety 

after the Fukushima accident, influence of thePolish 

nuclear energy programme on the environment, 

radioactive waste management and reactor design for 

safety. 

 
Lectures 

There was also a panel discussion on social impacts 

of nuclear power development with invited experts from 

ecological organizations, both pro and against nuclear 

power. That discussion was the continuation of the 

tradition of inviting representatives of antinuclear 

organizations to the common table, kept up by the 

Institute of Atomic Energy for many years. 

 
Panel discussion 

The School had a wide audience – 185 people 

participated in the fifth edition, including experts from 

technical organizations, from the Polish Regulatory 

Authority, from the investment and construction 

companies, but also from the Polish government 

(including the Ministry of Economics and Ministry of 

Environment), ecological organizations both pro- and 

antinuclear, teachers and finally professors and students 

from Polish universities. 

The School on Nuclear Power was founded by 

public institutions and private companies: the Ministry 

of Economy, PGE Energia Jądrowa SA., Alstom, Areva, 

Ernst & Young, General Electric Hitachi and 

Westinghouse. 

More information is available on: www.szkola-ej.pl. 
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In 2012 two calculations of criticality safety, 

relevant to fuel transport, were performed: 

1. EK-10 assemblies in the reload pool at the public 

utility Radioactive Waste Management Enterprise, 

(10% U-235 enrichment), cf. Fig. 1. 

2. MR-6 fuel assemblies in transport containers, 

ready for return of the unused fuel to the supplier, 

cf. Fig. 2. 

In the first case eleven configurations were 

calculated using the MCNP code [1]. 

 
Fig. 1 Transversal section of the reload bucket with three 

storage capsules (MCNP model). 

Three variants concerned normal operation of the 

reload pool, i.e. the capsules containing fuel elements 

were dry. The next three variants concerned abnormal 

conditions, i.e. the capsules flooded with water. Then 

the influence of temperature increase on criticality was 

checked for four cases, proving that this effect can be 

neglected. In the last configuration it was assumed that 

the fuel elements were stored in water, without a 

supporting construction [2, 3]. The results are in Table 

1, for one temperature, namely 293K only. 

Table 1. Keff obtained with the MCNP code. 

EK-10 Fuel 

Case keff 

Dry 0.76747 

Wet 0.72229 

Wet, without supporting structures 0.75123 

It can be seen that the configurations investigated 

are deeply subcritical, even when all supporting, i.e. 

absorbing, materials are removed (Flooded, without 

support case). For flooded capsules keff is smaller 

because of the very tight lattice, cf. Fig 1. In this case 

water is more absorbing than void [4]. 

In the second case four configurations were 

considered for both 36% and 80% enriched fuel and 

wet/dry cases. The calculations were performed for 

containers with both five and seven fuel elements. In 

Table 2 only the more reactive, seven element 

configurations are shown. 

 
Fig. 2 Transversal section of the transport container (MCNP 

model). 

In the case of water flooding it was assumed that all 

the volumes in the container, excluding structural steel 

and fuel were filled with water, which is a conservative 

assumption. The results are given in Table 2. 

Table 2. Keff obtained with MCNP code. 

Enrichment  Case keff 

36% Dry 0.01377 

36% Wet 0.89277 

80% Dry 0.00852 

80% Wet 0.86798 

It can be seen that the dry cases are very deeply 

subcritial. The wet cases are still well below the 0.95 

safety limit. 
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Neutronics safety analyses of the MARIA reactor 

have been routinely performed in case of major changes 

in the reactor core. The actual analyses have been 

performed at the  request of the Chief Nuclear Safety 

Inspector [1]. In the case considered, new MR-6/485 

tubular fuel elements with U-235 enrichment of 19.7% 

were delivered by the Russian supplier and had to be 

tested under MARIA operational conditions. 

The following physical parameters were calculated 

for the configurations considered: multiplication factors, 

effective neutron generation lifetime, effective delayed 

neutron share, temperature and void coefficients of 

reactivity, weights of control and safety rods, power 

distributions, including power sharing in individual fuel 

tubes. 

The tests of new fuel were complicated because of 

existing operational constraints and goals. Besides, the 

core already contained two types of fuel: old i.e. MR-

6/430 with 36% U-235 enrichment and low enriched 

MC-5/485, supplied by CERCA. The MC-5/485 is the 

prospective fuel to replace MR-6/430 in the future. 

Another complication was caused by channels with 

highly enriched U-235 plates to produce Mo-99. 

Thus, the proposed irradiation scheme had to fulfill 

stringent requirements imposed by the Appendix to the 

Safety Report, namely that the core loading 

modification will not adversely influence MARIA 

neutronic safety. 

As expected, the effect of new element loading on 

the basic reactivity safety parameters was moderate. In 

particular, the temperature reactivity coefficients are 

less negative by 10%, while Doppler coefficients are 

more positive. 

The situation is analogous in the case of the 

MR-5/485 fuel elements [2, 3], where void reactivity 

coefficients grew more negative with the introduction of 

low enriched elements. 

There were a few percent differences in the weights 

of the control rods, which in the case of PK2, PK3, PK4 

could reach up to 10%. The differences in summary 

weights of control rod scram were also equal to a few 

percent. The differential weight of the heaviest control 

rod was almost identical for all the cases considered. 

The kinetic parameters were practically the same as 

in cores with MR6/430 fuel. The neutron generation 

time was between 145 and 150s, and the delayed 

neutron fraction was ~0.007. The neutron generation 

time was visibly longer (by ~5s) at the end of the 

cycle. 

In connection with the thermohydraulic analyses, the 

power generation in individual fuel element tubes was 

calculated. The calculations were performed for an 

infinite lattice of representative fuel element cells using 

the WIMSD 5B code. Additional calculations were 

performed with the MCNP code for a representative 

MARIA macrocell with the considered fuel element 

placed in a 3x3 element macrocell and surrounded by 

eight elements of MR-6/430 type. The difference in 

power generation between low enrichment and high 

enrichment fuel was less than 5% which enabled 

skipping the thermohydraulic calculations, as permitted 

by [1]. 
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This paper describes a computational comparison of 

neutronic parameters of the MARIA core with two types 

of irradiation containers for Mo-99 production, i.e. with 

high enriched uranium (HEU) plates (~93% U-235) and 

low enriched uranium (LEU) ones (<20% U-235). The 

computation was performed for the core layout from 

August 30-th, 2012. 

The comparison required a new microscopic cross 

section library for low enriched uranium plates used in 

the REBUS [1] code. The libraries were prepared using 

the WIMS ANL [2] code. 

The computational comparison was performed using 

the latter code for cores containing either HEU or LEU 

plates in the irradiation containers. A previously 

developed diffusion model of the MARIA reactor [3] 

was used for this purpose. 

The computed neutron core power distributions 

apply to the cycle considered with power 20.35 MW 

(Fig. 1). 

5 6 7 8 9 5 6 7 8 9

j - 0.62 0.48 - - j - 0.62 0.48 - -

i 0.81 0.15 1.15 0.65 0.23 i 0.81 0.17 1.15 0.65 0.23

h 1.22 1.67 1.30 - 0.34 h 1.21 1.66 1.30 - 0.34

g 1.44 1.71 1.09 0.86 0.32 g 1.43 1.70 1.09 0.86 0.32

f 1.17 1.53 0.15 0.69 0.32 f 1.16 1.53 0.18 0.69 0.32

e 0.57 0.68 0.79 - - e 0.57 0.68 0.79 - -

MO LEU MO HEU

 

Fig. 1 MARIA core fuel element powers at end of cycle 

(LEU and HEU irradiation containers are denoted by black 

frames). 

It can be observed that the power generated in the 

irradiation containers fell by 15% when low enriched 

plates were loaded, with 30% lower U-235 weight. This 

means relatively low loss in Mo-99 production. 

The computed kinetic parameters, both for begining 

(BOC) and end (EOC) of cycle remained practically 

unchanged, cf. Table 1 and 2. At the same time the 

reactivity of the reactor fell by 25%, cf. Table 3, which 

was expected, because low enriched plates were loaded 

into the core. 

 

Table 1. Comparison of βef for LEU and HEU plates. 

 LEU βef HEU βef  Δ βef 

BOC 6.9886E-3 6.9868E-3 0.03% 

EOC 6.9714E-3 6.9697E-3 0.02% 

 

Table 2. Comparison of λef for LEU and HEU plates [μs]. 

 LEU λef HEU λef Δ λef 

BOC 147.6 147.2 0.27% 

EOC 151.9 151.6 0.20% 

 

Table 3. Comparison of reactivity excess for LEU and HEU 

plates [$]. 

    

BOC 3.36 3.61 0.25 

EOC 0.41 0.66 0.25 
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Whenever a major change in the MARIA reactor 

configuration is planned, a computational analysis of the 

modified reactor core has to be carried out to check that 

the safety of the system has not been affected. Such 

calculations have to be made for a reactor core as close 

as possible to that into which the modifications are to be 

introduced. Realization of this condition is not 

straightforward for an operating research reactor, where 

fuel assemblies undergo burn-up and have to be 

reloaded. Additionally, the loading pattern of the reactor 

undergoes modifications following the irradiation needs. 

In the MARIA research reactor a further complication is 

caused by isotopic transformations taking place in the 

beryllium matrix. 

A programme of fuel enrichment reduction has been 

undertaken at the  National Centre for Nuclear Research 

in the framework of the Reduced Enrichment for 

Research and Test Reactors. The present fuel, 36% 

enriched, is to be converted to fuel with enrichment not 

higher than 20%. To preserve the physical and thermo-

hydraulic properties of the reactor, a silicide fuel 

(U3Si2) has been proposed, with a uranium density 

much higher than the present oxide fuel (UO2). As the 

MARIA reactor fuel elements differ significantly from 

the silicide ones, application of the new fuel required 

special tests. One of these was the irradiation of two 

Leading Test Assemblies (LTA) in the reactor during its 

regular operation. The tests started on 11/08/2009 and 

the test fuel assemblies remained in the reactor core up 

to 21/01/2011. 

The tests were preceded by neutron physics 

calculations of the reactor core with two LTAs, as 

required by the Regulatory Body. The calculations 

provided, among others, core parameters needed to 

assess the neutronic safety of the proposed loading 

pattern [1,2]. As the core configuration at the time of the 

test loading (including the burn-up status of each fuel 

assembly and poisoning of each beryllium block) was 

not known in advance, calculations were carried out for 

a representative core configuration. The configuration 

of 04/05/2009 was chosen for that purpose. 

All calculations were carried out by the set of 

programs used as standard in the MARIA reactor 

computational analysis, i.e., WIMS ANL (transport) and 

REBUS (3D diffusion) with auxiliary programs [3]. The 

neutron physics calculations were repeated for cores 

operated starting from 11/08/2009. A comparison of 

computational results for representative (‘predicted’) 

and operated (‘follow-up’) cores is shown in Fig. 1. 

 

Fig. 1 Reactivity change during seven cycles(numbers in 

circles) of operation with LTAs. Follow-up calculations are in 

red and ‘predicted’ in green, respectively. 

A systematic comparison of the basic reactor core 

characteristics has shown that there is good agreement 

between results from reactor calculations and 

measurements, whenever the latter exist. The choice of 

a representative core configuration seems to be a 

realistic one. The predicted safety characteristics, 

including kinetic parameters, are practically equal to 

those from follow-up calculations. This means that 

computations with the existing set of codes can be relied 

upon for determining the reactivity parameters of 

modified configurations. 
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The scattering of π
±
-mesons on nuclei is studied 

using the microscopic optical potential (MOP) in the 

form [1]: 
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Here 

ρ(r) is the nucleon density distribution normalized to the 

atomic number A. The parameters σ, α and β of the πN 

scattering amplitudes in nuclei obtained in the approach 

described in [4] were estimated and collected inTable 1 

for π
±
-mesons scattering on 

28
Si,

58
Ni,

208
Pb nuclei and 

free πN scattering. Solving numerically the relativistic 

wave equation with MOP (1) the corresponding 

differential cross sections were obtained. They are 

compared with experimental data and depicted in Fig. 1. 

The dashed curves represent calculations using free 

amplitudes with the parameters given in the last column 

of Table 1with the relevantχ0
2 

values. One can conclude 

that the MOP (1) based on the developed scheme of 

calculations fairly well reproduces the general features 

of the cross sections whereas the use of free π N 

amplitudes does not match the experimental data. 

 

Table 1. The adjusted parameters of amplitudes of the pion scattering on nucleons innuclei. 

 
 

Good agreement is achieved after fitting parameters 

σ and α to the data demonstrating a typical in-medium 

effect on the πN scattering amplitude in nuclei. This 

effect is seen more clearly if one compares free and in-

medium parameters averaged over all six cases of π
±
-

mesons scattering on the three target nuclei considered. 

Table 1 shows the averaged in-medium π
±
-meson-

scattering cross section σ=4.69 fm
2
, that coincides fairly 

well with the free πN scattering cross section 

σ=4.76 fm
2 

withinthe accuracy of the data. At the same 

time, the average deflection parameter  =-0.78 is 

about 20% larger than the respective free α=-0.95.  
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Fig. 1 Comparisons of calculated π±-mesons scattering cross sections with experimental data. Dashed curves are for free πN 

amplitudes, solid lines are with in-medium parameters. 
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In recent years much interest has been devoted to 

investigations of the chemical composition of oxide 

surface layers covering A3B5 crystals [1-3]. The 

electronic structures of binary and ternary oxides grown 

on GaAs have been calculated [4]. The authors claimed 

that oxides such as Ga2O3 with octahedral sites have 

higher formation energy than those with both octahedral 

and tetrahedral sites and these types of compounds are 

the most stable in comparison to other oxides of Ga. 

The production of different kinds of oxides on the 

surface of GaAs crystal under irradiation by noble ions 

was investigated in [5].  

The study of the chemical composition of a GaAs 

crystal near-surface layer implanted with In+ ions is 

described in the present paper. The semi-isolating GaAs 

samples were irradiated with In+ ions. The ion energy 

and implantation fluence was 250 keV and 3x10
16

 cm
-2

 

respectively. Afterwards the samples were annealed at 

temperatures of 600C and 800C for 2h in a flow of 

nitrogen. After these procedures and using the X-Ray 

Photoelectron Spectroscopy (XPS) method the 

formation of compounds such as As2O3, As2O5, Ga2O3, 

GaAs, as well as other types like InAs and InAsO4 has 

been detected.  

The intensity ratio of the InAs and InAsO4 lines was 

changed with increase of annealing temperature. This 

effect can be explained by the process of diffusion of 

indium atoms to the sample surface. The results 

obtained are in good agreement with the data presented 

in [6, 7]. Additionally the thicknesses of the native 

oxides layers and their optical constants were 

determined by the ellipsometric method. 
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In 2012 the CFD model of the BNCT converter was 

significantly improved. First and foremost the creation 

of new meshes of the computational domain should be 

mentioned. The initial CFD simulations were performed 

using a volume mesh made up of about 700 000 

tetrahedral cells (Fig. 1a.) generated with the help of the 

GAMBIT v.2.4.6 program. However, to improve the 

results a new mesh consisting of over 8 M cells (using 

OpenFoam) was created. It allowed near-wall modelling 

by adding surface layers at the walls. Unfortunately this 

mesh still contained highly skewed cells, which often 

lead to numerical instabilities and exhibit a deterioration 

of the computational results. It showed the necessity of 

further improvements in quality. Finally, the last mesh 

(Fig. 1b.), with the best characteristics (till now) was 

created using ANSYS Modeler, having more than 11 

million cells (the mid-size class mesh). 

(a) (b) 

  

Fig. 1 Mesh containing 700 000 cells (a) and mesh made of 

11 million cells (b). 

In general, this analysis is performed as an iterative 

process. Therefore, each time when the new mesh was 

created some improvements were also made from the 

numerical point of view. First of all the turbulence 

model has been changed from k-epsilon (which is 

generally recommended for fully turbulent flows) to 

k-omega (suitable when the flow in the boundary layers 

is considered). Different variants of these models were 

tested, e.g. standard, RNG and realizable k-epsilon 

model; standard and SST k-omega model. Moreover, 

the Scale-Adaptive Simulation (SAS) model was also 

considered. However, from the above models the most 

reliable was SST k-omega so it was implemented in 

further studies. In addition to changes in the model it 

was necessary to modify the under-relaxation factors, 

limiting the fluctuations of the calculated values 

between each subsequent two iteration steps, which is 

significant from the convergence point of view. 

Furthermore the order of spatial discretization was 

increased from the First Order Upwind scheme up to the 

Third Order MUSCL scheme. Using the latter no 

significant improvement in the quality of the results was 

observed compared to those obtained using the Second 

Order Upwind scheme. Thus the second order 

discretization scheme was chosen to carry out further 

simulations. 

 

Fig. 2 The turbulence at the end of the fuel rod. 

Then the correctness of the boundary conditions 

employed on the BNCT converter channel walls was 

verified, as well as the results obtained from the 

analytical model of the heat exchange, assuming the 

existence of only one fuel rod. This study also 

determined the number of boundary layers, which 

guaranteed correct modelling of turbulent flows. 

Furthermore, the verification of how the gap between 

the rods and the channel walls influences the velocities 

and temperature distribution has been analyzed. 

The simulations discussed above were performed for 

a steady state mostly with the use of the SIMPLE 

algorithm, which solves the Pressure-Based Navier-

Stokes (PBNS) equations. However, recently a new 

setup for transient simulation assuming controlled 

reduction of coolant flow on the inlet has been created. 

For this purpose a special UDF (User Defined Function) 

was developed and implemented within the ANSYS 

software. It allows various multiphase models to be 

tested when analyzing a loss of flow accident (LOFT) in 

future studies. 
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Present nuclear power (NP) is based on uranium 

fuel, the sources of which are perceptibly limited. 

Therefore, practical and efficient utilization of thorium 

fuel as about three times more abundant becomes one of 

the leading challenges. In this work the YALINA-

Thermal Benchmark (YTB) has been chosen to 

investigate different regimes of feasible application of 

thorium fuel together with spent nuclear fuel to study 

the possibility of incineration and the transmutation 

problem in parallel with some heat production. Note 

that the YTB were designed at the JIPNR [1] to 

investigate ADS physics both experimentally and by 

using different modelling approaches. It is a relatively 

simple and flexible version of a subcritical assembly 

consisting of UO2 fuel rods (EK-10) arranged 

horizontally and polyethylene moderator surrounded by 

a graphite reflector in the radial direction. This facility 

operating with a neutron multiplication factor (NMF) 

keff<0.98 and may be driven by external neutron sources 

such as 
252

Cf and D-D or D-T reactions initiated by a 

deuteron beam of 240 keV energy directed to the centre 

of subcritical assembly. All these features of YTB make 

it a very suitable tool for investigation of such tasks as, 

for example, burn up of thorium fuel and associated 

effects. The modelling has been performed using the 

MCNPX code. 

We modelled the time behaviour of the NMF keff, 
233

U generation intensity and source strength for various 

geometric configurations of YTB core with 
252

Cf as an 

external neutron source and fuel composition consisting 

of different numbers of uranium and 
232

Th rods. The 

results are shown in Fig.1. Particular attention was 

given to the safety problem after switching off the 

external neutron source of the facility. Location of 

thorium rods in the sub-critical reactor core in terms of 

impact on NMF is also analyzed. 

Of special practical meaning is the problem whether 

and at what conditions a subcritical reactor core loaded 

with thorium fuel only and driven by an external 

neutron source can reach the critical state. To clear up 

this problem we modelled the time behaviour of keff of 

the YTB core loaded with thorium rods only but with 

different admixtures of 
233

U. It was also assumed that 

the 5 MW power remains constant during 400 days of 

external neutron irradiation and is then switched off. 

The results obtained can be summarized as follows [2]: 

1. Thorium rods located in the reflector area have small 

impact on keff and thus are to be used for generation of 

fissionable 
233

U nuclei. 

2. Nuclear fuel adequately enriched with 
233

U and mixed 

with thorium can reach appreciably higher burnup in 

thermal nuclear power stations of ADS type.  

3. It is possible to reach the fissile uranium steady state 

indicating that the breeding condition takes place. 

4. Both chemically pure and reprocessed 
233

U enriched 

fuel achieve a very similar keff. 

5. In the case when thorium based fuel is applied in the 

subcritical core operating all the time the reactor core 

stays at a fixed keff after switching off an external 

driving neutron source.  
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Fig. 1 Neutron multiplication factor keff for as a function of 

YTB core irradiation time for three core configurations [2]. 

Constant power of 5 MW is kept up 480 days and then the 

external neutron irradiation is stopped. The correspondence 

between the curves and YTB core composition is indicated in 

the inset. 
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The European Spallation Source (ESS) aims to be 

the brightest source of neutrons in the world for 

scientific research. By the end of this decade it will be 

generating long pulses of neutrons. These will be used 

in parallel experiments that will foster major advances 

from aging and health, materials technology for 

sustainable and renewable energy, to experiments in 

quantum physics, biomaterials and nano-science. The 

ESS will be located in Lund, Sweden, co-hosted by 

Sweden and Denmark and will be funded and operated 

by a partnership of 17 European countries. The ESS and 

its partners are currently engaged in a technical design 

review that will act as the blue-print for the construction 

of ESS to start in 2013 and become operational in 2019 

[1]. 

 
Fig. 1 Planned ESS site [1]. 

The participation of NCBJ in the ESS project was 

focused around some main issues. 

Work on creating a simulation program of LLRF for 

High beta section from 2011 was continued. The 

program was rewritten and it is now more readable. 

There were made changes in the graphical user interface 

and in the parts of the program which are responsible 

for simulation of physics. Based on the work done, a 

master’s thesis was written and defended at The Faculty 

of Electronics and Information Technology (Warsaw 

University of Technology). 

Beam steering system-finding the optimum of beam 

position monitors and steering magnet placement with 

one-to-one steering algorithm implementation in the 

XAL code. In 2012 studies of the ESS beam dynamics 

were based on implementation of a one-to-one steering 

algorithm in the XAL project. XAL is an open source 

control system for modern accelerators. Development of 

the XAL code was based on previous results on steering 

gained from General Particle Tracer. The main goal of 

the new code modules was to steer properly the beam in 

a new accelerator model with beam position monitors 

and steering magnets placed according to previous 

studies. XAL modules are available for all accelerator 

control systems from the XAL repository based on 

SVN.  

Previous studies concerning the Radiological Issues 

of the ESS accelerator resulted in the master’s thesis 

(“Zastosowanie symulacji metodą Monte Carlo w 

opracowaniu zagadnień ochrony radiologicznej 

akceleratora ESS”) successfully defended in March 

2012 at the Faculty of Electronics and Information 

Technology (Warsaw University of Technology). The 

number of questions that a rose following its release 

required deeper studies of the so-called skyshine 

(irradiation of the accelerator’s neighbourhood due to 

neutron scattering in the air) and demanded revision due 

to the new requirements (lower dose rate limits) and 

shielding parameters (known soil density, changes in the 

linac model). Since autumn 2012 work continued on 

site. 

Since 2012 collaboration between NCBJ and ESS 

has been focused around designing a fixed collimator 

for the LINAC. Studying the beam dynamics, including 

analysis of the collimator shape and position in HEBT. 

Simulations of the particle movement in the accelerator 

were made in the Fluka Program. Based on the results 

of the simulations appropriate materials were selected 

for the construction of the collimator, and the necessary 

thermal simulations were made. The next step is to 

design an adequate cooling system. 

 

References: 
[1] http://ess-scandinavia.eu 
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Participation in the GBAR Experiment 

by W. Dziewiecki, M. Matusiak, M. Staszczak, S. Wronka 
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In the framework of cooperation with IRFU, Saclay 

in the GBAR experiment, a new system for automatic 

frequency control (AFC) of the 5 MeV electron linac 

has been built. This accelerator is used in the 

experimental line created for verification of slow 

positron production. Accelerated electrons hit a tungsten 

conversion target, where a high flux of photons is 

produced. Thanks to e
+
e

-
 pair production, one can 

produce a large number of positrons, which are further 

cooled in a dedicated tungsten mesh and transmitted to a 

special magnetic trap. The number of positrons 

generated hardly depends on the energy stability of the 

accelerated electrons. Therefore, a new system for 

automatic frequency control has been built and installed. 

A final view of the system is presented in Fig. 1.  

 

Fig. 1 AFC system during installation. 

Additionally, the accelerator was equipped with an 

Edos detector – a system for energy stability control. 

Results of the monitoring during the run are visible in 

Fig. 2.  

 
Fig. 2 Energy measurement with the Edos detector. 

The low efficiency of the currently used moderator 

was the reason why work on an RF decelerator was 

started. The deceleration line was initially proposed and 

it consists of a focusing solenoid and a set of 

decelerating cavities. 

 
Fig. 3 Scheme of RF deceleration line. 

The initial positron beam was simulated using the 

MC simulation code for 18MeV electrons hitting a 

2.5mm thick tungsten target. 

The huge spread of transverse and longitudinal 

momenta of produced particles is the reason why a large 

focusing solenoid must be used (field on axis Bz ~1T). It 

transforms the longitudinal velocity spectrum as well as 

the transverse phase ellipse of the beam (Fig. 4). 

 

Fig. 4 Transformation of transverse phase elipse (x’=px/pz 

as a function of x) from the entrance of the solenoid to the 

exit. 

After focusing the positrons can be decelerated in 

RF cavities but at the moment the efficiency of this 

process is still low. Only 0.2% of particles are 

decelerated beyond 150keV. Further optimizations of 

the cavities and the whole decelerating line must be 

performed and adding an electrostatic decelerator after 

the RF will also be considered. 
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K. Szymczyk, A. Wasilewski, M. Wojciechowski, S. Wronka 
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During 2012 samples of isolation materials have 

been irradiated as a continuation of the project started in 

2011. These tests should help to select the best mixture 

of resins which are the main component of the isolation 

materials for the construction of future high energy 

accelerators. All samples have received 50 MGy of 

6MeV electron beam in a special cryostat tank (see 

Fig.1). Liquid nitrogen was used to cool all samples to 

reduce the impact of thermal interactions of electrons 

with the material. All probes were tested after 

irradiation to verify the influence of extremely high 

doses on the characteristic parameters of the materials. 

During these tests the electric isolation of the material 

was checked, mechanical harness and strength and also 

modifications in the mechanical dimensions. In total, 

340MGy was delivered in 2012.  

  
Fig. 1 Cryostat tank (left). Irradiated sample (right). 

In cooperation with Wroclaw University of 

Technology, a new concept of detectors-radiometers 

was tested on electron and photon beams. The main 

application for such detectors is verification of delivered 

dose during electron or gamma sterilisation. Typical 

values of required doses depend on the materials being 

sterilised, but in general they must be quite high – for 

example 25kGy. Measurement of such doses is not 

trivial, therefore new ideas for detector constructions are 

produced. In this new design a small portion of high 

density polyethylene (HDPE) is trapped inside a silicon-

glass MEMS hermetically sealed structure. When the 

sensor is exposed to ionizing radiation, the HDPE 

degrades and releases atomic hydrogen (up to 30% of 

HDPE volume). In effect, the pressure of hydrogen 

deflects the thin silicon membrane of the sensor. If the 

process is continued, the pressure breaks the membrane 

and the cell is destroyed. Each cell can be individually 

tuned for “breaking dose”, thus the delivered dose can 

be found. In 2012 tests of the irradiation resistivity of 

different types of glass were performed (Fig. 3). The 

very first result of the irradiation of the detector 

prototype is presented in Fig. 4; the broken cells are 

clearly visible.  

 

Fig. 2 Influence of irradiation on different types of glass. 

 

Fig 3 Detector prototype.  
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Radiographic Detector Family SMOC 

by W. Dziewiecki, M. Matusiak, S. Wronka 

National Centre for Nuclear Research, Otwock-Świerk, Poland 

 

The radiographic detector family SMOC was under 

continuous development for X-ray radiography from the 

keV energy range to accelerator-based MeV energies 

NDT.  

A SMOC detector consists of a high quality GOS 

scintillator, front silver-coated mirror and an 18mln 

pixel CCD camera connected to a PC. The resolution 

achieved is better than 2%.  

In 2012 SMOC_STD, a dedicated detector for X-ray 

tubes and radiographic isotopes was tuned. Its current 

configuration can be seen in Fig. 1. 

 
Fig. 1 View of the SMOC_STD detector. 

A detector for high energy photons, SMOC_HE has 

also been prepared for use with electron linacs or 

betatrons. It consists of a thicker scintillator and 

additional shielding in comparison to the SMOC_STD. 

In the prototype, a 40cm x 40cm scintillator was used, 

thus the total weight of the detector with shielding is 

around 100kg. A general view of SMOC_HE prototype 

is presented in Fig. 2  

The detector has been tested with 1MV and 6 MV 

photon beams emitted by linear accelerators. Dedicated 

software allows for user-friendly work, the GUI is 

presented in Fig. 3. Additional data operations on the 

images include change of brightness and contrast, log 

scale, flattening filter, ruler for distance measurements, 

profiler.  

 
Fig. 2 View of the SMOC_HE detector. 

 

 

Fig. 3 Main screen of the software for SMOC detectors. 
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Since 2011 a group at NCBJ (the authors) has been 

responsible for the design, production, testing and 

delivery of 1648 HOM couplers, 824 pick-up (PU) 

output lines and 108 HOM beam line absorbers (BLA) 

for 103 acceleration modules of the electron linac for 

the European X-ray Free Electron Laser constructed by 

an international consortium at the DESY site in 

Hamburg. Working parameters and technical demands 

of the above components are treated in more detail in 

[1-4].  

Preparation for serial BLAs manufacturing required 

careful choice of materials, particularly for a lossy 

ceramic ring (110 mm diam., 50 mm long and 10 mm 

thick). Its dielectric constant should amount to 15-25 

and its loss tangent >0.1 within the RF frequency range 

2-8 GHz. Two materials were taken into account: based 

on AlN CA137 (ceralloy) produced by Ceradyne (USA) 

and a graphite-loaded silicon carbide SC35 

manufactured by CoorsTek (USA). Both ceramics 

showed a sufficiently low out-gassing rate in vacuum of 

ca 2∙10
-8

 Tr∙l/s. Rings of C137and SC35 were also 

checked for their power absorption ability of RF modes 

between 2 and 8 GHz in a special test RF resonator 

using an ANRITSU MS4624A network analyzer and up 

to 15 GHz with an AGILENT analyzer. The tests were 

performed at 295 K and at continuous temperature 

reduction down to 77.4 K. No RF attenuation changes 

with temperature were revealed. Tests were also done 

before and after annealing of the ring at 1370 K. S21 

power transmission was measured through the empty 

resonator and through the resonator filled with a 

ceramic ring. RF spectra in the empty resonator and in 

the resonator loaded with rings of SC35 and CA137 for 

RF frequencies up to 8 GHz are given in Fig. 1. The 

corresponding attenuation data are presented in Table 1. 

Attenuation magnitudes (ca – 46 and -48 dB, 

respectively) are similar for both ceramics and sufficient 

from the point of view of BLAs functioning. 

The dielectric constant of SC35 and its loss tangent 

measured at 34 GHz were 21 and 0.57, respectively 

which fulfills the demands put on the rings. Also the 

corresponding values for C137 rings, measured at room 

temperature at DESY in 2004-2005 comply with the 

required properties. However, an additional test aimed 

at measuring the dc resistivity of both materials at room 

temperature and in liquid nitrogen revealed a very 

strong temperature dependence of the SC35 resistivity. 

Cooling a 0.5 m thick SC35 sample led to the growth of 

the resistance across its thickness from ca 30 kΩ at 

300K to above 200 MΩ in liquid nitrogen. In contrast, 

the resistivity of C137 proved to be much more stable 

during the temperature drop down to 70K (resistance of 

a 0.5 mm thick sample amounted to ca 1 kΩ at room 

temperature and it rose typically by a factor of two 

when placed in liquid nitrogen). The latter tests led to 

the choice of C137 (AlN) rings for beam line absorbers 

in spite of their substantially higher price.  

Delivery to DESY of 350 HOM couplers and 86 PU 

antennas in the first quarter of 2012 along with 

auxiliaries for a single accelerator cryomodule 

(preceded by RF matching calculations and 

measurements) and two prototype beam line absorbers 

enabled serial production. Currently all the components 

are contracted and most of them delivered or in stock.  

 

 

 

 

 
 

Fig. 1 RF spectra in the empty test resonator (top), in the 

resonator with SC35 ring (middle) and with C137 ring 

(bottom). 
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Table 1. RF power dump in an empty test resonator and in 

the resonator loaded with SC35 or CA137 rings. 

Frequency 

(GHz) 

Attenuation (dB) 

Empty res. With SC35 With C137 

2.03250  -37.379 -68.854 -69.697 

3.48500  -23.408 -51.225 -52.361 

4.69250  -11.680 -54.647 -55.478 

5.48000  -14.411 -52.930 -53.769 

5.98750  -42.833 -42.487 -45.925  

7.33500  -18.239 -47.977 -47.090 

7.89500  -17.273 -46.083 -48.217 
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Subcritical Assembly for the Experimental Study of Transmutation in an 

Accelerator Driven System ADS 

by A. Polański 

National Centre for Nuclear Research, Otwock-Świerk, Poland 

 

The Experimental Subcritical Assembly ESA is a 

fast spectrum research reactor (20 MWth) driven by an 

accelerator. It aims to serve as the  basis for an 

experimental study of transmutation in an Accelerator 

Driven System ADS and to provide protons and 

neutrons for various R&D applications. It consists of a 

proton accelerator delivering a 200 MeV - 5 mA proton 

beam to a liquid Pb spallation target that in turn couples 

to a helium cooled, subcritical fast nuclear core [1] with 

MOX fuel. MOX fuel consists of 30% PuO2 and 70% 

UO2. As an intense irradiation neutron source ESA 

could also be used for nuclear fuel and material research 

for present day fission reactors (PWR, BWR) and the 

new generation reactors (Gas Fast Reactor, HTGR) 

presently called "Generation IV" reactors. The purpose 

of the ESA is to serve as a multipurpose flexible fast 

spectrum irradiation facility for research to address: 

development of Accelerator Driven System (ADS) 

technology; Gas cooling system demonstration for GFR 

and HTGR; Waste transmutation studies of minor 

actinides and long-lived fission products; Structural 

materials studies for PWR, BWR and FR; Nuclear fuel 

behaviour studies for reactors; Radioisotope production 

for medical & industrial applications; Proton beam 

applications for medical physics. 

The linear accelerator for the ESA is proposed to be 

the same as the first segment of the MYRRHA [2] 

liniac. The proton beam properties and the 

characteristics of the subcritical assembly are presented 

in Table 1 and Table 2. 

Table 1. Proton beam properties. 

Proton energy: 200 MeV  

Max. beam intensity: 5 mA  

Energy: ± 1 %,  

Intensity: ± 2 %,  

Size: ± 10 %  

Table 2. Characteristics of the subcritical assembly. 

Beam power 1 MW. 

Thermal fission power 21 MW 

Diameter of the core. 520 [mm]  

Height of a fuel active part 650 [mm]  

Radius of lead reflector 520 [mm]  

Number of fuel elements in assembles 18 

 Number of fuel assembles 133 

Size of fuel assembles  36 [mm]  

Start multi. factor, k-eff 0.9755 

Heat-carrier of reactor helium 

Radius of concrete shielding 190 cm 

The geometry of the subcritical reactor is presented 

in Fig. 1. 

 
Fig. 1 Geometry of subcritical core. 

 

Fig. 2. shows the spectrum of neutrons in the 

experimental channels located in the core (three 

channels as shown in Figure 1) and in the three channels 

located in the lead. As shown in the figure, near the 

target two rows of more energetic neutrons than in the 

lead reflector occur. Calculations of the presented 

system showed that the neutron multiplication factor 

varies from 0.9755 at t=0 to 0.950 after one year of 

continuous operation. The degree of burn-up of the 

system is 19 GWd/MTU per year for a power of 20 

MWth and flux density in range 1.14E15-1.19E15 

[n/(cm
2
s)]. 

 
Fig. 2 Neutron spectrum in experimental channels. 
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Multi-energy Electron Accelerator for Advanced Radiotherapy* 

by M. Andrasiak, A. Baczewski, M. Buczek, W. Drabik, E. Jankowski, N. Kielar, J. Kopeć, L. Kotulski, R. Kozioł, 

P. Kraszewski, P. Krawczyk, E. Kulczycka, A. Masternak, B. Meglicki, A. Misiarz, J. Olszewski, M. Staszczak, 

M. Śmierzyński, K. Swat, A. Polak, M. Wójtowicz, S. Wronka, J. Wysokiński, A. Zając 

National Centre for Nuclear Research, Otwock-Świerk, Poland 

 

Work on the accelerator for advanced radiotherapy 

was continued in 2012 and as in previous years, it was 

shared between the two models. While the first model 

was used mostly as a test-bed for implementing highly 

specialized treatment techniques, work on the second 

model concentrated on design and simulation. Fig. 1 

shows the current status of the second model design. 

 
Fig. 1 The second model of the accelerator for advanced 

radiotherapy. 

A full computer model of the accelerator mechanical 

structure with a fixation system was designed and 

optimized with the use of FEM analysis in order to 

achieve submilimetre precision of the mechanical 

isocentre.  

For the purpose of future delivery of image guided 

radiotherapy and verification of tumor localization 

before and during treatment, an independent imaging 

system based on a kilovoltage X-ray radiation source 

and an amorphous silicon flat panel detector was 

designed. 

Dosimetric tests of the earlier developed multileaf 

collimator (MLC) were performed. Interleaf leakage 

and transmission of radiation through the leaves were 

verified. Dimensions of leaves at the isocentre and the 

penumbra size were also measured. Test results 

confirmed that the MLC parameters complied with the 

IEC standards requirements. 

 

Fig. 2 Radiation field projections for penumbra estimation. 

Long term stress tests of the MLC, simulating the 

use of the device in clinical conditions, were carried out 

in order to verify the performance of the mechanical 

components and to check the overall system reliability. 

Over 127 hours of breakdown-free, continuous work 

(equivalent to one and a half years of clinical 

exploitation) proved the usefulness of the MLC for 

medical application. Successful tests of the MLC 

integration with a Cobalt 60 unit from another vendor 

were also carried out. 

Tests of the early model of the energy switch for a 

multi-energy accelerating structure led to the 

modification of its concept and an energy regulator with 

side coupling cavities was designed. The regulator 

consists of two parts: the energy switch and the tuning 

compensator. The change of the RF field propagation in 

the side coupling cavity causes the corresponding 

change of the beam energy. A test model of the device 

was constructed. 

 
Fig. 3 Model of the energy regulator. 

The implementation of highly specialized treatment 

techniques focused on the step and shoot IMRT and 

portal imaging techniques. This stage required the 

launch and integration of a number of independently 

developed components including the MLC together with 

its control system, the portal imaging system, the portal 

manipulator control system, the accelerator control 

system, the registration and verification system, the 

DICOM server, the treatment planning system and a 

number of communication protocols. Tests proved that 

the concept of the system architecture was correct and 

that the integration of the components was made 

successfully. 

Tests of the portal imaging techniques allowed 

programming bugs to be fixed and corrected algorithms 

for the portal control system and communication 

protocols to be implemented. Algorithms now include a 

correction for mechanical vibrations and the detector 

weight.  

For the step and shoot technique an architecture for 

data exchange for all subsystems was created and 

implemented. Tests brought promising results. 

* This work was supported by EU Structural Funds, Project 

No. POIG.01.01-14-012/08-00 
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SWAN – Now Even Closer to Demonstrating the Opportunities  

Offered by Neutron Activation Analysis Techniques* 
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A. Nawrot, M. Płomiński, Ł. Świderski, M. Szeptycka, J. Szewiński, K. Traczyk, D. Wolski 

National Centre for Nuclear Research, Otwock-Świerk, Poland 

 

In 2012 the construction team completed the device 

assembly and is now preparing for the laboratory and 

field tests, see Fig. 1. 

 
Fig. 1 SWAN - the neutron activation technology 

demonstrator in deployed position. 

What has been accomplished is a facility designed 

for demonstrating the possibilities of applied isotopic 

identification by means of neutron activation analysis. 

Significant effort was put into making its physical 

package robust yet mobile, while preserving its main 

functionality of detecting and identifying materials, see 

Fig. 2 

 
Fig. 2 SWAN in transport position. 

The focus was set on explosives, but it should not be 

in any way limited to them. In fact, detection of any 

material that has in its composition isotopes 

characterized by a high neutron reaction cross section or 

that simply react with neutrons in a distinctive way, is 

now taken into account. The final device shape and 

functionality will be defined by market studies that will 

reveal the true requirements bestowed on such a device 

and its application scenario. 

Since the electronics, and particularly the digital 

acquisition of the SWAN matured and achieved the 

designed performance parameters, the team’s efforts 

shifted towards software development. The GUI 

depends strongly on the ultimate users’ desires and it 

now serves for demonstration purposes only. The merit 

is located in the internal device program that controls 

the electronics, communicates with the neutron 

generator and other device peripherals, and runs the 

analysis algorithms. For this report the authors chose the 

auto calibration subroutine to serve as an example, see 

Fig. 3. 

 

Fig. 3 One of the SWAN software service panels. This one 

helps the operator to debug the peak identification and fitting 

module of the auto calibration subroutine. 

Its power lies in the ability to calibrate automatically 

the accumulated energy spectra without the need to 

perform any sort of additional measurements and/or for 

calibration sources. Only gamma lines naturally present 

in the background are taken into account. 

 

* This work was supported by EU Structural Funds, Project 

No. POIG.01.01-14-012/08-0 
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S. Mikołajewski, J. Sernicki, M. Snopek, J. Szymański, M. Traczyk, K. Wincel, B. Zaręba, A. Zawada 
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A system for brachytherapy of breast cancer 

INLINE PN50 was developed within the AID 

programme. The main part of this system is an X-ray 

source with an energy of 50 keV. 

In 2012 the team has focused on developing a device 

model and elements which will cooperate with this 

device. 

As part of this work:  

• An analysis of the Monte Carlo radial and angular 

distribution of the X-rays for various applicators which 

position the X-ray source in the cavity surgical resection 

of the tumor was carried out. Methods leading to 

reduction of possible anisotropy of the X-ray source 

were conducted. 

• The first comparison of Monte Carlo calculations of 

radial dose distributions with the results of X-ray 

measurements for the flat Ag target of the X-ray tube 

have been made (Fig. 1). 

• In order to increase stability and improve the beam 

geometry, optimization of the X-ray tube has been 

made. 

• Work on the integrated operation of the power supply 

control of above mentioned X-ray tube and on the 

construction of the final X-ray source has been carried 

out. Various configurations of high-voltage insulation 

and the methods of integration of the X-ray tube with 

the power supply have been examined. 

• The study of internal detectors which control the flow 

of radiation from the X-ray source during surgery and a 

detector system to test the accuracy of the device 

parameters before treatment has been carried out.   

• The project of the equipment testing chamber in 

clinical conditions was developed and built based on 

above mentioned detectors. 

• A project final X-ray tube has been designed (the 

project is currently in progress). 

• A project final demonstrator INLINE PN50 has been 

designed (the project is currently in progress). 

• The process of verification of the device parameters 

according to applicable standards has been began. 

A model of the developed INLINE PN50 system 

(Fig. 2) was presented at the ESTRO31 conference in 

Barcelona and at the ASTRO Meeting 54 in Poznań. 

 
Fig. 1 The results of Monte-Carlo calculations and 

measurements of the radial dose distribution from INLINE 

PN50. 

 
Fig. 2 The INLINE PN50 system - on the left: control 

computer, on the right: the manipulator with X-ray tube. 
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Mobile Medical Electron Accelerator for IORT Application* 
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A. Wysocka-Rabin, E. Kulczycka, E. Jankowski, R. Hanke, M. Wójtowicz, M. Baran, T. Jurkowski,  

Z. Sienkiewicz, Ł. Kujawiński, R. Szymański, R. Kozioł, M. Mitek, P. Kraszewski, J. Olszewski 

National Centre for Nuclear Research, Otwock-Świerk, Poland 

 

The development of a medical electron accelerator 

for intraoperative radiation therapy (IORT) is entering 

its final phase. It will deliver 4-12 MeV electron beams 

with intensity corresponding to 10-15 Gy/min on 

several chosen energy levels. 

The 18-cell CCL type accelerating section of the 

IORT demonstrator has been manufactured from high 

quality OFHC copper. For that purpose multistep high 

vacuum brazing technology was mastered and applied 

successfully. The measured inter-cavity coupling 

measured before final brazing is on average close to 

3.9%. After successful brazing the section underwent a 

thermal and RF power conditioning procedure. 

 
Fig. 1 IORT 18 cell accelerating section. 

The measured SWR at 2.998 GHz is equal to 1.22 

which is a satisfactory value. At the beginning of 2013 

the section and already produced electron applicator 

head will be mounted on a compact movable robotic 

gantry where the calibration procedure (dose and energy 

vs machine working parameters ) will be made.  

The RF 3 MW high power supply system for the 

accelerating section is already built in the robot. 

The robotic gantry ( Fig 2) having 5 degrees of 

freedom of movement was designed, constructed and is 

passing the all mechanical and electrical tests. 

 

Fig. 2 The movable IORT demonstrator. 

The mechanical arrangement of the demonstrator 

was successfully built. The accelerator trolley has 

passed extensive tests under target load. Other electrical 

drives have been checked outside the device. The 

cooling water system has been designed and the main 

elements of system purchased. 

Within the project, a novel form of applicator system 

for therapeutic beam has been designed and constructed. 

The system allows for interchangeable use of either 

soft- or hard-docked applicators. A patent application 

has been filed to protect this new solution. 

The control system of the demonstrator is currently 

under construction. 

Progress on the development of the IORT mobile 

accelerator is reported regularly during weekly meetings 

of the AiD accelerator group. 

An artist’s impression of the accelerator is show in 

Fig. 3 below. 

 
Fig. 3  

 

* This work is supported by EU Structural Funds, 

Project No POIG.01.01-14-012/08-00 
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The InterlaCed Energy CArgo ScaNnIng System 

(CANIS) is intended to inspect cargo containers against 

smuggling using the X-ray radiography method. It 

consists of two main parts: a dual energy (4MeV/6MeV) 

linear accelerator and a detection system with dedicated 

software. The container moves between the electron 

linac and the detector device. The accelerator 

illuminates the container from the front with each 

energy alternately. The detector device acquires the X-

ray beam behind the container and gives information 

about the absorption of the rays by the contents of the 

container. The data is sent to a PC and displayed on a 

screen. The collected pictures can be processed by 

software (e.g. coloured or filtered) or archived for later 

manipulation. A view of the CANIS system is presented 

in Fig. 1. 

 

Fig. 1 View of the Interlaced Energy Cargo Scanning 

System. 

In 2012 a new prototype detector line with 64 

scintillators was built with type new of diodes. It was 

tested with the 4MeV/6MeV accelerator with good 

results. New designs of all electronic detector boards 

were then made: Power Supply Board, Detector Board, 

Data Acquisition Board and Transmission Board. The 

PCBs were also assembled with the components. 

Another task was to prepare the design of the 

mechanical construction for the detector device. This 

job has been finished and production is in progress.  

During 2012 the PC software was under 

development. The main goal of this system is to set the 

parameters (e.g. gain of integrating amplifiers, 

integrating times etc.), collect the data, display images, 

allow image processing to facilitate the recognition of 

goods (set of filters, material colouring, rotations etc.) 

and archiving data and pictures. A new compressed data 

format was developed for archiving purposes to make 

files as small as possible, also a database was built for 

fast and effective image searching. An example of 

collected data is shown in Fig. 2. 

 
Fig. 2 Picture composed of collected data. 

The production of a dedicated interlaced electron 

linac is in progress. Accelerating cavities have been 

manufactured and measured. The other main 

components are ready (i.e. modulators, electron gun, RF 

waveguides, solenoid, electronic cabinet, and 

mechanical chassis). A view of the CAD design is 

presented in Fig.3 and the actual status in Fig. 4.  

 

Fig. 3  CAD design of the interlaced electron linac.  

 

Fig. 4 Electron linac under production.  
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MCNP Calculation of Spatial Dose Distributions Generated 

by the X-Ray Tube installed in the Demo INLINE PN 50 Facility 

by K. Wincel, B. Zaręba and M. Traczyk 
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Knowledge of the spatial distribution of the 

absorbed dose rate in water, as generated by a low-

energy X-RayTube, is crucial for a proper choice of 

medical procedure. One of the most important 

parameters of the angular dose distribution is its 

isotropy. This paper presents a Monte Carlo calculation 

performed for various geometry models of the active 

part of the X-Ray Tube installed in the Demo INLINE 

PN 50 Facility. It was found that PMMA applicators 

decrease the anisotropy of the angular dose distribution. 

The optimal geometrical model has been chosen. Monte 

Carlo simulations were also performed for a geometry 

model which includes an air ionization chamber. A 

simplified geometrical model of the Demo INLINE PN 

50 Facility with ionization chamber is shown in Fig. 1. 

The ionization chamber was prepared specially for 

gamma dose rate measurements. Fig. 2 presents the 

gamma dose deep distribution in water calculated  for 

the air ionization chamber and for ball volumetric 

detectors with diameter of 3mm. The differences 

observed in Fig. 2 are due to the different shapes and 

volumes of the modelled detectors.  

 
Fig. 1 R-Z section of calculated model generated by the 

VISED code. 

Results of deep dose calculation were presented in 

[3]. All Monte Carlo calculation were performed based 

on the MCNP5 transport code with MCNPDATA cross-

sections library. [1-2]. The *F8 option of the MCNP5 

code was applied to calculate the radial and angular 

energy deposition distributions.  The *F8 tally provides 

the energy deposited in a cell that represents a 

volumetric detector. 

 
Fig. 2 Deep dose distribution calculated for an air ionization 

chamber and for ball detectors. 

The transport of electrons is characterized by a large 

number of individual interactions. To simulate electron 

transport, the MCNP Monte Carlo code uses the so-

called “condensed history” technique, where a large 

number of collisions is grouped together into a single 

step that is randomly sampled. The number of histories 

was changed from 1.0E9 to 5.0E9. The standard 

deviation of the results varied from 0.02 to 0.09 

depending of the volume and position of the detector. It 

should be noted that in the MCNP code no 

electromagnetic interaction is considered. 
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for Criticality Accident Dosimetry 

by M. Zielczyński, N. Golnik, M.A. Gryziński, Ł. Murawski 
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A micro-gap air filled ionization chamber, designed 

for criticality dosimetry is presented [1]. The special 

construction of the chamber makes it possible to avoid 

two main reasons why air filled ionization chambers 

generally have not been used as detectors for criticality 

accident dosimetry up to now. The first reason was the 

too low neutron sensitivity as compared to gamma 

sensitivity of such chambers, mainly because of the 

negligible content of hydrogen in the filling gas. The 

second – very low and dose rate dependent charge 

collection efficiency at high dose rates, creating very 

high concentration of ions which easily recombine and 

are not collected on the chamber electrodes. Both 

shortcomings are avoided using sufficiently low 

electrode spacing. The electrodes of the chambers 

presented here are cylindrical and are made of Polish 

tissue-equivalent plastic (hydrogen content 10.5% by 

weight) or of commercially available conducting 

polypropylene (13.3% of hydrogen). Between the 

electrodes, spaced by an approximately 300 m gap, 

there is atmospheric air. The polarizing voltage between 

them is 400 V. Recombination of ions in these chambers 

is billions of times lower than in ionization chambers 

commonly used in radiation protection dosimetry, at the 

same dose rate and the same voltage applied to the 

chamber electrodes, because the fraction of recombining 

ions is inversely proportional to the fourth power of the 

electrode spacing. Moreover, at a spacing gap below 1 

mm, a significant part of electrons generated during the 

ionization process in the interelectrode space reach 

anode before creating negative ions. This effect also 

increases the charge collection efficiency. The neutron 

sensitivity, i.e. the ratio of collected charge to the soft 

tissue dose, in a micro-gap chamber is not much lower 

than the sensitivity to gamma radiation, in spite of the 

lack of hydrogen in the gas – because proton recoils 

created in electrodes penetrate nearly the whole 

interelectrode volume. For the micro-gap chamber with 

polypropylene electrodes, the difference between 

neutron and gamma sensitivity is practically negligible, 

because the higher content of hydrogen in 

polypropylene, as compared to soft tissue, partly 

compensates both lack of hydrogen in the gas and the 

effects of the higher energy expended to create an ion 

pair by neutrons than by gamma radiation. 

 
Fig. 1 Cross section of the micro-gap chamber. 
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Use of recombination ionization chambers in 

dosimetry for radiation therapy makes it possible to 

determine not only the absorbed dose, but also the 

quality parameters of the radiation in beam or out of 

beam. Using the same recombination chamber both for 

in-beam and out-of-beam dosimetry is usually 

impossible because of the drastically different dose rate 

values in beam and out of beam, especially in the case 

of hadron beams. Moreover, the gas volume of the 

chamber for out-of-beam dosimetry should be 

sufficiently large, and this makes it difficult to 

determine the dosimetric parameters of the radiation at 

distances close to the beam. A special recombination 

chamber has been designed [1] for the determination of 

dose and radiation quality parameters at a distance of 

some millimetres from the side edge of the beam or 

from the Bragg peak. The cross section of the chamber 

is ring shaped (see Fig. 1). The beam is directed to the 

inside of the ring hole. A phantom of an irradiated organ 

can be placed in the hole or the whole recombination 

chamber can be placed in a large, liquid filled phantom. 

Secondary radiation created in the phantom material, 

penetrated by the beam, easily reaches the active gas 

volume surrounding the beam and causes ionization 

followed by partial recombination of ions, which can be 

analyzed using known recombination methods. In the 

case of using the chamber in saturation mode, i.e. 

applying a sufficiently high voltage between the 

chamber electrodes, the collected charge is a measure of 

the absorbed dose – out, but close to the edge, of the 

beam. Measurements of the ionization current at 

different values (at least two) of the polarizing voltage 

are needed in order to determine the radiation quality 

factor and other radiation quality parameters out of 

beam. Cylindrical electrodes of the chamber are made 

of conducting polypropylene and spaced 2 mm appart. 

The chamber is filled by ethane at 500 kPa. The length 

of the active volume is 70 mm and the  diameter of the 

hole – 25 mm. 

 
Fig. 1 Cross section of the ring-shaped chamber. 
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Changes of Particulate Matter PM10/PM2.5 Concentration 
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We present a system of forecasting the changes of 

air pollution concentration of particulate matter 

PM10/PM2.5. The system is based on immission data 

from automatic measurement stations of the Voivodship 

(Regional) Inspectorate for Environmental Protection in 

Warsaw and a numerical forecast of meteorological 

parameters from the Interdisciplinary Centre for 

Mathematical and Computational Modelling, Warsaw 

University.  

The concept of the programme is based on various 

models of artificial neural networks.  

Our system may be used as a tool for early warning 

of exceeding daily maximum levels of PM10/PM2.5 

particulate matter exceedings and is dedicated to urban 

authorities to evaluate ecological efficiency or 

environmental recovery programmes. 

We have developed and tested a pilot system 

(Predictor) forecasting the concentration of particulate 

matter using daily immission data to predict the 

concentration of PM10/PM2.5 (Fig. 1) [1, 2].  

The developed methods use: 

- neural network SVM (support vector machine) and 

MLP (multilayer perception), wavelet analysis and 

multi-dimensional signal decomposition BSS (blind 

signal separation) [3] 

- databases of PM10/PM2.5 system monitoring from 

VIEP (Voivodship Inspectorate for Environmental 

Protection in Warsaw) 

- forecasted meteorological data: temperature, humidity, 

wind speed and wind direction, were accessed from 

ICM (Interdisciplinary Centre for Mathematical and 

Computational Modelling, Warsaw University) 

- information about the type of day (working day, 

holiday) and about the season of the year. 

 
Fig. 1 Scheme of the Predictor used to warn against the 

possibility of exceeding the daily maximum level of 

particulate matter PM10/PM2.5 

The prediction system (Predictor) working in real 

time, enables the assessment of air-pollution control of 

PM10 and PM2.5 for the next day (or two days) on the 

basis of previous day’s immissions and meteorological 

parameters forecast for the next day. It allows a 

comparison of the accuracy of prediction depending on 

the model assumptions, way of teaching the neural 

networks and the quality of the database. 

Organization of monitoring the network system 

(Fig. 2): 

 
Fig. 2 Scheme of the early-warning system 

Capabilities of the system: 

 retrieving data from analyzer from network 

monitoring 

 sending alarm signals (for example, in the form of 

short text messages SMS) to the selected user 

mobile phone number 

 browsing a database of measurements of 

measurement stations 

 obtaining reports presenting the results of actual 

measurements and the results of short-term 

predictions 

 creating a database for an early warning system 

The developed system may be used as a tool for 

early warning to support local urban authorities 

obligated to implement recovery programmes to reduce 

air pollution immission, especially particulate matter 

PM10/PM2.5.  

The advantages of the system are its low cost, ease 

of use and availability of the database. 

Work is in progress to improve the system by means 

of automatic download and data verification, the use of 

an hourly database and increased use of artificial 

intelligence methods of interpolation. 

It is available to cooperate with urban or regional 

forecasting systems of air pollutants concentration.  
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A Model for Determination of Pollutant Levels Using Archival Data 
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Air pollution is monitored using networks of 

automatic and manual measurement stations. Most Data 

Mining Model (DMM) solutions focus on predicting 

pollutant levels at separate stations, which discards 

redundant information measured by the network. We 

have determined that in the Mazovian Voivodship this 

redundancy can be used by the model (see Figure 1). 

For example, short term forecasting of pollutant levels 

is extensively discussed in our earlier paper [1]. 

 
Fig. 1 Automatic air pollution monitoring stations in 

Mazovieckie Voivodship (Poland). 

A model that derives pollutant levels at a particular 

station using pollutant levels at nearby stations was 

developed and thoroughly tested. This model internally 

uses SVM (Support Vector Machine)[2] as its DMM 

backbone. Possible uses include:  

 Providing pollutant level estimates for a station 

offline for repairs or maintenance; 

 Providing estimates for manual PM10 stations, that 

use the gravimetric measurement method; 

 We are investigating the possibility of completing 

the results from stations performing indicative 

measurements of air pollutant levels; 

Extensive tests have shown that:   

 The model needs approximately 100 learning 

points (100 historical daily averages must be 

available to the model); This number varies 

depending on the stations that are used by the 

model.  

 Introducing the results of this model into pollutant 

time series increases various aggregate values 

derived from these timeseries (See Table 1).  

 Stations used by this model may be up to 140km 

apart, however with increasing distance the model 

performance may decrease. 

Tabele 1 How this model increases accuracy of average of 

pollutant level for the whole dataset. 

 
 

The model was tested using measurement data from 

[4,5]. Model estimated PM10 levels for day N using the 

following data (if data are available for appropriate 

stations): 

 PM10, SO2, NO2 for two nearby stations for day N 

 Temperature for day N, Humidity and Rainfall for 

day N, N-1 for these nearby stations and the 

modelled station.  

 

 
Fig. 2 How model performance depends on the size of the 

training dataset. 

 

 
Fig. 3 How model performance depends on the distance 

between stations. 

For the data in Figures 2 and 3 we compared MAPE 

(see [1-3] for definition) between the validation dataset 

and the model results. For data in table 1 we compared 

the averaged pollutant level of the whole dataset to the 

averages of either training data or training data 

concatenated to the measured values. 

This model Uses daily averages of all mentioned 

parameters. 
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Exhaust gases containing high NOx concentrations 

are emitted from the following stationary sources: 

 combustion of fossil fuels with high amounts of 

fuel bound nitrogen (coal and heavy fuel oil). High 

power diesel engines used in marine ships for 

propulsion and auxiliary power generation. Diesel-

powered generators with liquid fuels are used 

extensively as electric power sources with an 

output of up to 200 MW in a variety of industries 

throughout the world,  

 nitric acid plant operation and nitric acid 

utilization (e.g. metal etching, silver reclaiming, 

nitrification and oxidation of organic compounds), 

 the metallurgical sector. 

The exhaust gas from such plants contains high 

concentrations of NOx and SO2 and requires the 

application of a control device for reduction of both 

pollutants concentrations. The applicability of electron 

beam flue gas treatment technology for purification of 

such exhaust gases was the main goal of this paper. The 

study was performed with NOx concentrations ranging 

from 200 to 1700 ppmv. Such high NOx concentrations 

exist in the exhaust gases form marine high power 

Diesel engines burning heavy fuel oil with 2.5% wt. of 

sulphur as well as in the tail gases from nitric acid 

facilities.  

The study was performed in the laboratory plant at 

the Institute of Nuclear Chemistry and Technology 

(INCT) in Warsaw [1]. The exhaust gas containing high 

NOx concentrations was simulated by a model gas 

mixture containing the exhaust gas from the burning of 

light fuel oil to which gaseous SO2 and NO were added 

from gas cylinders. Such a gas mixture was irradiated in 

the process vessel (PV) by the electron beam from a 

ILU-6M accelerator. The study was performed for five 

inlet NOx concentrations (200, 400, 800, 1000 and 1500 

ppmv) and constant SO2 concentration (700 ppmv). Fig. 

1 presents the influence of absorbed dose and inlet NOx 

concentration on the NOx removal efficiency. 

 
Fig. 1 Effect of absorbed dose on NOx removal efficiency. 

The higher NOx removal efficiency was achieved 

with higher absorbed dose and with lower inlet NOx 

concentration. Higher NOx removal efficiency was 

obtained in the tests with gaseous ammonia added to the 

model gas mixture at the PV inlet. Fig. 2 presents the 

dose dependence of NOx removal for the six inlet NOx 

concentrations. 

 
Fig. 2 Effect of absorbed dose on NOx removal efficiency in 

the tests with added ammonia. 

Ethanol vapour (95% purity) and/or gaseous 

ammonia were added to the gas mixture at the inlet to 

the process vessel as scavengers. Fig. 3 presents NOx 

removal efficiencies obtained in these tests. 

 

Fig. 3  Influence of different additives on NOx removal 

efficiency. 

The addition of alcohol ensures higher NOx removal 

efficiency compared with the addition of ammonia. The 

highest NOx removal efficiency was obtained with 

simultaneous addition of ethanol and ammonia in equal 

doses.  
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Due to progress in the development of computing 

clusters and computational algorithms software for the 

problem of contamination dispersion in the environment 

[1], allowing for simulation of transport and dispersion 

processes in a large domain with high resolution is quite 

widely used.  

For the dispersion of contamination in porous media 

we have used the program PFLOTRAN, a massively 

parallel 3-D reservoir simulator [2,3], developed at 

LANL/ORNL, USA. PFLOTRAN can model 

multiphase reactive flows in geologic formations based 

on continuum scale mass and energy conservation 

equations. It employs the PETSc (Portable, Extensible 

Toolkit for Scientific Computation) modular package 

and an efficient Newton-Krylov solver framework. 

We present here a computational problem related to 

contamination dispersion in the environment. The area 

of calculation is a rectangular parallelepiped of size 

5000x2500x100 meters. The whole area was divided 

into cells of size 20x20x1 m. The number of cells in the 

computational grid is then over 3 million. The 

computation was performed for the time of one year, 

with state observation every month. The boundary 

conditions are as follows: from the right hand side there 

is a river, near the left edge of the computational 

domain there are two wells through which the tracer 

spreads. For calculation the Richards model was used. 

The area consists of four layers with a thickness 

(counting from the top) 30 m, 20 m, 20 m and 30 metres 

again. Each layer has a coefficient of porosity ranging 

from 0.2 to 0.35 and permeability rates which may 

differ from its neighbours. The contamination is injected 

by two wells and spread in the soil. On figure 1 the 

results of the calculation are presented - the mean 

contamination dispersed in time during one year. The 

scale shows the relative concentration of contamination. 

It can be seen that it is carried by the flow of 

underground water in the direction of the river. The 

concentration depends on the porosity and permeability 

of the layers. 

To analyze the ability of PFLOTRAN to work in 

parallel mode we performed acalculation with different 

numbers of computer cores: from 1 to 64. Unfortunately 

PEFLOTRAN did not demonstrate sufficient scalability: 

saturation of parallel computing was observed between 

32 and 64 computational cores, and best speedup was 

achieved some 7 times more rapidly than for 1 core. 

This is probably caused by the specific architecture of 

the computer cluster. 

The software package PFLOTRAN also permits 

localization of contamination sources by means of the 

Bayes approach [4] to be performed, and our future 

efforts will be concerned an using PFLOTRAN to 

predict possible localization of contamination sources 

by utilizing monitoring information from sensor data. 

As for this type of simulation more computing power is 

needed the calculation will be performed on the new 

cluster at the Informatics Centre Świerk, to be installed 

in 2013.   

 

 

 

Fig. 1 Contamination dispersion in time. The scale shows 

relative concentration of the contamination. 
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Accidental atmospheric releases of hazardous 

material pose great risks to human health and the 

environment. In this context it is valuable to develop 

emergency action support system based on 

concentration measurements of dangerous substances by 

a network of sensors which can identify the probable 

location and characteristics of the release source. 

In general, the stated inverse problem for the 

dispersion of released materials in the air is ill-posed. 

Given concentration measurements and knowledge of 

the wind field and other atmospheric air parameters, 

finding the location of the source and its parameters is 

ambiguous. The problem has no unique solution and can 

be considered only in a probabilistic framework. In the 

case of gas dispersion, the unknowns to be determined 

are the gas source distribution of strength and location; 

given the measured gas concentrations at measurement 

locations for the associated wind field and other weather 

data (e.g. weather stability pattern). 

We have developed a stochastic dynamic data-

driven event reconstruction model which couples data 

and predictive models through Bayesian inference to 

obtain a solution to the inverse problem i.e. based on the 

successively arriving information about the 

concentration of a given substance registered by a 

distributed sensor network to find the most probable 

source location and its strength. 

For developing the model we examined different 

versions of the Marcov Chain Monte Carlo (MCMC) 

algorithms i.e. Standard MCMC, MCMC via Maximal 

Likelihood, MCMC via Rejuvenation and Extension, 

MCMC via Rejuvenation, Modification and Extension 

in effectiveness to estimate the probabilistic 

distributions of atmospheric release parameters [1,2]. 

The proposed algorithms scanned a 5-dimensional 

parameter space searching for the contaminant source 

coordinates (x,y), release strength (q) and atmospheric 

transport dispersion coefficients. Each of the 

investigated versions of the MCMC algorithms has 

unique properties that have an impact on various aspects 

of the reconstruction of events.  

Based on the conducted experiments we have 

presented the advantage of the algorithms that in 

different ways use the source location parameters 

probability distributions obtained based on the available 

measurements to update the marginal probability 

distribution of the considered parameters with the use of 

the received new information. We found the MCMC via 

Rejuvenation, Modification and Extension algorithm to 

be most effective [1, 2].  

 

Fig. 1 Posterior distribution inferred by Bayesian event 

reconstruction for all considered algorithms for the x 

parameter (x coordinate of source location). Vertical lines 

represent the target x value. 

 

Fig. 2 The same as in Fig.1 for the y parameter (y coordinate 

of source location). 
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One of the important and difficult to manage 

characterizations of a multi-model atmospheric 

dispersion ensemble is related to the fact that different 

models can be mutually dependent. This is because the 

models often share initial/boundary and emissions data, 

and use the same or similar numerical methods, 

algorithms, and parameterizations. The typically applied 

simplification by the assumption that the models are 

independent can then lead to wrong analysis and/or 

interpretation of the results of simulations performed by 

the ensemble technique. Another consequence of using 

multi-model ensembles is related to the following 

questions:  

 what is the effective number of models that can be 

used in simulations for a specific case, 

 how to select which models should be chosen. 

In other words the problem can be described in 

terms of the reduction of the whole set of ensemble data 

to an effective one, which can represent the ensemble 

without losing information. In order to have some 

mathematical tools for such areduction there is a need to 

find a way to assess the models’ dependence or 

correlation by comparison of their results. In [1] two 

basic methods have been investigated.  

The first method is based on the notion of mutual 

information taken from probability and information 

theory. Mutual information measures mutual 

dependence of two random variables based on the 

differential entropy H, which is defined as follows: 

H(y) = -  p(y) logp(y)dy 

for a random variable y. The joint entropy of two 

variables x and y is similarly defined as follows: 

H(x,y) = -  p(x,y) logp(x,y)dxdy. 

Then mutual information is determined by the 

following formula: 

I(x,y) = -  p(x,y) log{p(x,y)/p(x)p(y)}dxdy. 

If I(x,y)=0 then random variables x and y are 

independent. If random variables x and y are the same 

then mutual information is equivalent to the entropy, 

which means that the information delivered by x is the 

same as for y. This allows the following metric to be 

introduced: 

d1(x,y) = 1 – I(x,y)/H(x,y) 

The second method utilizes the correlation 

coefficient CC(x,y) by using the following metric 

between two models: 

d2(x,y) = 1 – CC(x,y) 

Both introduced metrics satisfy basic properties like 

non-negativity, symmetry or the triangle inequality. 

These two approaches have been applied to the 

datasets of the ETEX-1 experiment, performed in 1994. 

A passive tracer was released in France and recorded at 

more than 150 stations, mostly in central Europe. This 

experiment serves as a standard one for modellers all 

over the world. In order to investigate the above 

mentioned techniques, the latter were applied to 26 

atmospheric dispersion models. Both the results of 

model simulations and measurement data are available 

in the European Union ENSEMBLE system at the Joint 

Research Centre, Ispra Italy, Institute for Environment 

and Sustainability.  

For these two metrics the so-called dendograms have 

been determined showing which models can be assigned 

to one cluster (i.e. group of similar models). In principle 

the dendograms are created according to the following 

rules: 

- for metric zero the number of clusters is the same as 

the number of models (i.e. all the models are 

distinguishable), 

- for metric one the whole ensemble gives one cluster. 

Thus the number of clusters depends on: 

- the properties of the metric, and 

- the value of the distance taken to constitute the 

clusters. 

The dendogram based on metric d1 (i.e. mutual 

information parameter) produces four clusters for a 

value above 0.9, while the dendogram for metric d2 

(correlation coefficient) gives five well identified 

clusters at value 0.55. These differences are related to 

different properties of both metrics.  

The results of the ETEX-1 simulations were then 

compared with the median of the whole ensemble 

(which produced better results than any single model) 

and the two ensembles created from the clusters created 

by the two metrics. The following indicators were 

considered: 

- root mean square error, 

- factors FA2 and FA5 i.e. percentage of values which 

agree with measurement within factors 2 and 5 

respectively. 

The comparison shows that both techniques applied 

can effectively reproduce the results of the whole 

ensemble, without losing information. This indicates 

that theoretically based data reduction techniques have 

the potential to extract proper information from the total 

population of an ensemble members system and may 

serve for better configuration of multi-model ensembles  
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Atmospheric Dispersion Modelling on the Urban Scale  

for Emergency Response 

by M. Korycki 

National Centre for Nuclear Research, Otwock-Świerk, Poland 

 

In the perspective of the inclusion of nuclear power 

in the Polish market, a very important issue is 

environmental protection, including protection of the 

atmosphere. Preparation methods and decision-making 

support systems are key components of radiation 

protection in the event of the release of harmful 

substances into the atmosphere as a result of an 

accident. Nowadays, numerical models permit accurate 

weather forecasts for several days. It is also possible to 

extend the forecast with projections of chemical 

ingredient dispersion that was released into the 

atmosphere. Thus, the dynamics of the atmosphere is 

essential to obtain reliable estimates of transport and 

dispersion of harmful substances. 

A crucial factor in the modelling of the atmosphere 

is the choice of scale. Scale determines the importance 

of the forces specified therein. 

The Nuclear Energy Department of the Nuclear 

Research Centre has undertaken work to improve the 

radiation protection of the atmosphere on the urban 

scale. The area of a city is important, both in terms of 

emergency situations (not only related to the transport 

of radionuclides), as well as terrorist attacks. Model 

which will be matched to the scale of the city and its 

specific structure will be used to simulate the release of 

harmful compounds. A picture of the evolution with 

time of such substances will become a very important 

tool for planning evacuation and risk management for 

decision-makers. 

 
Fig. 1 Simulation of a fictional city using the EULAG solver 

with chemical substance release. 

In order to perform this work the EULAG solver [1] 

has been chosen. EULAG is an all-scale numerical 

hydrodynamic solver. It uses both EUlerian and 

LAGrangian frameworks. EULAG was created to 

provide its users with a solver with high effectiveness 

and confidence in simulation results. It is a perfect tool 

for calculating geophysical flows. 

 
Fig. 2 Contaminant contentration from red points of fig. 1. 

EULAG is very useful on a wide range of scales 

(from tissue to the planetary scale). It has already been 

used to simulate the urban scale [2] and in coupling with 

other models (eg. WRF [3]). 

Implementation of a EULAG model on the urban 

scale for purposes of emergency response is now in 

progress. When it's done, it will be possible to make a 

quick forecast in the case of multiple situations that 

could put the health and life of people living in large 

Polish cities at risk. 
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Preliminary Physicochemical Studies of a Shield Handle Originating  

from the Przeworsk Culture Cemetery Located in Czersk 

by E. Miśta 

National Centre for Nuclear Research, Otwock-Świerk, Poland 

 

The motivation to carry out the analysis of this 

ancient metal object is the possibility to gather 

information which will enable an understanding of the 

ancient metallurgy process. The differing elemental and 

structural composition of the shield handle were studied 

visually. The results were compared with tests carried 

out visually on the two silver looking fibulas (in the 

bow). The following analysis is only the preliminary 

phase of the study. Because of the unique character of 

the object physico-chemical analyses are planned and 

comparision with experimental smelting including 

chemical vapour deposition of specific bronze and silver 

corrosion layers will be performed. The analysis was 

carried using LA-ICP-MS and neutron imagining (NI) 

techniques. 

LA ICP MS techniques provide information about 

the elemental composition of the alloy (Fig. 1-2).  

 
Fig. 1 Results of the quantative polled analysis of the 

elemental composition of the main isotopes comprising three 

representative sampling point.  

The base layer of the object, to which was applied 

silvered inlay, is interpreted as bronze. 

 
Fig. 2 Results of the quantative polled analysis of the 

elemental composition of trace isotopes comprising three 

representative sampling point.  

Elements responsible for the corrosion processes 

were detected, such as Cl and S (chloride corrosion and 

sulfide corrosion) and this fact can influence the present 

shape of the silver surface ornamentation, assuming the 

ancient preparation technique called silver naturally fire. 

In order to interpret the material layers we used the 

NI technique. Neutronography photos are shown in 

Figure 3 and 4.  

 
Fig. 3 NI photos of handle silver pieces (right and left side of 

photo) and imagine performed for the central component, 

front view. 

 
Fig. 4 NI photos of handle silver pieces, side view. 

Darkening of the image in this case is mainly due to 

the thickness of the irradiated layer. Inhomogeneities 

are visible within the silver plating, possibly associated 

with the degree of corrosion and heterogeneous object 

texture and with the thickness of silver layer. 
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A Study of Soil Samples from Selected Excavation Profiles 

at an Archaeological Site in Balaklava and Kazackaja Hill (Crimea), 

Season 2012 

by E. Miśta, B. Mysłek-Laurikainen 

National Centre for Nuclear Research, Otwock-Świerk, Poland 

 

Twenty-four soil samples were studied using high- 

resolution Gamma Spectrometry and the ICP-MS 

technique in order to establish preliminary elemental 

composition. The samples were taken from two survey 

excavations at an archaeological site in Balaklava and 

one reference point from the Kazackaja Hill. Both 

positions have a similar chronology, they are the 

remnants of Roman fortifications from the II and III 

century AD. The aim of the study was to investigate 

changes in the elemental composition of selected 

chemical moieties within the cultural layers and 

determine the impact of human pressure during the 

centuries of settlement. The results were compared with 

results for soil signs from other regions having different 

chronology [1-2]. The following elemental 

concentrations: As, Cs, Cu, Cu, Mn, Zn, V, Mo, Ni, Cd 

and Pb were measured , the results are presented in table 

1. In addition, the concentration of 
137

Cs manmade 

isotope was predetermineted within the layers of soil. 

Differentiation of the material in terms of visual 

analysis is small, but within certain soil layers were 

inclusions of organic and inorganic material such as 

carbonate, presumably originating from lime mortar and 

fragments of burning (the current on profile E in 

Balaklava) including their modern characteristic. 

 

Table 1. Summary table with measurement results obtained using the ICP-MS technique Measurement uncertainty was about 

15%. 
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BAŁAKŁAWA Wzgórze KAZACKAJA 

Profil N [ppm] Profil E [ppm] Profil W (profil referencyjny) [ppm] 

Cu Co Mn Zn V Mo Ni Cd Pb Cu Co Mn Zn V Mo Ni Cd Pb Cu Co Mn Zn V Mo Ni Cd Pb 

1 10 0-10 42,6 13,7 995,0 103,2 124,2 1,6 22,5 0,2 16,9 17,8 4,6 405,2 42,7 43,6 0,8 3,4 0,1 6,4 37,5 14,4 1414,7 82,3 83,1 0,5 43,1 0,2 27,9 

2 20 10-20 10,0 4,3 321,5 23,2 44,0 0,5 2,0 0,0 5,0 42,8 13,6 978,7 102,8 131,3 0,8 23,3 0,2 25,0 36,0 15,9 1390,5 74,2 84,8 0,1 44,1 0,2 26,3 

3 30 20-30 12,6 4,9 344,8 25,9 47,0 0,8 2,4 0,0 5,1          36,8 16,0 1611,0 79,0 81,6 0,6 47,8 0,3 27,7 

4 40 30-40 13,0 4,8 348,6 28,8 47,6 1,0 2,5 0,0 5,2 29,1 11,3 755,8 68,8 110,0 0,7 18,2 0,1 11,9 31,9 14,6 1281,9 65,8 75,1 0,2 40,8 0,2 22,1 

5 50 40-50 15,2 4,8 341,4 25,3 44,3 1,6 1,6 0,1 5,4 12,7 4,7 345,5 29,5 47,0 0,5 7,4 1,6 19,0 20,5 11,9 871,3 39,8 54,1 0,0 28,1 0,2 14,4 

6 60 50-60 12,1 5,1 320,3 27,7 53,4 0,8 2,3 0,1 5,3 36,2 12,8 893,7 100,3 119,8 1,9 24,3 0,2 18,9 9,8 5,6 439,0 16,6 28,4 0,1 9,9 0,1 6,3 

7 70 60-70 14,4 4,2 345,4 33,5 38,2 0,6 3,4 0,0 8,8 34,5 14,6 1078,9 87,1 144,2 1,2 23,7 0,1 47,9 25,0 13,0 1082,3 49,7 68,7 0,3 35,4 0,2 16,0 

8 80 70-80                            

9 90 80-90 14,0 4,0 292,3 31,4 35,8 0,4 4,0 0,0 4,4 34,1 10,4 790,3 98,3 98,0 0,7 20,2 0,1 14,2          

10 100 90-100 35,7 10,9 697,9 103,0 103,1 0,6 25,3 0,1 13,3                   

11 110 100-110 33,9 11,0 863,1 112,0 106,9 0,8 22,2 0,2 17,1                   

 

 

 

Fig. 1 Cu content in different layers within archaeological 

sites. 

 

Fig. 2 Pb content in different layers within archaeological 

sites. 
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Fig. 3 Zn content in different layers within archaeological 

sites. 

The results indicate the complexity of the sorption 

and distribution of various trace elements within the 

selected profiles. The qualitative and quantitative results 

obtained allowed for the detection of locations, possibly 

intended for latrine sites. Cu traces (Fig. 1) in profile 

"E" (Balaklava site), are known in modern times to 

belong to latrines. Moreover changes due to differences 

in the composition of the substrate were shown, induced 

changes in geological and contemporary 

anthropopressure. Preliminary visual observation of 

studied objects in the frame of selected soil layers found 

their confirmation in chemical composition changes 

connected with the presence of burning (increasing Pb 

concentration, Fig. 2) and a layer of mortar (indicator is 

a decline in Zn concentration in “N” profile, Balaklava 

site, Fig. 3). Changes in the content of individual 

elements can be explained by changes in pH related to 

the presence of specific chemical layer components. 
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Performance Tests of ANSYS Fluent at CIŚ and ICM Cluster Facilities 

by T. Kwiatkowski 

National Centre for Nuclear Research, Otwock-Świerk, Poland 

 

The accuracy of a CFD solution is provided by the 

number of cells in the mesh within the computational 

domain. In general, the provision of a large number of 

cells leads to an accurate solution. However, the 

accuracy of a solution comes with the penalty of total 

computational time and hardware requirements and is 

strongly dependent on them. Therefore, the optimization 

of simulation time is an important standard procedure 

adopted in our studies. This information is then used to 

build a database of good practices in CFD. 

Benchmark tests made during the BNCT project [1] 

are presented in this paper. The calculations were 

performed for two cases: for a domain consisting of 

696 685 tetrahedral elements (700k) and for a domain 

consisting of 7 807 652 mixed cells (8M). Each of the 

tests was performed in the form of ten trials in order to 

eliminate random fluctuations and obtain an obvious 

trend. For the first case, which represents the 700k 

domain, the number of iterative steps was 1500 every 

time while the core number chang from 1 to 128. The 

following figure shows the average computation time 

obtained from 10 trials against number of cores. 

 
Fig. 1 Average computational time against number of CPUs 

for the 700k domain. 

For the number of cores above 64 the speedup is 

flatt. In addition, the speedup of calculations with an 

increase in the number of cores from 16 to 32 is much 

lower than expected (particularly for the ICM-cluster). 

On the other hand, the speedup obtained for 64 cores is 

quite high (7.5 times faster) in comparison to the value 

for 32. It is a bit amazing result. As for now there is no 

clear explanation for this case, however the reason is 

probably related to the architecture of the cluster, since 

every case was performed with the same domain, the 

same algorithm and computational schemes. The only 

thing that changes here is the number of cluster nodes. 

The configuration of 64 cores seems to be the most 

suitable for this domain when using ICM-cluster 

architecture. The same behaviour was actually observed 

for the CIŚ-cluster, however the shape of the speedup 

curve is more predictable. 

 
Fig. 2 Real and ideal speedup for 700k domain. 

For the second case (11M cells domain) benchmark 

tests were performed in the same way but here the 

iterative steps were 3000 every time while the core 

number ranged from 1 to 192.  

 
Fig. 3 Average computational time against number of CPUs 

for 8M domain. 

Increasing the number of cores above 128 the 

speedup is flatt as illustrated at Fig. 4, the therefore 

optimal core number for the 8M domain is 128 for 

either ICM or CIŚ-cluster. 

 
Fig. 4 Real and ideal speedup for 8M domain. 
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