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FOREWORD 
 

The National Centre for Nuclear Research (NCBJ) in Poland commenced operations on September 1, 
2011. The Polish Government’s decision to merge POLATOM Institute for Atomic Energy (IEA) and the 
Sołtan Institute for Nuclear Studies (IPJ) has ended an almost 30-year-long period, during which the 
Świerk Research Centre remained fragmented. The former Institute for Nuclear Research has been 
brought back to life under a new name and with a new set of tasks to accomplish.  

These new tasks must first of all support the project to build a nuclear power industry in Poland. In an age 
of ever growing fossil fuel prices, the cost of electric power cannot be held low enough to maintain the 
competitiveness of the Polish economy unless nuclear energy is employed. Nuclear reactors are to be 
built in line with a proven design developed by one of the foreign manufacturers. However, the responsi-
bilities for selecting technologies, to define and enforce safety criteria, to optimize and monitor operations 
all rest with the Polish investor, the National Atomic Energy Agency, and the research institutions that 
support it. Groups of young physicists and IT professionals in the IEA and IPJ Institutes have been in-
tensely trained by experienced experts for two years now. Their responsibility will be to perform safety 
analyses, to simulate various events possible in nuclear reactors, and to evaluate the consequences of po-
tential failures. The Świerk Computing Centre currently under development will provide a powerful com-
putational infrastructure that will be at their disposal.  

Almost every nation with a nuclear power industry runs its own research reactor. The available power and 
neutron flux qualify the MARIA reactor in Świerk as one of the better facilities in Europe. It is a very 
valuable tool to train new professionals, to conduct research, and to manufacture radioisotopes. The capa-
bility of studying the properties of various materials irradiated with intense beams of ionizing radiation is 
particularly valuable from the nuclear industry point of view. Therefore, material studies will be among 
the most intensely pursued research activities in NCBJ. 

Besides providing day-to-day support for the nuclear power industry, NCBJ will participate in interna-
tional research programs devoted to 4th generation reactors and thermonuclear fusion. Theoreti-
cal/experimental work as well as manufacture of subassemblies for the ITER reactor in Cadarache and the 
W7X reactor in Greifswald will be continued. 

New technologies and hi-tech devices cannot be developed without pure research conducted on a world 
class level. We expect that the efforts invested in CERN (Geneva) to develop the LHC accelerator and the 
detectors used to register the particles produced will soon come to fruition as new discoveries in particle 
physics. Particles called neutrinos have recently stirred probably the greatest interest of physicists. It is 
just neutrinos emitted by the Sun that helped us to understand that the Sun’s energy is produced in ther-
monuclear reactions. Neutrino experiments in which our physicists participate (e.g. the T2K experiment 
conducted in Japan) are still generating interesting results. 

Elementary particles and gamma radiation arriving at our planet from deep space are a source of knowl-
edge about the physical processes that accompany the birth and death of stars, black holes, and the evolu-
tion of the Universe. The Pi of the Sky experiment that observed the strongest explosion known to Man-
kind is currently joining efforts targeted to search for objects emitting gravitational waves. The combina-
tion of expertise on scintillation crystals used in gamma radiation detection and experience in conducting 
observations of cosmic radiation enables us to contribute significant input to the new JEM-EUSO, PO-
LAR and GRIPS space missions. This is particularly important at a time when Poland is becoming a 
member of the European Space Agency. 
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Active participation in the above mentioned experiments consists not only in analysis of the data ac-
quired, but also in the manufacture of essential hardware components, in particular accelerators and de-
tectors. Worth mentioning are the structures of the LINAC4 accelerator that injects protons into the LHC, 
and elements of the electron accelerator for the XFEL machine (X-ray free electron laser), currently under 
development in Hamburg. We hope to make use of the knowledge acquired during participation in the 
above projects to develop the POLFEL free electron laser in Świerk. If developed, the laser would be the 
largest research facility in Poland. Particle accelerators and detectors find their applications not only in 
research. The Department of Nuclear Equipment HITEC exports medical accelerators for cancer radio-
therapy and industrial accelerators for radiography of engineering structures. Accelerator-based machines 
for the detection of hazardous substances are currently under development. The POLATOM Radioisotope 
Centre manufactures radioisotopes, mainly radiopharmaceuticals for medical diagnostics. Production 
volume is already sufficient to meet practically the entire domestic demand. We are planning investments 
that would help us to deliver our products to a significant segment of world-wide markets. 

We have started procedures to bring into existence a Science and Technology Park to streamline the de-
ployment of technologies developed at the Świerk Research Centre to practical applications. Companies 
operating within the Park will develop the ideas of scientists using their knowledge and the research in-
frastructure of the Centre. 

The National Centre for Nuclear Research with approximately one thousand employees will be the largest 
research Institute in the country. It will be active at every stage of the R&D process: fundamental re-
search, applied research, development of new technologies, commercial manufacture of hi-tech materials 
and devices. Application of ionizing radiation produced by naturally decaying radioactive nuclei or pro-
duced in accelerators will remain the catchword of our activities. To provide support for the Polish nu-
clear power industry will be a special task. 

Such a broad activity profile would not be possible without cooperation with other research institutes, 
Polish Academy of Sciences units, and universities. Numerous research subjects are already being ac-
complished by consortia grouping several research institutions. We have also signed nuclear-power-
specific cooperation agreements with several universities. Concerns that a new, strong research centre in 
Świerk might monopolize the field in the country are a misunderstanding. Examples from other countries 
show that large research labs stimulate the field since they provide research infrastructure, generate re-
search topics, motivate students, and engage scientists. It is enough to look at how Geneva/Hamburg Uni-
versity profits from the vicinity of the CERN/DESY labs, respectively. 

The creation of the National Centre for Nuclear Research is a kind of break-through in Polish science. So 
far in our country there have been no equivalents of the National Laboratories that are such important 
elements of the US or European science landscape. It is difficult to imagine French science without 
Saclay, Italian science without Legnaro or Frascatti, Swiss science without PSI, German science without 
GSI, or British science without RAL. It will not be an easy task to match those potentates. However, we 
are not starting from scratch. We have had 55 years of experience and a rather long list of achievements. 
We have also gathered a substantial group of superb young people who grow fast under the supervision of 
our seniors. This is the best guarantee of a dynamic development for our Centre. 

 
Professor Grzegorz Wrochna 

Director 
National Centre for Nuclear Research 
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I GENERAL INFORMATION 
 
 

The National Centre for Nuclear Research is a state owned laboratory. It conducts pure and applied 
research in subatomic physics, i.e. elementary particle, astroparticle, plasma physics, low and high energy 
nuclear physics, and related fields. The Institute specializes in accelerator physics and technology, solid 
state physics and materials research with nuclear techniques, the development of spectrometric tech-
niques, nuclear electronics and also in applications of nuclear techniques to environmental research, nu-
clear medicine etc. 

The Institute operates the multifunctional nuclear research reactor MARIA. In 2011 the reactor was 
successfully operated for 4275 hours with fuel elements of 36% enrichment in 235U. No radiological acci-
dents, failures or breakdowns due to the fuel behaviour were recorded in 2011, confirming the good qual-
ity of the fuel elements. The irradiation testing of second fuel assembly with 19,75% enrichment was 
successfully completed after reached 60% burnup. The preparatory works for conversion of reactor are 
started. The main technological facilities of the MARIA reactor for radioactive isotopes production, neu-
tron doping of silicon and minerals properties modification were widely employed. The irradiations of 
235U targets are continued and MARIA research reactor joined the global 99Mo supply chain. 

Radioisotope Centre POLATOM is located in the structure of NCBJ as the division in the Department 
of Economy and Development. POLATOM develops techniques for practical application of radioisotopes 
in various sectors, among them majority of products and services is used in health care. POLATOM is 
supporting domestic and international users in highly specialized radiopharmaceuticals and radiochemi-
cals for nuclear medicine and related fields (among them a number of products utilizing radionuclides 
irradiated in the MARIA research reactor). POLATOM’s facilities are well equipped and certified for 
manufacturing of radiopharmaceuticals. POLATOM is also carrying out extensive research programs on 
the new radiopharmaceutical developments supported by national and international multidisciplinary 
collaborations. New 99mTc labeled peptide based radiopharmaceutical for diagnostics of insulinoma and 
other tumors expressing GLP-1 receptors has been evaluated in the preliminary clinical study carried out 
in 2011, showing great potential for improving patient treatment strategies. In 2011 POLATOM joined 
new COST Action TD1004 “Theragnostics Imaging and Therapy: An Action to Develop Novel 
Nanosized Systems for Imaging-Guided Drug Delivery”. The international scientific collaboration in this 
Action opens new possibilities for development of technologies applicable in medicine, particularly in 
oncology.  

Apart from the scientific divisions, there is a separate production unit operating within the Institute - 
ZdAJ (the Establishment for Nuclear Equipment). This unit specializes in medical equipment, notably in 
the production of linear electron accelerators for oncology and in the production of linear accelerators for 
industry. 
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1. LOCATIONS 
 
Main site: Warsaw site: Łódź site: 
30 km SE from Warsaw (divisions N1, N6, N8) (division N7) 
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 Krzysztof MEISSNER 
 phone: +48 22 7180585 
 e-mail: Krzysztof.Meissner@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, MSc. 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, MSc. Eng. 
Nuclear Safety and Radiation Protection phone: +48 22 7180033 
 e-mail: Jerzy.Koziel@ncbj.gov.pl 
 
 
Scientific Secretary Assoc. Prof. Janusz SKALSKI 
(till June 30) phone: +48 22 7180585, +48 22 5532241  
 e-mail: Jskalski@fuw.edu.pl 
 
(from July 1) Dr. Krzysztof KUREK 
 phone: +48 22 5532239, +48 22 7180607  
 e-mail: Krzysztof.Kurek@fuw.edu.pl 
 
 
Spokesman Dr. Marek PAWŁOWSKI 
 phone: +48 22 5532236 
 e-mail: rzecznik@ipj.gov.pl 



Annual Report 2011 
 

9

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 on 23 September 2011 a supplementary election was conducted.  

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. 
Bogumiła Mysłek – Laurikainen, Dr. 
Mieczysław Mielcarski, Assoc. Prof., Deputy Chairman 
Janusz Mika, Professor, Deputy Chairman 
Marek Moszyński, Professor 
Marek Pawłowski, Dr. 
Marek Rabiński, Dr. 
Stanisław Rohoziński, Professor 
Ewa Rondio, 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 
Sławomir Wronka, Dr. Deputy Chairman 

 
Representatives of Management: 
 
Krzysztof Meissner, 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 
Michał Waligórski, Professor - The Henryk Niewodniczański Institute of Nuclear Physics, 
  Polish Academy of Sciences, Cracow 
Janusz Ziółkowski, Professor - The N. Copernicus Astronomical Centre, Warsaw 
 



Annual Report 2011 
 
10

DIVISIONS OF THE INSTITUTE  
 
 
- DIVISION OF NUCLEAR REACTIONS (N1) 
  Head of Division – Dr. Bohdan MARIAŃSKI 
 
- DIVISION OF INTERDISCIPLINARY APPLICATIONS OF PHYSICS (N2) 
  Head of Division – Dr. Jan SERNICKI 
 
- DIVISION OF DETECTORS AND NUCLEAR ELECTRONICS (N3) 
  Head of Division – Assoc. Prof. Zbigniew GUZIK 
 
- DIVISION OF NUCLEAR POWER (N4) 
  Head of Divison – Professor Stefan CHWASZCZEWSKI 
 
- DIVISION OF PLASMA PHYSICS AND MATERIALS ENGINEERING (N5)  
  Head of Divison – Dr. Marek RABIŃSKI 
 
- DIVISION OF HIGH ENERGY PHYSICS (N6) 
  Head of Divison - Professor Helena BIAŁKOWSKA 
 
- DIVISION OF COSMIC RAY PHYSICS (N7) 
  Head of Divison – Dr. Jacek SZABELSKI  
 
- DIVISION OF THEORETICAL PHYSICS (N8) 
  Head of Divison – Professor Grzegorz WILK  
 
- DIVISION OF NUCLEAR METHODS IN SOLID STATE PHYSICS (N9) 
  Head of Divison – Dr. Jacek J. MILCZAREK 
 
- LABORATORY OF ASTROPHYSICAL APPARATUS (N10) 
  Head of Laboratory – Dr. Tadeusz BATSCH 
 
- CENTRE OF EXCELLENCE ‘MANHAZ’ (N11) 
  Director of Centre – Dr Mieczysław BORYSIEWICZ 
 
- MARIA REACTOR OPERATION DIVISION (IR) 
  Head of Reactor – MSc. Grzegorz KRZYSZTOSZEK 
 
- MATERIAL RESEARCH LABORATORY (LBM) 
  Head of Laboratory – MSc. Eng. Witold SZTEKE 
 
- RADIATION PROTECTION MEASUREMENTS LABORATORY (ID) 
  Head of Laboratory – Dr. Zbigniew HARATYM 
 
- DIVISION OF ACCELERATOR PHYSICS AND TECHNOLOGY (RA) 
  Head of Division – Dr. Sławomir WRONKA 
 
- DEPARTMENT OF TRAINING AND CONSULTING (DSz) 
  Director of Department - Professor Ludwik DOBRZYŃSKI 
 
- DIVISION OF INFORMATION TECHNOLOGY (DIT) 
  Head of Division – MSc. Eng. Jacek SZLACHCIAK 
 
- DIVISION OF NUCLEAR EQUIPMENT HITEC (ZdAJ) 
  Director of Division - Dr. Paweł KRAWCZYK 
 
- RADIOISOTOPE CENTRE POLATOM (OR) 
  Director of Centre – Dr. Eng. Dariusz SOCHA 
 
- TRANSPORT DIVISION (ZTS) 
  Director, Civ. Eng. Bogdan GAS 



Annual Report 2011 
 

11

4. MAIN RESEARCH ACTIVITIES 
 
 
I. Elementary particle physics, astro- & cosmic ray physics and cosmology   

1. High-energy hadron-hadron interactions.  

2. Elastic and inelastic µ 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 jets 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 environment protection. 
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V. Solid state physics 
1. Material 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 modeling 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 izotopes. 
6. Methods of assessment and forecasting 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. RUSEK Krzysztof (**) 
25. SADOWSKI Marek 
26. SIEMIARCZUK Teodor 
27. SŁOWIŃSKI Bronisław 
28. SOBICZEWSKI Adam  
29. SOSNOWSKI Ryszard  
30. STEPANIAK Joanna 
31. SUWALSKI Jan 
32. SZEPTYCKA Maria (**) 
33. TUROS Andrzej (**) 
34. TYMIENIECKA Teresa 
35. WIETESKA Krzysztof 
36. WILCZYŃSKI Janusz 
37. WILK Grzegorz 
38. WIŚLICKI Wojciech 
39. WIŚNIEWSKI Roland 
40. WROCHNA Grzegorz 
41. WYCECH Sławomir  
42. ZABIEROWSKI Janusz 
43. ZIELCZYŃSKI Mieczysław 
44. ZDUNEK Krzysztof 

 
ASSOCIATE PROFESSORS  
 

1. DELOFF Andrzej (**)  
2. GUZIK Zbigniew  
3. PATYK Zygmunt 
4. ROSZKOWSKI Leszek 
5. SANDACZ Andrzej 
6. SKALSKI Janusz 
7. SŁAPA Mieczysław (**) 
8. SPALIŃSKI Michał 

9. SZCZEKOWSKI Marek  
10. SZUTA Marcin 
11. SZYMANOWSKI Lech  
12. SZYMAŃSKI Piotr (*) 
13. WERNER Zbigniew  
14. WIBIG Tadeusz (**) 
15. ZWIĘGLIŃSKI Bogusław  
16. 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 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. JAGIEŁA-SUDOŁ Agnieszka 
35. JAKUBOWSKI Lech (**) 
36. JANKOWSKA-KISIELIŃSKA Joanna 
37. JĘDRZEJEC Henryk (**) 
38. KAPUSTA Maciej (*) 
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39. KAZANA Małgorzata 
40. KEELEY Nicholas 
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. KUREK Krzysztof 
50. LICKI Janusz 
51. LORKIEWICZ Jerzy 
52. ŁAGODA Justyna 
53. ŁUSZCZ Mariusz 
54. MAJCZYNA Agnieszka 
55. MALINOWSKA Aneta 
56. MARCINKOWSKA Zuzanna 
57. MARIAŃSKI Bogdan 
58. MAURIN Jan 
59. MĄDRY Magdalena 
60. MELNYCHUK Dmytro 
61. MIJAKOWSKI Piotr 
62. MILCZAREK Jacek 
63. MORSCH Hans Peter (*) 
64. MUNIR Shoaib 
65. MYKULYAK Andriy 
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. POLLO Agnieszka 
83. POTEMPSKI Sławomir 
84. PROKOPOWICZ Rafał(*)  
85. PRZEWŁOCKI Paweł 
86. PSZONA Stanisław 
87. PYTEL Beatrycze 
88. PYTEL Krzysztof 
89. RABIŃSKI Marek 
90. RATAJCZAK Renata 

91. ROŻYNEK Jacek 
92. RUCHOWSKA Ewa 
93. RZADKIEWICZ Jacek (*) 
94. SENATORSKI Andrzej (**) 
95. SERNICKI Jan 
96. SESSOLO Enrico Maria 
97. SKŁADNIK-SADOWSKA Elżbieta (**) 
98. SKORUPSKI Andrzej (**) 
99. SMOLAŃCZUK Robert 
100. SOKOŁOWSKI Marcin 
101. SOWIŃSKI Mieczysław (**) 
102. STADNIK Anna 
103. STOCH Paweł 
104. STONERT Anna 
105. STRUGALSKA-GOLA Elżbieta 
106. STRUPCZEWSKI Andrzej 
107. SULEJ Robert 
108. SYNTFELD-KAŻUCH Agnieszka 
109. ŚWIDERSKA Karolina 
110. ŚWIDERSKI Łukasz 
111. SZABELSKA Barbara 
112. SZABELSKI Jacek 
113. SZLEPER Michał 
114. SZYDŁOWSKI Adam 
115. SZYMCZYK Władysław 
116. TARCHALSKI Mikołaj 
117. TRACZYK Piotr (*) 
118. TRZCIŃSKI Andrzej 
119. TSAI Yue-Lin 
120. TULIK Piotr 
121. TYMIŃSKA Katarzyna 
122. UKLEJA Artur 
123. UŻYCKI Janusz 
124. WAGNER Jakub 
125. WASILEWSKI Adam 
126. WAWRZYŃCZAK-SZABAN Anna 
127. WILCZYŃSKA-KITOWSKA Teresa 
128. WINCEL Krzysztof 
129. WIŚNIEWSKI Zbigniew 
130. WOJCIECHOWSKI Andrzej 
131. WOJTKOWSKA Jolanta (**) 
132. WOLSKI Dariusz 
133. WRONKA Sławomir 
134. WYSOCKA-RABIN Anna 
135. ZACHARIASZ Piotr 
136. ZALEWSKI Piotr 
137. ZARĘBA Barbara 
138. ZIŃ Paweł 
139. ZYCHOR Izabella 
140. ŻEBROWSKI Jarosław 
141. ŻOŁĄDEK-NOWAK Joanna 

 
(*) on leave of absence 
(**) part-time employee 
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6. VISITING SCIENTISTS 
 

1. Morsch P. Forschungszentrum Julich, Germany Jan 13-16 P-I 
2. Morsch P. Forschungszentrum Julich, Germany Jan 20-21 P-I 
3. Lodygina M. Institute of Plasma Physics, Kharkov, Ukraine Feb.9-March11 P-V 
4. Besse A. University of Orsay, France Feb.4-18 P-VIII 
5. Klamra W. Royal Institute of Technology, Stockholm, Sweden Feb.4-18 P-III 
6. Hoffmann S. GSI, Darmstadt, Germany Feb.21-25 P-VIII 
7. Finazzi P. Atlas Service, Milano, Italy Feb.22-23 P-X 
8. Tosti E. Atlas Service, Milano, Italy Feb.23-23 P-X 
9. Grosswendt B. Die Physikalich-Technische Bundesanstalt March 13-18 P-II 
 Brunsweig,Germany 
10. Mutterer M. GSI, Darmstadt, Germany April 2-9 P-I 
11. Tyurin G. Jyvaskyla University, Finland April 2-9 P-I 
12. Plyusinin V. Instituto de Plasmas Fusao Nuclear, Lisboa, Portugal April 6-20 P-V 
13. Capdevielle N. College de France, Paris, France April 17-23 P-VII 
14. Carrington M. Brandon University, Canada April 18-May 17 P-VI 
15. Magner A. Inst.for Nuclear Researche, Kiev, Ukraine May 9-28 P-II 
16. Mołokonov A. Joint Institute for Nuclear Research, Dubna, Russia May 13 
17. Shvidkij Joint Institute for Nuclear Research, Dubna, Russia May 13 
18. Weerapong Ch. King Mongkuys University of Technology Thonburi May16-June10 P-III 
 Bangkok, Thailand  
19. Wong Ch Oak Ridge National Laboratory, USA May 22-28 P-VIII 
20. Gazeau P. University of Paris, France July 18-19 P-VIII 
21. Gazeau P. University of Paris, France July 30 P-VIII 
22. Rowlands G. Warwick University, UK July 27-Aug.7 P-VIII 
23. Strickland M. M.Gettysburg College, Pensylwania, USA July 31-Aug.7 P-VI 
24. Grosswendt B. Die Physikalich-Technische Bundesanstalt Aug.21-26 P-II 

 Brunsweig, Germany 
25. Rabebe M NECSA, South Africa., Pretoria Aug.29-Sept.10 N9 
26. Lunga B. NECSA, South Africa, Pretoria Aug.29-Sept.10 N9 
27. Laskowski P. Technische University, Vien, Austria Sept.5-9 DSz 
28. Garkusha I.E. Institute of Plasma Physics, Kharkov, Ukraine Sept.12-18 N5 
29. Taran V. Institute of Plasma Physics, Kharkov, Ukraine Sept.12-18 N5 
30. Krupnik L. Institute of Plasma Physics, Kharkov, Ukraine Sept.12-17 N5 
31. Lodygina M. Institute of Plasma Physics, Kharkov, Ukraine Sept.12-17 N5 
32. Makhlay V. Institute of Plasma Physics, Kharkov, Ukraine Sept.12-17 N5 
33. Voitseny V. Institute of Plasma Physics, Kharkov, Ukraine Sept.12-17 N5 
34. Pire B. Ecole Polytechnique, Palaiseau, France Sept.12-16 N8 
35. Magner A. Inst.for Nuclear Researche, Kiev, Ukraine Sept.19-28 N2 
36. Klamra W. Royal Institute of Technology, Stockholm, Sweden Sept.19-29 N3 
37. Nan Zhang Siemens Medical Solution, Knoxville, USA Sept.24-30 N3 
38. Muller B. Duke University, USA Sept.24-25 N6 
39. Finazzi P. Atlas Servis, Milan, Italy Oct.17-18 RA 
40. Viesti G. Università di Padova, Padova, Italy  Oct.17  N3 
41. Lunardon M.  Universitàdi  Padova, Padova, Italy  Oct.17  N3 
42. Iovene A. CAEN SpA, Viareggio, Italy Oct.17 N3 
43. Petrucci S. CAEN SpA, Viareggio, Italy Oct.17 N3 
44. Capdevrlle N. College de France, Paris, France Oct.20-27 N7 
45. Abrosimov V. Inst.for Nuclear Researche, Kiev, Ukraine Nov.3-10 N2 
46. Lodygina M. Institute of Plasma Physics, Kharkov, Ukraine Nov.9-Dec.9 N5 
47. Gilibert A. CEA Centre de Saclay, France Nov.27-30 N1 
48. Didyk A. Joint Institute for Nuclear Research, Dubna, Russia Nov.20-30 N4 
49. Jurewicz W. Joint Institute for Nuclear Research, Dubna, Russia Nov.25-30 N4 
50. Grosswendt B. Die Physikalich-Technische Bundesanstalt Nov.27-Dec.3 N2 
 Brunsweig, Germany 
51. Klamra W. Royal Institute of Technology, Stockholm, Sweden Dec.5-15 N2 
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7. PROJECTS 
 
List of research projects implemented with the funds for science 

1. New experimental method for characterization of physical stage of Auger electrons interaction with 
nanostructures (DNA, nucleosome, chromatid fibre) based on registration of ionization cluster distribution as a 
tool for defining the effectiveness of targeted  radionuclide (I-125) radiotherapy 
Principal Investigator: Dr. S. Pszona 
No. N N401 2161 34 

2. Direct and indirect searches for Dark Matter particles 
Principal Investigator: Prof. E. Rondio 
No. N N202 1757 35 

3. Common PET/CT detector  
Principal Investigator: Prof. M. Moszyński 
No. N N518 0013 36 

4. Development of new detectors for the border monitoring based on new scintillators and photodetectors 
Principal Investigator: Prof. M. Moszyński 
No. N 657/W-IAEA-2011 

5. Investigation of cosmic rays of the energy above 1015 eV with the air shower technique using data from the 
KASCADE-Grande experiment based in Karlsruhe, Germany 
Principal Investigator: Prof. J. Zabierowski 
No. N N202 0338 36 

6. Microdosimetric recombination detector for dosimetric analysis of reactor radiation 
Principal Investigator: Dr. P. Tulik 
No.  N N518 4261 36 

7. Nuclear interaction of Σ hiperons  
Principal Investigator: Prof. J. Dąbrowski 
No. N N202 0462 37 

8. Structure of 8He and its effect on elastic scattering  
Principal Investigator: Prof. K. Rusek 
No. N N202 0336 37 

9. 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 

10. 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 

11. Diluted magnetic semiconductors formed by high-energy plasma pules 
Principal Investigator: Assoc. Prof. Z. Werner 
No. N N507 4731 37 

12. Studies on the evolution of galaxies and the large scale structure of the Universe 
Principal Investigator: Dr. A. Pollo 
No. N N203 5129 38 

13. Measurement of the neutron flux density in deep underground laboratories 
Principal Investigator: Dr. J. Szabelski 
No. N N202 2628 38 

14. Properties of heavy and superheavy atomic nuclei 
Principal Investigator: Prof. A. Sobiczewski 
No. N N202 2049 38 
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15. Study of particle production in proton-Carbon interactions for precise neutrino experiments 
Principal Investigator: Prof. J. Stepaniak 
No. N N202 2878 38 

16. Ionization cluster size distributions created by low energy electrons and alpha particles in nanometric track 
segments in gases 
Principal Investigator: Prof. M. Jaskóła 
No. N N202 2887 38 

17. The study of strongly coupled quantum field theories using the holographic principle 
Principal Investigator: Dr. M. Spaliński 
No. N N202 1735 39 

18. 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 

19. Experimental study of leptonic decays of eta meson with WASA detector 
Principal Investigator: Prof. J. Stepaniak 
No. N N202 4843 39 

20. Structure of 20Ne and the Coulomb barrier distribution for 20Ne+208Pb 
Principal Investigation: Prof. K. Rusek 
No. N N202 0520 40 

21. 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 

22. Search for the Higgs boson in CMS experiment at the LHC 
Principal Investigator: MSc. T. Fruobes 
No. 2011/01/N/ST2/0047 

23. Analytic structure of the scattering amplitudes of hard exclusive processes in QCD 
Principal Investigator: Dr J. Wagner 
No. 2011/01/D/ST2/02069 

24. Exotic nuclear states - predictions for experiments and tests for  nuclear  models 
Principal Investigator: Assoc. Prof. J. Skalski 
No. 2011/01/B/ST2/05131 

25. Production of electron-pozytron pairs in decays of light mesons and baryonic resonances 
Principal Investigation: Prof. J. Stepaniak 
No. DFG/126/2007  

26. Modeling of the ionization cluster distributions in the nano-structures as new descriptors of radiation action of 
low and high energy electrons applied for  targeted radiotherapy, especially for I-125 and I-131 
Principal Investigator: Dr. S. Pszona 
No. DPN/N40/COST/2009 

27. Investigation of physical processes and erosion mechanisms under high-power plasma interaction with material 
surfaces relevant to fusion reactor ITER. Development of spectral methods for analysis of plasma-surface 
interaction 
Principal Investigator: Dr. E. Składnik-Sadowska 
No. DPN/N112/UKRAINA/2009 

28. 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 
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29. 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 

30. Construction of elements of Neutral Beam Injectors to be used in W7-X stellarator 
Principal Investigator: Prof. J. Jagielski 
No. DPN/N129/W7X/2010  

31. Application of thermal neutron radiography and tomography in porous media studies  
Principal Investigator: Dr. J. Milczarek 
No. DPN/N110/RPA/2010  

32. COMPASS experiment- study of the structure of the nucleon  
Principal Investigator: Assoc. Prof. A. Sandacz 
No. 2011/01/M/ST2/02350 

33. T2K – the second generation neutrino experiment  
Principal Investigator: Prof. E. Rondio 
No. 2011/01/M/ST/02578 

34. The tungsten-188/renium-188 radionuclide  gel generator 
Principal Investigator: Prof. E. Iller 
No. 0439/R/T02/2009/06 

35. Searching for the effector sites and radiolabelling of ligands for the targeted radionuclide therapy in tumors 
originating from endocrine cells 
Principal Investigator: Dr R. Mikołajczak 
No. 200/N-COST/2008/0 

36. Complexes of 44Sc as precursors of radiopharmaceuticals for molecular imaging 
Principal Investigator: Dr R. Mikołajczak 
No. 126/N-COST/2008/0 

37. Development of Radiopharmaceuticals based on 188Re and 90Y for Radionuclide Therapy 
Principal Investigator: Dr R. Mikołajczak 
No 375/N-IAEA/2009/0 

38. Technologies for safe development of nuclear power industry:  
task: The electrochemical methods of the metals isolation from the radioactive waste. 
Principal Investigator: Dr I. Cieszykowska 
No. 198/040-120/2011 

IAEA co-ordinated research projects 

1. Development of new detectors for the border monitoring based on new scintillators and photodetectors:  
Principal Investigator: Prof. M. Moszyński 
IAEA No. 14360/RO (2008 – 2011) 

2. Development of Therapeutic Radiopharmaceuticals Based on 188Re and 90Y for Radionuclide Therapy 
Principal Investigator: Dr R. Mikołajczak 
IAEA No. 14823 (2008 - 2011) 

3. Development of 68Ga based PET-Radiopharmaceuticals for Management of Cancer and other Chronic Diseases 
Principal Investigator: Mgr D. Pawlak 
IAEA No. 16476  (2011 – 2014) 

4. Therapeutic radiopharmaceuticals based on 177Lu- and 90Y- labelled monoclonal antibodies and peptides: devel-
opment and preclinical evaluations 
Principal Investigator: Dr W. Wojdowska 
IAEA No. 16639  (2011 – 2014) 

5. Developing techniques for small-scale indigenous production of Mo-99 using LEU or neutron activation 
Principal Investigator: Dr I. Cieszykowska  
IAEA No. 14293 (2005 - 2011) 
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COST (European cooperation program of scientific and technical cooperation) 

1. COST TD1007 – Bimodal PET-MRI molecular imaging technologies and applications for in vivo monitoring of 
disease and biological processes 
Prof. M. Moszyński 

2. COST BM0607 “Targeted Radionuclide Therapy” (2008-2011) 
Dr R. Mikołajczak 

3. COST D38 “Metal Based System for Molecular Imaging” (2008-2011) 
Dr R. Mikołajczak 

4. COST TD1004 – Theragnostics Imaging and Therapy: An Action to Develop Novel Nanosized Systems for 
Imaging-Guided Drug Delivery (2011-2015) 
Dr R. Mikołajczak 

EURAMET projects 

1. Ionising radiation metrology for the metallurgical industry 
Z. Tymiński 
MetroMetal JRP IND04 (2011 – 2014) 

2. Metrology for radioactive waste management 
Z. Tymiński 
MetroRWM JRP ENV09, (2011 – 2014) 

Strategic Program  
Technologies Supporting Development of Safe Nuclear Power Engineering 

1. Research and development of technology for controlled thermonuclear fusion (consortium leader – Henryk 
Niewodniczański Institute of Nuclear Physis, Polish Academy of Sciences) 
No: SP/J/2/143234/11 

2. 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) 
No: SP/J/5/143682/11 

3. 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) 
No. SP/J/6/143339/11 

Research projects co-financed by the European Union under the 7th Framework Programme 

1. EuCARD 
European Coordination for Accelerator Research and Development 
Contract No.: 227579 (2009-2013) 

2. HadronPhysics2 
Study of strongly interacting matter 
Contract No.: 227431 (2009-2011) 

3. EURATOM 
Development of the selected diagnostic techniques (Cherenkov detectors, SSNTD, and fusion neutron detec-
tors) 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 Astrophys-
ics and Long Baseline Neutrino Oscillation 
Contract No. 284518 (2011 - 2014) 
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The 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 

3. Construction of the Science and Technology Park along with the modernization of accompanying infra-
structure of the Centre in Świerk 
Implementation period:  01.01.2010-31.12.2014 
Project value:  50 0000 000 PLN 
ERDF:   42 499 337 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 PLN 
ERDF:   4 556 408 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 – 30.09.2014r. 
Project values:  1 370 444,34 CHF/3 676 354 PLN 
SWISS Contribution:  85% 
Agreement No:  3/2011 

Research Contract 

1. Investigation of compact detector configurations for a scintillator based compton imager (iFIND), FLIR Radia-
tion GmbH, Sollingen, Germany 
Prof. M. Moszyński 
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8. PARTICIPATION IN NATIONAL CONSORTIA AND SCIENTIFIC 
NETWORKS 

 
NATIONAL CONSORTIUM:    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 

 

SCIENTIFIC NETWORK:     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   S. 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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9. DEGREES 
 
 
Professor title 

 
1. WŁODZIMIERZ PIECHOCKI (Institute for Nuclear Studies, Otwock-Świerk) 
 
2. BOGUSŁAW ZWIĘGLIŃSKI (Institute for Nuclear Studies, Otwock-Świerk) 
 
 

DSc theses  
 
3. NICHOLAS KEELEY (Institute for Nuclear Studies, Otwock-Świerk) 

Rola sprzężonych kanałów w badaniu mechanizmów reakcji jądrowych i wyznaczaniu czynników spek-
troskopowych 

 
4. ANDRZEJ KUPŚĆ (Institute for Nuclear Studies, Otwock-Świerk) 

Rozpady lekkich mezonów neutralnych 
 
PhD theses 

 
1. ALIAKSANDR BANTSAR (Institute for Nuclear Studies, Otwock-Świerk) 
 Ionization cluster size distributions rreated by low energy electrons and alpha particles in nanometric 

track segment in gases 
 

2. PIOTR DZIERŻAK (Institute for Nuclear Studies, Otwock-Świerk) 
Badanie natury i osobliwości kosmologicznych modeli typu Bianchi 

 
3. ANETA GÓJSKA (National Centre for Nuclear Research) 

Jonizacja atomów Si tarczy aerożelowej oraz wychwyt elektronu i jonizacja pocisków 3He podczas pro-
cesów zderzeniowych 

 
4. NGUYEN VIET HUNG  (Institute for Nuclear Studies, Otwock-Świerk) 

Bright solitons in one and two dimensional kerr media. External potential versus nonlinearity modulation 
 

5. KAROL JĘDRZEJCZAK (National Centre for Nuclear Research) 
Pomiar strumienia neutronów w Narodowym Laboratorium Gran Sasso 

 
6. JERZY LORKIEWICZ (Institute for Nuclear Studies, Otwock-Świerk) 

Deposition by evaporation method of anti-multipactor TiN/TiOxNy coatings on RF power components 
and characteristics of the reached surface layers 

 
7. PIOTR MIJAKOWSKI (Institute for Nuclear Studies, Otwock-Świerk) 

Direct and indirect search for a dark matter 
 

8. RENATA RATAJCZAK (Institute for Nuclear Studies, Otwock-Świerk) 
Analiza struktur defektowych w heterostrukturach wybranych związków półprzewodnikowych II-V 
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10. THE ACCELERATORS AND DETECTORS PROJECT IN THE 
MIDDLE OF ITS IMPLEMENTATION 

 
 

The short name “Accelerators and Detectors” (A&D) relates to the six-year project entitled “Development of 
specialized systems based on accelerators and detectors of ionizing radiation in medical therapy and in detection of 
hazardous materials and wastes” realized within the 2007-2013 Innovative Economy Programme (IEP). The pro-
gram is co-financed by the European Regional Development Fund (ERDF) and is directed mostly to all entrepre-
neurs who implement innovative projects connected with research and development, modern technologies, invest-
ments of high importance for the economy or implementation and use of information and communication technolo-
gies. 

In 2011 significant progress in the construction and performance of demonstrators for medicine and homeland 
security was achieved. In parallel, necessary research and simulation work were realized for existing devices, espe-
cially for accelerating structures, beam guidance, energy switching and detection systems. 

Three medical demonstrators are being developed within the project and are dedicated to oncology treatments, 
and these are as follow:  
• Low-energy electron accelerator with X-ray tube for radiotherapy, NALR 
• Medium-energy electron accelerator for intraoperative radiation therapy, IORT 
• Specialized multi-energy electron accelerator for advanced radiotherapy. 
Two other devices: 
• Advanced X-ray inspection system based on a dual-energy linac accelerator (X-ray transmission radiography), 
• Mobile explosives detection system based on the neutron activation technique 
are designed and constructed within the project for homeland security applications. The X-ray device consists of two 
parts carried out independently by two mixed groups of engineers and researchers. The first part of the system is a 
dual, interlaced energy linear accelerator that generates X-ray beams to inspect the cargo. The attenuated beams are 
registered by a detection line which is the second part of the device. 

The first model of the multi-energy electron accelerator achieved operational status and underwent detailed 
tests. The model is a state-of-the-art 6 MV medical accelerator with an MLC (Multi Leaf Collimator) collimator and 
an EPID (Electronic Portal Imaging Device) system. For the second model (final device i.e. multi-energy accelerator 
for advanced radiotherapy) an energy switch was developed based on the idea of a cavity with an adjustable 
coupling which allows the transfer of high frequency power to the electron beam to be disturbed. All work on the 
multi-energy accelerator is under the supervision of J. Kopeć. 

The NALR demonstrator is in an advanced stage of mechanical construction, type IF (photon needle), realized 
by the team led by M. Słapa and P. Mazerewicz. A new type of IF-K X-ray tube, a so called double-chamber tube, is 
an important achievement of the group in 2011. This type of tube significantly increases the reliability of operation 
of the anode with a voltage of 50 kV compared to single-chamber tubes originally developed.  

The IORT demonstrator should generate electron beams of energies between 4 and 12 MeV (in several chosen 
steps) and single radiation doses of 10-20 Gy for treatment of unresected tumors, partial resection or adjacent tissue 
containing microscopic tumor cells. This sub-project is led by E. Plawski and E. Kulczycka. The 18-cell accelerating 
structure of the IORT demonstrator has been manufactured and after complete rf measurements the structure was 
accepted for the first step of vacuum brazing. In parallel, work on mechanical construction, vacuum and water 
cooling systems and the accelerating head was continued. 

The X-ray radiography system supervised by A. Chłopik (detection line) and S. Wronka (electron accelerator) 
with two interlaced energies was intensively developed. The prototype detection system (detector line with front-end 
electronics, control system, data acquisition and transmission module) was build and examined with the 6 MV 
SIEMENS medical linear accelerator at NCBJ. The dedicated magnetron-based accelerator for the X-ray system is 
under construction. Additionally, research work on photofission of nuclear materials irradiated with strong 
Bremmstrahlung radiation of energy 6 MV using the SIEMENS accelerator was carried out. It is planned that the 
radiography system will operate in optional mode to detect nuclear materials. The photofission research is led by 
P. Sibczyński. 

As for the mobile explosives detection system based on the neutron activation technique (under the supervision 
of M. Gierlik) the development phase of its detection system was successfully finished. Most efforts are now 
focused on mechanical construction of the mobile system as well as on front-end electronics and material 
identification software. 

Current status of all demonstrators is presented in more detail in subsequent articles of the NCBJ Annual Report 
2011. 

 
 

 Agnieszka Syntfeld-Każuch 
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11. COMPUTING CENTRE IN ŚWIERK: INFRASTRUCTURE  
AND SERVICES FOR THE POWER INDUSTRY 

 
 

The mission of the Świerk Computing Centre is to achieve the status of the leading provider of cutting-edge 
computing services for state administration units and units investing in the development of the nuclear sector in 
Poland as well as to manage databases created for the purpose of development and security control together with 
operational services of national importance. 

The aim of the Centre is to prepare a competence base capable of providing advanced data processing services 
for domestic nuclear power engineering and the conventional power industry, simulations of fuel processes, simula-
tion and monitoring of radiological hazards as well as to conduct scientific and developmental research in related 
fields. The Świerk Computing Centre provides resources and services for scientific and technological research. Data 
of no key national importance, for example academic research, will be carried out on infrastructure integrated into a 
worldwide grid. 

In 2011, the second year of the project, the Centre 
technical building (see photo) where the IT infrastructure 
will be located, and advanced renovation of the second 
building with offices were completed. 

At the end of the year the purchase of part of the 
computing equipment was finalized, now consisting of 
about 3000 cores in HP BL465C servers, in total above 
20 Tflops of computing power, and more than 1 petabyte 
of data storage. This computing infrastructure is available 
to users.  

Work aiming at the formation of the scientific and engineering groups was advanced during the year and final-
ized at the end of 2011. There are now the following groups: 

• Network Security Team, whose responsibility is to provide a secure and high-performace internal and 
external connectivity (currently this is a redundant 2*2 Gbps external bandwidth), network services and 
user support. 

• Computing Infrastructure Group, responsible for the maintenance, administration and development of 
computing equipment and its infrastructure. 

• Reactor Analysis Team, gaining expertise in reactor security software and analysis. This group is foreseen 
to serve as an expert team and technical support for the Polish nuclear program. 

• Management of Hazards Group, developing analysis tools and expertise in a wide area of nuclear and 
chemical environmental simulations, data processing and security analysis. 

• Complex Systems Team, carrying out research and development for systems with many degrees of 
freedom, with special focus on power distribution networks, their simulation and optimization in both the 
physical and economic aspects. 

• Smaller groups and individuals developing computing technologies and analytic tools in other fields: 
bayesian analysis techniques, neural network approaches, simulations for lasers on free electrons, data 
analysis in high energy particle physics and astrophysics. 

 
 
 Wojciech Wiślicki 
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12. SCIENCE AND TECHNOLOGY PARK 
 
 

The aim of the emerging Science and Technology Park is the widely understood commercialization of high 
technology research and development results. The Park is located at the National Centre for Nuclear Research, the 
largest Research Institute in Poland. We are located in the heart of the Mazovia province, 25 km from the center of 
Warsaw in Otwock-Świerk. This gives us access to scientific research and development potential, infrastructure and 
economic ambient, which is essential for the operation of a unit responsible for implementation and commercializa-
tion of new technologies. Although the Park is dedicated to support any area of science and economy, its location 
gives us access to the unique research infrastructure in Poland which is related to nuclear physics, medicine and 
energy areas. 

The Park also represents a unique and innovative approach by the management team to cooperation with inven-
tors. The support of the research results commercialization relies on the active participation of the Park team at 
every single stage of the project life cycle, not only in the simple “selling” of the developed technologies. The park 
team support the inventors not only at the stage of commercialization but helps them to create unique solutions 
based on their solutions and mixing with external ones. This is possible due to the “cross-section thinking” approach 
which uses the synergy among different domains of research and economy. 

The complete technological analysis performed by the Park team shows the real technological potential of the 
analyzed solution, taking into account its innovation level and competitiveness 

Technological coaching is a unique form of dialogue with the inventors. Its role is to guide the inventor, show 
the development path according to the main global technological trends and propose the development of new prod-
ucts using the synergy of existing technologies. 

IP consulting and technology development management is about making the appropriate choice of IP protection 
model and its implementation with the inventor. The Park team is also involved in the management of the protected 
technology during its commercialization phase. 

Financial analysis shows the real economic potential of the given solution. The Park team organize the funds 
(both private and public) for market implementation of the technology. It also manages the technological processes 
form investor entry to the complete implementation of the project. During the financial part of the project, the team 
develops the full business model, the role of which is to maximize the economic effect of the project for both the 
inventor and the investor. 

The aim of the project and the team is not only the implementation of "ready" solutions, but above all their de-
velopment. For this reason, emphasis is put on the opportunity to conduct research and development in order to 
verify or optimize new solutions. The park staff are able to develop and manage research projects, which are imple-
mented either using available or outsourced infrastructure. Eight brand new, fully equipped laboratories will be 
established in the park building. The R&D work that will be conducted there will focus mainly on materials sci-
ence, radiography and radiation detection. In combination with the unique infrastructure of the National Centre for 
Nuclear Research, it offers tremendous opportunities to work at a top level laboratory in order to implement new 
technology solutions. 
 
 
 Elżbieta Jamrozy 
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II DIVISIONS OF THE INSTITUTE 
 
1. DIVISION OF NUCLEAR REACTIONS 
 

Head of Division: Dr. Bohdan Mariański 
phone: +48 22 6213829 
e-mail: bohdan@fuw.edu.pl 

 
Overview 
 
Our scientific activities in 2011 concentrated as in previous years on four subjects: low energy nuclear physics, high 
energy nuclear physics, materials science and applications. 
• Studies in low energy nuclear physics were concentrated in two fields: The investigation of nuclear reactions 

with light weakly bound nuclei and the study of Coulomb barrier distributions. In 2011 an analysis of the inter-
action of 8He with lead nuclei was performed (Experiment E587S in Ganil). In the Heavy Ion Laboratory of 
Warsaw University measurements of the Coulomb barrier distribution and cross sections for Ne+58,60,61Ni were 
performed. Data from an experiment investigating the 20Ne+209Pb system were also analysed. 

• A group of our colleagues, involved in the Hermes collaboration which comprises 32 institutions from eleven 
countries at the Deutsches Elektronen Synchrotron (DESY) in Hamburg, have continued the analysis of Spin 
Density Matrix Elements and asymmetry moments in ρ, φ, ω vector meson production. In 2011 a large data set 
from the last 2 years of measurements was analyzed and crosschecked. First preliminary results were presented 
during Collaboration meetings. We hope these to studies will provide important constraints on the Generalized 
Parton Distribution(GPD). The same group took part in the polarized proton beam PAX experiment at COSY in 
Juelich. 

• Prof. B. Zwięgliński and his team are involved in a large-scale international collaboration 
PANDA (antiproton  ANnihilation at DArmstadt). In 2011 simulations of the benchmark channel: 

,KKKKpp c
−+−+ +++→φ+φ→η→+  for the central tracker of the PANDA detector were studied. Using our 

Van de Graaff accelerator LECH a study of the application of photodiodes as a readout system for PbWO4 scin-
tillators was performed. 

• Materials science studies focused on wide bandgap semiconductor materials that could be used in electronic and 
optoelectronic devices. This was done in close collaboration with the Institute of Electronic Materials Technol-
ogy. Studies of thin ZnO monolayers on GaN and Si substrates were carried out, in collaboration with the Insti-
tute of Physics of the Polish Academy of Science. A further development of the Monte Carlo code McChasy by 
the implementation of a new method of description of bend channels was completed. Analysis of HRETEM pic-
tures were also used in the development of the code. 

• In this year the study of nuclear track detectors was continued. These detectors were used in a tokamak experi-
ment in Great Britain. In collaboration with the Institute of Nuclear Physics of the Polish Academy of Science 
the investigation of diamond detectors was continued. Diamond detectors have a large energy gap and very 
short pulse rise time. They are able to measure high intensity beam. 

 In collaboration with many Polish institutions a series of experiments was performed at the Heavy Ion Labora-
tory of Warsaw University devoted to a study of cell survival after irradiation by ions from the Warsaw Cyclo-
tron. 

As in every year, apart from purely scientific activities, a few of our colleagues were involved in education, giving 
lectures to students of many High Schools in Warsaw and to students of Warsaw University. 
 
 Bohdan Mariański 
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PARTICIPATION IN CONFERENCES AND WORKSHOPS 

Invited Talks 
 
Hard exclusive electroproduction of vector mesons at HERMES 
W. Augustyniak 
PANIC11 (USA, Cambridge , 2011-07-24 - 2011-07-29) 
Cambridge No. (2012) 

PIXE analysis of ancient Egyptian wall paintings 
A. Turos 
XXXII Mazurian Lakes Conference on Physics (Poland, Piaski, 2011-09-11 - 2011-09-18) 
 
 
Oral Presentations 
 
Radiation tolerance of urania submitted to low-energy ions 
T.H. Nguyen, F. Garrido, A. Debelle, L. Nowicki, L. Thomé 
Chimie, Physique et Applications des Matériaux sous Irradiation CPAMIR Workshop 2011 (France, Palaiseau, 2011-08-19 
- 2011-08-19) 
 
Zastosowanie technik jądrowych do charakteryzacji powierzchni materiałów: przykłady prac własnych 
B. Sartowska, J. Piekoszewski, L. Waliś, W. Starosta, M. Barlak, L. Nowicki, R. Ratajczak, M. Kopcewicz 
The International Conference on Development and Applications of Nuclear Technologies NUTECH-2011 (Poland, Cracow, 
2011-09-11 - 2011-09-14) 
Nukleonika (2011)  
 
Barrier height distribution - the influence of weak channels 
A. Trzcińska, W. Czarnacki, M. Kisieliński, E. Piasecki, K. Rusek, I. Strojek 
Fusion11 (France, St. Malo, 2011-05-02 - 2011-05-06) 
 
Application of nuclear track detectors as sensors for photoneutrons generated by medical accelerators 
A. Szydłowski, M. Jaskóła, A. Malinowska, S. Pszona, A. Wysocka-Rabin, A. Korman, K. Pytel, R. Prokopowicz, 
J. Rostkowska, W. Bulski, M. Kuk 
25th International Conference on Nuclear Tracks in Solids (Mexico, Puebla, 2011-09-04 - 2011-09-09) 
 
Scattering of 8He on 208Pb at energies around the Coulomb barrier 
G. Marquinez-Duran, N. Keeley, K. Rusek, Ł. Standyło, I. Strojek 
XXXII Mazurian Lakes Conference on Physics (Poland, Piaski, 2011-09-11 - 2011-09-18) 
Acta Phys. Pol. B (in press) 
 
Application of SSNTDs for corpuscular diagnostics in plasma experiments. Deformation of craters by heat effects. 
A. Malinowska, A. Szydłowski, M. Jaskóła, A. Korman, M. Kuk 
25th International Conference on Nuclear Tracks in Solids (Mexico, Puebla, 2011-09-04 - 2011-09-09) 
 
Study of spin density matrix elements In hard exclusive electroproduction of Φ meson on proton and deuteron at HERMES 
B. Mariański 
DIS2011 XIX International Workshop on Deep-Inelastic Scattering and Related Subjects (USA, Newport News, 2011-04-10 
- 2011-04-16) 
AIP Conf. Proc. (in press) 
 
Monte Carlo simulations of channeling spectra recorded for samples containing complex defects 
J. Jagielski, A. Turos, L. Nowicki, P. Jóźwik, S. Shutthanandan, Y. Zhang, L. Thomé, A. Stonert, I. Jozwik-Biala,  
20th International Conference on Ion Beam Analysis (IBA) (Brazil, Itapema, 2011-04-10 - 2011-04-15) 
Nucl. Instr. Meth. B Vol. 273 (2012) 91-94 
 
Behavior of Helium in UO2: Helium Interaction with Irradiation Induced Defects 
T. Belhabib, M.-F. Barthe, F. Garrido, L. Nowicki 
International Workshop on Positron Studies of Defects 2011 (PSD-11) (The Netherlands, Delft, 2011-08-28 - 2011-09-02) 
 
Radiation resistance of fluorite-structured nuclear oxides 
F. Garrido, T.H. Nguyen, L. Nowicki, G. Sattonnay, L. Thomé 
16th International Conference on Radiation Effects in Insulators 2011 (China, Beijing, 2011-08-14 - 2011-08-19) 
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Elastic scattering a hundred years on; what can it tell us? 
N. Keeley 
The Rutherford Centennial Conference on Nuclear Physics (United Kingdom, Manchester, 2011-08-08 - 2011-08-12) 
J. of Phys. Conf. S. (2012)  
 
Nature and distribution of anionic clusters in U4O9 
F. Garrido, T.H. Nguyen, L. Nowicki, L. Thomé 
20th International Conference on Ion Beam Analysis (IBA) (Brazil, Itapema, 2011-04-10 - 2011-04-15) 
 
The behaviour of helium in uranium dioxide 
T. Belhabib, M.-F. Barthe, F. Garrido, L. Nowicki 
Plenary F-Bridge Progress Meeting (Germany, Karlsruhe, 2011-03-08 - 2011-03-11) 
 
 
Posters 
 
Futher investigation of modern SSNTD 
A. Szydłowski, A. Malinowska, M. Jaskóła, A. Korman, M. Kuk 
PLASMA 2011 - International Conference on Research and Applications of Plasmas (Poland, Warsaw, 2011-09-12 - 2011-
09-16) 
 
Investigation of bystander responses in CHO-K1 cells irradiated by 12C ions 
U. Kaźmierczak, D. Banaś, M. Bogowicz, J. Braziewicz, I. Buraczewska, J. Choiński, M. Czerwiński, J. Czub, M. Jaskóła, 
A. Korman, M. Kruszewski, A. Lankoff, Z. Szefliński, M. Wojewódzka, A. Wójcik, A. Wrzesień 
14th International Congres of Radiation Research (Poland, Warsaw, 2011-08-28 - 2011-09-01) 
 
Structure effects in 20Ne + 208Pb quasi-elastic scattering 
I. Strojek, W. Czarnacki, W. Gawlikowicz, N. Keeley, M. Kisieliński, S. Kliczewski, A. Kordyasz, E. Koshchiy, 
M. Kowalczyk, E. Piasecki, A. Piórkowska, K. Rusek, R. Siudak, A. Staudt, A. Trzcińska 
XXXII Mazurian Lakes Conference on Physics (Poland, Piaski, 2011-09-11 - 2011-09-18) 
Acta Phys. Pol. B (in press) 
 
Calibration studies of the application of nuclear track detectors to the detection of charged particles 
A. Szydłowski, A. Malinowska, M. Jaskóła, A. Korman, M. Kuk 
25th International Conference on Nuclear Tracks in Solids (Mexico, Puebla, 2011-09-04 - 2011-09-09) 
 
Study of stoichiometry of ZnO films grown at low temperature 
E. Guziewicz, A. Stonert, R.A. Wilhelm, W. Lisowski, M. Krawczyk, J.W. Sobczak, A. Jablonski, L. Wachnicki, 
T.A. Krajewski, G. Luka, B.S. Witkowski, R. Jakiela, M. Godlewski 
15th International Conference on II-VI Compounds (II-VI 2011) (Mexico, Mayan Riviera, 2011-08-21 - 2011-08-26) 
Phys. Status Solidi B (2011)  
 
Capability of semiconducting NiO films in gamma radiation dosimetry 
M. Guziewicz, W. Jung, J. Grochowski, M. Borysiewicz, K. Gołaszewska, R. Kruszka, A. Barańska, J.Z. Domagała, 
B.S. Witkowski, A. Stonert, M. Gryzinski, K. Tymińska, A. Piotrowska 
E-MRS 2011 FALL MEETING (Poland, Warszawa, 2011-09-19 - 2011-09-23) 
Acta Phys. Pol. A Vol. 120 No 6-A (2011) A-71 
 
Hard exclusive elektro-production of vector mesons at HERMES 
B. Mariański 
EINN2011 (Cyprus, Pavos, 2011-10-30 - 2011-11-04) 
 
Semiconducting Properties of ZnO Films after Gamma Exposition 
M. Guziewicz, Ł. Wachnicki, T. Krajewski, M. Godlewski, E. Guziewicz, W. Jung, R. Kruszka, A. Piotrowska, 
J.Z. Domagala, M.A. Gryziński, P. Tulik, K. Tymińska, A. Stonert 
E-MRS 2011 Spring Meeting (France, Nicea, 2011-05-09 - 2011-05-13) 
 
Scattered neutron component in digital thermal neutron radiographs of simple objects 
J.J. Milczarek, F.C. DeBeer, M.J. Radebe, I. Fijał-Kirejczyk, J. Żołądek-Nowak, A. Trzciński 
International Conference on Development and Applications of Nuclear Technologies NUTECH 2011 (Poland, Cracow, 
2011-09-11 - 2011-09-14) 
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LECTURES, COURSES AND EXTERNAL SEMINARS 

MDC geometry and track reconstructionb) 
A. Trzciński 
Jurata, Poland, WASA Analysis Workshop, 2011-04-08 
 
Nuclear Structure Influences on Near-Barrier Elastic Scatteringb) 
N. Keeley 
Warsaw, University of Warsaw, 2011-04-14 
 
Transition GPDs and vector mesons production ρ+- (770) and K*(892) at HERMESb) 
W. Augustyniak 
Hamburg, DESY, 2011-02-15 
 
Status of omega and phi AUT analysisb) 
B. Mariański 
Hamburg, DESY , 2011-02-15 
 
Color Transparency acceptance correctionb) 
A. Trzciński 
Hamburg, DESY Hamburg, HERMES Collaboration, 2011-02-15 
 
SDMEs in exclusive omega productionb) 
B. Mariański 
Hamburg, DESY, 2011-02-17 
 
Phi SDMEsb) 
B. Mariański 
Hamburg, DESY, 2011-04-05 
 
Status of omega SDMEsb) 
B. Mariański 
Hamburg, DESY, 2011-06-21 
 
Acceptance studies for the CT evaluationb) 
A. Trzciński 
Hamburg, DESY Hamburg, HERMES Collaboration, 2011-06-21 
 
Status of EMC softwareb) 
D. Melnychuk 
Darmstadt, GSI, 2011-09-07 
 
Eta_c decay for central tracker studiesb) 
D. Melnychuk 
Darmstadt, GSI, 2011-09-08 
 
Status of omega SDMEs analysisb) 
B. Mariański 
Hamburg, DESY, 2011-10-17 
 
Status of SDME analysis for heavier targetsb) 
A. Trzciński 
Hamburg, DESY Hamburg, HERMES Collaboration, 2011-10-19 
 
Status of omega and phi AUT publicationsb) 
B. Mariański 
Hamburg, DESY, 2011-10-20 
 
Status of omega Meson analysisb) 
B. Mariański 
Hamburg, DESY, 2011-12-06 
 
Hard exclusive electroproduction of Φ nector mesons 06-07 at HERMES (current status)b) 
W. Augustyniak 
Hamburg, DESY, 2011-12-07 
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Status of SDME analysis for heavier targets 2-nd partb) 
A. Trzciński 
Hamburg, DESY Hamburg, HERMES Collaboration, 2011-12-08 
 
 
b) in English 

 

INTERNAL SEMINARS 

Defect transformations in ion bombarded III–V compound semiconductorsa) 
R. Ratajczak 
Warsaw, The Andrzej Sołtan Intsitute for Nuclear Studies, Poland, 2011-04-12 
 
 
a) in Polish 

 

DIDACTIC ACTIVITY 

E. Piasecki  
Lecture at Summer School on Nuclear Physics, Astana, Kazakhstan 
Participation in scientific councils, associations and organizing committees, Heavy Ion Laboratory, University of Warsaw 
 
K. Rusek 
Member of Scientific Council of the Andrzej Sołtan Institute for Nuclear Studies 
 
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. on leave 
Jaskóła Marian, Professor* 
Keeley Nicholas, Associate Professor 
Korman Andrzej, Dr. 
Mariański Bohdan, Dr. 
Melnychuk Dmytro, Dr. 
Morsch Hans Peter, Dr. on leave 
Mykulyak Andriy, MSc.* 
Natarajan Sathish, Msc.* 

Nowicki Lech, Dr.* 
Piasecki Ernest, Professor* 
Ratajczak Renata, Dr. 
Rusek Krzysztof, Professor on leave 
Stonert Anna, Dr. 
Trzciński Andrzej, Dr. 
Turos Andrzej, Professor* 
Zwięgliński Bogusław, Associate Professor* 
Żuprański Paweł, Professor* 

 
 
PhD students 
Jóźwik Przemysław, MSc. 
Strojek Izabela, MSc. 
Standyło Łukasz, MSc. 
 
 
 

Technical and administrative staff 
Dobrowolska Dorota 
Kacprzak Ryszard* 
Kęsik Grażyna, Eng. 
Mielczarek Władysław* 
Pietrzak Wiesław* 
Szczepaniak Zbigniew 

 
 
* part-time employee 
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2. DIVISION OF INTERDISCIPLINARY APPLICATIONS OF PHYSICS 
 

Head of Division: Dr. Jan Sernicki 
phone: +48 22 7180461 
e-mail: sernicki@ncbj.gov.pl 

 
Overview 
The activities of the Division in 2011 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. 
• Nanodosimetry, radiation field modeling, 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 modeling of nuclear radiation sources and calculations of 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 met-
als. 
• Program “Accelerators and Detectors”: 
- research on new types of soft-X ray tubes for applications in medicine. 
• Program “Świerk Computing Centre: infrastructure and service for power-engineering”: 
– assessing computer models and codes for nuclear power plants (NPPs), investigating severe accident phenom-
ena in NPPs. 
• Program “Welcome”: 
– Bayesian approach to multi-parameter problems in physics and beyond involving parallel computing and large 
data-sets. 
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: 
– theoretical description of the order-to-chaos transition in the dynamics of independent classical particle gases; 
- predictions of the “Fusion by Diffusion” model for the synthesis cross section of Z=114-120 elements; 
- studies of the mechanism 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. 
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 POLA-
TOM, local authorities in Otwock, Institute of Nuclear Chemistry and Technology, Institute of Experimental Phys-
ics 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 Mathemati-
cal and Computational Modeling of Warsaw Univ., Univ. of Virginia, PTB Braunschweig, LNL-INFN Legnaro, 
JINR Dubna, Heavy Ion Laboratory of Warsaw Univ., GSI-Darmstadt, and also other departments of our Institute. 
 Jan Sernicki 
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PARTICIPATION IN CONFERENCES AND WORKSHOPS 

Invited Talks 
 
Nanodosimetry of 125I Auger Electrons 
A. Bantsar, S. Pszona, B. Grosswendt 
7th International Symposium on Physical, Molecular, Cellular and Medical Aspects of Auger Processes 2011 (Auger 2011) 
(Germany, Julich, 2011-08-24 - 2011-08-26) 
Int. J. Rad. Biol. (2011)  
 
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 
18th Nuclear Physics Workshop (Poland, Kazimierz Dolny, 2011-09-28 - 2011-10-02) 
 
Statistics of the single-particle levels 
J. Błocki, A. Magner 
18th Nuclear Physics Workshop (Poland, Kazimierz Dolny, 2011-09-28 - 2011-10-02) 
 
Ocena bezpieczeństwa obiektów jądrowych jako element przygotowań do wdrożenia energetyki jądrowej w Polsce 
K. Różycki, J. Malesa 
Elektrownia Jądrowa w Województwie Pomorskim (Poland, Gdańsk, 2011-05-19 - 2011-05-19) 
 
Beyond Fukushima – World’s responses to recent events in Japan 
K. Różycki, J. Malesa 
2011 Security Research Conference (Poland, Warsaw, 2011-09-19 - 2011-09-21) 
 
Activities of Institute for Nuclear Studies at Świerk in NPP safety assessment 
K. Dąbrowski, J. Malesa 
1st International Nuclear Energy Congress (Poland, Warsaw, 2011-05-23 - 2011-05-24) 
 
A novel monitor of neutron - gamma radiation down to environmental levels 
S. Pszona 
International Conference on Development and Applications of Nuclear Technologies NUTECH-2011 (Poland, Cracow, 
2011-09-11 - 2011-09-14) 
 
Reaktory jądrowe generacji 3+ 
K. Dąbrowski 
Conference “Modern Energetics” (Poland, Lublin, 2011-11-16 - 2011-11-16) 
 
CR modulation by CIRs and transient phenomena 
A. Wawrzyńczak-Szaban, M.V. Alania 
Cosmic Rays and the Heliospheric Plasma Environment (Germany, Bochum, 2011-09-12 - 2011-09-16) 
 
Nanodosimetry of I-125 Auger electrons 
S. Pszona, A. Bantsar 
From dosimetry to biological effect: Radiobiology as guide to clinical practice in nuclear medicine (Italy, Sorrento, 2011-
11-05 - 2011-11-08) 
 
 
Oral Presentations 
 
Extension of the Fusion by Diffusion model for description of the synthesis of superheavy nuclei in (fusion, xn) reactions 
T. Cap, K. Siwek-Wilczyńska, I. Skwira-Chalot, J. Wilczyński 
XXXII Mazurian Lakes Conference on Physics (Poland, Piaski, 2011-09-11 - 2011-09-18) 
 
Neutron enrichment of the neck-originated intermediate mass fragments in predictions of the QMD model 
I. Skwira-Chalot, T. Cap, K. Siwek-Wilczyńska, J. Wilczyński 
18th Nuclear Physics Workshop (Poland, Kazimierz Dolny, 2011-09-28 - 2011-10-02) 
 
Ultra-low energy X-ray calibration source with the X-ray tube 
P. Mazerewicz, W. Czarnacki, A. Gójska, M. Kisieliński, M. Słapa, M. Traczyk 
International Conference on Development and Applications of Nuclear Technologies NUTECH-2011 (Poland, Cracow, 
2011-09-11 - 2011-09-14) 
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Comparison of models of neutron and residue production in targets heavy elements irradiated by relativistic proton and deu-
teron  
P. Zhivkov, A. Polański, Ch. Stoyanov, O. Yordanov, N. Gutev 
XIX International School on Nuclear Physics, Neutron Physics and Applications, Institute for Nuclear Research and Nu-
clear Energy Bulgarian Academy of Sciences and Bulgarian Nuclear Regulatory Agency (Bulgaria, Varna, 2011-09-19 - 
2011-09-25) 
 
Study of Proton-Induced Spallation Reactions by the Improved Cascade-Evaporation Model, Quantum Molecular Dynamics 
Model and Quark-Gluon String Model 
A. Polański, P. Zhivkov 
9th International Conference on Mathematical Modeling and Computational Physics (MMCP 2011), JINR Dubna; IEP SAS, 
UPJS, TU Kosice (Slovakia, Stara Lesna, 2011-07-04 - 2011-07-08) 
 
Application of nuclear track detectors as sensors for photoneutrons generated by medical accelerators 
A. Szydłowski, M. Jaskóła, A. Malinowska, S. Pszona, A. Wysocka-Rabin, A. Korman, K. Pytel, R. Prokopowicz, 
J. Rostkowska, W. Bulski, M. Kuk 
25th International Conference on Nuclear Tracks in Solids (Mexico, Puebla, 2011-09-04 - 2011-09-09) 
 
Energy dependence of the rigidity spectrum of Forbush decrease of galactic cosmic ray intensity 
A. Wawrzyńczak-Szaban, M.V. Alania 
32nd International Cosmic Ray Conference (China, Beijing, 2011-08-11 - 2011-08-18) 
Proceedings of 32nd International Cosmic Ray Conference Vol. 10/11 (2011) 288 
 
An immision data based system of particulate matter levels modeling dedicated to implementation by local authorities 
J. Bzdak, M. Sowiński, B. Słowiński, M. Lasiewicz, M. Kośla, J. Szlachciak 
International Conference Environmental (Bio) Technologies&EU-FP7 Environment Brokerage Event (Poland, Gdańsk, 
2011-09-05 - 2011-09-08) 
 
System ostrzegania przed przekroczeniami zanieczyszczenia powietrza 
M. Lasiewicz, M. Sowiński, J. Szlachciak, M. Kośla, B. Słowiński, J. Bzdak 
III Pomorska Konferencja z Cyklu Jakość Powietrza (Poland, Gdańsk, 2011-04-06 - 2011-04-08) 
 
Ternary and quaternary reseparation of heavy colliding systems 
K. Siwek-Wilczyńska, I. Skwira-Chalot, J. Wilczyński 
49th International Winter Meeting on Nuclear Physics (Italy, Bormio, 2011-01-24 - 2011-01-28) 
Proceedings of Science Vol. (Bormio) (2011) 056 
 
 
Posters 
 
Bezpieczeństwo elektrowni jądrowych 
K. Gomulski, J. Malesa, R. Możdżonek, K. Różycki, K. Samul, I. Zychor 
Polska nauka i technika dla elektrowni jądrowych w Polsce (Poland, Mądralin, 2011-01-13 - 2011-01-14) 
 
The low-energy accelerator with a x-ray tube to intraoperative irradiation in conservative treatment of breast cancer 
M. Słapa, P. Mazerewicz, A. Gójska, K. Grodzicki, M. Kisieliński, P. Matuszczak, Ł. Korczak, A. Kurdej, M. Laskus, 
J. Sernicki, M. Snopek, M. Traczyk, K. Wincel, B. Zaręba 
International Conference on Medical Physics and Engineering on Physics and Engineering for Health And Wellness of So-
ciety (Poland, Poznań, 2011-09-21 - 2011-09-24) 
 
A system of air pollution forecasting changes of particulate matter PM10/PM2.5 concetration 
M. Lasiewicz, M. Sowiński, J. Szlachciak, M. Kośla, B. Słowiński, J. Bzdak 
International Conference Environmental (Bio) Technologies & EU-FP7 Environment Brokerage Event (Poland, Gdańsk, 
2011-09-05 - 2011-09-08) 
 
Nanodosimetry - a New Tool for Description of Radiation on the Nanostructures 
S. Pszona, A. Bantsar 
International Conference on Development and Applications of Nuclear Technologies NUTECH-2011 (Poland, Cracow, 
2011-09-11 - 2011-09-14) 
 
Nanodosimetry of Auger Electrons 
S. Pszona, B. Grosswendt, A. Bantsar 
14th International Congres of Radiation Research (Poland, Warsaw, 2011-08-28 - 2011-09-01) 
 
Monte Carlo Simulations for Nanodosimetry 
I. Zychor, A. Bantsar, B. Grosswendt, S. Pszona 
1st Nano-IBCT Conference 2011 (France, Caen, 2011-09-02 - 2011-09-06) 
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LECTURES, COURSES AND EXTERNAL SEMINARS 

Boiling Water Reactorsa) 
K. Różycki 
Warsaw, Faculty of Physics, Universityof Warsaw, 2011-03-21 
 
Boiling Water Reactorsa) 
K. Samul 
Warsaw, Polish Academy of Sciences, 2011-03-30 
 
Boiling Water Reactorsa) 
M. Spirzewski 
Lublin, Lublin University of Technology, 2011-04-19 
 
Cathare in BNCT converter applicationb) 
R. Możdżonek 
Chatou, EDF-Chatou, 2011-06-15 
 
CATHARE application in BNCT converterb) 
M. Spirzewski 
Grenoble, Atomic Energy and Alternative Energies Commission, 2011-10-12 
 
RELAP5 vs TRANSURANUSb) 
K. Samul 
Świerk, The Andrzej Sołtan Intsitute for Nuclear Studies, 2011-05-11 
 
a) in Polish 
b) in English 

 

INTERNAL SEMINARS 

The state of works in assignments NALRa) 
M. Słapa 
Świerk, The Andrzej Sołtan Institute for Nuclear Studies, 2011-01-28 
 
The state of works in assignments NALRa) 
M. Traczyk 
Świerk, The Andrzej Sołtan Institute for Nuclear Studies, 2011-01-28 
 
Computer Codes in ZARb) 
K. Gomulski 
Świerk, The Andrzej Soltan Institute for Nuclear Studies, 2011-03-01 
 
Computer Codes in ZARb) 
R. Możdżonek 
Świerk, The Andrzej Sołtan Intsitute for Nuclear Studies, 2011-03-01 
 
Comparison between RELAP5 and SCADAP computer codesb) 
K. Różycki 
Świerk, The Andrzej Sołtan Intsitute for Nuclear Studies, 2011-03-08 
 
Nanodosimetry of low-energy electronsa) 
A. Bantsar 
Kielce, Institute of Physics, Jan Kochanowski University., 2011-03-16 
 
Generation III+ Reactorsb) 
M. Spirzewski 
Świerk, The Andrzej Sołtan Intsitute for Nuclear Studies, 2011-04-12 
 
Analysis of fuel behaviour from WWER 440 with TRANSURANUS code and RELAP5 codeb) 
K. Samul 
Świerk, The Andrzej Sołtan Intsitute for Nuclear Studies, 2011-04-26 
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The state of works in assignments NALRa) 
M. Słapa 
Świerk, The Andrzej Sołtan Institute for Nuclear Studies, 2011-04-28 
 
The state of works in assignments NALRa) 
M. Traczyk 
Świerk, The Andrzej Sołtan Institute for Nuclear Studies, 2011-04-28 
 
Electron capture and ionization of 3He projectiles in collision with solid targetsa) 
A. Gójska 
Toruń, Nicolaus Copernikus University, 2011-05-17 
 
URANIE:CEA/DEN uncertainty and sensitivity platformb) 
R. Możdżonek 
Świerk, The Andrzej Sołtan Intsitute for Nuclear Studies, 2011-06-07 
 
Nuclear Fuel Cycle - Educational Websiteb) 
K. Gomulski 
Świerk, The Andrzej Sołtan Intsitute for Nuclear Studies, 2011-06-14 
 
Numerical methods for solving the ordinary differential equationsa) 
A. Wawrzyńczak-Szaban 
Świerk, The Centre of Excellence MANHAZ, 2011-07-04 
 
Numerical methods for computational fluid dynamics (CFD) - part 3a) 
K. Kowal 
Świerk, Institute of Atomic Energy POLATOM, 2011-07-25 
 
Numerical Methods in CFD Analysis: Finite Difference Method and Finite Volume Methoda) 
E. Florowska 
Otwock-Świerk, The Centre of Excellence MANHAZ, 2011-09-06 
 
The state of works in assignments NALRa) 
M. Słapa 
Otwock-Świerk, National Centre for Nuclear Research, 2011-09-06 
 
The state of works in assignments NALRa) 
M. Traczyk 
Otwock-Świerk, National Centre for Nuclear Research, 2011-09-06 
 
Numerical methods for CFD - part 5a) 
P. Prusiński 
Otwock-Świerk, National Centre for Nuclear Research, 2011-09-13 
 
Are neutrinos faster than light?a) 
T. Kozłowski 
Otwock-Świerk, National Centre for Nuclear Research, 2011-10-20 
 
The PSA analysis for selected incidents in case of small break LOCAa) 
K. Kowal 
Warsaw, National Centre for Nuclear Research, 2011-11-24 
 
RELAP5 PWR Pressurizer Modelb) 
K. Różycki 
Otwock-Świerk, National Centre for Nuclear Research, 2011-11-29 
 
Pollutions Detection by Activation Method and other Works with use of 20 MeV Protons from C-30 Cyclotrona) 
M.T. Kowalski 
Otwock-Świerk, National Centre for Nuclear Research, 2011-12-01 
 
 
a) in Polish 
b) in English 
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DIDACTIC ACTIVITY 

K. Dąbrowski – Lectures for students of Vistula University, Faculty of Computer: 
Databases; Advanced databases; Warehouses; Databases seminar; Internet technologies seminar 
 
K. Dąbrowski – lectures for PGE workers organized y NCBJ: 
- New generation of nuclear reactors 
- Nuclear reactor types 
 
K. Dąbrowski – supervising of the engineering thesis: 
Rybkowski Robert: Comparative analysis of business and home applications of information and telecomunication technolo-
gies in 2009 year 
Chodyna Mariusz: Comparative analysis of DB monitoring and administration tools  
Rosłoniec Patryk: Comparative analysis of Warehouse design methods 
Trzciński Piotr: Comparative analysis of Knowledge Management Systems 
 
K. Kowal - Methodology of Probabilistic Safety Assessments for Polish Nuclear Industry prepared in a way of series of 
seminars dedicated to National Atomic Energy Agency 
 
K. Kowal - The PSA analysis for selected incidents in case of small break loss of coolant accident in PWR using Saphire 
v.8 with a seminar dedicated to National Atomic Energy Agency 
 
P. Prusiński - Methodology of Probabilistic Safety Assessments for Polish Nuclear Industry prepared in a way of series of 
seminars dedicated to National Atomic Energy Agency 
 
K. Samul - Lecture for PGE's employees about accidents in nuclear power plants 
 
A. Wawrzyńczak-Szaban 
Supervisor of Piotr Kopka M.Sc. thesis in mathematics: “HPC algorithms for event reconstruction associated with emer-
gency releases of hazardous substances in complex environments using fine resolution simulations, dynamic measurement 
and Bayesian statistical techniques” 

 

PARTICIPATION IN SCIENTIFIC COUNCILS, ASSOCIATIONS AND ORGANIZING COMMITTEES 

D. Chmielewska 
Member of Organizing Committee on XXXII Mazurian Lakes Conference on Physics in Piaski, Poland 
 
A. Gójska 
Polish Physical Society 
 
R. Kaczarowski 
Member of the American Physical Society; 
 
T. Kozłowski 
Member of NCBJ Scientific Council 
 
A. Polański 
Member of the Scientific-Technical Council of Laboratory of Information Technologes, JINR,Dubna, Russia. 
 
S. Pszona 
Member of Organizing Committee on European Assotiation of National Metrology Institutes EURAMET - Meeting in Lis-
boa, Portugal 
Institute of Electrical and Electronics Engineers, Inc 
 
J. Wilczyński 
Member of the Scientific Council of the National Centre for Nuclear Research in Otwock-Świerk 
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PERSONNEL 

Research scientists 
 
Błocki Jan, Professor* 
Kozłowski Tadeusz, Dr.* 
Mensz Piotr, Professor till March 31 
Polański Aleksander, Dr. on leave 
Pszona Stanisław, Dr. 
Ruchowska Ewa, Dr. 
Rzadkiewicz Jacek, Dr. on leave 
Sernicki Jan, Dr. 

Słapa Mieczysław, Associate Professor* 
Szymański Piotr, Assoc. Professor on leave 
Wawrzyńczak-Szaban Anna, Dr. from June 2 
Wilczyński Janusz, Professor 
Wincel Krzysztof, MSc. 
Wojtkowska Jolanta, Dr.* 
Zaręba Barbara, MSc. 
Zychor Izabella, Dr. 

 
 
Technical and administrative staff 
 
Bantsar Aliaksandr, Dr. 
Bielecki Jakub, Dr. from Oct. 3 
Dąbrowski Krzysztof, Dr.* 
Dudziński Adam 
Florowska Elżbieta, MSc. from Jan. 18 
Stanisław Gębalski, MSc. 
Gomulski, Krzysztof, Eng.* 
Gójska Aneta, Dr. 
Grodzicka Eleonora, Eng.* from Dec. 1 
Grodzicki Krystian, MSc. 
Jarosiewicz Tobiasz, MSc. from Feb. 22 
Jaworska Elżbieta 
Korczak Łukasz, Eng. 
Kośla Magdalena, MSc. 
Kowal Karol, MSc. from March 1 
Kowalski Marek, MSc. 
Kurdej Alicja 
Lasiewicz Marek, MSc. 

Laskus Marian 
Matul Maria, MSc.* 
Matuszczak Paweł 
Mazerewicz Piotr, MSc. 
Mikołajewski Stefan* 
Możdżonek Rafał, Eng.* 
Pławski Tomasz, Eng. on leave 
Prusiński Piotr, MSc. from Feb. 22 
Różycki Kajetan, MSc. 
Samul Kacper, MSc. 
Skrzypek Maciej, Eng.* from Dec. 1 
Snopek Mirosław* 
Sowiński Mieczysław, Dr.* 
Spirzewski Michał, Eng. from March 1 
Szymanowski Jakub from April 1 
Traczyk Marek, MSc. 
Trzaskowska Halina 

 
 
* part-time employee 
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3. DIVISION OF DETECTORS AND NUCLEAR ELECTRONICS 
 
Head of Division: Assoc. Prof. Zbigniew Guzik 
phone: +48 22 7180549 
e-mail: zbig@ncbj.gov.pl 

 

Overview 
The basic activities of the Division of Detectors and Nuclear Electronics in 2011 were concentrated in the following 
areas: 
• studies of new scintillation techniques and their application to nuclear medicine and border monitoring, 
• realization of A&D project, 
• scientific contracts with European industry in respect to detection techniques, 
• development of γ-ray spectrometry apparatus and new generation State of the Art multi-channel analysers, 
• electronics for experiments in High Energy Physics, 
• development, investigation and production of silicon detectors, 
• normalisation activities. 
Most of the scientific achievements of the Division were summarized in 10 peer-reviewed publications, published 
mainly in Nucl. Instr. Meth. A. Three other papers are in press. Besides that, our scientists presented 15 contribu-
tions at international conferences - 6 presentations at the IEEE Nuclear Science Symposium and Medical Imaging 
Conference 2011 in Valencia, Spain. Also normalization activities in preparation of Polish versions of European 
Standards in the field of electronics were supported. 
Wide studies of silicon photomultipliers and their arrays in gamma spectrometry and fast timing with scintillators 
like LSO and BGO were carried out. These showed that it is possible to get comparable resolution to that measured 
with photomultipliers. Studies of the non-proportionality of electron response and energy resolution of Compton 
electrons in alkali halide and plastic scintillators were carried out in comparison to those measured with gamma 
rays.  
In recent years, the Division was involved in the development of methods and apparatus for border monitoring 
against smuggling of explosives and radioactive materials within the A&D project supported by EU Structural 
Funds Project no POIG.01.01.02-14-012/08-00. Different neutron techniques and X-ray radiography methods are 
under development. A continuation of a study of new neutron detectors was addressed to optimization of gamma ray 
suppression in liquid scintillators and the study of inorganic crystals like LiCaF. This study was of particular impor-
tance because of the urgent problem of finding a replacement for He-3 detectors because of a shortage of He-3 on 
the world market. Also the second model of a two channel DSP digital spectrometry device supported by HV power 
supply and many other features has been successfully developed. Advanced studies related to the data visualization 
and presentation are being conducted.  
Moreover, collaboration with the IAEA in Vienna, supported by Research Contract No. 14360, concerning monitor-
ing of State borders was continued and a contribution to the TD1007 COST Action, addressed to the development of 
PET MRI scanners has started. Several scientific contracts were realized for European industry. The Division was 
involved in scientific collaborations with a number of international centers, such as CERN, Royal Institute of Tech-
nology and Karolinska Institute in Stockholm, University of Tennessee, USA, University of Tohoku, Japan, GSI 
Darmstadt, and companies as Saint-Gobain, Scionix in Holland, Flir (former ICx and earlier Target) in Germany, 
Siemens (former CTI) in USA, Hamamatsu Photonics K. K. and Furukawa Co. Ltd., Japan. 
Our work in the area of High Energy Physics was focused at GSI (Darmstadt) - Panda and DESY (Hamburg) - 
XFEL. We are continuing the collaboration with the PANDA detector at GSI. Our work is concentrated with 
the DCS system for the experiment. Work related to XFEL concerned the system of beam control in the FLASH 
accelerator. 
Our activities devoted to development of new generation State-of-the-Art multi-channel analysers are very advanced 
and fruitful. More the 130 examples of our USB based device have been sold all around the world. A new version of 
the analyzer based on the DSP digital technique and complemented with additional communication ports (Ethernet, 
Bluetooth and WiFi) has been designed and debugged in a real spectroscopy environment.  
In the field of semiconductor detectors, besides continuation of previous work, our activities concentrated on design-
ing a new method concerning n-p junctions and ohmic contacts with the use of Ion Sputtering (Al, B, Sb) 
for production of new type semiconductor radiation detectors. Also the design of a platinum temperature sensor was 
started.  
 Zbigniew Guzik 
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REPORTS 

Digital Spectrometry for AiD 
Z. Guzik 
NCBJ, Świerk 

 

PARTICIPATION IN CONFERENCES AND WORKSHOPS 

Invited Talks 
 
uTCA mother board for FMC ADC dauther cards 
S. Korolczuk 
System Integration - LLRF Collaboration Meeting (Poland, Warsaw, 2011-12-14 - 2011-12-16) 
 
Liquid Scintillators and Composites in Fast Neutron Detection 
J. Iwanowska, Ł. Świderski, M. Moszyński 
International Workshop on Fast Neutron Detectors and Applications (Israel, Ein Gedi, 2011-11-06 - 2011-11-11) 
J. of Instr. (2011)  
 
 
Oral Presentations 
 
Barrier height distribution - the influence of weak channels 
A. Trzcińska, W. Czarnacki, M. Kisieliński, E. Piasecki, K. Rusek, I. Strojek 
Fusion11 (France, St. Malo, 2011-05-02 - 2011-05-06) 
 
Status of Fast ADC uTCA board 
S. Korolczuk, J. Szewiński 
Advanced Techniques in LLRF Control for X-FEL - Collaboration Workshop (Poland, Cracow, 2011-04-18 - 2011-04-20) 
 
Electron response of low-Z scintillators in wide energy range 
Ł. Świderski, R. Marcinkowski, M. Moszyński, W. Czarnacki, M. Szawłowski, T. Szczęśniak, G. Pausch, C. Plettner, 
K. Roemer 
SCINT 2011 (Germany, Giessen, 2011-09-12 - 2011-09-16) 
 
Gamma-ray and Electron Response in Doped Alkali Halide Scintillators 
Ł. Świderski, M. Moszyński, W. Czarnacki, M. Szawłowski, T. Szczęśniak, G. Pausch, C. Plettner, K. Roemer, 
P. Schotanus 
The 2011 EEE Nuclear Science Symposium, Medical Imaging Conference, and 18th International Workshop on Room-
Temperature Semiconductor X-ray and Gamma-ray Detectors (Spain, Valencia, 2011-10-23 - 2011-10-29) 
Nuclear Science Symposium Conference Record (NSS/MIC) (2011)  
 
Effective dead time of SiPM cells 
M. Grodzicka, M. Moszyński, T. Szczęśniak, M. Szawłowski, D. Wolski, K. Leśniewski 
The 2011 IEEE Nuclear Science Symposium, Medical Imaging Conference, and 18th International Workshop on Room-
Temperature Semiconductor X-ray and Gamma-ray Detectors (Spain, Valencia, 2011-10-23 - 2011-10-29) 
 
Ultra-low energy X-ray calibration source with the X-ray tube 
P. Mazerewicz, W. Czarnacki, A. Gójska, M. Kisieliński, M. Słapa, M. Traczyk 
International Conference on Development and Applications of Nuclear Technologies NUTECH-2011 (Poland, Cracow, 
2011-09-11 - 2011-09-14) 
 
Beam Based Feedback at FLASH - Upgrade to mTCA 
J. Szewiński 
EuCARD-SRF Annual Review 2011 (France, Paris, 2011-05-04 - 2011-05-04) 
 
 
Posters 
 
Properties of NaI(Tl) Scintillator at Liquid Nitrogen Temperature 
P. Sibczyński, M. Moszyński, T. Szczęśniak, W. Czarnacki, Ł. Świderski, P. Schotanus 
The 2011 IEEE Nuclear Science Symposium, Medical Imaging Conference, and 18th International Workshop on Room-
Temperature Semiconductor X-ray and Gamma-ray Detectors (Spain, Valencia, 2011-10-23 - 2011-10-29) 
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Structure effects in 20Ne + 208Pb quasi-elastic scattering 
I. Strojek, W. Czarnacki, W. Gawlikowicz, N. Keeley, M. Kisieliński, S. Kliczewski, A. Kordyasz, E. Koshchiy, 
M. Kowalczyk, E. Piasecki, A. Piórkowska, K. Rusek, R. Siudak, A. Staudt, A. Trzcińska 
XXXII Mazurian Lakes Conference on Physics (Poland, Piaski, 2011-09-11 - 2011-09-18) 
Acta Phys. Pol. B (in press) 
 
The low-energy accelerator with a x-ray tube to intraoperative irradiation in conservative treatment of breast cancer 
M. Słapa, P. Mazerewicz, A. Gójska, K. Grodzicki, M. Kisieliński, P. Matuszczak, Ł. Korczak, A. Kurdej, M. Laskus, 
J. Sernicki, M. Snopek, M. Traczyk, K. Wincel, B. Zaręba 
International Conference on Medical Physics and Engineering on Physics and Engineering for Health and Wellness of So-
ciety (Poland, Poznań, 2011-09-21 - 2011-09-24) 
 
The BC-704 Scintillation Screen with Light Readout by Wavelength Shifting Fibers as a Highly Efficient Neutron Detector 
J. Iwanowska, Ł. Świderski, M. Moszyński, D. Wolski 
The 2011 IEEE Nuclear Science Symposium, Medical Imaging Conference, and 18th International Workshop on Room-
Temperature Semiconductor X-ray and Gamma-ray Detectors (Spain, Valencia, 2011-10-23 - 2011-10-29) 
Nuclear Science Symposium Conference Record (NSS/MIC) (2011)  
 
2x2 MPPC Arrays in Gamma spectrometry with CsI(Tl), LSO:Ce(Ca), LaBr3, BGO 
M. Grodzicka, M. Moszyński, T. Szczęśniak, M. Szawłowski, D. Wolski, J. Baszak 
The 2011 IEEE Nuclear Science Symposium, Medical Imaging Conference, and 18th International Workshop on Room-
Temperature Semiconductor X-ray and Gamma-ray Detectors (Spain, Valencia, 2011-10-23 - 2011-10-29) 
 
MPPC arrays in PET detectors with LSO and BGO scintillators 
T. Szczęśniak, M. Moszyński, M. Grodzicka, M. Szawłowski, D. Wolski, J. Baszak 
The 2011 IEEE Nuclear Science Symposium, Medical Imaging Conference, and 18th International Workshop on Room-
Temperature Semiconductor X-ray and Gamma-ray Detectors (Spain, Valencia, 2011-10-23 - 2011-10-29) 
 
uTCA fast ADC board for Bunch Arrival Time Monitor signals processing 
S. Korolczuk, J. Szewiński 
LLRF-2011 Workshop (Germany, Hamburg, 2011-10-17 - 2011-10-20) 

 

LECTURES, COURSES AND EXTERNAL SEMINARS 

Systems for detection of hazardous materials - AiD project in Institute for Nuclear Studiesa) 
A. Syntfeld-Każuch 
Warsaw, Warsaw University of Technology, 2011-04-06 
 
New techniques in detection of neutron and gamma radiation within Accelerators and Detectors projectb) 
A. Syntfeld-Każuch 
Fontenay-aux-Roses, Saclay, CEA, Francja, 2011-03-07 
 
Begining of Nuclear Spectroscopy in neighbourhood of Warsaw. The aim of this presentation is to remind how Nuclear 
Spectroscopy was developed in the Warsaw and Świerk research centers about 10 years after 2-nd world war and to stress 
the leading role of Jan Żylicz in inspiring and supervising scientific activityb) 
J. Kownacki 
Piaski, Poland, XXXII International Conference on Physics at the Mazurian Lakes, 2011-09-13 
 
 
a) in Polish 
b) in English 

 

INTERNAL SEMINARS 

Status of the slow-control system for the cluster-jet target prototype at GSIb) 
A. Chłopik 
Darmstadt, GSI, 2011-09-05 
 
CompactRIO System in Operation at GSIb) 
A. Chłopik 
Darmstadt, GSI, 2011-11-04 
 
 
b) in English 
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PARTICIPATION IN SCIENTIFIC COUNCILS, ASSOCIATIONS AND ORGANIZING COMMITTEES 

Z. Guzik 
Polish CAMAC Committee 
Polskie Normy, Polish Standards Polish Stanardization Committee 
 
M. Moszyński 
Session chairman on The 2011 IEEE Nuclear Science Symposium, Medical Imaging Conference, and 18th International 
Workshop on Room-Temperature Semiconductor X-ray and Gamma-ray Detectors in Valencia, Spain 
Member of Advisory Board on 40 Krajowa Konferencja Badań Nieniszczących in Warsaw, Poland 
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" 
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 
 
K. Traczyk 
member of Scientific Council, Institute for Nuclear Studies 

 
PERSONNEL 

Research scientists 
 
Czarnacki Wiesław, Dr. 
Guzik Zbigniew, Associate Professor 
Kownacki Jan, Professor* 
Moszyński Marek, Professor 
Syntfeld-Każuch Agnieszka, Dr. 
Świderski Łukasz, Dr. 
Wolski Dariusz, MSc. 
 
Technical and administrative staff 
 
Belcarz Eugeniusz, MSc.* 
Borsuk Stanisław, MSc Eng. 
Chłopik Arkadiusz, MSc Eng 
Dziedzic Andrzej 
Grodzicka Martyna, MSc Eng. 
Iwanowska Joanna, MSc. 
Kapusta Maciej, Dr. on leave 
Kaźmierczak Łukasz, MSc. 
Korolczuk Stefan, MSc. 
Kostrzewa Krzysztof* 
Kotlarski Andrzej, MSc Eng. 
Krakowski Tomasz, MSc. 

Krogulska Ewa, MSc. 
Kudła Ignacy, MSc. Eng. on leave 
Leśniewski Krzysztof 
Olszacki Michał, Dr. 
Płomiński Michał, MSc Eng 
Rozmej-Stepień Dominika 
Sibczyński Paweł, MSc. 
Sworobowicz Tadeusz 
Szawłowski Marek, MSc.* 
Szczęśniak Tomasz, MSc. Eng. 
Szewiński Jarosław, MSc. Eng. 
Traczyk Krystyna, MSc Eng 

 
 
* part time-employee 
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4. DIVISION ON NUCLEAR POWER 
 

Head of Division: Professor Stefan Chwaszczewski 
phone: +48 22 7180004 
e-mail: stefan.chwaszczewski@ncbj.gov.pl 

 
Overview 
 

In 2011 the Nuclear Energy Division of the Institute of Atomic Energy (from Sept. 1, 2011 the National Centre for 
Nuclear Research) carried out the following work: 
a. Project under the Innovative Economy Operational Projects: "Analysis of the effects of  thorium 
application in nuclear power reactors, 
b. The study of nuclear transmutation processes included in ZIBJ QUINTA Dubna; 
c. Performance analysis of selected aspects of the management of spent fuel and radioactive waste for the 
Department of Nuclear Energy of the Ministry of Economy; 
d. Analysis of the safety characteristics of the MARIA reactor; 
e. Implementing Public Participation Approaches in Radioactive Waste Disposal, FP 7 EURATOM 2010. 
The work carried out under heading (a) in 2011 comprised a series of irradiations of thorium samples in selected 
channels in the MARIA reactor together with activation detectors of neutron fluence: Au, Co and Ni. The results of 
activity measurements of these samples were used to verify computational models of the thorium irradiation 
processes. 
The result is a new method for computing power reactors, involving the direct use of the transport program WIMS 
to create effective material data (taking into account the current state of the reactor fuel during the campaign) for the 
diffusion code GNOMER. A fitness test of the WIMS code to create data for calculations using contemporary PWR 
fuel was carried out using a high-resolution MCNP-based Monte Carlo method code. 
An analysis of the use of thorium-based fuel in accelerator-driven subcritical assemblies of an EPR reactor. A 
computer simulation was conducted using a sub-critical assembly Yalin THERMAL EPR reactor in order to 
establish the dependence of Kef as a function of burnout value in various configurations of the core. Using Monte 
Carlo methodology it became apparent that the fuel cycle 232Th - 233U thermal neutron reproduction conditions 
can yield fissile atoms. Moreover, the analysis showed that the fuel elements based on thorium can be used to 
improve the operating economics of nuclear power reactors 
To explore the formation processes of the fissionable isotope U233 in the irradiation of Th232, calculations using 
the "Ab initio" local structure of the thorium-based fuel were performed. Conversion circuit 232 in uranium-233 
during irradiation with neutrons causes the fuel-fertile thorium dioxide is obtained from the mixed thorium and 
uranium dioxide with a Th1-xUxO2 for x lying in the range from 0 to 1 
The results of the project were presented at the Polish Nuclear Society conference in Mądralin in February 2011 and 
were presented in 19 papers at the final project conference in Mądralin, in June 2011. 
The study of nuclear transmutation processes (b) in cooperation with the Joint Institute of Nuclear Research in 
the study of these processes at the QUINTA facility irradiated with deuterons of energy 2 GeV. The aim of this 
work was to determine the energy spectrum of neutrons at energies above 10 MeV. These spectra were determined 
on the basis of activity measurements of isotopes produced in the detector activation Y89. 
Analysis of selected aspects of the management of spent fuel and radioactive waste (c) commissioned by the 
Nuclear Energy Department of the Ministry of Economy. Two studies were performed: 
The use of Polish intellectual and research potential in the process of installing and operating the management of 
radioactive waste and spent fuel management - contract No. IV/902/P/15004/4300/11DEJ concluded between the 
Minister of Economy and the National Centre for Nuclear Research, 
Management of radioactive waste and spent nuclear fuel from nuclear decommissioning - contract 
No. IV/903/P/15004/4300/11DEJ concluded between the Minister of Economy and the National Centre for Nuclear 
Research. 
The MARIA reactor safety analysis (d) calculations were carried out follow-up control supply and reactive power 
distribution in the reactor MARIA, as part of the continuous updating of a matrix of beryllium poisoning, and to 
analyze the effects of the use of low-enriched reactor fuel. 
 
 Stefan Chwaszczewski 
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REPORTS 

Bonding of xenon and krypton atoms substituting the oxygen and uraniom atoms in the UO2 crystal lattice 
L. Dąbrowski, M. Szuta 
IEA Annual Perort 2010 p61 
 
Radioactive wastes and spent nuclear fuel management from the liquidation of nuclear objects 
K. Andrzejewski, A. Boettcher, Ł. Koszuk, T. Kulikowska, M. Łuszcz, Z. Marcinkowska, A. Stadnik 
National Centre for Nuclear Research 
 
Management of the radioactive wastes and spent nuclear fuel from decommissioning ofnuclear facilities 
S. Chwaszczewski, ... , K. Andrzejewski, A. Boettcher, Ł. Koszuk, T. Kulikowska, M. Łuszcz, Z. Marcinkowska, A. 
Stadnik, ... et al. 
National Centre for Nuclear Research 
 
Lattice constans of the Th(U/XeE/Kr)O2 mixed crystals 
L. Dąbrowski, M. Szuta 
IEA Annual report 2010, p.62 
 
Forecast of the spent nuclear fuel management development 
S. Chwaszczewski 
Institute of Mineral Resources and Energy Management Report 
 
Utilization of the Polish intellectual and research potential in the cases of design and operation of the system of radwaste 
and spent nuclear fuel management 
S. Chwaszczewski, M. Klisińska 
National Centre for Nuclear Research 
 
Hollow cathode ion source with internal evaporator 
M.Turek, A.Droździel, K.Pyszniak, D.Mączka, B.Słowiński 
IEA Annual Report 2010, p. 43 
 
Ionization efficiency of a source with the spherical ionizer 
M.Turek, A.Droździel, K.Pyszniak, D.Mączka, B.Słowiński, K.Wieteska 
IEA Annual Report 2010, p. 42 
 
Energy spectra of neutrons produced in a lead extended targed by electrons and protons of energy from 15 to 1000 MeV 
B.Słowiński, A.Pacan 
IEA Annual Report 2010, p. 41 
 
Longitudinal correlations in electromagnetic cascades initiated by high-energy gamma quanta 
B.Słowiński, P.Duda, D.Mączka, Ł.Kowalczyk 
IEA Annual Report 2010, p. 40 
 
Konstrukcii plazmiennykh istochnikov ionov dla tvierdykh tiel 
M. Turek, A.Droździel, K.Pyszniak, D.Mączka, Yu.Yushkevich, Yu.Vaganov 
JINR Reports, Dubna 2011, P13-2011-79 

 
 
PARTICIPATION IN CONFERENCES AND WORKSHOPS 

Invited Talks 
 
Energetyka jądrowa i ochrona przed promieniowaniem jonizującym - podstawy fizyczne 
Ł. Koszuk 
IV Szkoła Energetyki Jądrowej (Poland, Otwock-Świerk, 2011-03-21 - 2011-03-23) 
 
Wyniki obliczeń układów reaktorowych z torem 
M. Łuszcz, T. Kulikowska, K. Andrzejewski, A. Boettcher, A. Stadnik, Z. Marcinkowska 
Konferencja podsumowująca projekt (Poland, Mądralin, 2011-06-13 - 2011-06-14) 
 
Transportowo-dyfuzyjny model obliczeń neutronowo-fizycznych rdzenia EPR 
A. Stadnik, T. Kulikowska, A. Boettcher, K. Andrzejewski, M. Łuszcz, Z. Marcinkowska 
Konferencja podsumowująca projekt (Poland, Mądralin, 2011-06-13 - 2011-06-14) 
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Qualification process of LEU fuel - CERCA type and conversion planning for MARIA research reactor 
G. Krzysztoszek, K. Pytel, Z. Marcinkowska, N. Hanan 
33rd International Meeting on Reduced Enrichment for Research and Test Reactors (Chile, Santiago de Chile, 2011-10-23 - 
2011-10-27) 
 
Sposoby wykorzystania toru w energetycznych reaktorach lekko wodnych 
K. Andrzejewski, M. Łuszcz, T. Kulikowska, A. Boettcher, Z. Marcinkowska, A. Stadnik 
Konferencja podsumowująca projekt (Poland, Mądralin, 2011-06-13 - 2011-06-14) 
 
Programy do analiz kampanii paliwowej reaktora EPR w IEA POLATOM 
A. Stadnik, K. Andrzejewski, A. Boettcher, T. Kulikowska, M. Łuszcz, J. Szczurek 
Polska Nauka I Technika Dla Elektrowni Jądrowych W Polsce (Poland, Mądralin, 2011-01-13 - 2011-01-14) 
 
Treatment of off-gases containing NOx by electron beam 
A.G. Chmielewski, J. Licki, A. Pawelec, Z. Zimek, Y. Sun, S. Witman 
Intern. Symposium on Nitrogen Oxides Emission Abatement NOEA 2011 (Poland, Zakopane, 2011-09-04 - 2011-09-07) 
Catalysis Today (2012)  
 
Plasma processes including electron beam for off-gases purification 
A.G. Chmielewski, J. Licki, A. Pawelec, Z. Zimek, Y. Sun, S. Witman 
12th Tihany Symposium on Radiation Chemistry (Hungary, Zalakaros, 2011-08-27 - 2011-09-01) 
Radiat. Phys. Chem. (2012)  
 
Electron Beam Applications in Environment Protection 
A.G. Chmielewski, A. Pawelec, Y. Sun, S. Witman, A. Ostapczuk, J. Licki, Z. Zimek 
International Conference on Development and Applications of Nuclear Technologies NUTECH 2011 (Poland, Kraków, 
2011-09-11 - 2011-09-14) 
Nukleonika (2012)  
 
Kształcenie kadr dla energetyki jądrowej w Polsce - potencjał Instytutu Energii Atomowej POLATOM 
S. Chwaszczewski, Ł. Koszuk, P. Krajewski, B. Mysłek-Laurikainen, R. Prokopowicz, E. Szlichcińska 
Polska Nauka I Technika Dla Elektrowni Jądrowych W Polsce (Poland, Mądralin, 2011-01-13 - 2011-01-14) 
Polskie Towarzystwo Nukleoniczne No. (2011) 
 
Electron beam treatment of exhaust gases with high NOx concentration 
A.G. Chmielewski, J. Licki, A. Pawelec, Z. Zimek, Y. Sun, S. Witman 
International Conference on Development and Applications of Nuclear Technologies NUTECH 2011 (Poland, Kraków, 
2011-09-11 - 2011-09-14) 
Nukleonika (2012)  
 
Wybrane eksperymenty z aktywacją toru w różnych reaktorach 
B. Mysłek-Laurikainen, J. Nowosad, A. Jagieła-Sudoł, A. Jedynak, J. Przyłuska 
Perspektywiczne cykle paliwowe energetyki jądrowej (Poland, Mądralin, 2011-06-13 - 2011-06-14) 
 
Analiza spektrometryczna próbek toru aktywowanych neutronami w reaktorze MARIA 
J. Nowosad, B. Mysłek-Laurikainen, A. Jagieła-Sudoł 
Perspektywiczne cykle paliwowe energetyki jądrowej (Poland, Mądralin, 2011-06-13 - 2011-06-14) 
 
Możliwości Prowadzenia Kampanii Paliwowych w Reaktorze EPR 
J. Szczurek 
Perspektywiczne cykle paliwowe energetyki jądrowej (Poland, Mądralin, 2011-06-13 - 2011-06-14) 
Instytut Energii Atomowej, Świerk No. (2011) 
 
Perspektywy toru w reaktorach energetycznych na stopionych solach 
S. Kilim 
Perspektywiczne cykle paliwowe energetyki jądrowej (Poland, Otwock- Mądralin, 2011-06-13 - 2011-06-14) 
 
Weryfikacja deterministycznych obliczeń neutronowo fizycznych reaktora EPR za pomocą programu MCNP 
A. Boettcher, K. Andrzejewski, A. Stadnik, M. Łuszcz, T. Kulikowska, Z. Marcinkowska 
Konferencja podsumowująca projekt (Poland, Mądralin, 2011-06-13 - 2011-06-14) 
 
Realizacja cyklu torowego w reaktorach indyjskich 
M. Klisińska 
Perspektywiczne cykle paliwowe energetyki jądrowej (Poland, Mądralin, 2011-06-13 - 2011-06-14) 
Instytut Energii Atomowej, Otwock-Świerk No. (2011) p. 5 
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Analiza aktywacyjna Th metalicznego - porównanie wyników pomiarów spektrometrycznych z obliczeniami cyklu Th-U 
programem TORCH 
Ł. Koszuk, M. Łuszcz, E. Strugalska-Gola 
Perspektywiczne cykle paliwowe energetyki jądrowej (Poland, Mądralin, 2011-06-13 - 2011-06-14) 
Instytut Energii Atomowej POLATOM (2011) 
 
Obliczenia strumieni neutronów w reaktorze MARIA i porównanie z pomiarami aktywacyjnymi 
Z. Marcinkowska, T. Kulikowska, K. Andrzejewski, A. Boettcher, A. Stadnik, M. Łuszcz 
Konferencja podsumowująca projekt (Poland, Mądralin, 2011-06-13 - 2011-06-14) 
 
 
Oral Presentations 
 
Evaluation of the depth extension of the damages induced by FLASH pulses in silicon crystals 
W. Wierzchowski, K. Wieteska, D. Klinger, R. Sobierajski, J. Pełka, D. Żymirska, T. Walter, C. Paulmann 
9 Krajowe Sympozjum Użytkowników Promieniowania Synchrotronowego KSUPS-9 (Poland, Warszawa, 2011-09-26 - 
2011-12-27) 
Synchrotron Radiation in Natural Science Vol. 10 No 1-2 (2011) 46 
 
Analizy bezpieczeństwa przy redukcji wzbogacenia paliwa i napromienianiu tarcz do produkcji izotopów promieniotwór-
czych, w tym Mo99, w reaktorze MARIA.  Metody teoretyczne i eksperymentalne 
M. Dorosz, Z. Marcinkowska, R. Prokopowicz, K. Pytel, W. Mieleszczenko 
Polska Nauka I Technika Dla Elektrowni Jądrowych W Polsce (Poland, Mądralin, 2011-01-13 - 2011-01-14) 
 
Topographic and reflrctometric investigation of 4H silicon carbide epitaxial layer deposited at various growth rate 
W. Wierzchowski, K. Wieteska, K. Mazur, K. Kościewicz, T. Balcer, W. Strupiński, C. Paulmann 
9 Krajowe Sympozjum Użytkowników Promieniowania Synchrotronowego KSUPS-9 (Poland, Warszawa, 2011-09-26 - 
2011-12-27) 
Synchrotron Radiation in Natural Science Vol. 10 No 1-2 (2011) 47 
 
Wykorzystanie paliwa torowego w układach podkrytycznych ze specjalnym źródłem neutronów. Analiza teoretyczna i me-
tody pomiarowe 
M. Bielewicz, S. Kilim, E. Strugalska-Gola, M. Szuta, A. Wojciechowski 
Polska Nauka i Technika dla Elektrowni Jądrowych w Polsce (Poland, Mądralin, 2011-01-13 - 2011-01-14) 
 
Obliczenia neutronowo- fizyczne reaktora energetycznego kodem MCNP 
A. Boettcher 
X Piknik Naukowy, Uniwersytet Śląski (Poland, Brenna, 2011-05-05 - 2011-05-08) 
 
An immision data based system of particulate matter levels modeling dedicated to implementation by local authorities 
J. Bzdak, M. Sowiński, B. Słowiński, M. Lasiewicz, M. Kośla, J. Szlachciak 
International Conference Environmental (Bio) Technologies & EU-FP7 Environment Brokerage Event (Poland, Gdańsk, 
2011-09-05 - 2011-09-08) 
 
System Ostrzegania przed Przekroczeniami Zanieczyszczenia Powietrza 
M. Lasiewicz, M. Sowiński, J. Szlachciak, M. Kośla, B. Słowiński, J. Bzdak 
III Pomorska Konferencja z Cyklu Jakość Powietrza (Poland, Gdańsk, 2011-04-06 - 2011-04-08) 
 
Energy Spectra of Neutrons Produced in  Lead Targets by Electrons and Protons of Energy from 15 to 1000 MeV 
A. Pacan, B. Słowiński 
1st Intern. Nuclear Energy Congress. Warszawa, 23-24 maja 2011. (Poland, Warszawa, 2011-05-23 - 2011-05-24) 
 
Modelowanie procesów jądrowych w torze napromieniowanym neutronami w reaktorze MARIA 
Z. Marcinkowska, R. Prokopowicz, K. Andrzejewski, A. Boettcher, T. Kulikowska, B. Pytel, B. Mysłek-Laurikainen, 
A. Jagieła-Sudoł, J. Nowosad,  
Polska Nauka I Technika Dla Elektrowni Jądrowych W Polsce (Poland, Mądralin, 2011-01-13 - 2011-01-14) 
 
Obliczenia metodą „Ab initio” lokalnej struktury paliwa na bazie toru 
L. Dąbrowski, M. Szuta 
Perspektywiczne cykle paliwowe energetyki jądrowej (Poland, Otwock- Mądralin, 2011-06-13 - 2011-06-14) 
 
Total surface area change of uranium dioxide fuel in function of burn-up and its impact on fission gas release during neutron 
irradiation for small, intermediate and high burn-up 
M. Szuta 
Ninth International Conference on WWWR Fuel Performance, Modelling and Experimental Support (Bulgaria, Burgas, 
2011-09-17 - 2011-09-24) 
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Tor jako paliwo jądrowe 
S. Chwaszczewski, K. Andrzejewski 
XLI Zjazd Fizyków Polskich (Poland, Lublin, 2011-09-04 - 2011-09-09) 
 
Neutron production in extended targets of Pb and W by electrons and protons 
B.Słowiński, A.Pacan 
Workshop „MYRRHA”, Warsaw, IPJ, February 23, 2011 
 
Energy spectra of neutrons produced in lead targets by electrons and protons of energy from 15 to 1000 MeV 
A.Pacan, B.Słowiński 
1st Intern. Nuclear Energy Congress, Warsaw, May 23-24, 2011 
 
An immision data based system of particulate matter levels modeling dedicated to implementation by local autorithies 
J.Bzdak, M.Sowiński, B.Słowiński, M.Lasiewicz, M.Kośla, J.Szlachciak 
Intern. Conf. Environmental (Bio) technologies&EU-FP7 Environmental brokerage Event, 5-8 September 2011, Gdańsk 
 
Determination of dopant depth profiles using PIPE method 
K.Pyszniak, L.Gluba, M.Turek, A.Droździel, J.Filiks, J.Zuk, D.Mączka 
Ogólnopolskie seminarium „Techniki Jonowe” Poland, Szklarska Poręba, March 2011 
 
 
Posters 
 
Damage of gallium arsenide created after irradiation by ultra-short VUV laser pulse 
D. Klinger, K. Wieteska 
9 Krajowe Sympozjum Użytkowników Promieniowania Synchrotronowego KSUPS-9 (Poland, Warszawa, 2011-09-26 - 
2011-12-27) 
Synchrotron Radiation in Natural Science Vol. 10 No 1-2 (2011) 17 
 
Characterisation of the defect structure in gadolinum orthovanadate single crystals grown by the Czochralski method 
E. Wierzbicka, A. Malinowska, K. Wieteska, W. Wierzchowski, M. Lefeld-Sosnowska, M. Świrkowicz, T. Łukasiewicz, 
C. Paulmann 
9 Krajowe Sympozjum Użytkowników Promieniowania Synchrotronowego KSUPS-9 (Poland, Warszawa, 2011-09-26 - 
2011-12-27) 
Synchrotron Radiation in Natural Science Vol. 10 No 1-2 (2011) 35 
 
A system of air pollution forecasting changes of particulate matter PM10 / PM2.5 concetration 
M. Lasiewicz, M. Sowiński, J. Szlachciak, M. Kośla, B. Słowiński, J. Bzdak 
International Conference Environmental (Bio) Technologies & EU-FP7 Environment Brokerage Event (Poland, Gdańsk, 
2011-09-05 - 2011-09-08) 
 
Synchrotron topographic studies of domain structure in Czochralski grown PrxLa1-xAlO3 crystals 
K. Wieteska, W. Wierzchowski, A. Malinowska,  S,  Turczyński, M. Lefeld-Sosnowska, D. Pawlak, T. Łukasiewicz, 
C. Paulmann 
9 Krajowe Sympozjum Użytkowników Promieniowania Synchrotronowego KSUPS-9 (Poland, Warszawa, 2011-09-26 - 
2011-09-27) 
Synchrotron Radiation in Natural Science Vol. 10 No 1-2 (2011) 21 
 
Characteristics of an ion source for short-lived nuclide production 
M.Turek, D.Mączka, B.Słowiński, Yu.Yushkevich, Yu.Vaganov, J.Zubrzycki 
International Conf. „New Electrical and Electronic Technologies NEET” (Poland, Zakopane, June 2011) 
 
Production of double charged ions using the plasma ion source with evaporator 
M.Turek, A.Droździel, K.Pyszniak, D.Mączka 
International Conf. ”New Electrical and Electronic Technologies NEET (Poland, Zakopane, Jume 2011) 
 
Formation of molecular ion beams for ion implantation purposes 
K.Kiszczak, M.Turek, D.Mączka, B.Słowiński, J.Zubrzycki 
Ogólnopolskie Seminarium „Techniki Jonowe” (Poland, Szklarska Poręba, March 2011) 
 
Investigation of optical properties of oxides on the surface of the implanted GaAs by spectroscopic ellipsometry method 
A.Smolarz, M.Kulik, W.Rzodkiewicz, K.Pyszniak, A.Droździel, M.Turek, D.Mączka 
XVI Zjazd Fizyków Polskich (Poland, Lublin, October 4-9, 2011) 
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LECTURES, COURSES AND EXTERNAL SEMINARS 

The Atomic Bus - Mobile Laboratory. The summary of projecta) 
Ł. Koszuk 
Poznan, Fundacja Wszechnicy Budowlanej, 2011-01-12 
 
Nuclear power - first of all the safety!a) 
Ł. Koszuk 
Poznan, Faculty of Chemistry, Adam Mickiewicz University, 2011-04-07 
 
Nuclear power - first of all the safety!a) 
Ł. Koszuk 
Warsaw, University of the Third Age, Warsaw, Brodno, 2011-04-13 
 
Burnup calculation of Th-Pu fuel in nuclear power reactora) 
A. Boettcher 
Katowice, University of Silesia, 2011-05-17 
 
Nuclear power - first of all the safety!a) 
Ł. Koszuk 
Poznan, Institute of Atomic Energy POLATOM, 2011-05-25 
 
Generation III Nuclear Reactorsa) 
M. Łuszcz 
Poznań, EXPOPOWER , 2011-05-25 
 
Nuclear power development in Polanda) 
Ł. Koszuk 
Tarnow, Association of Polish Electrical Engineers SEP, 2011-06-01 
 
Nuclear power in Polanda) 
Ł. Koszuk 
Zerkow, The Association of Wielkopolska Municipalities and Counties, 2011-10-17 
 
A Method of Spallation Neutron Energy Spectrum Determination with Yttrium Sample Activationb) 
S. Kilim 
Warsaw, Hoża 69, Institute of Nuclear Problems, 2011-02-23 
 
Neutrons production in extended targets of Pb and W by electrons and protonsb) 
B. Słowiński 
Warsaw, Institute for Nuclear Studies, 2011-02-23 
 
Neutron-physics Reactor Calculations at the Institute of Atomic Energy, Świerk; T. Kulikowska, K. Andrzejewski,  
Z. Marcinkowska, A. Stadnik,  A. Boettcher,  M. Łuszcz b) 
K. Andrzejewski 
Otwock/Świerk, IAE, 2011-09-06 
 
The nuclear power - basic issuesa) 
Ł. Koszuk 
Swierk, Institute of Atomic Energy POLATOM, 2011-09-19 
 
The nuclear power - basic issuesa) 
Ł. Koszuk 
Swierk, Institute of Atomic Energy POLATOM, 2011-09-22 
 
Radiation phenomena in materials 
B.Słowiński 
Faculty of Physics, Warsaw University of technology, spring semester, 30 hours, lectures  for MSc and PhD students 
 
Physics background of nuclear power 
B.Słowiński 
Faculty of Physics, Warsaw University of technology, spring semester, 30 hours, lectures  for MSc and PhD students 
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Attenuation of ionizing radiation 
B.Słowiński 
UMCS University, Lublin, spring semester, 15 hours, lectures for BSc students 
 
 
a) in Polish 
b) in English 
 

INTERNAL SEMINARS 

Calculation of three-dimensional fuel assembly of EPRa) 
A. Boettcher 
Otwock, Institute of Atomic Energy POLATOM, 2011-04-19 
 
 
 
a) in Polish 

 
PARTICIPATION IN SCIENTIFIC COUNCILS, ASSOCIATIONS AND ORGANIZING COMMITTEES 

K. Andrzejewski 
Nukleonika, Institute of Nuclear Chemistry and Technology 
 
S.Chwaszczewski 
Vice President of Polish Nuclear Society 
Member of Polish Committee of the World Energy Council 
Member of Moscov Centre Governing Board of the World Association of Nuclear Operators (WANO) 

Ł. Koszuk 
ATOMIC FORUM Foundation, President 
Polish Nuclear Society, member 
Forum Atomowe, Atomic Forum, ATOMIC FORUM Foundation 
 
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 
 
D.Mączka 
member of the Scientific Council, Math.Phys.Inf. Faculty, M.Curie-Skłodowska University, Lublin, Poland 
member of the Polish Physical Society 
member of Lublin Scientific Society 
Vice chairman, Ogólnopolskie Seminarium “Techniki Jonowe” Poland, Szklarska Poręba, March 2011 
 
E. Miśta 
Vice-President, Polish Nuclear Society - Youth Forum 
Member, European Nuclear Society - Young Generations (ENS YNG) 
 
B. Mysłek-Laurikainen 
Member, Polish Physical Society 
Polish Nuclear Society 
National Centre for Nuclear Research  
 
E. Strugalska-Gola 
member, Association of Polish Electricians, Committee of Nuclear Power 
 
B.Słowiński 
member of the Commission of Referees for Scientific Publications at the Laboratory of High Energy Physics, Joint Institute 
for Nuclear Research, Dubna, Russia 
member of the International Scientific Collaboration PANDA, GSI, Darmstadt 
expert of the Polish Ministry of Education for high-school manuals in physics 
International Scientific Advisor of the Journal of Nuclear and Radiation Physics, Cairo, Egypt 
member as a representative of IAE and Warsaw University of Technology of the Consortium FEMTOFIZYKA (FEMTO-
PHYSICS) for Poland collaboration with FAIR Program  (GSI, Darmstadt) 
member of the Faculty Council, Faculty of Physics, Warsaw University of Technology 
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PERSONNEL 

Research scientists 
 
Bielewicz Andrzej, MSc. 
Chwaszczewski Stefan, Professor 
Jagieła-Sudol Agnieszka , MSc. 
Licki Janusz, Dr. 
Mączka Dariusz, Professor 
Mądry Magdalena, MSc. 
Mysłek-Laurikainen Bogumiła, Dr. 

Sendal Jagoda, MSc. 
Słowiński Bronisław, Professor 
Strugalska-Gola Elżbieta, Dr. 
Szczurek Jan, Dr. Eng. 
Szuta Marcin, Professor 
Wojciechowski Andrzej, Dr. 

 
 
Technical and administrative staff 
 
Bigos Andrzej 
Kilim Stanisław, MSc. 
Klisińska Małgorzata MSc. 

Jedynak Anna 
Miśta Ewelina, MSc. 
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5. DIVISION OF PLASMA PHYSICS AND MATERIALS ENGINEERING 
 

Head of Division: Dr. Marek Rabiński 
phone: +48 22 7180536 
e-mail: marek.rabinski@ncbj.gov.pl 

 
Overview 
 

In 2011 the activities of the Division continued previous studies in the following fields of plasma physics, controlled 
nuclear fusion and plasma engineering: 
• Studies of fast electron and X-ray emissions in Z-pinch and Tokamak devices; 
• Research on applications of solid-state nuclear track detectors for detection of fast ions and neutrons emitted 
from plasma in experimental facilities of Z-pinch, Tokamak and ICF type; 
• Investigations of high-temperature plasma streams and their interactions with solid targets; 
• Ultra-high vacuum arc deposition of thin metallic films; 
• Research on plasma surface engineering; 
• Studies on plasma-ion modification of materials. 
Within the framework of the EURATOM program, efforts were devoted to the development of diagnostic methods 
for tokamak-type facilities. In 2011 Cherenkov detectors were applied in the ISTTOK facility to detect energetic 
electrons (of energy>60 keV), to determine their spatial and temporal behaviour and to estimate their energy spectra. 
Attention was also paid to measurements of hard X-rays emitted from ISTTOK and to their correlations with run-
away electrons. Other fusion-oriented efforts were connected with the application of solid-state nuclear track detec-
tors to record fast alpha particles in tokamak experiments. 
As regards experimental studies particular attention was paid to the investigation of fast ion- and electron-beams 
emitted from high-current plasma discharges in PF and RPI facilities. Ion streams from such discharges were studied 
by means of nuclear track detectors, ion pinhole cameras, and a miniature Thompson-type mass-spectrometer. 
Another part of our research activity was related to plasma technology. Efforts were undertaken to improve the 
ultra-high vacuum (UHV) deposition of thin superconducting layers, e.g. pure niobium film on the surfaces of cop-
per resonant cavities for linear accelerators. In 2011 several investigations of the structure and properties of layers 
synthesized by different plasma surface engineering methods like Impulse Plasma Deposition and Pulse Magnetron 
Sputtering were also performed.  
Another activity was connected with the construction of neutral beam injector elements for the W7-X stellarator in 
Greifswald, Germany. 
 
 Marek Rabiński 
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PARTICIPATION IN CONFERENCES AND WORKSHOPS 

Invited Talks 
 
Important issues of high-current plasma experiments of the Z-pinch type 
M.J. Sadowski, M. Scholz 
10th Intern. Workshop and Summer School Towards Fusion Energy (Poland, Kudowa Zdroj, 2011-06-14 - 2011-06-18) 
Nukleonika (in press) 
 
Mega-Joule Plasma-Focus Experiment 
M. Scholz, M.J. Sadowski, P. Kubes, S. Krauz, K. Mitrovanov 
8th International Conference on Dense Z-Pinches (DZP2011) (France, Biarritz, 2011-06-05 - 2011-06-09) 
 
Diagnostics of neutron production from D-D fusion reaction in Z-pinch discharges 
P. Kubes, D. Klir, J. Kravarik, K. Rezac, M. Paduch, T. Pisarczyk, M. Scholz, T. Chodukowski, I. Ivanova-Stanik, 
L. Karpinski, K. Tomaszewski, E. Zielinska, M.J. Sadowski 
10th Intern. Workshop and Summer School Towards Fusion Energy (Poland, Kudowa Zdroj, 2011-06-14 - 2011-06-18) 
 
Rozwój metod diagnostyki gorącej plazmy w eksperymentach realizowanych w IPJ 
M.J. Sadowski 
XLI Zjazd Fizyków Polskich (Poland, Lublin, 2011-09-04 - 2011-09-09) 
 
Progress on MJ plasma focus research at IPPLM 
M. Scholz, L. Karpinski, V. Krauz, P. Kubes, M. Paduch, M.J. Sadowski, H. Schmidt 
PLASMA 2011 - International Conference on Research and Applications of Plasmas (Poland, Warsaw, 2011-09-12 - 2011-
09-16) 
 
Badania z dziedziny plazmowych technologii materiałów prowadzone w Instytucie Problemów Jądrowych 
M. Rabiński 
XLI Zjazd Fizyków Polskich (Poland, Lublin, 2011-09-04 - 2011-09-09) 
 
Gas Injection as a Tool For Controling Plasma Process During Coating Deposition 
K. Zdunek, K. Nowakowska-Langier,  J.Dora, R. Chodun 
8th Asian-European International Conference on Plasma Surface Engineering (AEPSE2011) (China, Dalian, 2011-09-19 - 
2011-09-22) 
Surf. Coat. Technol. (in press) 
 
 
Oral Presentations 
 
Zastosowanie technik jądrowych do charakteryzacji powierzchni materiałów: przykłady prac własnych 
B. Sartowska, J. Piekoszewski, L. Waliś, W. Starosta, M. Barlak, L. Nowicki, R. Ratajczak, M. Kopcewicz 
International Conference on Development and Applications of Nuclear Technologies NUTECH-2011 (Poland, Cracow, 
2011-09-11 - 2011-09-14) 
Nukleonika (2011)  
 
Neutron and interferometry diagnostics on the 2 MA Plasma Focus 
P. Kubes, D. Klir, J. Kortanek, J. Kravarik, K. Rezac, M. Paduch, T. Pisarczyk, M. Scholz, T. Chodukowski, Z. Kalinowska, 
B. Bienkowska, I. Ivanova-Stanik, L. Karpinski, E. Zielinska, M.J. Sadowski, K. Tomaszewski 
8th International Conference on Dense Z-Pinches (DZP2011) (France, Biarritz, 2011-06-05 - 2011-06-09) 
 
Magnetic Properties of Ion Manganese Implanted Silicon after Pulse Plasma Annealing 
Z. Werner, C. Pochrybniak, M. Barlak, J. Gosk, J. Szczytko, A. Twardowski, A. Siwek 
17th International Conference on Surface Modification of Materials by Ion Beams (SMMIB 2011) (China, Harbin, 2011-09-
13 - 2011-09-17) 
Vacuum (2011)  
 
Application of nuclear track detectors as sensors for photoneutrons generated by medical accelerators 
A. Szydłowski, M. Jaskóła, A. Malinowska, S. Pszona, A. Wysocka-Rabin, A. Korman, K. Pytel, R. Prokopowicz, 
J. Rostkowska, W. Bulski, M. Kuk 
25th International Conference on Nuclear Tracks in Solids (Mexico, Puebla, 2011-09-04 - 2011-09-09) 
 
Research on spatial- and energetic-characteristics of ion beams emitted from PF-360 discharges 
R. Kwiatkowski, M.J. Sadowski, E. Składnik-Sadowska, J. Żebrowski, K. Malinowski, K. Czaus, I.E. Garkusha 
10th Intern. Workshop and Summer School Towards Fusion Energy (Poland, Kudowa Zdroj, 2011-06-14 - 2011-06-18) 
Nukleonika (in press) 
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Application of SSNTDs for corpuscular diagnostics in plasma experiments. Deformation of craters by heat effects 
A. Malinowska, A. Szydłowski, M. Jaskóła, A. Korman, M. Kuk 
25th International Conference on Nuclear Tracks in Solids (Mexico, Puebla, 2011-09-04 - 2011-09-09) 
 
Recent studies of visible radiation and charged particles emission from high-current PF-1000 discharges 
M.J. Sadowski, E. Składnik-Sadowska, K. Czaus, R. Kwiatkowski, K. Malinowski, J. Żebrowski, L. Karpinski, 
M. Paduch, M. Scholz, P. Kubes, I.E. Garkusha, M. Ladygina 
8th International Conference on Dense Z-Pinches (DZP2011) (France, Biarritz, 2011-06-05 - 2011-06-09) 
 
Interferometry of the plasma-focus equipped with forehead cathode 
P. Kubes, D. Klir, M. Paduch, T. Pisarczyk, Z. Kalinowska, E. Zielinska, B. Bienkowska, T. Chodukowski, I. Ivanova-
Stanik, L. Karpinski, J. Kortanek, J. Kravarik, K. Rezac, M.J. Sadowski, M. Scholz, K. Tomaszewski 
PLASMA 2011 Intern. Conference on Research and Applications of Plasmas (Poland, Warsaw, 2011-09-12 - 2011-09-16) 
 
Optical emission spectroscopy of plasma produced from tungsten target irradiated within RPI-IBIS 
E. Składnik-Sadowska, K. Czaus, K. Malinowski, M.J. Sadowski, K. Nowakowska-Langier, M. Ladygina, 
I.E. Garkusha 
PLASMA 2011 Intern. Conference on Research and Applications of Plasmas (Poland, Warsaw, 2011-09-12 - 2011-09-16) 
 
Time- and space-resolved measurements of high-energy ion beams emitted from PF-type discharges 
R. Kwiatkowski, M.J. Sadowski, E. Składnik-Sadowska, J. Żebrowski, K. Malinowski, K. Czaus, I.E. Garkusha 
PLASMA 2011 Intern. Conference on Research and Applications of Plasmas (Poland, Warsaw, 2011-09-12 - 2011-09-16) 
 
Monte Carlo simulations of channeling spectra recorded for samples containing complex defects 
J. Jagielski, A. Turos, L. Nowicki, P. Jóźwik, S. Shutthanandan, Y. Zhang, L. Thomé, A. Stonert, I. Jozwik-Biala,  
20th International Conference on Ion Beam Analysis (IBA) (Brazil, Itapema, 2011-04-10 - 2011-04-15) 
Nucl. Instr. Meth. B Vol. 273 (2012) 91-94 
 
ITER ELMs Simulation with Plasma Accelerators 
V.A. Makhlay, I.E. Garkusha, N.N. Aksenov, M.S. Ladygina, I. Landman, J. Linke, S.V. Malykhin, A.T. Pugachev, 
M.J. Sadowski, E. Składnik-Sadowska 
13th International Workshop on Plasma-Facing Materials and Components for Fusion Applications & 1st International Con-
ference on Fusion Energy Materials Science (Germany, Rosenheim, 2011-05-09 - 2011-05-13) 
 
Estimation of energies of run-away elelctrons in ISTOK facility by means of Cherenkov-type probe with modified AlN ra-
diators 
L. Jakubowski, V.V. Plyusnin, M.J. Sadowski, J. Żebrowski, K. Malinowski, M. Rabiński, H. Fernandes, C. Silva, 
P. Duarte, M. Jakubowski 
PLASMA 2011 - International Conference on Research and Applications of Plasmas (Poland, Warsaw, 2011-09-12 - 2011-
09-16) 
 
 
Posters 
 
Recent studies of fast electron streams by means of Cherenkov detector in the TORE-SUPRA tokamak 
L. Jakubowski, M.J. Sadowski, J. Żebrowski, M. Rabiński, M.J. Jakubowski, K. Malinowski, R. Mirowski, Ph. Lotte, 
M. Goniche, J. Gunn, G. Colledani, J-Y. Pascal, V. Basiuk 
PLASMA 2011 Intern. Conference on Research and Applications of Plasmas (Poland, Warsaw, 2011-09-12 - 2011-09-16) 
 
High-temperature oxidation resistance of 316L stainless steel doped with yttrium using intense pulsed plasma beams 
M. Barlak, J. Piekoszewski, Z. Werner, B. Sartowska, L. Waliś, W. Starosta, J. Kierzek, E. Kowalska, K. Bocheńska, 
R. Heller, R. Wilhelm, A. Kolitsch, C. Pochrybniak, M. Woźnica 
17th International Conference on Surface Modification of Materials by Ion Beams (SMMIB 2011) (China, Harbin, 2011-09-
13 - 2011-09-17) 
Vacuum (2011) 

Structure of The Molybdenum Coatings Obtained By Different Plasma Surface Engineering Method: Pulsed Magnetron 
Sputtering And Uhv Arc Discharges 
K. Nowakowska-Langier, R. Chodun, K. Zdunek, L. Jakubowski, J. Żebrowski, R. Mirowski, J. Witkowski 
PLASMA 2011 Intern. Conference on Research and Applications of Plasmas (Poland, Warsaw, 2011-09-12 - 2011-09-16) 
 
Futher investigation of modern SSNTD 
A. Szydłowski, A. Malinowska, M. Jaskóła, A. Korman, M. Kuk 
PLASMA 2011 Intern. Conference on Research and Applications of Plasmas (Poland, Warsaw, 2011-09-12 - 2011-09-16) 
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Spectroscopic study of plasma produced from CFC targets irradiated by pulsed plasma streams 
M. Kubkowska, E. Składnik-Sadowska, M.J. Sadowski, K. Czaus, J. Żebrowski, M. Ladygina, I.E. Garkusha 
13th International Workshop on Plasma-Facing Materials and Components for Fusion Applications & 1st International 
Conference on Fusion Energy Materials Science (Germany, Rosenheim, 2011-05-09 - 2011-05-13) 
 
Calibration studies of the application of nuclear track detectors to the detection of charged particles 
A. Szydłowski, A. Malinowska, M. Jaskóła, A. Korman, M. Kuk 
25th International Conference on Nuclear Tracks in Solids (Mexico, Puebla, 2011-09-04 - 2011-09-09) 
 
Synchrotron topographic studies of domain structure in Czochralski grown PrxLa1-xAlO3 crystals 
K. Wieteska, W. Wierzchowski, A. Malinowska,  S,  Turczyński, M. Lefeld-Sosnowska, D. Pawlak, T. Łukasiewicz, 
C. Paulmann 
9 Krajowe Sympozjum Użytkowników Promieniowania Synchrotronowego KSUPS-9 (Poland, Warsaw, 2011-09-26 - 2011-
09-27) 
Synchrotron Radiation in Natural Science Vol. 10 No 1-2 (2011) 21 
 
Characterisation of the defect structure in gadolinum orthovanadate single crystals grown by the Czochralski method 
E. Wierzbicka, A. Malinowska, K. Wieteska, W. Wierzchowski, M. Lefeld-Sosnowska, M. Świrkowicz, T. Łukasiewicz, 
C. Paulmann 
9 Krajowe Sympozjum Użytkowników Promieniowania Synchrotronowego KSUPS-9 (Poland, Warsaw, 2011-09-26 – 
2011-12-27) 
Synchrotron Radiation in Natural Science Vol. 10 No 1-2 (2011) 35 
 
Estimation of electron density in high-density magnetized plasmas from analysis of self-absorbed spectral lines 
A. Marchenko, I. Garkusha, M. Ladygina, E. Składnik-Sadowska, M.J. Sadowski, M. Kubkowska, K. Jakubowska 
PLASMA 2011 Intern. Conference on Research and Applications of Plasmas (Poland, Warsaw, 2011-09-12 - 2011-09-16) 
 
Emission of fast ions from RPI-type discharges; Exeprimental study and theoretical modeling 
K. Malinowski, M.J. Sadowski 
PLASMA 2011 Intern. Conference on Research and Applications of Plasmas (Poland, Warsaw, 2011-09-12 - 2011-09-16) 
 
Preliminary determination of neutron angular distribution emitted from PF-1000 facility by indium activation 
S. Jednoróg, A. Szydłowski, M. Paduch, M. Scholz, B. Bieńkowska 
International Conference on Development and Applications of Nuclear Technologies NUTECH-2011 (Poland, Cracow, 
2011-09-11 - 2011-09-14) 
Nukleonika (in press) 
 
Time-resolved measurements coupled with mass- and energy-analysis of fast ions emitted from RPI discharges 
K. Czaus, K. Malinowski, E. Składnik-Sadowska, M.J. Sadowski, J. Żebrowski 
PLASMA 2011 Intern. Conference on Research and Applications of Plasmas (Poland, Warsaw, 2011-09-12 - 2011-09-16) 
 
Computational studies of IPD plasma accelerator work in different regimes 
M. Rabiński, K. Zdunek 
PLASMA 2011 Intern. Conference on Research and Applications of Plasmas (Poland, Warsaw, 2011-09-12 - 2011-09-16) 
 
The elimination of current oscillations in the coaxial plasma accelerator during the synthesis by Impulse Plasma Deposition 
method (IPD) 
R. Chodun, K. Nowakowska-Langier, K. Zdunek 
6th Symposium on Vacuum based Science and Technology (Poland, Koszalin - Kołobrzeg, 2011-09-20 - 2011-09-22) 
Vacuum (in press) 
 
Poprawa odporności na wysokotemperaturowe utlenianie stali AISI 316L przez stopowanie pierwiastkami ziem rzadkich 
przy wykorzystaniu intensywnych impulsów plazmowych 
B. Sartowska, J. Piekoszewski, L. Waliś, M. Barlak, W. Starosta, C. Pochrybniak 
polska nauka i technika dla elektrowni jądrowych w Polsce (Poland, Mądralin, 2011-01-13 - 2011-01-14) 
 
Optical spectroscopy of plasma streams at PF-360 and carbon behavior in experiments with CFC targets 
M. Ladygina, E. Składnik-Sadowska, M.J. Sadowski, K. Czaus, R. Kwiatkowski, K. Nowakowska-Langier, 
J. Żebrowski, M. Kubkowska, I.E. Garkusha 
PLASMA 2011 Intern. Conference on Research and Applications of Plasmas (Poland, Warsaw, 2011-09-12 - 2011-09-16) 
 
The elimination of current oscillations in the coaxial plasma accelerator during the synthesis by Impulse Plasma Deposition 
method (IPD) 
R. Chodun, K. Nowakowska-Langier, K. Zdunek 
PLASMA 2011 Intern. Conference on Research and Applications of Plasmas (Poland, Warsaw, 2011-09-12 - 2011-09-16) 
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High-temperature oxidation resistance in yttrium implanted stainless steel 
M. Barlak, J. Piekoszewski, Z. Werner, B. Sartowska, L. Waliś, W. Starosta, J. Kierzek, E. Kowalska, K. Bocheńska, 
R. Heller, R. Wilhelm, A. Kolitsch, C. Pochrybniak, M. Woźnica 
International Conference on Development and Applications of Nuclear Technologies NUTECH-2011 (Poland, Cracow, 
2011-09-11 - 2011-09-14) 
Nukleonika (2011)  
 
Wettability of carbon and silicon carbide ceramics induced by their surface alloying with Zr and Cu elements using high in-
tensity pulsed plasma beams 
M. Barlak, J. Piekoszewski, Z. Werner, B. Sartowska, L. Waliś, W. Starosta, J. Kierzek, K. Bocheńska, R. Heller, 
A. Kolitsch, C. Pochrybniak, E. Kowalska 
International Conference on Development and Applications of Nuclear Technologies NUTECH-2011 (Poland, Cracow, 
2011-09-11 - 2011-09-14) 
Nukleonika (2011)  
 
Experimental investigation of radiation resistance of a number of the tokamak plasma-facing ceramic materials by means of 
Plasma Focus devices 
E.V. Demina, V.A. Gribkov, A.V. Dubrovsky, V.N. Pimenov, S.V. Maslyaev, V.A. Ermishkin, M. Chernyshova, 
R.A. Miklaszewski, M. Paduch, M. Scholz, E. Zielinska, R. Gaffka, M. Gryaznevich, M.J. Sadowski, E. Składnik-
Sadowska, C. Tuniz 
13th International Workshop on Plasma-Facing Materials and Components for Fusion Applications & 1st International 
Conference on Fusion Energy Materials Science (Germany, Rosenheim, 2011-05-09 - 2011-05-13) 
 
Magnetic properties of Mn-ion implanted and plasma pulse treated Si 
J.B. Gosk, Z. Werner, C. Pochrybniak, M. Barlak, J. Szczytko, A. Twardowski 
40th Intern. School and Conference on the Physics of Semiconductors (Poland, Krynica-Zdrój, 2011-06-25 - 2011-07-01) 

 
 

LECTURES, COURSES AND EXTERNAL SEMINARS 

Future of nuclear power industrya) 
M. Rabiński 
Warsaw, Warsaw School of Economics, 2011-04-11 
 
Chernobyl - nuclear engineer explains how disaster has been hapeneda) 
M. Rabiński 
Warsaw, History Meeting House, 2011-05-14 
 
Chernobyl - 25 years after the disastera) 
M. Rabiński 
Warsaw, 15th Science Festival, 2011-09-24 
 
Chernobyl - 25 years after the disastera) 
M. Rabiński 
Warsaw, 15th Science Festival, 2011-09-25 
 
Research tasks realized at the Division of Plasma Physics and Material Engineering (N5) NCBJ in Swierk in a frame of 
NCBiR projecta) 
M.J. Sadowski 
Cracow, Poland, Institute of Nuclear Physics, Polish Academy of Sciences, 2011-10-25 
 
Measurements of fusion reaction protons using solid-state nuclear track detectors; results obtained on TEXTOR and experi-
ment prepared for COMPASSb) 
A. Szydłowski 
Prague, Institute of Plasma Physics AS CR, 2011-10-17 
 
Why do we need hot plasma?a) 
C. Pochrybniak 
Warsaw, Warsaw Science Festival, 2011-09-24 
 
 
a) in Polish 
b) in English 
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INTERNAL SEMINARS 

25 years after Chernobyla) 
M. Rabiński 
Warsaw, Rotary Club, 2011-09-27 
 
ASTRA and ACE3P in acceleration physicsb) 
T. Wasiewicz 
Otwock-Świerk, National Centre for Nuclear Research, 2011-11-22 
 
a) in Polish 
b) in English 

 

DIDACTIC ACTIVITY 

M. Rabiński - Lectures on "Thermonuclear fusion", Warsaw University of Technology postgraduate course 'Nuclear Engi-
neering' 
 
M.J. Sadowski  
Scientific supervision of studies and preparations of M.Sc. R. Kwiatkowski for elaboration of a Ph.D. thesis in a frame of 
Ph.D. courses at NCBJ 
Scientific supervision upon preparations of a Ph.D. thesis by M.Sc. K. Jakubowska from IPPLM in Warsaw 
Scientific supervision upon preparations of a Ph.D. thesis by M.Sc. K. Malinowski from N5 at NCBJ 
Scientific supervision upon preparations of a Ph.D. thesis by M.Sc. W. Stepniewski from IPPLM in Warsaw 

 

PARTICIPATION IN SCIENTIFIC COUNCILS, ASSOCIATIONS AND ORGANIZING COMMITTEES 

J. Jagielski 
Member of the Scientific Council 
Member of the SCientific Council of SLCJ 
 
A. Malinowska 
International Nuclear Track Society, member 
 
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 
 
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) 
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 
Member of the Polish Society of Applied Electromagnetics 
NUKLEONIKA, Institute of Nuclear Chemistry and Technology 
Vice-chairman of the Scientific Council at the Institute of Plasma Physics and Laser Microfusion 
Vice-chairman of the Scientific Council at the Andrzej Soltan Institute for Nuclear Studies 
Member of the Scientific Council, National Centre for Nuclear Research 
Honorary Chairman of the Scientific Council, Institute of Plasma Physics and Laser Microfusion  
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A. Szydłowski 
International Nuclear Track Society, member 
 
Z. Werner 
Session chairman on 17th International Conference on Surface Modification of Materials by Ion Beams (SMMIB 2011) in 
Harbin, China 
 
K. Zdunek 
European Joint Committee on Plasma and Ion Surface Engineering (EJC PISE) 
Faculty of Materials Science, Warsaw University of Technology 

 
PERSONNEL 

Research scientists 
 
Barlak Marek, Assoc. Prof.   
Czaus Krzysztof * 
Jagielski Jacek, Professor* 
Jakubowski Lech, Dr. * 
Malinowska Aneta, Dr.  
Nietubyć Robert, Dr.  
Nowakowska-Langier Katarzyna, Dr. 
Pęczkowski Paweł Dr., to April  
Pochrybniak Cezary, Dr. 

Rabiński Marek, Dr. 
Sadowski Marek, Professor 
Składnik-Sadowska Elżbieta, Dr. * 
Szymczyk Władysław, Dr.  
Szydłowski Adam, Dr. 
Werner Zbigniew, Assoc. Prof. 
Zdunek Krzysztof, Professor 
Żebrowski Jarosław, Dr. 
Witkowski Jan* 

 
Technical and administrative staff 
 
Gątarczyk Krzysztof 
Gawrońska Alicja* to June 30 
Gniadek Krzysztof 
Jakubowski Marcin 
Jędrzejczyk Marek  
Karpiński Paweł 
Kołakowski Bernard 
Kowalska Ewa* from July 01  
Kuk Mirosław 

Malinowski Karol, MSc. 
Mirowski Robert, MSc.E.E. 
Strzelecki Grzegorz, MSc.E.E. from May 10 
Trembicki Andrzej 
Wasiewicz Tomasz, MSc. from May 04  
Wiraszka Andrzej 
Woźnica Magdalena, MSc. from May 04  
Zagórski Jerzy  

 
 
* part-time employee 
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6. DIVISION OF HIGH ENERGY PHYSICS 
 

Head of Division: Professor Helena Białkowska 
phone: +48 22 5532265 
e-mail: Lena.Bialkowska@fuw.edu.pl 

 
Overview 
 
All physics activities of the Department are performed within large international collaborations, which guarantee 
access to large accelerators and facilities. These can be grouped into three parts: 
Data taking and analysis at the LHC accelerator. 
Three teams work on LHC experiments: CMS, ALICE and LHCb. During 2011 pp and PbPb data have been taken, 
resulting in a very large increase of available experimental material. 
The CMS team, within the whole collaboration, concentrated on the search for the Higgs boson. The results ob-
tained, together with the ATLAS experiment results, exclude the Higgs within the 128 – 534 GeV mass range, and 
observe a possible but not yet significant indication for lower mass. 
Special analysis activities were related to a search for the heavy stable charged particles. 
The whole team’s experimental effort was devoted to the running and improvements of the RPC muon trigger. 
The ALICE team participated in detector running and data analysis, in particular – the PHOS spectrometer. The 
most important physics results, related to the Warsaw team’s expertise, concern the two pion correlation functions 
from PbPb collisions and the determination of pion source radii, found to be significantly larger than at lower ener-
gies. 
The LHCb team participated in the study of rare B meson decays and a study of CP symmetry violation in charm 
and beauty particle decays. In 2011 the first evidence for CP violation in charm decays was obtained.  
An experimental effort of the group has concentrated on a study of ageing effects in the LHCb Outer Tracker. 
Neutrino physics experiments 
The neutrino team has mainly concentrated on active participation in the T2K experiment. Here a significant 
achievement was the observation of six electron neutrinos (from the muon neutrino beam), enabling the first indica-
tion of a non-zero value of the theta13 oscillation parameter.. 
The group works on servicing, modeling and data acquisition from the Side Muon Range Detector. 
For the purposes of precise estimation of the neutrino beam intensity, the group participated in the NA61 experiment 
at CERN SPS, where measurements of low energy pion and kaon production on a carbon target (as a model for the 
T2K target) were performed. 
SPS and low energy studies 
The Warsaw COMPASS team takes an active part in the data analysis based on muon interactions collected in pre-
vious years. The analysis concentrates on the delta(g)/g evaluation – that is, the gluon contribution to nucleon spin, 
studied in charm production and large transverse momentum production channels. 
The WASA experiment, installed at the COSY synchrotron, has studied the production and rare decays of light 
mesons produced in pp, pd and dd collisions at energies around 3 GeV/c. These measurements contribute to setting 
limits on basic symmetry breaking and potential `new physics’ effects. 
A small group has participated in the Kloe-2 experiment, studying the decoherence of K-long- K-short states. 
Members of the Department were active in the `Pi of the Sky’ astrophysics project. 
Several members actively participate in two large projects: AiD (Accelerators and Detectors) and CiS (Swierk 
Computing Center) and in the project `Bayesian Approach to multiparameter problems in physics’ within the `Wel-
come project’ of the Foundation for Polish Science. 
Altogether, Department members have published 112 articles in refereed journals, with 3 more accepted. They have 
contributed 12 invited talks to international conferences, and gave 36 seminars. 
12 PhD students have worked under the supervision of Division members. 
 
 Helena Białkowska 
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REPORTS 

Exclusive ρ0 production using transversely polarized 6LiD (2003-2004) and NH3 (2007) 
K. Schmidt, ... , P. Sznajder, A. Sandacz, ... et al. 
http://wwwcompass.cern.ch/compass/notes/2011-6/2011-6.pdf 
 
JINR - Dubna 1956-2011 Rozdzial  From A to Y Collaboration 
R. Sosnowski 
Dubna 
 
Measurement of the Γ(η→π+π-Υ)/Γ(η→π+π-π0) with KLOE experiment 
F. Ambrosino, ... , W. Wiślicki, ... et al. 
LNF, Frascati, e-Print: arXiv:1107.5733 [hep-ex] 
 
ΥΥ physics with the KLOE experiment 
F. Archili, ... , W. Wiślicki, ... et al. 
LNF, Frascati, e-Print: arXiv:1107.3782 [hep-ex] 
 
 

PARTICIPATION IN CONFERENCES AND WORKSHOPS 

Invited Talks 
 
The legacy of Maria Curie Skłodowska 
R. Sosnowski 
Spuścizna naukowa Marii Curie-Skłodowskiej (Poland, Lublin, 2011-05-19 - 2011-05-20) 
 
CMS Searches in 2010 
P. Zalewski 
Cracow Epiphany Conference on the First Year of the LHC (Poland, Cracow, 2011-01-10 - 2011-01-12) 
Acta Phys. Pol. B Vol. 42 No 7 (2011) 1699 
 
Search for long-lived particles in CMS experiment 
P. Zalewski 
Beyond the Standard Model: results with the 7 TeV LHC Collision Data (Italy, Trieste, 2011-09-19 - 2011-09-23) 
 
LHC: bsm searches 
P. Zalewski 
stringtheory.pl/2011 (Poland, Warsaw, 2011-04-15 - 2011-04-17) 
 
The T2K experiment - first results and future plans 
J. Łagoda 
XXXV International Conference of Theoretical Physics MATTER TO THE DEEPEST: Recent Developments in Physics of 
Fundamental Interactions (Poland, Ustroń, 2011-09-12 - 2011-09-18) 
 
High Density Matter in the CMS 
H. Białkowska 
Epiphany 2011 ConferenceOn the First Year of the LHC (Poland, Cracow, 2011-01-10 - 2011-01-11) 
Acta Phys. Pol. B Vol. 42 B (2011) 1359 
 
Exclusive ρ0 production off transversely polarized protons and deuterons 
P. Sznajder 
XIV Workshop on High Energy Spin Physics, Dubna 2011 (Russia, Dubna, 2011-09-20 - 2011-09-24) 
Dubna No. (2012) 
 
The Ridge Effect from pp to Pb Pb 
H. Białkowska 
Strangeness in Quark Matter (Poland, Cracow, 2011-09-19 - 2011-09-24) 
 
Status of the CMS experiment at the LHC, with a special emphases to Warsaw Group activities 
K. Romanowska-Rybińska 
XXVI Wilga Symposium (Poland, Wilga, 2011-05-23 - 2011-05-29) 
 
Deciphering Azimuthal Correlations in Relativistic Heavy-Ion Collisions 
St. Mrówczyński 
Three Days on Quarkyonic Island , HIC for FAIR Workshop and XXVIII Max-Born Symposium (Poland, Wrocław, 2011-05-
19 - 2011-05-21) 
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Fizyka Neutrin 
E. Rondio 
XLI Zjazd Fizyków Polskich (Poland, Lublin, 2011-09-04 - 2011-09-09) 
 
 
Oral Presentations 
 
Hadron Production Measurement in NA61/SHINE Experiment at CERN SPS for the Neutrino and Cosmic RayExperiments 
T. Palczewski 
PANIC11 (USA, Cambridge , 2011-07-24 - 2011-07-29) 
 
Present status of Pi of the Sky telescopes 
A. Majcher, M. Sokołowski, T. Batsch, A.J. Castro-Tirado, H. Czyrkowski, M. Cwiok, R. Dabrowski, M. Jel´ınek, 
G. Kasprowicz, A. Majczyna, K. Małek, L. Mankiewicz, K. Nawrocki, R. Opiela, L.W. Piotrowski, M. Siudek, 
R. Wawrzaszek, G. Wrochna, M. Zaremba, A.F. Zarnecki 
XXVI Wilga Symposium (Poland, Wilga, 2011-05-23 - 2011-05-29) 
SPIE No. (2011) 
 
The GPD program at COMPASS 
A. Sandacz 
XIV Workshop on High Energy Spin Physics, Dubna 2011 (Russia, Dubna, 2011-09-20 - 2011-09-24) 
 
 
Poster 
 
Grand canonical minority game as a sign predictor 
K. Wawrzyniak, W. Wiślicki 
European Conference on Complex Systems (Austria, Vienna, 2011-09-12 - 2011-09-16) 
S. Thurner and M. Szell Löcker Verlag, Vienna No. (2011) p. 134 

 
 
LECTURES, COURSES AND EXTERNAL SEMINARS 

Searches at hadron colliders: CMS case studyb) 
P. Zalewski 
Warsaw, Warsaw University, 2011-05-17 
 
Half a year of the heavy-ion programme at the LHC accelerator - first resultsa) 
B. Boimska 
Warsaw, Institute of Experimental Physics, University of Warsaw, 2011-05-20 
 
How (and why) experimentalists draw conclusions directly from the dataa) 
P. Zalewski 
Warsaw, Warsaw University, 2011-05-30 
 
The Computing Centre Świerk Projecta) 
W. Wiślicki 
Świerk, The Andrzej Sołtan Institute for Nuclear Studies, 2011-06-09 
 
LHC or what  is the difference between a modern particle physicist and Winnie the Pooh?a) 
P. Zalewski 
Warsaw, Warsaw University, 2011-10-05 
 
Measurements of gluon polarisation in the nucleon - new resultsa) 
K. Klimaszewski 
Warsaw, Institute of Experimental Physics, University of Warsaw, 2011-11-25 
 
Extraction of AUT asymmetry with non-exclusive background subtractionb) 
P. Sznajder 
Freiburg im Breisgau, University of Freiburg, 2011-01-19 
 
Charm in the beauty experiment at LHCb) 
M. Szczekowski 
Warsaw, University of Warsaw, 2011-01-21 
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Measurement of the CP Violation in the B0s->J/psi phi in the LHCb Experimentb) 
A. Ukleja 
Warsaw, University of Warsaw, 2011-01-21 
 
The continuation of systematic studiesb) 
P. Sznajder 
Geneva, CERN, 2011-02-09 
 
Prospects for WW scattering at the LHCb) 
M. Szleper 
Warsaw, University of Warsaw, 2011-03-25 
 
Simulation of trigers for 2009 DVCS testb) 
A. Sandacz 
Freiburg, Freiburg University, 2011-03-29 
 
Extraction of AUT asymmetry from deuteron datab) 
P. Sznajder 
Freiburg im Breisgau, University of Freiburg, 2011-03-29 
 
Search for particle-antiparticle asymmetries in Dalitz plots for D(s) → KKπ decaysb) 
M. Szczekowski 
Geneva, CERN, 2011-04-14 
 
The HEPGEN generatorb) 
P. Sznajder 
Geneva, CERN, 2011-04-29 
 
Search for particle-aniparticle asymmetries in Dalitz plots for D(s) → hhh decaysb) 
M. Szczekowski 
Geneva, CERN, 2011-05-19 
 
Studies of open heavy flavour production at LHCb on behalf of the LHCb Collaborationb) 
A. Ukleja 
Munich, XIV International Conference on Hadron Spectroscopy, 2011-06-16 
 
An update on predictions for exclusive π0 production from GK modelb) 
A. Sandacz 
Freiburg, Freiburg University, 2011-07-13 
 
Non-LHC physics at CERNb) 
E. Rondio 
FNAL, Laboratorium Fermiego USA, 2011-08-17 
 
Effect of ECAL0 on acceptance for exclusive processesb) 
A. Sandacz 
Geneva, CERN, 2011-09-06 
 
The new reconstruction of the beamb) 
P. Sznajder 
Geneva, CERN, 2011-09-07 
 
More on effect of ECAL0 on acceptance for exclusive processes (part2)b) 
A. Sandacz 
Geneva, CERN, 2011-09-16 
 
Supersymmetry after few months of LHC running at high luminosityb) 
P. Zalewski 
Warsaw, Warsaw University, 2011-10-25 
 
The new beam reconstruction packageb) 
P. Sznajder 
Geneva, CERN, 2011-11-15 
 
 
a) in Polish 
b) in English 



Division of High Energy Physics  
 

65

INTERNAL SEMINARS 

Searching New Physics effects in the CP Violation in the LHCb Experimenta) 
A. Ukleja 
Warsaw, University of Warsaw, 2011-01-07 
 
The selection of Bs->Jpsi(ee)Phi decays on 2010 LHCb datab) 
A. Ukleja 
Geneve, European Organization for Nuclear Research, 2011-02-10 
 
News from CERN - this time about non-LHC programa) 
E. Rondio 
Świerk, The Andrzej Sołtan Institute for Nuclear Studies, 2011-02-17 
 
First data from T2Ka) 
P. Przewłocki 
Warsaw, Poland, University of Warsaw/The Andrzej Sołtan Instute for Nuclear Studies, 2011-02-25 
 
Search for neutrinos from Dark Matter annihilation at Super-Kamiokandea) 
P. Mijakowski 
Katowice, Uniwersytet Śląski, 2011-03-22 
 
Search for particle-antiparticle asymmetries in Dalitz plots for D(s)->KKpi decaysb) 
A. Ukleja 
Geneve, European Organization for Nuclear Research, 2011-04-14 
 
First results on relativistic ion collisions at LHCa) 
H. Białkowska 
Warsaw, The Andrzej Sołtan Institute for Nuclear Studies, 2011-04-21 
 
Search for particle-antiparticle asymmetries in Dalitz plots for D(s)->hhh decaysb) 
A. Ukleja 
Geneve, European Organization for Nuclear Research, 2011-05-19 
 
Big Banga) 
M. Szeptycka 
Swierk, The Andrzej Sołtan Institute for Nuclear Studies, 2011-09-26 
 
Neutrino oscillations in T2K experiment - first resultsa) 
J. Łagoda 
Warsaw, Warsaw, University of Warsaw, Institute of Experimental Physics, 2011-10-14 
 
Differences between MagUp and MagDown Status of D->Kpipib) 
A. Ukleja 
Geneve, European Organization for Nuclear Research, 2011-10-20 
 
GPGPU again?! Insight into the OpenCLb) 
M. Karpiarz 
Otwock-Świerk, National Centre for Nuclear Research, 2011-11-15 
 
Search for neutrinos from Dark Matter annihilation at Super-Kamiokandea) 
P. Mijakowski 
Warszawa, NCBJ/UW, 2011-12-02 
 
First evidence for CP violation in charm decays at LHCba) 
A. Ukleja 
Warsaw, University of Warsaw, 2011-12-09 
 
 
a) in Polish 
b) in English 
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DIDACTIC ACTIVITY 

H. Białkowska - Open University lecture 
Quest for a New State of Matter 
 
H. Białkowska - Supervisor of PhD student Tomasz Fruboes 
 
P. Przewłocki - Supervising Wojciech Oryszczak, a student from Faculty of Physics, Warsaw University 
 
E. Rondio - Aleksander Kiliński 
Determination of efficiency of counters for near detector in T2K experiment using atmospheric muons 
 
E. Rondio - Direct and Indirect Search for a Dark Matter 
 
E. Rondio - lecture during cours for polish teachers at CERN 
 
A. Sandacz - supervising of the Ph. D. student Paweł Sznajder 
 
M. Szeptycka - the defence of Karol Jędrzejczak's PHD on 08.11.2011. The PHD title Measurements of Neutron Flux in the 
National Laboratory in Gran Sasso 
 
W. Wiślicki - Coaching diploma student Rafał Możdżonek - KLOE-2 experiment. 
 
W. Wiślicki - Coaching PhD student Anna Kowalewska, KLOE-2 experiment 
 
W. Wiślicki - Coaching PhD student Karol Wawrzyniak, complex systems 
 

 
PARTICIPATION IN SCIENTIFIC COUNCILS, ASSOCIATIONS AND ORGANIZING COMMITTEES 

H. Białkowska 
Acta Physica Polonica B, Institute of Physics of the Jagellonian University 
Member of the Scientific Council of the Institute of Experimental Physics, Warsaw University 
Deputy President of the Scientific Council 
National Centre for Nuclear Research 
 
E. Rondio 
Member of Organizing Committee on EDIT - szkoła detektorowa in Genewa, Switzerland 
member of scientific advisory committee (PAC) 
ECFA Neutrino Panel 
 
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 
Scientific Council at Ministry of Science and High Education 
vicepresident Council of Atomistics 
president National Centre for Nuclear Research 
member Institute of High Pressure 
 
J. Stepaniak 
Member of scientific council, representative of scientific staff. Member of Commission for PhDs and habilitations. 
Member of the Scientific Council 
 
W. Wiślicki 
Pl-Grid National Consortium 
Laboratori Nazionali di Frascati, Member of the Institution Board of the KLOE-2 Collaboration 
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PERSONNEL 

Research scientists 
 
Adamus Marek, Dr. 
Berłowski Marcin, Msc.* 
Białkowska Helena, Professor 
Bluj Michał, Dr. on leave 
Boimska Bożena, Dr. 
Deloff Andrzej, Assoc.Prof.* 
Gokieli Ryszard, Dr. † 
Górski Maciej, Dr. 
Hoffman Julia, Dr. on leave 
Karpiarz Mariusz * 
Kazana Małgorzata, Dr. 
Klimaszewski Konrad, Dr. 
Kowalik Katarzyna, Dr. 
Kupść Andrzej, Dr. on leave 
Łagoda Justyna, Dr. 
Marciniewski Piotr, Dr. on leave 
Mijakowski Piotr, Dr. 
Mrówczyński Stanisław, Professor* 

Nawrocki Krzysztof, Dr. 

Nawrot Adam, Eng.* 
Palczewski Tomasz * 
Przewłocki Paweł, Dr. 
Rondio Ewa, Profesor 
Sandacz Andrzej, Assoc.Prof. 
Siemiarczuk Teodor, Professor* 
Sosnowski Ryszard, Professor 
Stepaniak Joanna, Professor* 
Sulej Robert on leave 
Szczekowski Marek, Assoc.Prof. 
Szeptycka Maria, Professor* 
Szleper Michał, Dr.  
Sznajder Paweł, MSc.* 
Traczyk Piotr, Dr. on leave 
Ukleja Artur, Dr. 
Waśko Wojciech, Eng. 
Wiślicki Wojciech, Professor 
Zalewski Piotr, Dr. 

 
PhD students 
 
Berłowski Marcin, MSc. 
Deja Katarzyna, MSc. 
Fruobes Tomasz, MSc. 
Ilkiv Iryna, MSc. 
Kurashvili Podist, MSc. 
Pszczel Damian, MSc. 
Palczewski Tomasz, MSc. 
Romanowska-Rybińska Katarzyna, MSc. 
Sznajder Paweł, MSc, 
 
Technical and administrative staff 
 
Gawor Piotr 
Marszał Tadeusz 
Świerczyńska Teresa * 
 
 
 
 
* part-time employee 
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7. DIVISION OF COSMIC RAY PHYSICS 
 

Head of Division: Dr. Jacek Szabelski 
phone: +48 42 6783223 
e-mail: js@zpk.u.lodz.pl 

 
Overview 
 
The Division 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 the physical and astrophysical processes responsible for the high energies of the 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 in Łódź a workshop on 
particle physics for high school students. This is part of the European activity: EPPOG's Masterclass – Hands on 
Particle Physics.   
Energetic Cosmic Ray particles produce cascades of particles in the atmosphere, called Extensive Air Showers 
(EAS). Registering EAS and their properties is the main means of studying experimentaly very high energy Cosmic 
Rays: 
• The satellite experiment JEM-EUSO will observe EASs from the International Space Station. The main target is 

to find Cosmic Ray Sources of the highest energy Cosmic Rays. JEM-EUSO will collect a large number of 
events since it will observe a large area of the atmosphere. We participate in preparation of the hardware for the 
mission and for high altitude balloon tests. 

• The KASCADE-Grande addresses experimentally the problems of mass composition and EAS development in 
the atmosphere in the energy range 1E15-1E18 eV. A knowledge of mass composition would contribute to the 
development of hadronic interaction models and the search for Cosmic Ray astrophysical sources. The interac-
tion models in the simulation code CORSIKA play an essential role in the interpretation of data. These are stud-
ied experimentally using the KASCADE hadron calorimeter and measuring EAS muon directions and their lat-
eral distributions. The LOPES Collaboration in KIT – Karlsruhe develops radio techniques for EAS measure-
ments in Karlsruhe. We have participated in both of these experiments since they have begun. 

• Locally in Łódź we concentrate on methodological studies of detection of neutrons and interpretation of multi-
ple neutron registrations in the underground laboratory. We have also 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. The just started 
LHC detectors will verify the models used in EAS simulations.  
In the area of high energy particle physics the Division participates in the ZEUS experiment at DESY (Hamburg, 
Germany), and in the WASA@COSY Collaboration in Juelich, Germany. 
 
 Jacek Szabelski 
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PARTICIPATION IN CONFERENCES AND WORKSHOPS 

Invited Talk 
 
Results from Kascade-Grande 
M. Bertaina, P. Łuczak, J. Zabierowski 
CAEN/RICAP 2011 3rd Roma International Conference on Astro-Particle physics. (Italy, Roma, 2011-05-25 - 2011-05-27) 
Nucl. Instr. Meth. A (in press) 
 
 
Oral Presentations 
 
The IR-Camera of the JEM-EUSO Space Observatory 
M.D. RodriguezFrias, T. Batsch, J. Karczmarczyk, B. Szabelska, J. Szabelski, T. Tymieniecka, T. Wibig 
32nd International Cosmic Ray Conference (China, Beijing, 2011-08-11 - 2011-08-18) 
 
Improved radio data analysis with LOPES 
K. Link, P. Łuczak, J. Zabierowski 
32nd International Cosmic Ray Conference (China, Beijing, 2011-08-11 - 2011-08-18) 
Institute of High Energy Physics, Chinese Academy of Sciences, Beijing, China No.Vol. 3/11 (2012) p. 92 
 
High energy muons in EAS and primary composition around the knee 
V. Petkov, J. Szabelski, A. Gaponenko 
32nd International Cosmic Ray Conference (China, Beijing, 2011-08-11 - 2011-08-18) 
 
Gamma Ray source studies using a Muon Tracking Detector (MTD) 
P. Doll, K. Daumiller, J. Zabierowski 
DPG Frühjahrstagung 2011 (Germany, Karlsruhe, 2011-03-28 - 2011-04-01) 
Verhandlungen der DPG Fruehjahrstagungen Vol. T112 (2011) 9 
 
Cosmic Ray Measurements with KASCADE-Grande 
A. Haungs, P. Łuczak, J. Zabierowski 
32nd International Cosmic Ray Conference (China, Beijing, 2011-08-11 - 2011-08-18) 
Institute of High Energy Physics, Chinese Academy of Sciences, Beijing, China No.Vol. 1/11 (2012) p. 263 
 
Muon Production Height and Longitudinal Shower Development in KASCADE-Grande 
P. Doll, K. Daumiller, J. Zabierowski 
DPG Frühjahrstagung 2011 (Germany, Karlsruhe, 2011-03-28 - 2011-04-01) 
Verhandlungen der DPG Fruehjahrstagungen Vol. T103 (2011) 2 
 
On the primary mass sensitivity of EAS muons pseudorapidity 
J. Zabierowski, P. Łuczak, P. Doll 
KASCADE-Grande Collaboration Workshop 2011 (Germany, Freudenstadt, 2011-06-27 - 2011-06-29) 
 
Tests of high energy hadronic interaction models with the MuonTracking Detector 
P. Łuczak, J. Zabierowski, P. Doll 
KASCADE-Grande Collaboration Workshop 2011 (Germany, Freudenstadt, 2011-06-27 - 2011-06-29) 
 
Muon production heights - shower development 
P. Doll, P. Łuczak, J. Zabierowski 
KASCADE-Grande Collaboration Workshop 2011 (Germany, Freudenstadt, 2011-06-27 - 2011-06-29) 
 
Overview of the JEM-EUSO Instruments 
F. Kajino, T. Batsch, J. Karczmarczyk, B. Szabelska, J. Szabelski, T. Tymieniecka, T. Wibig 
32nd International Cosmic Ray Conference (China, Beijing, 2011-08-11 - 2011-08-18) 
 
The cosmic ray elemental composition based on measurement of the Nµ/Nch ratio with KASCADE-Grande 
E. Cantoni, A. Chiavassa, P. Łuczak, J. Zabierowski 
32nd International Cosmic Ray Conference (China, Beijing, 2011-08-11 - 2011-08-18) 
Institute of High Energy Physics, Chinese Academy of Sciences, Beijing, China No.Vol. 1/11 (2012) p. 259 
 
The JEM-EUSO Mission 
T. Ebisuzaki, T. Batsch, J. Karczmarczyk, B. Szabelska, J. Szabelski, T. Tymieniecka, T. Wibig 
32nd International Cosmic Ray Conference (China, Beijing, 2011-08-11 - 2011-08-18) 
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Investigation of the Radio Wavefront of Air Showers with LOPES and REAS3 
F.G. Schroeder, P. Łuczak, J. Zabierowski 
32nd International Cosmic Ray Conference (China, Beijing, 2011-08-11 - 2011-08-18) 
Institute of High Energy Physics, Chinese Academy of Sciences, Beijing, China No.Vol. 3/11 (2012) p. 64 
 
KASCADE-Grande measurements of energy spectra for elemental groups of cosmic rays 
D. Fuhrmann, P. Łuczak, J. Zabierowski 
32nd International Cosmic Ray Conference (China, Beijing, 2011-08-11 - 2011-08-18) 
Institute of High Energy Physics, Chinese Academy of Sciences, Beijing, China No.Vol. 1/11 (2012) p. 227 
 
Science objectives of the JEM-EUSO mission 
G. Medina-Tanco, T. Batsch, J. Karczmarczyk, B. Szabelska, J. Szabelski, T. Tymieniecka, T. Wibig 
32nd International Cosmic Ray Conference (China, Beijing, 2011-08-11 - 2011-08-18) 
 
Requirements and expected performances of the JEM-EUSO mission 
A. Santangelo, T. Batsch, J. Karczmarczyk, B. Szabelska, J. Szabelski, T. Tymieniecka, T. Wibig 
32nd International Cosmic Ray Conference (China, Beijing, 2011-08-11 - 2011-08-18) 
 
On the primary mass sensitivity of muon pseudorapidities measured with KASCADE-Grande 
J. Zabierowski, P. Łuczak, P. Doll 
32nd International Cosmic Ray Conference (China, Beijing, 2011-08-11 - 2011-08-18) 
Institute of High Energy Physics, Chinese Academy of Sciences, Beijing, China No.Vol.1/11 (2012) p. 220 
 
Tests of hadronic interaction models with the KASCADE-Grande muon data 
J.C. Arteaga, P. Łuczak, J. Zabierowski 
32nd International Cosmic Ray Conference (China, Beijing, 2011-08-11 - 2011-08-18) 
Institute of High Energy Physics, Chinese Academy of Sciences, Beijing, China No.Vol. 1/11 (2012) p. 275 
 
 
Posters 
 
Data Acquisition System of the JEM-EUSO project 
M. Casolino, T. Batsch, J. Karczmarczyk, B. Szabelska, J. Szabelski, T. Tymieniecka, T. Wibig 
32nd International Cosmic Ray Conference (China, Beijing, 2011-08-11 - 2011-08-18) 
 
Gamma Ray source studies using a Muon Tracking Detector (MTD) 
P. Doll, K. Daumiller, J. Zabierowski, P. Łuczak 
32nd International Cosmic Ray Conference (China, Beijing, 2011-08-11 - 2011-08-18) 
Institute of High Energy Physics, Chinese Academy of Sciences, Beijing, China No.Vol. 9/11 (2012) p. 6 
 
The Focal Surface Detector of the JEM-EUSO Instrument 
Y. Kawasaki, T. Batsch, J. Karczmarczyk, B. Szabelska, J. Szabelski, T. Tymieniecka, T. Wibig 
32nd International Cosmic Ray Conference (China, Beijing, 2011-08-11 - 2011-08-18) 
 
Cloud Coverage and its Implications for Cosmic Ray Observation from Space 
M. Bertaina, T. Batsch, J. Karczmarczyk, B. Szabelska, J. Szabelski, T. Tymieniecka, T. Wibig 
32nd International Cosmic Ray Conference (China, Beijing, 2011-08-11 - 2011-08-18) 
 
Moscow State University Satellite Mikhail Lomonosov - the Multi-Purpose Observatory in Space. Technological Develop-
ments in Russia for JEM-EUSO Collaboration 
M.I. Panasyuk, T. Batsch, J. Karczmarczyk, B. Szabelska, J. Szabelski, T. Tymieniecka, T. Wibig 
32nd International Cosmic Ray Conference (China, Beijing, 2011-08-11 - 2011-08-18) 
 
The JEM-EUSO Focal Surface Mechanical Structure 
M. Ricci, T. Batsch, J. Karczmarczyk, B. Szabelska, J. Szabelski, T. Tymieniecka, T. Wibig 
32nd International Cosmic Ray Conference (China, Beijing, 2011-08-11 - 2011-08-18) 
 
A study of different cloud detection methods for the JEM-EUSO atmospheric monitoring system 
A. Anzalone, T. Batsch, J. Karczmarczyk, B. Szabelska, J. Szabelski, T. Tymieniecka, T. Wibig 
32nd International Cosmic Ray Conference (China, Beijing, 2011-08-11 - 2011-08-18) 
 
LOPES 3D reconfiguration and first measurements 
D. Huber, P. Łuczak, J. Zabierowski 
32nd International Cosmic Ray Conference (China, Beijing, 2011-08-11 - 2011-08-18) 
Institute of High Energy Physics, Chinese Academy of Sciences, Beijing, China No.Vol. 3/11 (2012) p. 72 
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SPACIROC: A Front-End Readout ASIC for Spatial Cosmic Ray Observatory 
S. Ahmad, T. Batsch, J. Karczmarczyk, B. Szabelska, J. Szabelski, T. Tymieniecka, T. Wibig 
32nd International Cosmic Ray Conference (China, Beijing, 2011-08-11 - 2011-08-18) 
 
Estimation of JEM-EUSO experiment duty cycle based on Universitetsky Tatiana measurements 
P. Bobik, T. Batsch, J. Karczmarczyk, B. Szabelska, J. Szabelski, T. Tymieniecka, T. Wibig 
32nd International Cosmic Ray Conference (China, Beijing, 2011-08-11 - 2011-08-18) 
 
Performance of a front-end ASIC for JEM-EUSO 
H. Miyamoto, T. Batsch, J. Karczmarczyk, B. Szabelska, J. Szabelski, T. Tymieniecka, T. Wibig 
32nd International Cosmic Ray Conference (China, Beijing, 2011-08-11 - 2011-08-18) 
 
Observation of Ultra High Energy Cosmic Rays in cloudy conditions by the JEM-EUSO Space Observatory 
G. Saez, T. Batsch, J. Karczmarczyk, B. Szabelska, J. Szabelski, T. Tymieniecka, T. Wibig 
32nd International Cosmic Ray Conference (China, Beijing, 2011-08-11 - 2011-08-18) 
 
A direct measurement of the muon component of air showers by the KASCADE-Grande Experiment 
V. DeSouza, P. Łuczak, J. Zabierowski 
32nd International Cosmic Ray Conference (China, Beijing, 2011-08-11 - 2011-08-18) 
Institute of High Energy Physics, Chinese Academy of Sciences, Beijing, China No.Vol. 1/11 (2012) p. 295 
 
High Voltage System for JEM-EUSO Photomultipliers 
T. Wibig, T. Batsch, J. Karczmarczyk, B. Szabelska, J. Szabelski, T. Tymieniecka 
32nd International Cosmic Ray Conference (China, Beijing, 2011-08-11 - 2011-08-18) 
 
The ESAF Simulation Framework for the JEM-EUSO mission 
F. Fenu, T. Batsch, J. Karczmarczyk, B. Szabelska, J. Szabelski, T. Tymieniecka, T. Wibig 
32nd International Cosmic Ray Conference (China, Beijing, 2011-08-11 - 2011-08-18) 
 
Study of the ratio muon size to shower size as a mass sensitive parameter of KASCADE-Grande 
J.C. Arteaga-Velasques, A. Chiavassa, P. Łuczak, J. Zabierowski 
32nd International Cosmic Ray Conference (China, Beijing, 2011-08-11 - 2011-08-18) 
Institute of High Energy Physics, Chinese Academy of Sciences, Beijing, China No.Vol. 1/11 (2012) p. 271 
 
The Cluster Control Board of the JEM-EUSO mission 
J. Bayer, T. Batsch, J. Karczmarczyk, B. Szabelska, J. Szabelski, T. Tymieniecka, T. Wibig 
32nd International Cosmic Ray Conference (China, Beijing, 2011-08-11 - 2011-08-18) 
 
 The ESAF reconstruction framework for the JEM-EUSO mission 
F. Fenu, T. Batsch, J. Karczmarczyk, B. Szabelska, J. Szabelski, T. Tymieniecka, T. Wibig 
32nd International Cosmic Ray Conference (China, Beijing, 2011-08-11 - 2011-08-18) 
 
A studyof the mass composition of cosmic rays based on an event-by-event assignment with KASCADE-Grande data 
M. Bertaina, P. Łuczak, J. Zabierowski 
32nd International Cosmic Ray Conference (China, Beijing, 2011-08-11 - 2011-08-18) 
Institute of High Energy Physics, Chinese Academy of Sciences, Beijing, China No.Vol. 1/11 (2012) p. 235 
 
The Housekeeping subsystem of the JEM-EUSO instrument 
G. Medina-Tanco, T. Batsch, J. Karczmarczyk, B. Szabelska, J. Szabelski, T. Tymieniecka, T. Wibig 
32nd International Cosmic Ray Conference (China, Beijing, 2011-08-11 - 2011-08-18) 
 
Simulation framework of STM code for development of JEM-EUSO instrument 
K. Higashide, T. Batsch, J. Karczmarczyk, B. Szabelska, J. Szabelski, T. Tymieniecka, T. Wibig 
32nd International Cosmic Ray Conference (China, Beijing, 2011-08-11 - 2011-08-18) 
 
Primary energy reconstruction from the S(500) observable recorded with the KASCADE-Grande array 
G. Toma, P. Łuczak, J. Zabierowski 
32nd International Cosmic Ray Conference (China, Beijing, 2011-08-11 - 2011-08-18) 
Institute of High Energy Physics, Chinese Academy of Sciences, Beijing, China No.Vol. 1/11 (2012) p. 251 
 
Calibration of JEM-EUSO photodetectors 
P. Gorodetzky, T. Batsch, J. Karczmarczyk, B. Szabelska, J. Szabelski, T. Tymieniecka, T. Wibig 
32nd International Cosmic Ray Conference (China, Beijing, 2011-08-11 - 2011-08-18) 
 
Estimation of aperture for extreme energy cosmic rays observation by JEM-EUSO Telescope 
K. Shinozaki, T. Batsch, J. Karczmarczyk, B. Szabelska, J. Szabelski, T. Tymieniecka, T. Wibig 
32nd International Cosmic Ray Conference (China, Beijing, 2011-08-11 - 2011-08-18) 
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The JEM-EUSO optics design 
A. ZuccaroMarchi, T. Batsch, J. Karczmarczyk, B. Szabelska, J. Szabelski, T. Tymieniecka, T. Wibig 
32nd International Cosmic Ray Conference (China, Beijing, 2011-08-11 - 2011-08-18) 
 
Very Precise Fluorescence Yield Measurement Using an MeV Electron Beam for JEM-EUSO Collaboration 
D. Monnier-Ragaigne, T. Batsch, J. Karczmarczyk, B. Szabelska, J. Szabelski, T. Tymieniecka, T. Wibig 
32nd International Cosmic Ray Conference (China, Beijing, 2011-08-11 - 2011-08-18) 
 
JEM-EUSO lens manufacturing 
Y. Takizawa, T. Batsch, J. Karczmarczyk, B. Szabelska, J. Szabelski, T. Tymieniecka, T. Wibig 
32nd International Cosmic Ray Conference (China, Beijing, 2011-08-11 - 2011-08-18) 
 
The Development of Photo-Detector Module Electronics for the JEM- EUSO Experiment 
I. Park, T. Batsch, J. Karczmarczyk, B. Szabelska, J. Szabelski, T. Tymieniecka, T. Wibig 
32nd International Cosmic Ray Conference (China, Beijing, 2011-08-11 - 2011-08-18) 
 
Mass sensitivity of the radio lateral distribution function 
N. Palmieri, P. Łuczak, J. Zabierowski 
32nd International Cosmic Ray Conference (China, Beijing, 2011-08-11 - 2011-08-18) 
Institute of High Energy Physics, Chinese Academy of Sciences, Beihing, China No.Vol. 3/11 (2012) p. 60 
 
Testing of Large Diameter Fresnel Optics for Space Based Observations of Extensive Air Showers 
J. Adams, T. Batsch, J. Karczmarczyk, B. Szabelska, J. Szabelski, T. Tymieniecka, T. Wibig 
32nd International Cosmic Ray Conference (China, Beijing, 2011-08-11 - 2011-08-18) 
 
Fluorescence yields by electron in moist air and its application to the observation of ultra high energy cosmic rays from 
space 
N. Sakaki, T. Batsch, J. Karczmarczyk, B. Szabelska, J. Szabelski, T. Tymieniecka, T. Wibig 
32nd International Cosmic Ray Conference (China, Beijing, 2011-08-11 - 2011-08-18) 
 
The potential of the JEM-EUSO telescope for the astrophysics of extreme energy photons 
G. Medina-Tanco, T. Batsch, J. Karczmarczyk, B. Szabelska, J. Szabelski, T. Tymieniecka, T. Wibig 
32nd International Cosmic Ray Conference (China, Beijing, 2011-08-11 - 2011-08-18) 
 
Atmospheric Monitoring System of JEM-EUSO 
A. Neronov, T. Batsch, J. Karczmarczyk, B. Szabelska, J. Szabelski, T. Tymieniecka, T. Wibig 
32nd International Cosmic Ray Conference (China, Beijing, 2011-08-11 - 2011-08-18) 
 
The JEM-EUSO time synchronization system 
G. Osteria, T. Batsch, J. Karczmarczyk, B. Szabelska, J. Szabelski, T. Tymieniecka, T. Wibig 
32nd International Cosmic Ray Conference (China, Beijing, 2011-08-11 - 2011-08-18) 
 
Neutrino astrophysics with JEM-EUSO 
G. Medina-Tanco, T. Batsch, J. Karczmarczyk, B. Szabelska, J. Szabelski, T. Tymieniecka, T. Wibig 
32nd International Cosmic Ray Conference (China, Beijing, 2011-08-11 - 2011-08-18) 
 
 

LECTURES, COURSES AND EXTERNAL SEMINARS 

Cosmic Ray Experiments conducted and Planned in Spacea) 
J. Szabelski 
Warsaw, Space Research Center of the Polish Academy of Sciences, Warsaw, 2011-05-31 
 
JEM-EUSO - Ultra High Energy Cosmic Ray Measurements - Status of Polish Contributiona) 
J. Szabelski 
Warsaw, Space Research Center of the Polish Academy of Sciences, Warsaw, 2011-05-31 
 
JEM-EUSO in Polandb) 
J. Szabelski 
Kosice, University of P. J. Safarik, 2011-04-13 
 
JEM-EUSO – the highest energy cosmic ray measurements from spaceb) 
J. Szabelski 
Villigen, Switzerland, the Paul Scherrer Institute (PSI), 2011-06-21 
 
a) in Polish 
b) in English 
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DIDACTIC ACTIVITY 

J. Szabelski - Supervision of diploma work (MSc) of Mr. Zbigniew Plebaniak, Lodz Technical University student, "Single 
photon measurements in scintillating particle detector". 
 
T. Wibig - supervision of diploma work (MSc) of Miss Anna Zwolińska, student of Łódź Technical University on "Studies 
of light diffusive reflection on materials used in charged particle detectors". 

J.Zabierowski – supervision of PhD student Paweł Łuczak 
 
 
PARTICIPATION IN SCIENTIFIC COUNCILS, ASSOCIATIONS AND ORGANIZING COMMITTEES 

J. Karczmarczyk 
member of JEM-EUSO Collaboration  
 
B. Szabelska 
JEM-EUSO Collaboration memeber 
 
J. Szabelski 
Polish PI (Principal Investigator) of JEM-EUSO Coolaboration 
Polish representative in the International Particle Physics Outreach Group (IPPOG) 
 
T. Tymieniecka 
JEM-EUSO Collaboration member 
 
T. Wibig 
Polish Physical Society 
JEM-EUSO Collaboration member 
 
J. Zabierowski 
Session chairman on KASCADE-Grande Collaboration Workshop 2011 in Freudenstadt, Germany 
Member of the Polish Physical Society 
Member of the WASACOSY Collaboration Board 
Chairman of the KASCADE-Grande Collaboration Board and Chairman of the KASCADE-Grande Steeering Committee 

 Member of  the LOPES Collaboration 
 

P.Łuczak 
Member of the KASCADE-Grande Collaboration and  the LOPES Collaboration 

 
 

PERSONNEL 

 
Research scientists 
 
Pluciński Paweł, Dr. on leave 
Szabelska Barbara, Dr. 
Szabelski Jacek, Dr. 
Tymieniecka Teresa*, Associate Professor 
Wibig Tadeusz*, Associate Professor 
Zabierowski Janusz, Professor 
 

PhD students 
 
Plebaniak Zbigniew, MSc. 
Zwolińska Anna, MSc. 
 
 
 
 

Technical and admnistrative staff 
 
Dębicki Zdzisław 
Feder Jadwiga* 
Jędrzejczak Karol, Dr. 
Karczmarczyk Jacek 
Kasztelan Marcin, MSc. 

Lewandowski Ryszard 
Łuczak Paweł, MSc. 
Orzechowski Jerzy, MSc. 
Tokarski Przemysław, MSc.Eng. 

 
 
* part-time employee 
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8. DIVISION OF THEORETICAL PHYSICS 
 

Head of Division: Professor Grzegorz Wilk 
phone: +48 22 6216085 
e-mail: wilk@fuw.edu.pl 

 
Overview 
 
The Theoretical Physics Division consists of 29 physicists and 6 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 dynam-
ics, on astrophysics and cosmology. Close collaboration with experimental groups in CERN (COMPASS and AL-
ICE) and in other laboratories (like, for example, GSI, Kamiokande or Frascatti) should also be mentioned. Results 
of our scientific activity in 2011 were presented in 50 publications (among them 25 were in journals bringing to 
SINS/NCNR 32 points for each publication). 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. 
 
Of special relevance and interest in 2011 are the following works: 
1. On the apparent horizon in the fluid-gravity duality and Black brane entropy and hydrodynamics. 
2.  Exotic nuclear configurations. 
3.  Study of nuclear electron capture in Li-like ions. 
4.  On the chemical composition of cosmic rays of highest energy. 
 
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). 
 
 Grzegorz Wilk 
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PARTICIPATION IN CONFERENCES AND WORKSHOPS 

Invited Talks 
 
Properties of superheavy nuclei 
A. Sobiczewski 
4th Intern. Conf. on the Chemistry and Physics of the Transactinide Elements (Russia, Sochi, 2011-09-06 - 2011-09-10) 
 
Correlations from generalized thermodynamic uncertainty relations 
G. Wilk, Z. Włodarczyk 
VII Workshop on Particle Correlations and Femtoscopy (Japan, Tokyo, 2011-09-20 - 2011-09-24) 
 
International Year of Chemistry 2011 - the 100th anniversary of the Nobel Prize awarded to Marie Skłodowska-Curie 
A. Sobiczewski 
4th Intern. Conf. on the Chemistry and Physics of the Transactinide Elements (Russia, Sochi, 2011-09-06 - 2011-09-10) 
 
A case of spin mixing 
S. Wycech 
XXXII Mazurian Lakes Conference on Physics (Poland, Piaski, 2011-09-11 - 2011-09-18) 
 
Description of heavy-nuclei masses by macroscopic-microscopic models 
Yu.A. Litvinov, A. Sobiczewski, A. Parkhomenko, E.A. Cherepanov 
18th Nuclear Physics Workshop (Poland, Kazimierz Dolny, 2011-09-28 - 2011-10-02) 
Int. J. Mod. Phys. E (2011)  
 
In search of baryonium 
S. Wycech 
Fifth DAE-BRNS Workshop on Hadron Physics (India, Mumbai, 2011-11-01 - 2011-11-06) 
 
Ground states, competing minima & fission barriers in SHN 
P. Jachimowicz, M. Kowal, J. Skalski 
Nuclear Structure seen through ground state properties of exotic nuclei (Italy, Trento, 2011-10-17 - 2011-10-21) 
 
Holograficzne prądy entropii 
M. Spaliński 
StringTheory.pl/2011 (Poland, Warsaw, 2011-04-15 - 2011-04-17) 
 
Anti-Kaons and Lambda(1405) 
S. Wycech 
EXA2011 - International Conference on Exotic Atoms andRelated Topics (Austria, Vienna, 2011-09-05 - 2011-09-09) 
 
On Timelike Compton Scattering at Medium and High Energies 
B. Pire, L. Szymanowski, J. Wagner 
30 years of strong interactions (Belgium, Spa, 2011-04-06 - 2011-04-08) 
Few Body Syst. Vol. 10.1007/s0 (2011) 10.1007/s0 
 
NLO corrections to timelike and spacelike DVCS 
B. Pire, L. Szymanowski, J. Wagner 
Workshop DSPIN 2011 (Russia, Dubna, 2011-09-20 - 2011-09-24) 
 
Nuclear states of anti-Kaons 
S. Wycech 
Fifth DAE-BRNS Workshop on Hadron Physics (India, Mumbai, 2011-11-01 - 2011-11-06) 
 
The First complete NLL BFKL study of Mueller Navelet jets at LHC 
D. Colferai, F. Schwennsen, L. Szymanowski, S. Wallon 
Int. Europhysics Conference on High Energy Physics (France, Grenoble, 2011-07-21 - 2011-07-27) 
 
SUSY in the light of LHC and dark matter searches 
L. Roszkowski 
XXXV International Conference of Theoretical Physics MATTER TO THE DEEPEST: Recent Developments in Physics of 
Fundamental Interactions (Poland, Ustroń, 2011-09-12 - 2011-09-18) 
 
New results in exclusive hard reactions 
B. Pire, K. Semenov-Tian-Shansky, L. Szymanowski, J. Wagner 
Int. Europhysics Conference on High Energy Physics (France, Grenoble, 2011-07-21 - 2011-07-27) 
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The characteristics of thermalization of boost-invariant plasma from holography 
M.P. Heller, R.A. Janik, P. Witaszczyk 
EPS-HEP Conference (France, Grenoble, 2011-07-21 - 2011-07-27) 
 
On high energy exclusive leptoproduction of the rho meson up to twist 3 
I.V. Anikin, A. Besse, D.Yu. Ivanov, B. Pire, L. Szymanowski, S. Wallon 
Int. Europhysics Conference on High Energy Physics (France, Grenoble, 2011-07-21 - 2011-07-27) 
 
The nucleon mass in medium above the saturation point. 
J. Rożynek 
Strangeness in Quark Matter (Poland, Cracow, 2011-09-19 - 2011-09-24) 
Acta Phys. Pol. B (in press) 
 
Exploring the nucleon structure through GPDs and TPAs in hard exclusive processes 
B. Pire, K. Semenov-Tian-Shansky, L. Szymanowski, J. Wagner 
International Conference on the Structure and Interactions of the Photon and 19th International Workshop on Photon-
Photon Collisions (Belgium, Spa, 2011-05-22 - 2011-05-27) 
 
Synteza najcięższych jąder atomowych 
A. Sobiczewski 
Sesja Naukowa Wydz. Fizyki i Wydz. Chemii Uniwersytetu Śląskiego (Poland, Katowice, 2011-05-12 - 2011-05-12) 
 
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 
18th Nuclear Physics Workshop (Poland, Kazimierz Dolny, 2011-09-28 - 2011-10-02) 
 
Od polonu do kopernika: badania najcięższych jąder atomowych i pierwiastków  chemicznych 
A. Sobiczewski 
Posiedzenie Rady ds. Atomistyki PAA (Poland, Warsaw, 2011-05-27 - 2011-05-27) 
 
Odkrycia i nazwy pierwiastków: od kiuru do kopernika 
A. Sobiczewski 
Sympozjum UMCS: Spuścizna naukowa Marii Skłodowskiej-Curie (Poland, Lublin, 2011-05-19 - 2011-05-20) 
 
 
Oral Presentations 
 
Super-oblate superheavy nuclei, mean-field results 
P. Jachimowicz, M. Kowal, J. Skalski, M. Warda 
18th Nuclear Physics Workshop (Poland, Kazimierz Dolny, 2011-09-28 - 2011-10-02) 
 
Pion production in antiproton nucleus interactions 
S. Lourenco, H. Lenske, S. Wycech 
EXA2011 - International Conference on Exotic Atoms andRelated Topics (Austria, Vienna, 2011-09-05 - 2011-09-09) 
 
Stability of super-deformed oblate (SDO) superheavy nuclei 
P. Jachimowicz, M. Kowal, J. Skalski 
32nd Mazurian Lakes Conference on Physics (Poland, Piaski, 2011-09-11 - 2011-09-18) 
 
∆G from open charm (LO and NLO) including D* production cross sections 
K. Kurek 
DIS2011 XIX International Workshop on Deep-Inelastic Scattering and Related Subjects (USA, Newport News, 2011-04-10 
- 2011-04-16) 
 
Gluon polarisation in the Nucleon from high transverse momentum hadron pairs in COMPASS 
K. Kurek 
XIV Workshop on High Energy Spin Physics, Dubna 2011 (Russia, Dubna, 2011-09-20 - 2011-09-24) 
 
Remarks on the chemical composition of highest-energy cosmic rays 
G. Wilk, Z. Włodarczyk 
32nd International Cosmic Ray Conference (China, Beijing, 2011-08-11 - 2011-08-18) 
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Ground states, competing minima & fission barriers in SHN 
P. Jachimowicz, M. Kowal, J. Skalski 
32nd Mazurian Lakes Conference on Physics (Poland, Piaski, 2011-09-11 - 2011-09-18) 
 
Topographic theorem in SHN 
M. Kowal, P. Jachimowicz, J. Skalski 
18th Nuclear Physics Workshop (Poland, Kazimierz Dolny, 2011-09-28 - 2011-10-02) 
 
 
Posters 
 
Stability of SDO nuclei 
P. Jachimowicz, M. Kowal, J. Skalski 
Fusion11 (France, St. Malo, 2011-05-02 - 2011-05-06) 
 
Superdeformed Oblate Superheavy Nuclei 
P. Jachimowicz, M. Kowal, J. Skalski 
Advencdes in Radioactive Isotope Science (Belgium, Leuven, 2011-05-29 - 2011-06-03) 
 
Finite Pressure Corrections to Nucleon Mass Inside a Nuclear Medium 
J. Rożynek 
PANIC11 (USA, Cambridge , 2011-07-24 - 2011-07-29) 
 
On cavity formation in high intensity laser-plasma interactions 
P. Goldstein, N. Naseri, W. Rozmus 
PLASMA 2011 International Conference on Research and Applications of Plasmas (Poland, Warsaw, 2011-09-12 - 2011-
09-16) 
IPFPiLM, Warszawa No.1 (2011) p. P-4.7 
 
Do we observe fluctuation of cross section incosmic rays? 
G. Wilk, Z. Włodarczyk 
32nd International Cosmic Ray Conference (China, Beijing, 2011-08-11 - 2011-08-18) 
 
 

LECTURES, COURSES AND EXTERNAL SEMINARS 

Baryonium and the Physics of  FAIRb) 
S. Wycech 
Warsaw, University of Warsaw, 2011-02-27 
 
Exclusive processes and the three-dimensional structure of hadronsa) 
J. Wagner 
Warsaw, Institute of Theoretical Physics, Warsaw University, 2011-03-14 
 
Gauge-gravity duality and near-equilibrium entropy productionb) 
M.P. Heller 
Cracow, Jagiellonian University, 2011-04-18 
 
Gauge-gravity duality and near-equilibrium entropy productionb) 
M.P. Heller 
Warsaw, University of Warsaw, 2011-04-19 
 
Reduced phase space approach to the Kasner universe and the problem of timeb) 
P. Małkiewicz 
Warsaw, Physics Department, Warsaw University, 2011-05-27 
 
Holographic entropy currents from AdS/CFTb) 
M. Spaliński 
Wroclaw, Wydzial Fizyki Uniwersytetu Wroclawskiego, 2011-12-02 
 
Cold nuclear matter in N_f =1 hQCDb) 
M.P. Heller 
Warsaw, University of Warsaw, 2011-12-19 
 
Black brane entropy and hydrodynamicsb) 
M.P. Heller 
Copenhagen, Niels Bohr Institute, 2011-02-03 
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Nonstandard Loop Quantum Cosmologyb) 
W. Piechocki 
Pescara, Italy, International Center for Relativistic Astrophysics Network (ICRANet), 2011-05-11 
 
The characteristics of thermalization of boost-invariant plasma from holographyb) 
M.P. Heller 
Copenhagen, Niels Bohr Institute, 2011-08-10 
 
Black brane entropy and hydrodynamicsb) 
M.P. Heller 
Barcelona, University of Barcelona, 2011-09-29 
 
The characteristics of thermalization of boost-invariant plasma from holographyb) 
M.P. Heller 
Barcelona, University of Barcelona, 2011-09-29 
 
Reduced Phase Space Approach to Cosmological Systems and the Problem of Timeb) 
P. Małkiewicz 
State College, PA, Institute for Gravitation and the Cosmos, The Pennsylvania State University, 2011-10-07 
 
The characteristics of thermalization of boost-invariant plasma from holographyb) 
M.P. Heller 
Heraklion, University of Crete, 2011-11-22 
 
Understanding the nucleons\'s spin structureb) 
K. Kurek 
Lisboa, LIP, 2011-12-20 
 
a) in Polish 
b) in English 
 
 

INTERNAL SEMINARS 

Nuclear electron capture in H, He- and Li-like ionsa) 
Z. Patyk 
Warszawa, Wydział Fizyki UW, 2011-11-10 
 
a) in Polish 

 
 
DIDACTIC ACTIVITY 

J. Dąbrowski - Co-organizer of the NCBJ/UW seminar THEORY OF ATOMIC NUCLEI 
 
P. Goldstein - Conducting of Workshop in Plasma Physics (April to June 2011) 
 
P. Goldstein - Review of Plasma Physics - a cycle of lectures 
 
M.P. Heller - 18 hours of lectures and exercises with PhD from Amsterdam-Brussels-Paris PhD School 
 
M.P. Heller - Workshop in AdS/CFT 
 
M. Kowal - Popular lectures in Department of Training and Consulting NCBJ (with K. Wagner) 
 
M. Kowal - popular-scientific lecture , Nuclear Radiation enemy or friend?''- Teaching Practice - competently, creatively, 
pleasantly 
 
M. Pawłowski - Fundamentals of scientific presentations, lecture at Faculty of Physics, University of Warsaw, 2ECTS, 
2011/12 winter 
 
M. Pawłowski - Lecture E=mc2, at the Nuclear Energy course for the PGE company. 
 
M. Pawłowski - Seminar for non-scientific workers of IPJ/NCBJ, leader, May-December 2011 
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W. Piechocki - Supervision on completing the PhD Thesis by Piotr Dzierżak 
 
A. Sobiczewski - Seminar on theory of atomic nucleus 

 
 
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 
Delta , Delta (popular monthly), Warsaw University 
 
M.P. Heller 
Member of Organizing Committee on stringtheory.pl/2011 in Warszawa, Poland 
 
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 
 
M. Pawłowski 
member of the Scientific Council 
member of the Commission for Education and Scientific Communication of the Atomic Energy Council 
National Centre for Nuclear Research, member of SC 
 
W. Piechocki 
Session chairman on The Third Quantum Gravity and Quantum Geometry School in Zakopane, Poland 
 
L. Roszkowski 
Reports on Progress in Physics, Reports on Progress in Physics 
 
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 
International Journal of Modern Physics A, Member of the Editorial Board, International Journal of Modern Physics A 
 
P. Sułkowski 
Particles and Cosmology Network 
Humboldtian 
 
G. Wilk 
Member of Scientific Counsel of Andrzej Sołtan Institute for Nuclear Studies  
Member of the Scientific Council of the Institute of Theoretical Physics  
Member of Scientific Counsel of National Cetre for Nuclear Research  
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PERSONNEL 

Research scientists 
 
Czuchry Ewa, Dr. 
Dąbrowski Janusz, Professor*  
Goldstein Piotr, Dr. 
Heller Michał, Dr.  on leave 
Infeld Eryk, Professor* 
Kowal Michał, Dr. 
Kurek Krzysztof, Dr. 
Mielczarek Jakub, MSc. 
Munir Shoaib, Dr. 
Parkhomenko Oleksandr, Dr.  
Patyk Zygmunt, Associate Professor 
Pawłowski Marek, Dr. 
Piechocki Włodzimierz, Professor 
Roszkowski Leszek, Associate Professor 
Rożynek Jacek, Dr. 

Senatorski Andrzej, Dr.* 
Sessolo Enrico, MSc.  
Skalski Janusz, Associate Professor 
Skorupski Andrzej, Dr.*  
Smolańczuk Robert, Associate Professor 
Sobiczewski Adam, Professor 
Spaliński Michał, Associate Professor 
Sułkowski Piotr, Dr. on leave 
Szymanowski Lech, Associate Professor 
Wagner Jakub, Dr. 
Wilk Grzegorz, Professor 
Wycech Sławomir, Professor* 
Tsai Yue-Lin, Dr.  
Ziń Paweł, Dr. 

 
 
PhD students 
 
Dzierżak Piotr, MSc. 
Małkiewicz Przemysław, MSc. 
Plewa Grzegorz, MSc. 
Siegień-Iwaniuk Katarzyna, MSc. 
Szabelski Adam, MSc.  
Trojanowski Sebastian, MSc. 
 
 
Technical and administrative staff 
 
Sidor Anna 
 
 
* part-time employee 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
  



82 Annual Report 2011 
 

 

 
 
 



Division of Nuclear Methods in Solid State Physics  
 

83

9. 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 structure and dynamics of condensed matter 
systems. The techniques employed permit studies to be performed from the atomistic level to macroscopic phenom-
ena. Methods based on the interaction of radiation with matter comprise X-ray (XRD and synchrotron radiation), 
gamma radiation (Mössbauer spectrometry) as well as thermal neutrons (neutron scattering and neutron radiogra-
phy). Some specialized techniques such as high pressure systems and rapid quenching have also been applied. A few 
theoretical and computational studies have been also carried out. 
The Department consists of four labs: 
- Regional Laboratory of Neutronography, 
- Mössbauer Spectrometry Laboratory, 
- X-ray Diffraction Laboratory, 
- High Pressure Laboratory. 
There are 21 employees with four full professors and 8 researchers with doctoral degrees.  
The main work completed in 2011 dealt with: 
- The structure of the biologically active compound L-polinol used in photochemical synthesis of aryltetralin 

lignon.  
- New application of enol esters in synthetic organic chemistry aimed at obtaining enantiomerically enriched 

products. 
- Hyperfine interactions in perovskite-base multiferroic systems. 
- The magnetic and atomic short range order in Mn0.3Ni0.3Cu0.4 pseudo-binary alloy studied with neutron elastic 

scattering. 
- Lattice disorientations between domains in optically active PrLaAlO3 type compounds. 
- Structure of craters produced in silicon with flash pulses of electromagnetic radiation. 
- The anomalously low resistivity of manganin implanted with Nb and Kr suggesting superconducting behavior 

of the material. 
- The structure and electric properties of rapdly quenched AgI – Ag2B2O4 alloys 
- The receding drying front motion in blocks of capillary-porous materials. 
- The statistical approach to neutron radiograph analysis for quantification of drying process periods. 
- Development of an interatomic potential for borosilicate glass structure modeling by molecular dynamics 

 
  Jacek J. Milczarek 
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REPORTS 

Bonding of xenon and krypton atoms substituting the oxygen and uraniom atoms in the UO2 crystal lattice 
L. Dąbrowski, M. Szuta 
IEA Annual Perort 2010 p61 
 
Lattice constans of the Th(U/XeE/Kr)O2 mixed crystals 
L. Dąbrowski, M. Szuta 
IEA Annual report 2010, p.62 
 
Structure of LaSrFeO4: neutron diffraction, Mössbauer spectroscopy and modeling 
L. Dąbrowski, D. Neov, V. Antonov, M. Machkova, S. Neov, V. Kozhukharov 
IEA Annual Report 2010, p. 60 
 

PARTICIPATION IN CONFERENCES AND WORKSHOPS 

Invited Talks 
 
Temperature and pressure properties of the resistance ZERANN30 alloy implanted by middle energy and high dose C+ ions 
T. Wilczyńska-Kitowska, R. Wiśniewski, P. Konarski 
NEET 2011 (Poland, Zakopane, 2011-06-28 - 2011-07-01) 
Przegląd Elektrotechniczny (in press) 
 
Pressure sensivity of dual resonant long-period gratings written in boron co-doped optical fiber 
M. Smietana, W. Bock, P. Mikulic, J. Chen, R. Wiśniewski 
21th Int.Conf.on. Optical Fiber Sensor (Canada, Ottawa, 2011-05-15 - 2011-05-19) 
Proc. SPIE Vol. 7 No 77539E (2011) 1-4 
 
Depth distribution of D-ions with 25 keV energy implantem into pure Mn, Tc* and Re foils up to high fluencies) 
12)*1018D+/cm2measured by ERD method 
A. Didyk, R. Wiśniewski, V. Kalinkaukas, A. Shiryaer 
7th International Symposium on Technetium and Rhodium: research and application, (4-8 July, 2011, Moscow,  Russia)   
 
 
Oral Presentations 
 
Electronic and Crystal Structure of  Ruddlesden-Popper Phase LaSrFeO4 
D. Neov,  VAntonov, L. Dąbrowski, M. Machkova 
9th European Symposium on Electrochemical Engineering (9th ESEE) (Greece, Chania-Crete, 2011-06-19 - 2011-06-23) 
 
Obliczenia metodą „Ab initio” lokalnej struktury paliwa na bazie toru 
L. Dąbrowski, M. Szuta 
Perspektywiczne cykle paliwowe energetyki jądrowej (Poland, Otwock- Mądralin, 2011-06-13 - 2011-06-14) 
 
Spontaneous migration of aqueous salt solutions in beds of natural clinoptilolite 
J. Żołądek-Nowak, J.J. Milczarek, I. Fijał-Kirejczyk, J. Żołądek, Z. Jurkowski 
XVIII Forum Zeolitowe (Poland, Małe Ciche, 2011-09-13 - 2011-09-17) 
Polish Zeolite Association No. (2011) p. 107 
 
Neutron radiography applications in studies of drying of capillary-porous systems 
I. Fijał-Kirejczyk, J.J. Milczarek, M.J. Radebe, F.C. DeBeer, J. Żołądek-Nowak 
III European Drying Conference - EuroDrying 2011 (Spain, Palma de Mallorca, 2011-10-26 - 2011-10-28) 
Universitat de les Illes Balears No. (2011) 
 
Radiografia neutronowa w badaniach procesu schnięcia materiałów porowatych 
I. Fijał-Kirejczyk, J.J. Milczarek, J. Żołądek-Nowak, F.C. DeBeer, M.J. Radebe 
VII Ogólnopolska Konferencja 'Rozpraszanie neutronów' (Poland, Chlewiska k/Siedlec, 2011-06-12 - 2011-06-16) 
 
Szkło oraz szkło-ceramika w immobilizacji odpadów radioaktywnych 
P. Stoch, P. Zachariasz 
XVIII. Seminarium Naukowo-Techniczne (Poland, Zakopane, 2011-06-28 - 2011-06-30) 
Raport IEA-POLATOM Otwock-Świerk No.148/A (2011) p. 133 
 
Lokalne zmiany temperatury w trakcie spontanicznego namakania złóż klinoptylolitu 
J. Żołądek-Nowak, J.J. Milczarek, I. Fijał-Kirejczyk, J. Żołądek, Z. Jurkowski 
VII Ogólnopolska Konferencja 'Rozpraszanie neutronów' (Poland, Chlewiska k/Siedlec, 2011-06-12 - 2011-06-16) 
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Thermal neutron radiography studies of drying of rectangular blocks of wet mortar 
I. Fijał-Kirejczyk, J.J. Milczarek, F.C. DeBeer, M.J. Radebe, G. Nothnagel, J. Żołądek-Nowak 
International Conference on Development and Applications of Nuclear Technologies NUTECH 2011 (Poland, Kraków, 
2011-09-11 - 2011-09-14) 
 
Effectiveness and limitations of quantitative neutron imaging corrections for accurate characterisation of porous media 
M.J. Radebe, F.C. DeBeer, R.B. Nshimirimana, I. Fijał-Kirejczyk, J.J. Milczarek, J. Żołądek-Nowak, G. Nothnagel 
International Conference on Development and Applications of Nuclear Technologies NUTECH 2011 (Poland, Kraków, 
2011-09-11 - 2011-09-14) 
 
Badania strukturalne powłok typu barier termicznych metodami dyfrakcji rentgenowskiej i mikroskopii elektronowej 
L. Górski, A. Pawlowski 
VII Ogólnopolska Konferencja:«Rozpraszanie neutronów i metody komplementarne w badaniach fazy skondensowanej» 
(Poland, Chlewiska k/Siedlce , 2011-06-12 - 2011-06-16) 
 
Porównanie własności strukturalnych i magnetycznych wodorków HoMn2Hx o strukturach regularnych i heksagonalnych 
A. Budziak, P. Zachariasz, L. Kolwicz-Chodak, H. Figiel, A. Pacyna, J. Żukrowski 
VII Ogólnopolska Konferencja 'Rozpraszanie neutronów' (Poland, Chlewiska k/Siedlec, 2011-06-12 - 2011-06-16) 
 
Zależność od temperatury relacji dyspersji i tłumienia fal spinowych w stopie Sendust zbadana metodą rozpraszania neutro-
nów 
K. Świderska, J. Jankowska-Kisielińska, L. Dobrzyński 
VII Ogólnopolska Konferencja 'Rozpraszanie neutronów' (Poland, Chlewiska k/Siedlec, 2011-06-12 - 2011-06-16) 
 
 
Posters 
 
Magnetoelectric Properties of 0.3Bi0.95Dy0.05FeO3-0.7Pb(Fe2/3W1/3)O3 Multiferroic 
A. Stoch, P. Stoch, J. Kulawik, P. Zieliński, J.K. Maurin 
Advances in Applied Physics and Materials Science Congress (APMAS11) (Turkey, Antalya, 2011-05-12 - 2011-05-15) 
 
Structural and Mossbauer Effect Studies of 0.3Bi0.95Dy0.05FeO3-0.7Pb(Fe2/3W1/3)O3 Multiferroic 
P. Stoch, A. Stoch, J. Kulawik, J.K. Maurin, P. Zachariasz 
Advances in Applied Physics and Materials Science Congress (APMAS11) (Turkey, Antalya, 2011-05-12 - 2011-05-15) 
 
Właściwości magnetoelektryczne związku 0.5Bi0.95Dy0.05FeO3-0.5Pb(Fe2/3W1/3)O3 
A. Stoch, P. Stoch, J. Kulawik, P. Zieliński, J.K. Maurin 
VIII Konferencja Polskiego Towarzystwa Ceramicznego (Poland, Zakopane, 2011-09-22 - 2011-09-25) 
 
Magnetic properties of Fe3-xCrxAl0.5Si0.5 solid solutions 
K. Rećko, J. Waliszewski, L. Dobrzyński,  
5th European Conference on Neutron Scattering (Czech Republic, Prague, 2011-07-17 - 2011-07-22) 
 
Ceramika fosforanowa w immobilizacji odpadów radioaktywnych 
P. Stoch, M. Ciecińska 
VIII Konferencja Polskiego Towarzystwa Ceramicznego (Poland, Zakopane, 2011-09-22 - 2011-09-25) 
 
Neutron emission study from Pd, V, Ti cores surrounded by dense D2 gas in impulse magnetic field at liqouid nitrogen tem-
perature 
R. Wiśniewski, T. Wilczyńska-Kitowska, A. Didyk, V. Luschikov 
1st International Nuclear Energy Congress (Poland, Warszawa, 2011-05-23 - 2011-05-24) 
 
Scattered neutron component in digital thermal neutron radiographs of simple objects 
J.J. Milczarek, F.C. DeBeer, M.J. Radebe, I. Fijał-Kirejczyk, J. Żołądek-Nowak, A. Trzciński 
International Conference on Development and Applications of Nuclear Technologies NUTECH 2011 (Poland, Kraków, 
2011-09-11 - 2011-09-14) 
 
Synthesis and Structure of WO3-ZrO2 Gel Composites 
E. Iller, D. Wawszczak, L. Górski 
53 Konwersatorium Krystalograficzne (Poland, Wrocław, 2011-06-30 - 2011-07-02) 
 
Spin Wave Dispersion Relation and Damping in Sendust Alloy in 8 to 295 K Temperature Range 
K. Świderska, J. Jankowska-Kisielińska, L. Dobrzyński 
5th European Conference on Neutron Scattering (Czech Republic, Prague, 2011-07-17 - 2011-07-22) 
J. of Phys.: Conf. S. (in press) 
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LECTURES, COURSES AND EXTERNAL SEMINARS 

MariaComes to Safari: the Neutron Radiography Collaboration Between Poland and South Africab) 
J.J. Milczarek 
Pretoria, South Africa, Necsa, 2011-05-19 
 
Nuclear Research Reactor Maria in Condensed Matter Research: Present Status and Plansb) 
J.J. Milczarek 
Cadarache, France, CEA, 2011-04-14 
 

INTERNAL SEMINARS 

Introduction point defects physics. 2. Kineticsa) 
J.J. Milczarek 
Otwock, Institute of Atomic Energy POLATOM, 2011-04-06 
 
Theories of drying process of porous materialsa) 
I. Fijał-Kirejczyk 
Otwock, Institute of Atomic Energy POLATOM, 2011-04-27 
 
Generation of point defects in materials during neutron or gamma irradiation. Fundamentalsa) 
K. Świderska 
Świerk, Institute of Atomic Energy POLATOM, 2011-05-04 
 
Order, disorder and segregation in the irradiated alloysa) 
J. Jankowska-Kisielińska 
Świerk, Institute of Atomic Energy POLATOM, 2011-05-11 
 
Tricky subtlety of the Mark Kac spin model  of phase-transitiona) 
A. Czachor 
Otwock-Świerk, Institute of Atomic Energy, 2011-12-14 
 
Melting as  an instability of crystal structure with respect to transverse acoustic wave,  quasi-harmonic  approacha) 
A. Czachor 
Świerk, Institute of Atomic Energy POLATOM, 2011-12-14 
 
a) in Polish 
 

PARTICIPATION IN SCIENTIFIC COUNCILS, ASSOCIATIONS AND ORGANIZING COMMITTEES 

A. Czachor Deputy Chairman of the Scientific Council of the Institute of Atomic Energy 
 
L. Dąbrowski Session chairman on Perspektywiczne cykle paliwowe energetyki jądrowej in Otwock- Mądralin, Poland 
 
J. Jankowska-Kisielińska member Polish Society of Neutron Scattering 
 
 

PERSONNEL 

Research scientists 
 
Czachor Andrzej, Professor 
Dąbrowski Ludwik, Professor 
Fijał-Kirejczyk Izabela, Dr. 
Górski Ludwik, Dr. 
Jankowska-Kisielińska Joanna, Dr. 
Maurin Jan, Dr. 
Mikke Kazimierz, 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.  
Zachariasz Piotr, Dr.  
Żołądek-Nowak Joanna, MSc.  

 
Technical Staff 
 
Bojarczuk Janusz 
Jurkowski Zdzisław 

Wójcik Tadeusz 
Żołądek Jan 
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10. LABORATORY OF ASTROPHYSICAL APPARATUS 
 

Head of Division: Dr Tadeusz Batsch 
phone: +48 22 7180547 
e-mail: tadeusz.batsch@ncbj.gov.pl 

 
Overview 
 
“Pi of the Sky” is a system of robotic telescopes designed for observations of short timescale astrophysical phenom-
ena, e.g. prompt optical GRB emissions. The apparatus is designed to monitor a large fraction of the sky with 12–13 
m range and time resolution of the order of 1–10 seconds.  
In October 2010 the first unit of the new “Pi of the Sky” detector system was successfully installed in the INTA El 
Arenosillo Test Centre in Spain. We also moved our prototype detector from Las Campanas Observatory to San 
Pedro de Atacama Observatory in March 2011. Continual astrophysical observations by both detectors proved their 
usefulness and reliability. 
In parallel a photometric analysis of the “Pi of the Sky” data was carried out. 
A database containing star measurements from the period 2006–2009 taken by the “Pi of the Sky” detector located 
in Las Campanas Observatory in Chile contains more than 2 billion measurements of almost 17 million objects. All 
measurements are available on the “Pi of the Sky” web site through a dedicated interface, which also allows users to 
download selected data.  
Accurate analysis of “Pi of the Sky” data is a real challenge, because of a number of factors that can influence the 
measurements. Possible sources of errors in our measurements include: reading the chip with the shutter open, 
strong and varying sky background, passing planets or planetoids, and clouds and hot pixels. In order to facilitate the 
analysis of variable stars we have developed a system of dedicated filters to remove bad measurements or frames. 
The spectral sensitivity of the detector is taken into account by appropriate corrections based on the spectral type of 
reference stars. This process is illustrated by an analysis of the BG Ind system, where we have been able to reduce 
the systematic uncertainty to about 0.05 magnitude. 
We searched for optical transients in response to triggers provided by the LIGO-VIRGO network of gravitational 
wave detectors within the LoocUp project. This project is carried out under the Memorandum of Understanding 
between Pi of the Sky, the LIGO Scientific Collaboration and the VIRGO project. 
POLAR is a novel, compact, space - born Compton X-ray polarimeter designed to measure the linear polarization of 
the prompt emission of Gamma Ray Bursts (GRB) and other strong transient sources such as soft gamma repeaters 
and solar flares in the energy range 50−500 keV. It consists of 1600 low-Z plastic scintillator bars, divided into 25 
independent modular units, each read out by one flat-panel multi-anode photomultiplier. 
The LAA contribution to the project was related to: 
• manufacturing of the plastic scintillator bars – 1200 pieces for the test modules were prepared in Świerk;  
• work on the front end electronics – hardware and firmware for central trigger and power supply units were 

under development; 
• participation in radiation hardness tests of the electronic modules. 
The LAA continued its involvement in a series of international observational projects aiming to understand the evo-
lution of the Large Scale Structure of the Universe and its relation to the evolution of galaxies: VVDS (VIMOS-
VLT Deep Survey), VIPERS (VIMOS Public Extragalactic Redshift Survey) and AKARI.  By the end of 2011, 
VIPERS had observed and measured 36 500 redshifts of galaxies out of a planned~100 000; this already makes 
VIPERS the largest existing survey of the Universe at z~0.8. The scientific analysis of these data is on-going.  In 
September 2011 we co-organized  the IVth Science Meeting of VIPERS in Kraków. In 2011, we  also continued our 
work on the VVDS data, extending our analysis towards high redhifts (z>2). Additionally, we took part in an exten-
sive analysis of the AKARI data, with the aim to understand the properties of the galaxies visible in the far infrared. 
 
 Tadeusz Batsch 
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PARTICIPATION IN CONFERENCES AND WORKSHOPS 

Invited Talk 
 
Searches for gravitational wave signals from rotating neutron stars 
A. Królak 
TAUP 2011 (Germany, Munich, 2011-09-05 - 2011-09-09) 
J. of Phys. Conf. S. (2011)  
 
 
Oral Presentations 
 
Infrared Composition of Large Magellanic Cloud 
M. Siudek, A. Pollo, T.T. Takeuchi, Y. Ita, D. Kato, T. Onaka 
AOGS Annual meeting 2011 (Taiwan, Province of China, Taipei, 2011-08-08 - 2011-08-12) 
 
Clustering of Far-Infrared Galaxies in the AKARI All-Sky Survey 
A. Pollo, T.T. Takeuchi, T.L. Suzuki, S. Oyabu 
AOGS Annual meeting 2011 (Taiwan, Province of China, Taipei, 2011-08-08 - 2011-08-12) 
 
The IR-Camera of the JEM-EUSO Space Observatory 
M.D. RodriguezFrias, T. Batsch, J. Karczmarczyk, B. Szabelska, J. Szabelski, T. Tymieniecka, T. Wibig 
32nd International Cosmic Ray Conference (China, Beijing, 2011-08-11 - 2011-08-18) 
 
Present status of Pi of the Sky telescopes 
A. Majcher, M. Sokołowski, T. Batsch, A.J. Castro-Tirado, H. Czyrkowski, M. Cwiok, R. Dabrowski, M. Jel´ınek, 
G. Kasprowicz, A. Majczyna, K. Małek, L. Mankiewicz, K. Nawrocki, R. Opiela, L.W. Piotrowski, M. Siudek, 
R. Wawrzaszek, G. Wrochna, M. Zaremba, A.F. Zarnecki 
XXVI Wilga Symposium (Poland, Wilga, 2011-05-23 - 2011-05-29) 
SPIE No. (2011) 
 
Determination of fundamental parameters of neutron star in MXB 1728-34 from fitting of burst spectra by the ATM model 
atmospheres 
A. Majczyna, J. Madej, M. Należyty 
Physics of Neutron Stars (Russia, St. Petersburg, 2011-07-11 - 2011-07-15) 
 
What is new on the second edition of the variable stars catalogue from the Pi of the Sky data? 
A. Majczyna, M. Siudek, M. Należyty, A. Majcher, M. Sokołowski 
XXVI Wilga Symposium (Poland, Wilga, 2011-05-23 - 2011-05-29) 
Proc. SPIE Vol. 8008 (2011) 800810 
 
Electron response of low-Z scintillators in wide energy range 
Ł. Świderski, R. Marcinkowski, M. Moszyński, W. Czarnacki, M. Szawłowski, T. Szczęśniak, G. Pausch, C. Plettner, 
K. Roemer 
SCINT 2011 (Germany, Giessen, 2011-09-12 - 2011-09-16) 
 
POLAR: a Gamma-Ray Burst Polarimeter onboard the Chinese Spacelab 
S. Orsi, P. Azzarello, I. Britvitch, F. Cadoux, J. Chai, D. Haas, W. Hajdas, G. Lamanina, L. Li, C. Lechonaine-Leluc, 
R. Marcinkowski, M. Pohl, N. Produit, D. Rapin, D. Rybka, E. Suarez-Garcia, J. Sun, J.-P. Vialle, B. Wu, H. Xiao, 
W. Xing, A. Zhang, L. Zhang, S. Zhang, Y. Zhang 
32nd International Cosmic Ray Conference (China, Beijing, 2011-08-11 - 2011-08-18) 
 
Overview of the JEM-EUSO Instruments 
F. Kajino, T. Batsch, J. Karczmarczyk, B. Szabelska, J. Szabelski, T. Tymieniecka, T. Wibig 
32nd International Cosmic Ray Conference (China, Beijing, 2011-08-11 - 2011-08-18) 
 
The JEM-EUSO Mission 
T. Ebisuzaki, T. Batsch, J. Karczmarczyk, B. Szabelska, J. Szabelski, T. Tymieniecka, T. Wibig 
32nd International Cosmic Ray Conference (China, Beijing, 2011-08-11 - 2011-08-18) 
 
POLAR: A novel space-borne probe for Gamma-Ray Bursts polarization 
S. Orsi, P. Azzarello, I. Britvitch, F. Cadoux, D. Haas, W. Hajdas, G. Lamanina, C. Lechonaine-Leluc, R. Marcinkowski, 
M. Pohl, N. Produit, D. Rapin, D. Rybka, E. Suarez-Garcia, J. Sun, J.-P. Vialle,   
Joint Annual Meeting of the Swiss Physical Society and Austrian Physical Society with Swiss and Austrian Societies for 
Astronomy and Astrophysics (Switzerland, Lausanne, 2011-06-15 - 2011-06-17) 
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Science objectives of the JEM-EUSO mission 
G. Medina-Tanco, T. Batsch, J. Karczmarczyk, B. Szabelska, J. Szabelski, T. Tymieniecka, T. Wibig 
32nd International Cosmic Ray Conference (China, Beijing, 2011-08-11 - 2011-08-18) 
 
Pi of the Sky - wide field search for optical transients 
M. Sokołowski 
The second Gaia Science Alerts workshop (United Kingdom, Cambridge, 2011-06-29 - 2011-07-01) 
 
Requirements and expected performances of the JEM-EUSO mission 
A. Santangelo, T. Batsch, J. Karczmarczyk, B. Szabelska, J. Szabelski, T. Tymieniecka, T. Wibig 
32nd International Cosmic Ray Conference (China, Beijing, 2011-08-11 - 2011-08-18) 
 
 
Posters 
 
Testing of Large Diameter Fresnel Optics for Space Based Observations of Extensive Air Showers 
J. Adams, T. Batsch, J. Karczmarczyk, B. Szabelska, J. Szabelski, T. Tymieniecka, T. Wibig 
32nd International Cosmic Ray Conference (China, Beijing, 2011-08-11 - 2011-08-18) 
 
Fluorescence yields by electron in moist air and its application to the observation of ultra high energy cosmic rays from spa-
ce 
N. Sakaki, T. Batsch, J. Karczmarczyk, B. Szabelska, J. Szabelski, T. Tymieniecka, T. Wibig 
32nd International Cosmic Ray Conference (China, Beijing, 2011-08-11 - 2011-08-18) 
 
The potential of the JEM-EUSO telescope for the astrophysics of extreme energy photons 
G. Medina-Tanco, T. Batsch, J. Karczmarczyk, B. Szabelska, J. Szabelski, T. Tymieniecka, T. Wibig 
32nd International Cosmic Ray Conference (China, Beijing, 2011-08-11 - 2011-08-18) 
 
Atmospheric Monitoring System of JEM-EUSO 
A. Neronov, T. Batsch, J. Karczmarczyk, B. Szabelska, J. Szabelski, T. Tymieniecka, T. Wibig 
32nd International Cosmic Ray Conference (China, Beijing, 2011-08-11 - 2011-08-18) 
 
The JEM-EUSO time synchronization system 
G. Osteria, T. Batsch, J. Karczmarczyk, B. Szabelska, J. Szabelski, T. Tymieniecka, T. Wibig 
32nd International Cosmic Ray Conference (China, Beijing, 2011-08-11 - 2011-08-18) 
 
Neutrino astrophysics with JEM-EUSO 
G. Medina-Tanco, T. Batsch, J. Karczmarczyk, B. Szabelska, J. Szabelski, T. Tymieniecka, T. Wibig 
32nd International Cosmic Ray Conference (China, Beijing, 2011-08-11 - 2011-08-18) 
 
Data Acquisition System of the JEM-EUSO project 
M. Casolino, T. Batsch, J. Karczmarczyk, B. Szabelska, J. Szabelski, T. Tymieniecka, T. Wibig 
32nd International Cosmic Ray Conference (China, Beijing, 2011-08-11 - 2011-08-18) 
 
The Focal Surface Detector of the JEM-EUSO Instrument 
Y. Kawasaki, T. Batsch, J. Karczmarczyk, B. Szabelska, J. Szabelski, T. Tymieniecka, T. Wibig 
32nd International Cosmic Ray Conference (China, Beijing, 2011-08-11 - 2011-08-18) 
 
Cloud Coverage and its Implications for Cosmic Ray Observation from Space 
M. Bertaina, T. Batsch, J. Karczmarczyk, B. Szabelska, J. Szabelski, T. Tymieniecka, T. Wibig 
32nd International Cosmic Ray Conference (China, Beijing, 2011-08-11 - 2011-08-18) 
 
Moscow State University Satellite Mikhail Lomonosov - the Multi-Purpose Observatory in Space. Technological Deve-
lopments in Russia for JEM-EUSO Collaboration 
M.I. Panasyuk, T. Batsch, J. Karczmarczyk, B. Szabelska, J. Szabelski, T. Tymieniecka, T. Wibig 
32nd International Cosmic Ray Conference (China, Beijing, 2011-08-11 - 2011-08-18) 
 
The JEM-EUSO Focal Surface Mechanical Structure 
M. Ricci, T. Batsch, J. Karczmarczyk, B. Szabelska, J. Szabelski, T. Tymieniecka, T. Wibig 
32nd International Cosmic Ray Conference (China, Beijing, 2011-08-11 - 2011-08-18) 
 
A study of different cloud detection methods for the JEM-EUSO atmospheric monitoring system 
A. Anzalone, T. Batsch, J. Karczmarczyk, B. Szabelska, J. Szabelski, T. Tymieniecka, T. Wibig 
32nd International Cosmic Ray Conference (China, Beijing, 2011-08-11 - 2011-08-18) 
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SPACIROC: A Front-End Readout ASIC for Spatial Cosmic Ray Observatory 
S. Ahmad, T. Batsch, J. Karczmarczyk, B. Szabelska, J. Szabelski, T. Tymieniecka, T. Wibig 
32nd International Cosmic Ray Conference (China, Beijing, 2011-08-11 - 2011-08-18) 
 
Estimation of JEM-EUSO experiment duty cycle based on Universitetsky Tatiana measurements 
P. Bobik, T. Batsch, J. Karczmarczyk, B. Szabelska, J. Szabelski, T. Tymieniecka, T. Wibig 
32nd International Cosmic Ray Conference (China, Beijing, 2011-08-11 - 2011-08-18) 
 
Performance of a front-end ASIC for JEM-EUSO 
H. Miyamoto, T. Batsch, J. Karczmarczyk, B. Szabelska, J. Szabelski, T. Tymieniecka, T. Wibig 
32nd International Cosmic Ray Conference (China, Beijing, 2011-08-11 - 2011-08-18) 
 
Observation of Ultra High Energy Cosmic Rays in cloudy conditions by the JEM-EUSO Space Observatory 
G. Saez, T. Batsch, J. Karczmarczyk, B. Szabelska, J. Szabelski, T. Tymieniecka, T. Wibig 
32nd International Cosmic Ray Conference (China, Beijing, 2011-08-11 - 2011-08-18) 
 
High Voltage System for JEM-EUSO Photomultipliers 
T. Wibig, T. Batsch, J. Karczmarczyk, B. Szabelska, J. Szabelski, T. Tymieniecka   
32nd International Cosmic Ray Conference (China, Beijing, 2011-08-11 - 2011-08-18) 
 
The ESAF Simulation Framework for the JEM-EUSO mission 
F. Fenu, T. Batsch, J. Karczmarczyk, B. Szabelska, J. Szabelski, T. Tymieniecka, T. Wibig 
32nd International Cosmic Ray Conference (China, Beijing, 2011-08-11 - 2011-08-18) 
 
Prezetnacja aparatury Pi of the Sky, były wystawione 2 nowe montaże, którymi można było sterować przy pomocy 2 joy-
sticków do gier komputerowych 
A. Majcher, M. Sokołowski, M. Ćwiok, A. Majczyna, M. Zaremba, A.F. Żarnecki 
Konferencja Kosmiczna SSA – Space Situational Awareness (Poland, Warsaw, 2011-09-29 - 2011-09-29) 
 
The Cluster Control Board of the JEM-EUSO mission 
J. Bayer, T. Batsch, J. Karczmarczyk, B. Szabelska, J. Szabelski, T. Tymieniecka, T. Wibig 
32nd International Cosmic Ray Conference (China, Beijing, 2011-08-11 - 2011-08-18) 
 
 The ESAF reconstruction framework for the JEM-EUSO mission 
F. Fenu, T. Batsch, J. Karczmarczyk, B. Szabelska, J. Szabelski, T. Tymieniecka, T. Wibig 
32nd International Cosmic Ray Conference (China, Beijing, 2011-08-11 - 2011-08-18) 
 
The Housekeeping subsystem of the JEM-EUSO instrument 
G. Medina-Tanco, T. Batsch, J. Karczmarczyk, B. Szabelska, J. Szabelski, T. Tymieniecka, T. Wibig 
32nd International Cosmic Ray Conference (China, Beijing, 2011-08-11 - 2011-08-18) 
 
Simulation framework of STM code for development of JEM-EUSO instrument 
K. Higashide, T. Batsch, J. Karczmarczyk, B. Szabelska, J. Szabelski, T. Tymieniecka, T. Wibig 
32nd International Cosmic Ray Conference (China, Beijing, 2011-08-11 - 2011-08-18) 
 
Calibration of JEM-EUSO photodetectors 
P. Gorodetzky, T. Batsch, J. Karczmarczyk, B. Szabelska, J. Szabelski, T. Tymieniecka, T. Wibig 
32nd International Cosmic Ray Conference (China, Beijing, 2011-08-11 - 2011-08-18) 
 
Estimation of aperture for extreme energy cosmic rays observation by JEM-EUSO Telescope 
K. Shinozaki, T. Batsch, J. Karczmarczyk, B. Szabelska, J. Szabelski, T. Tymieniecka, T. Wibig 
32nd International Cosmic Ray Conference (China, Beijing, 2011-08-11 - 2011-08-18) 
 
Qualification Tests of the Space-Based POLAR X-Ray Polarimeter 
S. Orsi, P. Azzarello, I. Britvitch, F. Cadoux, J. Chai, D. Haas, W. Hajdas, G. Lamanina, L. Li, C. Lechonaine-Leluc, 
R. Marcinkowski, M. Pohl, N. Produit, D. Rapin, D. Rybka, E. Suarez-Garcia, J. Sun, J.-P. Vialle, B. Wu, H. Xiao, 
W. Xing, A. Zhang, L. Zhang, S. Zhang, Y. Zhang 
32nd International Cosmic Ray Conference (China, Beijing, 2011-08-11 - 2011-08-18) 
 
The JEM-EUSO optics design 
A. ZuccaroMarchi, T. Batsch, J. Karczmarczyk, B. Szabelska, J. Szabelski, T. Tymieniecka, T. Wibig 
32nd International Cosmic Ray Conference (China, Beijing, 2011-08-11 - 2011-08-18) 
 
Very Precise Fluorescence Yield Measurement Using an MeV Electron Beam for JEM-EUSO Collaboration 
D. Monnier-Ragaigne, T. Batsch, J. Karczmarczyk, B. Szabelska, J. Szabelski, T. Tymieniecka, T. Wibig 
32nd International Cosmic Ray Conference (China, Beijing, 2011-08-11 - 2011-08-18) 
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JEM-EUSO lens manufacturing 
Y. Takizawa, T. Batsch, J. Karczmarczyk, B. Szabelska, J. Szabelski, T. Tymieniecka, T. Wibig 
32nd International Cosmic Ray Conference (China, Beijing, 2011-08-11 - 2011-08-18) 
 
The Development of Photo-Detector Module Electronics for the JEM- EUSO Experiment 
I. Park, T. Batsch, J. Karczmarczyk, B. Szabelska, J. Szabelski, T. Tymieniecka, T. Wibig 
32nd International Cosmic Ray Conference (China, Beijing, 2011-08-11 - 2011-08-18) 
 
 

LECTURES, COURSES AND EXTERNAL SEMINARS 

Nobel Prize in Physics 2011a) 
A. Pollo 
Cracow, Jagiellonian University, 2011-10-20 
 
a) in Polish 
 
 

INTERNAL SEMINARS 

Properties of the FIR sources in the AKARI All-Sky Surveya) 
A. Pollo 
Warsaw, The Andrzej Sołtan Institute for Nuclear Studies, 2011-04-15 
 
a) in Polish 
 
 

DIDACTIC ACTIVITY 

A. Majczyna - lecture "The birth of stars" during the seminar for teachers organized by Krajowy Punkt Kontaktowy Eura-
tom/Fuzja ASSOCIATION EURATOM-IPPLM 
 
A. Pollo - Jagiellonian University, Anna Durkalec, defence 11-07-2011 
 
A. Pollo - lecture "Stellar and Extragalactic Astronomy II", II semester of the academic year 2010/2011, Astronomical Ob-
servatory of the Jagiellonian University, Cracow 
 
A. Pollo - monographic lecture "Elements of obsevational cosmology" (in English), II semester of the academic year 
2010/11, Astronomical Observatory of the Jagiellonian University 
 
 

PARTICIPATION IN SCIENTIFIC COUNCILS, ASSOCIATIONS AND ORGANIZING COMMITTEES 

A. Królak 
member 
 
A. Majcher 
member 
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 
 
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  
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PERSONNEL 

 
Research scientists 
 
Batsch Tadeusz, Dr. 
Gierlik Michał, Dr. 
Królak Andrzej, Professor 
Majczyna Agnieszka, Dr. 
Pollo Agnieszka, Dr. 
Sokołowski Marcin, Dr. 
Wrochna Grzegorz, Professor 
 Director of the Institute 
 

Technical and administrative staff 
 
Majcher Ariel, MSc. 
Marcinkowski Radosław, MSc. 
Rybka Dominik, MSc. Eng. 
Rutczyńska Aleksandra, MSc. Eng. 
Użycki Janusz, MSc. Eng. 
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11. CENTRE OF EXCELLENCE ‘MANHAZ’ 
 

Head of Division: Dr. Mieczysław Borysiewicz 
phone: +48 22 7180132 
e-mail: mieczyslaw.borysiewicz@ncbj.gov.pl 

 
Overview 
 

Since 2002, when the Centre of Excellence MANHAZ was established its activities have been focused on: 
- Development of methods, models, computer programs and databases for assessing health and environmental risks 
related to major accidents of stationary nuclear and chemical processing installations and other facilities connected with 
the use and/or transportation of dangerous substances (by road, railway and pipelines), to be used by both deterministic 
and probabilistic safety analyses (PEA).  
- Development of stand alone computer codes and real-time computer-aided emergency decision support systems 
for complex technical facilities (nuclear power plants, chemical process installations, pipelines etc.), and for industrial 
areas. 
- Preparation of guidelines and training materials for assessment of risk from industrial installations, and for Secu-
rity Vulnerability Analysis. 
- Tools for environmental decision-making covering: 

- emission of chemicals, 
- transport and transformation of chemicals in the environment, 
- environmental and health risk assessment. 

In 2011 the implemented projects addressed the following problems: 
• PSA LEVEL 1 studies of small break loss of coolant accident sequences of a  Pressured Water Reactor, which 
may lead to reactor core melting and radioactive release to the environment. The approach and data, adopted was 
that used in the reactor safety study (RSS) completed in 1975 in the USA. Many of the methods and risk insights that are 
used today were introduced in that landmark study. This work was done for the National Atomic Energy Agency. 
• Event reconstruction methodology for NBCR releases, that couples data and predictive methods through 
Bayesian inference to obtain a solution to this inverse problem. The solution consists of a probability distribution of 
unknown source term parameters. For consequence assessment, this probability distribution will be used to construct 
a “composite” forward plume prediction that accounts for the uncertainties in the source term. This activity was part 
of the project WELCOME “a Bayesian approach to multi-parameter problems in physics and beyond involving 
parallel computing and large data-sets” and was also supported by the project: “Computational Centre Świerk”. 
• Application of geostatistical methods for rapid assessment of contained areas by early warning systems in the 
case of the release of hazardous agents to the environment. Geostatistical methods provide the tools to capture, 
through rigorous examination, descriptive information on a phenomenon from sparse, often biased, and often expen-
sive sample data. The results provide estimates of local uncertainty about the concentration at any given point and 
joint uncertainty about how a region of values is behaving together. Simulations can be used as stochastic input to 
external models such as exposure models. This work was the 1-st year implementation of a NCBR project. 
• Development of methods and a software framework enabling high fidelity calculations in HPC regimes, in-
cluding Computational fluid Dynamics (CFD) models and computer codes for pollutant transport in the atmosphere, 
water bodies and soil and for  thermal hydraulic calculations of nuclear reactor cores. 
• Soil contamination and migration of radio nuclides in porous media require the application of a sophisticated 
model for flow, transport and dispersion in underground water, accounting for the wide range of space and time 
scales involved. For this purpose the next-generation massively parallel, multiphase, multicomponent reactive flow 
and transport code PFLOTRAN, developed jointly by Los Alamos National Laboratory and Oak Ridge National 
Laboratory, has been customized and tested with different numbers of computational cores for the case of the prob-
lem of determining the degree of soil saturation. The number of cells in the simulated domain was over 3 millions. 
• CFD analysis of the safety related thermal hydraulic parameters describing the flow domain of an experimental 
medical installation (BNCT converter) inside the Research Reactor MARIA. CFD codes are the best estimate codes, 
enabling results very close to actual experiment to be produced. In this study, the parameters of interest were: 
- maximum temperature of the rod wall surfaces, 
- temperature difference between the inlet and outlet of the channel, 
- maximum and average velocity of the fluid. 
 Mieczysław Borysiewicz 
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REPORTS 

Stochastic models for event reconstruction 
M. Borysiewicz, S. Potempski 
Instytut Energii Atomowej POLATOM 

 
 
PARTICIPATION IN CONFERENCES AND WORKSHOPS 

Invited Talks 
 
Zarządzanie ryzykiem w transporcie kolejowym 
M. Borysiewicz, S. Potempski 
X Jubileuszowa Konferencja Naukowo-Techniczna (Poland, Łódź, 2011-09-19 - 2011-09-20) 
BMP Sp. z o.o. No. (2011) p. 101 
 
Multi-model ensembles: metrics, indexes, data assimilation and all that jazz 
S. Galmarini, S. Potempski 
31st NATO/SPS International Technical Meeting on Air Pollution Modelling and its Application (Torino, Italy, 2010-09-27 - 
2010-10-01) 
 
 
Oral Presentations 
 
Mn(AcO)(dppm)2 compound characterized by magnetic and EPR studies 
N. Nedelko, P. Aleshkevych, A. Ślawska-Waniewska, O. Dorosh, A. Kornowicz, J. Lewiński 
European Conference on Molecular Magnetism (ECMM) (France, Paris, 2011-11-22 - 2011-11-25) 
 
Comparison of Dispersion Models by Using Fuzzy Similarity Relations 
A. Ciaramella, A. Riccio, S. Galmarini, G. Giunta, S. Potempski 
XIIth International Conference of the Italian Association for Artificial Intelligence, Palermo, Italy, September 15-17, 2011 
(Italy, Palermo, 2011-09-15 - 2011-09-17) 
Lect. Notes Comput. Sci. Vol. 6934 (2011) 57-67 
 
 
Poster 
 
Capability of semiconducting NiO films in gamma radiation dosimetry 
M. Guziewicz, W. Jung, J. Grochowski, M. Borysiewicz, K. Gołaszewska, R. Kruszka, A. Barańska, J.Z. Domagała, 
B.S. Witkowski, A. Stonert, M. Gryzinski, K. Tymińska, A. Piotrowska 
E-MRS 2011 FALL MEETING (Poland, Warszawa, 2011-09-19 - 2011-09-23) 
Acta Phys. Pol. A Vol. 120 No 6-A (2011) A-71 

 
 
INTERNAL SEMINARS 

Numerical methods for ordinary differential equationsa) 
S. Potempski 
Swierk, IEA POLATOM, 2011-07-04 
 
Numerical methods for ordinary differential equationsa) 
S. Potempski 
Swierk, IEA POLATOM, 2011-07-11 
 
Numerical methods for ordinary differential equationsa) 
S. Potempski 
Swierk, IEA POLATOM, 2011-07-18 
 
Numerical methods for ordinary differential equationsa) 
S. Potempski 
Swierk, IEA POLATOM, 2011-07-25 
 
Numerical methods for partial differential equationsa) 
S. Potempski 
Swierk, IEA POLATOM, 2011-08-01 
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Numerical methods for partial differential equationsa) 
S. Potempski 
Swierk, IEA POLATOM, 2011-08-08 
 
Numerical methods for partial differential equationsa) 
S. Potempski 
Swierk, IEA POLATOM, 2011-08-22 
 
PETCSc Portable Extensible Toolkit for Scientific Computationa) 
H. Wojciechowicz 
Otwock-Świerk, National Centre for Nuclear Research, 2011-10-10 
 
Numerical methods for partial differential equations using HPC clustersb) 
S. Potempski 
Otwock-Swierk, National Centre for Nuclear Research, 2011-10-18 
 
 
a) in Polish 
b) in English 

 
 
DIDACTIC ACTIVITY 

M. Borysiewicz - Effective Monte Carlo methods for reliability analysis of large technological systems 
 
M. Borysiewicz - HPC algorithms for event reconstruction associated with emergency releases of hazardous substances in 
complex environments using fine resolution simulations, dynamic measurement and Bayesian statistical techniques 
 
M. Borysiewicz - M. Borysiewicz, S. Potempski: Deterministic and probabilistic nuclear safety analysis. 
 
M. Borysiewicz - Training on methods for probabilistic safety analysis Level 1, 22.07-15.12.2011 
 
S. Potempski - Deterministic and probabilistic analyses in nuclear safety, Polska Grupa Energetyczna 
 
S. Potempski - Industrial safety devices mitigating consequences of major accidents, Main School of Fire Brigades 
 
S. Potempski  (supervisor of M.Sc. Thesis)- Robert Kublik 
Application of the bayesian method averaging for the analysis of multi-model ensembles used in the investigation of hazards 
related to the release of dangerous substances to environment 
Natural-Humanistic University Siedlce 
 

 
PARTICIPATION IN SCIENTIFIC COUNCILS, ASSOCIATIONS AND ORGANIZING COMMITTEES 

M. Borysiewicz 
member of Scientific Council 
 
S. Potempski 
Member: specialist in numerical analysis and informatics 

 
 
PERSONNEL 

 
Research scientists 
 
Borysiewicz Mieczysław, Dr. 
Jędrzejec Henryk, Dr.  
Potempski SławomirDr.  
 

Technical and administrative staff 
 
Siess Grzegorz, MSc. Eng. 
Wojciechowicz Henryk, MSc. 
Wasiuk Anna 
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12. MARIA REACTOR OPERATION DIVISION 
 

Head of Division: MSc. Eng. Grzegorz Krzysztoszek 
phone: +48 22 7180080 
e-mail: g.krzysztoszek@ncbj.gov.pl 

 
Overview 
There are 75 employees (engineers and technicians) working in the Maria Reactor Operation Division. 
The main activity of this Division is carrying out the safe operation of the MARIA research reactor. 
The main activities carried out at the MARIA reactor were focused on: 
- irradiation of target materials in vertical channels and in the rabbit system, 
- irradiation of uranium targets for 99Mo production, 
- neutron scattering condensed matter studies with neutron beams from the reactor horizontal channel, 
- neutron radiography studies, 
- neutron modification of crystals and minerals, 
- safety and thermal-hydraulic analysis, 
- design of new equipment and technological systems for production and experiments, 
- measurement technology, including incore measurements, 
- repair of equipment and technological systems of the reactor, 
- reactor spent fuel management, 
- training. 
In 2011 the reactor operated for 4275 hours at power levels from 18 MW to 22 MW. 
The main work carried out in 2011dealt with:  
1. Irradiation of target materials such as: TeO2, KCl, Lu2O3, SmCl2, S, Co etc. was performed for the Radioisotope 

Centre Polatom and irradiation of uranium targets was performed for Covidien. In addition, the production of 
192Ir seeds for Intravascular Radiation Therapy and low activity 192Ir source ribbons for oncology applications 
was carried out. The neutron irradiation service utilizing the MARIA reactor also includes the colouring of topaz 
minerals. The irradiation of these minerals in special channels located outside the reactor core changes their  
natural clear state to shades of blue, thereby increasing the commercial value of the product. Blue topaz is re-
leased to the market as a non-radioactive material, conforming to strict international criteria. 

2. The commercial irradiation of uranium plates for 99Mo production was carried out in the MARIA reactor in 2011 
within 14 reactor operation cycles. The total number of irradiated plates was 184, and the 99Mo activities at the 
end of the irradiation (EOI) were within the range 6700-7950 Ci, as a function of the irradiation time and the re-
actor power. 

3.  The qualification process of new prototype, low-enrichment fuel assemblies was continued. In January 2011 
irradiation testing of Lead Test Assembly-2 (LTA-2) was finished after reaching 172 MWd burn-up. During the 
irradiation no leakages of fission products through the fuel cladding were observed. The final examination by 
visual inspection and sipping test of the LTAs was carried out during the period April - October 2011 and the re-
sults are positive. This work was performed under the Basic Order Agreement No. 6J-00106 entitled  ``Conver-
sion of the MARIA Research Reactor at the National Centre for Nuclear Research in Otwock, Poland, from 
Highly Enriched to Low Enriched Uranium Fuel” between The University of Chicago (Operator of the Argonne 
National Laboratory) and the National Centre for Nuclear Research. As part of this contract, work associated 
with direct measurement of the thickness of the oxide layer by means of eddy currents and with replacing the re-
actor main cooling circuit pumps was also carried out. Moreover, a program for testing MR-6/485 fuel in the 
MARIA reactor was developed. 

4. An inspection of Spent Fuel Assemblies was performed under the project on removal of the Russian-origin SFAs 
due to the Global Treat Reduction Initiative. The inspection determined the characteristics of the SFAs in order 
to analyze the feasibility of their transportation and interim storage at Mayak PA. This work was performed un-
der the Blanket Master Contract No 00108513. 

5. An analysis of the isotopic composition of irradiated materials, coolant and air samples by gamma spectrometry 
was performed in addition to routine activity measurements of minerals, topaz (1393 kg in 2011), activity meas-
urements of silicon charges prior to their expedition to the receiver, and irradiation of two sets of eight Hall sen-
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sors (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. 

6. 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 
refueling 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. 

7. Some activity focused on optimization of conditions for irradiation of silicon crystals in the process of silicon 
neutron transmutation doping (NTD). Analyzing the possibilities for the utilization of the MARIA reactor in the 
NTD process, a new technology was developed and a prototype installation was fabricated. 

 
 Grzegorz Krzysztoszek 
 
 



MARIA Reactor Operation Division  
 

99

REPORTS 

Benchmark neutron flux measurements in MARIA reactor 
B. Pytel, A. Kozieł, R. Prokopowicz, M. Tarchalski 
Institute of Atomic Energy - POLATOM, Świerk 
 
Procedures for Inspection of MARIA Research Reactor Spent Fuel Assemblies to be Transported to the Russian Federation 
in 2012 
E. Borek-Kruszewska, J. Piąstka 
NCBJ Nr C-36-2011 
 
Operation of the Maria Research Reactor 
G. Krzysztoszek, A. Gołąb, J. Jaroszewicz 
IEA Otwock-Swierk 
 
Vibration measurements of the main pipeline of fuel channel cooling circuit in MARIA reactor before modernization 
T. Krok 
Institute of Atomic Energy POLATOM 
 
Results of Inspection of MARIA Research Reactor Spent Fuel Assemblies to be Transported to the Russian Federation in 
2012 
E. Borek-Kruszewska, J. Piąstka, I. Wilczek, A. Zawadka 
NCBJ Nr B-49-2011 
 

 
PARTICIPATION IN CONFERENCES AND WORKSHOPS 

Invited Talks 
 
Research Reactor MARIA. Capabilities, research and production infrastructure 
J. Jaroszewicz 
3rd Coordination Meeting of Baltic Research Reactors Network (Sweden, Stockholm, 2011-02-02 - 2011-02-04) 
 
EERRI coalition as a platform for close cooperation - an enhanced utilization of research reactors in Central and Eastern 
Europe 
L. Sklenka, J. Rataj, H. Bock, M. Villa, L. Snoj, J. Jaroszewicz, R. Baranyai, V. Broz 
International Conference on Research Reactors: Safe Management and Effective Utilization (Morocco, Rabat, 2011-11-14 - 
2011-11-18) 
 
Qualification process of LEU fuel - CERCA type and conversion planning for MARIA research reactor 
G. Krzysztoszek, K. Pytel, Z. Marcinkowska, N. Hanan 
33-rd International Meeting on Reduced Enrichment for Research and Test Reactors (Chile, Santiago de Chile, 2011-10-23 
- 2011-10-27) 
 
Results of the CERCA LTA Test and PIE in MARIA Reactor 
W. Mieleszczenko 
33-rd International Meeting on Reduced Enrichment for Research and Test Reactors (Chile, Santiago de Chile, 2011-10-23 
- 2011-10-27) 
 
Kształcenie kadr dla energetyki jądrowej w Polsce - potencjał Instytutu Energii Atomowej POLATOM 
S. Chwaszczewski, Ł. Koszuk, P. Krajewski, B. Mysłek-Laurikainen, R. Prokopowicz, E. Szlichcińska 
Polska nauka i technika dla elektrowni jądrowych w Polsce (Poland, Mądralin, 2011-01-13 - 2011-01-14) 
Polskie Towarzystwo Nukleoniczne No. (2011) 
 
Status of New LEU Fuel in Poland 
E. Borek-Kruszewska, W. Mieleszczenko 
Russian Research Reactors Fuel Return Program – Lessons Learned, IAEA Workshop (USA, Jackson, 2011-06-06 - 2011-
06-11) 
 
Safe Management of Research Reactor Maria with Special Emphasis on Safety Culture Enhancement Process 
A. Gołąb 
International Conference on Research Reactors Safe Management and Effective Utilization (Morocco, Rabat, 2011-11-14 - 
2011-11-18) 
 
Irradiations of HEU targets in MARIA RR for Mo-99 production 
G. Krzysztoszek, J. Jaroszewicz, K. Pytel 
1st International Nuclear Energy Congress (Poland, Warszawa, 2011-05-23 - 2011-05-24) 
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Oral Presentations 
 
Modelowanie procesów jądrowych w torze napromieniowanym neutronami w reaktorze MARIA 
Z. Marcinkowska, R. Prokopowicz, K. Andrzejewski, A. Boettcher, T. Kulikowska, B. Pytel, B. Mysłek-Laurikainen, 
A. Jagieła-Sudoł, J. Nowosad,  
Polska nauka i technika dla elektrowni jądrowych w Polsce (Poland, Mądralin, 2011-01-13 - 2011-01-14) 
 
Application of nuclear track detectors as sensors for photoneutrons generated by medical accelerators 
A. Szydłowski, M. Jaskóła, A. Malinowska, S. Pszona, A. Wysocka-Rabin, A. Korman, K. Pytel, R. Prokopowicz, 
J. Rostkowska, W. Bulski, M. Kuk 
25th International Conference on Nuclear Tracks in Solids (Mexico, Puebla, 2011-09-04 - 2011-09-09) 
 
On possibility of application of InSb-based high-temperature Hall sensors for ITER magnetic diagnostics 
J. Jankowski, S. El-Ahmar, M. Oszwaldowski, R. Prokopowicz, K. Pytel 
Symposium of Magnetic Measurements (Poland, Warsaw, 2011-10-17 - 2011-10-19) 
 
Analizy bezpieczeństwa przy redukcji wzbogacenia paliwa i napromienianiu tarcz do produkcji izotopów promieniot-
wórczych, w tym Mo99, w reaktorze MARIA.  Metody teoretyczne i eksperymentalne 
M. Dorosz, Z. Marcinkowska, R. Prokopowicz, K. Pytel, W. Mieleszczenko 
Polska nauka i technika dla elektrowni jądrowych w Polsce (Poland, Mądralin, 2011-01-13 - 2011-01-14) 
 

 
LECTURES, COURSES AND EXTERNAL SEMINARS 

Status of MARIA research reactor operationb) 
G. Krzysztoszek 
Cadarache, CEA, Francja, 2011-04-13 
 
Application of the Code of Conduct in Polish Research Reactor Mariab) 
A. Gołąb 
Vienna, International Atomic Energy Agency, 2011-05-18 
 
MARIA research reactor operation in 2010b) 
G. Krzysztoszek 
Mol, SCK-CEN Belgia, 2011-05-20 
 
Safety Status of Research Reactor Mariab) 
A. Gołąb 
Vienna, International Atomic Energy Agency, 2011-06-15 
 
Replacement of the pumps for fuel channel cooling circuit of MARIA RRb) 
G. Krzysztoszek 
Vienna, International Atomic Energy Agency, 2011-10-11 
 
Incident of molybdenum channel external envelope ruptureb) 
A. Gołąb 
Pitesti, Institute for Nuclear Research Pitesti, 2011-10-12 
 
Synergy between safety and security of MARIA research reactorb) 
G. Krzysztoszek 
Vienna, International Atomic Energy Agency, 2011-11-23 
 
Enhancing of Safe Operation of Polish Research Reactor Maria within the Confines of Project RER/4/032b) 
A. Gołąb 
Vienna, International Atomic Energy Agency, 2011-12-12 
 
RER3009/9031/01 Final Meeting & Workshop on Lessons Learned in Decommissioning of Nuclear Power Plants and Re-
search Reactorsb) 
A. Hryczuk 
Vienna, International Atomic Energy Agency, 2011-12-13 
 
MARIA research reactor activitiesb) 
G. Krzysztoszek 
Vienna, International Atomic Energy Agency, 2011-12-13 
 
b) in English 
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DIDACTIC ACTIVITY 

M. Dorosz - Exercise in neutron flux density measurement for listener of case study of Nuclear Power organised by Institute 
of Heat Engineering Warsaw University of Technology 

 
 
PERSONNEL 

Research scientists 
 
Borek-Kruszewska Elżbieta, Dr. 
Pytel Krzysztof, Dr. 
 
Technical  and administrative staff 
 
Bąk Marian 
Bąk Sylwester 
Bąk Wiesława 
Bąk Zdzisław 
Broda Bolesław 
Ciborek Ewelina, MSc. 
Czajka Wacław 
Czarnecki Michał, MSc. Eng. 
Czerniewski Wiesław 
Ćwiek Wiesław 
Dorosz Michał, MSc. 
Frydrysiak Andrzej, MSc. Eng. 
Gadoś Marcin 
Gołąb Andrzej, MSc. Eng. 
Góralski Ryszard 
Grzenda Kazimierz 
Hajkowski Tadeusz 
Hora Ireneusz 
Hryczuk Adam, MSc. Eng* 
Idzikowski Jacek, MSc. Eng. 
Iwański Ireneusz, Eng. 
Jaroszewicz Janusz, MSc. Eng. 
Jezierski Janusz Krzysztof, MSc. Eng. 
Jędrych Włodzimierz 
Kaczyńska Danuta 
Keller Robert 
Kozieł Alina, MSc. 
Krawczyński Dariusz 
Krok Tomasz, MSc. 
Krzysztoszek Grzegorz, MSc. Eng. 
Kultys Waldemar 
Kurdej Edward 
Kurdej Jadwiga 
Kwiatkowski Dariusz 
Laskus Robert 
Lech Franciszek 
Lechnia Tadeusz 
Lechniak Jan, MSc. Eng. 
Lechnik Krzysztof 

Macios Jan 
Majchrowski Krzysztof 
Maliszewski Kazimierz 
Małkiewicz Adam, Eng.  
Marczak Robert 
Michalski Zbigniew, MSc. Eng. 
Mieleszczenko Władysław, MSc. 
Mucha Dariusz 
Nowakowski Paweł, MSc. Eng. 
Owsianko Ireneusz, MSc. Eng. 
Piąstka Janusz, MSc. 
Polak Jerzy, MSc. 
Prokopowicz Rafał, MSc.* 
Przybysz Zbigniew 
Pytel Beatrycze, MSc.* 
Sierański Krzysztof * 
Sikorski Wiesław 
Skorupa Stefan 
Skwarczyński Mieczysław 
Sobiech Elżbieta 
Stanaszek Ryszard, MSc. Eng. 
Suchocki Janusz 
Szmyd Angelika 
Święch Bogdan 
Tarchalski Mikołaj, MSc. 
Urbańczyk Marian 
Wierzchnicka Małgorzata, MSc. 
Wilczek Emil, MSc. Eng. 
Wilczek Ireneusz 
Wilczek Janusz 
Witkowski Piotr, Eng. 
Witkowski Tomasz 
Wójcik Marcin 
Wójcik Mieczysław 
Wróbel Wiesław 
Zawadka Antoni 
Żołądek Krzysztof 
Żurawski Adam 

 
* part-time employee 
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13. MATERIAL RESEARCH LABORATORY 
 

Head of Division: MSc. Eng. Witold Szteke 
phone: +48 22 7180061 
e-mail: szteke@cyf.gov.pl 

 

Overview 
From 01.2011 up to 08.2011 the Materials Research Laboratory functioned as a Department of the Institute of 
Atomic Energy POLATOM. However, in the period from 09.2011 up to 12.2011 it formed a Department of the 
National Centre for Nuclear Research. 
The Materials Research Laboratory is engaged in research work covering large 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 modernised and 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 program to permit the prediction of the residual life of a construction with consid-
eration of the material properties, parameters of work - in this influence of irradiation as well as history of the con-
struction. 
The Laboratory maintains, despite lack of funds, the readiness to work with active materials according to its statu-
tory duty. However, the possibilities for the examination of irradiated materials are not turner 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 the 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 non-destructive and destructive methods. 
Opportunity is provided for the study of mechanical properties of metals at room, elevated and lowered tempera-
tures. The correlations between the residual life of structural materials and crack toughness factors in static and 
dynamic conditions are also studied. The 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 the 
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 con-
nected 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 changes investigation of irradiated materials, 
- 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. 
 

 Witold Szteke 
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REPORTS 

Influence of irradiation effects on mechanical properties of austenitic stainless steel 
W. Szteke, E. Hajewska, J. Wasiak, W. Biłous, T. Wagner 
CRP IAEA Vienna (in press) 
 
 

PARTICIPATION IN CONFERENCES AND WORKSHOPS 

Invited Talks 
 
Investigations of the mechanical characteristics of the stainless steel irradiated with the electrons with energy 2,2MeV 
I.V. Borovickaja, A.Ju. Didyk, V.K. Semina, W. Szteke, A. Hofman, E. Hajewska, J. Wasiak, W. Biłous 
XXI, International Conference on: “Radiation Physics of Solids” (Russia, Sevastopol, 2011-08-22 - 2011-08-27) 
Izdatielstwo FGBNU \ No.Tom 2 (2011) p. 662 - 665 
 
Investigation of stainless steel 0H18N10T irradiated with heavy ions with high energy 
A.Ju. Didyk, V.K. Semina, W. Szteke, A. Hofman, E. Hajewska, J. Wasiak, W. Biłous 
XXI, International Conference on: “Radiation Physics of Solids” (Russia, Sevastopol, 2011-08-22 - 2011-08-27) 
 
Irradiation Effects Changes of Properties in Vanadium-base Alloys Implanted with High Energy Xenon Ions  
M.V. Goltsev, V.P. Goltsev, A. Hofman 
International Conference on Radiation Effects in Solid State (Belarus, Mińsk, 2011-09-20 - 2011-09-22) 
 
 

LECTURES, COURSES AND EXTERNAL SEMINARS 

Safety system for the electro-power station with the PWR reactora) 
W. Biłous 
Zakopane, Institute of Atomic Energy POLATOM Material Research Laboratory, , 2011-06-28 
 
Safety system for the electro-power station with the PWR reactora) 
E. Hajewska 
Zakopane, Institute of Atomic Energy POLATOM Material Research Laboratory, 2011-06-28 
 
The investigation of stainless steel 0H18N9 before and after irradiation using small-punch methoda) 
W. Szteke 
Zakopane, Institute of Atomic Energy POLATOM Material Research Laboratory, 2011-06-28 
 
Safety system for the electro-power station with PWR reactora) 
W. Szteke 
Zakopane, Institute of Atomic Energy POLATOM Material Research Laboratory, 2011-06-28 
 
Safety system for the electro-power station with the PWR reactora) 
T. Wagner 
Zakopane, Institute of Atomic Energy POLATOM Material Research Laboratory, 2011-06-28 
 
Safety system for the electro-power station with the PWR reactora) 
J. Wasiak 
Zakopane, Institute of Atomic Energy POLATOM Material Research Laboratory, 2011-06-28 
 
The investigation of the stainless steel 0H18N9 before and after irradiation using small-punch methoda) 
W. Biłous 
Zakopane, Institute of Atomic Energy POLATOM Material Research Laboratory, , 2011-06-29 
 
The investigation of the stainless steel 0H18N9 before and after irradiation using small-punch methoda) 
E. Hajewska 
Zakopane, Institute of Atomic Energy POLATOM Material Research Laboratory, 2011-06-29 
 
Application of eddy current method in the diagnostic of the equipment in the conventional and nuclear power stationsa) 
M. Przyborska 
Zakopane, Institute of Atomic Energy POLATOM, 2011-06-29 
 
The investigation of the stainless steel 0H18N9 before and after irradiation using the small-punch methoda) 
W. Szteke 
Zakopane, Institute of Atomic Energy POLATOM Material Research Laboratory, 2011-06-29 
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Diagnostic of the high-pressure pipelines - measurements on the pivotsa) 
W. Szteke 
Zakopane, Institute of Atomic Energy POLATOM Material Research Laboratory, 2011-06-29 
 
The investigation of the stainless steel 0H18N9 before and after irradiation using small-punch methoda) 
T. Wagner 
Zakopane, Institute of Atomic Energy POLATOM Material Research Laboratory, 2011-06-29 
 
The investigation of the stainless steel 0H18N9 before and after irradiation using small-punch methoda) 
J. Wasiak 
Zakopane, Institute of Atomic Energy POLATOM Material Research Laboratory, 2011-06-29 
 
a) in Polish 

 
 
DIDACTIC ACTIVITY 

T. Wagner - Lectures for post-graduate course on nuclear Energy Principles for Gdańsk University of Technology 
Investigation of reactor structural materials in Hot Laboratory. 
 
 

PARTICIPATION IN SCIENTIFIC COUNCILS, ASSOCIATIONS AND ORGANIZING COMMITTEES 

W. Biłous 
member of the Programm Commissin Institute of Atomic Energy POLATOM 
 
E. Hajewska 
Dozór Techniczny, SIGMA NOT 
 
W. Szteke 
Member of the Comitte of Mechanics in the IPPT PAN 
 
T. Wagner 
Member of the statutory and regulations commission. Institute of Atomic Energy 
 
J. Wasiak 
Institute of Atomic Energy POLATOM 
 
 

PERSONNEL 

Research scientists 
 
Biłous Waldemar, Dr. Eng. 
Hajewska Ewa, Dr. Eng. 
Hofman Andrzej, Professor  
Przyborska Martyna, MSc. Eng. 

Szteke Witold, MSc. Eng. 
Wagner Tadeusz, MSc. Eng. 
Wasiak Jan, Dr. Eng. 
Wocial Adam, MSc. Eng.  

 
Technical and administrative staff 
 
Ćwiek Konrad 
Jagodziński Mirosław 
Malczyk Antoni, Eng. 
Mucha Stanisław 
Ostrowska Alicja 
Przeklasa Michał 

Rosłaniec Honorata, MSc. 
Rozenblicki Zbigniew 
Szymczak Wiesława 
Wojciechowska-Kwaśniewska Jadwiga 
Zych Tadeusz 
Zubowski Bolesław 
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14. 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 do-
simetry 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 2011 the Radiation Protection Measurement Laboratory continued successfully its activities concerning the im-
provement 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 contami-
nation monitors – Accreditation No. AP 070. 
The scientific activities of 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 and one graduate physi-
cist. The main subjects of study concern: 
- Investigation of processes of ionization and recombination of ions in gases under pressure 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. 
- Metrology of mixed radiation fields. 
- Development of methods for internal contamination dosimetry. 
The research work was partly financed by 2 research grants from the Polish Ministry of Science and Higher Educa-
tion and from the National Centre for Research and Development (Poland). 
 
 Zbigniew Haratym 
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REPORTS 

Quality manual and general procedures for Radiation Protection Measurements Laboratory of National Centre for Nuclear 
Research, 5th version 
J. Ośko, Z. Haratym, B. Filipiak, T. Pliszczyński, B. Boimski, B. Snopek, M.A. Gryziński, K. Ciszewska, 
M. Dymecka, et al. 
National Centre for Nuclear Research, Otwock 
 
 

PARTICIPATION IN CONFERENCES AND WORKSHOPS 

Invited Talks 
 
Bezpieczna budowa energetyki jądrowej w Polsce 
M.A. Gryziński 
1st International Nuclear Energy Congress (Poland, Warsaw, 2011-05-23 - 2011-05-24) 
 
Wpływ elektrowni jądrowych w czasie normalnej pracy na zdrowie ludzi i środowisko 
J. Ośko 
IV Szkoła Energetyki Jądrowej (Poland, Otwock-Świerk, 2011-03-21 - 2011-03-23) 
 
Zasady monitoringu wokół ośrodka jądrowego 
J. Ośko 
IV Szkoła Energetyki Jądrowej (Poland, Otwock-Świerk, 2011-03-21 - 2011-03-23) 
 
 
Posters 
 
Semiconducting Properties of ZnO Films after Gamma Exposition 
M. Guziewicz, Ł. Wachnicki, T. Krajewski, M. Godlewski, E. Guziewicz, W. Jung, R. Kruszka, A. Piotrowska, 
J.Z. Domagala, M.A. Gryziński, P. Tulik, K. Tymińska, A. Stonert 
E-MRS 2011 Spring Meeting (France, Nice, 2011-05-09 - 2011-05-13) 
 
Radiation protection research programme for safe pass to nuclear energy in Poland 
M.A. Gryziński 
International Conference on Medical Physics and Engineering on Physics And Engineering For Health And Wellness Of 
Society (Poland, Poznań, 2011-09-21 - 2011-09-24) 
 
Capability of semiconducting NiO films in gamma radiation dosimetry 
M. Guziewicz, W. Jung, J. Grochowski, M. Borysiewicz, K. Gołaszewska, R. Kruszka, A. Barańska, J.Z. Domagała, 
B.S. Witkowski, A. Stonert, M. Gryzinski, K. Tymińska, A. Piotrowska 
E-MRS 2011 FALL MEETING (Poland, Warsaw, 2011-09-19 - 2011-09-23) 
Acta Phys. Pol. A Vol. 120 No 6-A (2011) A-71 
 
 

LECTURES, COURSES AND EXTERNAL SEMINARS 

Radioactive substances in human organisma) 
J. Ośko 
Poznań, Nuclear energy – safe and ecological source of energy, International Power Industry Fair EXPOPOWER 2011, 
2011-02-25 
 
Measurements of internal contamination by radionuclides and exposure assessment of a nuclear power plant personnela) 
K. Ciszewska 
Cracow, Institute of Nuclear Physics Polish Academy od Sciences, 2011-12-09 
 
Development of nuclear safety and radiation protection methods for current and future needs of nuclear powera) 
N. Golnik 
Cracow, Institute of Nuclear Physics, 2011-12-09 
 
Development and testing of new or modernized equipment to radiometric measurements of neutron radiation fieldsa) 
P. Tulik 
Cracow, Institute of Nuclear Physics PAN, 2011-12-09 
 
a) in Polish 
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INTERNAL SEMINARS 

Radiation protection in future National Centre for Nuclear Researcha) 
T. Pliszczyński 
Otwock-Świerk, Institute of Atomic Energy POLATOM, 2011-04-11 
 
Microdosimetric recombination detector for dosimetric analysis of reactor radiationa) 
P. Tulik 
Otwock-Świerk, Institute of Atomic Energy POLATOM, 2011-04-28 
 
Does the release of radioactive substances from nuclear power can affect the risk of environmental radiationa) 
J. Ośko 
Otwock-Świerk, Institute of Atomic Energy POLATOM, 2011-05-05 
 
Mixed radiation dosimetry - measurements and shielding calculationsa) 
J. Ośko 
Warsaw, Institute of Fundamental Technological Research Polish Academy of Sciences , 2011-05-17 
 
Mixed radiation dosimetry - measurements and shielding calculationsa) 
K. Tymińska 
Warsaw, Institute of Fundamental Technological Research Polish Academy of Sciences, 2011-05-17 
 
Determination of beta radioactive elements by liquid scintillation spectrometrya) 
K. Ciszewska 
Otwock-Świerk, Institute of Atomic Energy POLATOM, 2011-06-02 
 
Determination of beta radioactive elements by liquid scintillation spectrometrya) 
M. Dymecka 
Otwock-Świerk, Institute of Atomic Energy POLATOM, 2011-06-02 
 
Intercalibration measurements - assessment of activity of I-129 and BA-133 in thyroide phantom - organized by IRSN 
(France)a) 
T. Pliszczyński 
Otwock-Świerk, National Centre for Nuclear Research, 2011-11-08 
 
MCNPX vs. FLUKA - The application of FLUKA  code in Mixed Radiation Dosimetry Division\'s researchesa) 
J. Ośko 
Otwock-Świerk, National Centre for Nuclear Research, 2011-11-22 
 
MCNPx vs. FLUKA - the application of FLUKA code in Mixed Radiation Dosimetry Division researchesa) 
K. Tymińska 
Otwock-Świerk, National Centre for Nuclear Research, 2011-11-22 
 
a) in Polish 
 
 

DIDACTIC ACTIVITY 

B. Boimski - Initial and periodic training on nuclear safety and radiological protection 
 
B. Boimski - Preparing and performing laboratory exercises of dosimetry: External exposure measurements 
 
K. Ciszewska - Initial and periodic training on nuclear safety and radiological protection 
 
K. Ciszewska - Preparing and performing laboratory exercises of dosimetry: Measurement of tritium activity in environ-
mental water, tritium enrichment 
 
M. Dymecka - Preparing and performing laboratory exercises of dosimetry: Measurements of tritium activity (HTO) in 
technological waters 
 
J. Ośko - Initial and periodic training on nuclear safety and radiological protection 
 
J. Ośko - Radiation Protection exercises, IV Nuclear Power School, 21-23 March 2011, Otwock-Swierk 
 
R. Sosnowiec – Preparing and performing laboratory exercises of dosimetry: Measurements of environmental air samples – 
gamma spectrometry method 
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P. Tulik - Radiation Protection exercises, IV Nuclear Power School, 21-23 March 2011, Otwock-Swierk 
 
M. Umaniec - Preparing and performing laboratory exercises of dosimetry: Internal contamination – whole body counter 
 
M. Umaniec - Radiation Protection exercises, IV Nuclear Power School, 21-23 March 2011, Otwock-Swierk 
 
K. Wiśniewska - Initial and periodic training on nuclear safety and radiological protection 
 
 

PARTICIPATION IN SCIENTIFIC COUNCILS, ASSOCIATIONS AND ORGANIZING COMMITTEES 

N. Golnik 
Session chairman on 14th International Congres of Radiation Research in Warsaw, Poland 
Member of Advisory Board on Physical and biological basis of hadron radiotherapy - Satellite symposium of the 14th Inter-
national Congress of Radiation Research in Kraków, Poland 
The Committee on Medical Physics, Radiobiology and Diagnostic Imaging of the Polish Academy of Sciences , member  
European Federation of Medical Physics, Representative of National Organization  
Polish Society of Medical Physics, Vice President 
European Radiation Dosimetry Group, EURADOS, representative of the voting member, member of the WG11 working 
group 
Polish Journal of Medical Physics and Engineering, Polish Journal of Medical Physics and Engineering, Polish Society of 
Medical Physics 
Atomic Energy Council, member 
 
Z. Haratym 
Association for the Promotion of Quality Control in Radioxicological Analysis (France) 
membership Scientific Council Institute of Atomic Energy POLATOM 
 
J. Ośko 
Polish Society of Medical Physics 
 
T. Pliszczyński 
Association for the Promotion of Quality in Radiotoxicological Analysis (France) 
 
 

PERSONNEL 

Research scientist 
 
Ciszewska Katarzyna, MSc. Eng. 
Golnik Natalia, Professor 
Gryziński Michał A., Dr. Eng. 
Haratym Zbigniew, Dr.  
Ośko Jakub, Dr. Eng. 

Tulik Piotr, Dr. Eng. 
Tymińska Katarzyna, Dr. 
Zielczyński Mieczysław, Professor 
Pliszczyński Tomasz, MSc. Eng. 

 
Technical and administrative staff 
 
Araszkiewicz Agnieszka, MSc. 
Boimski Błażej, Eng. 
Domański Szymon, MSc.  
Dymecka Małgorzata, MSc. Eng. 
Ejsmont Ryszard, 
Feczko Maciej 
Filipiak Bogdan, MSc. Eng. 
Garboliński Andrzej, Tech. 
Hadyś Tadeusz, MSc. Eng. 
Karpińska Barbara 
Kurdej Alicja 

Pawełczuk Andrzej, Eng. 
Pindara Grażyna 
Śniegoń Wiesława, MSc. 
Snopek Bożydar, Eng. 
Sosnowiec Renata, Tech. 
Szostak Magdalena, MSc. 
Umaniec Halina 
Wiśniewska Kazimiera 
Wojdowska Katarzyna, MSc. 
Worch Zofia 
Zielińska Danuta 
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15. DIVISION OF ACCELERATOR PHYSICS AND TECHNOLOGY 
 

Head of Division: Dr. Sławomir Wronka 
phone: +48 22 7180539 
e-mail: s.wronka@ncbj.gov.pl 

 

Overview 
 

The activity of the Division is focused on the development of new acceleration techniques and technology, as well 
as on applications of particle accelerators. Our 25 people strong team of accelerator specialists is able to perform all 
kinds of calculations of 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.  
An important part of TJ1’s activity belongs to the production of an increasing number of useful tools for beam 
measurements and visualisation. Some of them are presented shortly in this overview.  
The main topics in 2011 were:  
• Realization of the ‘Accelerators and Detectors’ project.  
• Participation in XFEL (X Free Electron Laser) construction.  
• Participation in the ESS (European Spallation Source) project.  
• TiN antimultipactoring coating on ceramics windows.  
All these topics are described in details in separate articles.  
The other tasks are summarized below:  
High Dose Irradiation Stand 
For different materials studies and analyses, a high intensity electron beam stand has been prepared. This 6 MeV 
linac is equipped with a special 20um thick Ti window to minimize electron beam losses in the output window. At 
full power it is possible to achieve to dose rate of more than 35kGy/min.  
 
EDOS Detector 
EDOS detector for measurements of e- beam and 
X-ray beam energy has been successfully commer-
cialized (see Fig. 1). A detailed description can be 
found in patent submission P.396727.  

 

 
Fig. 1.  EDOS detector. 

 

Slit camera 
A small device dedicated to beam spot size meas-
urements in radiographic accelerators has been 
upgraded and commercialized. The newest version 
is presented in Fig. 2. 

 

 
Fig. 2. Slit camera. 

SMOC Detector 
A low-cost radiographic detector has been devel-
oped for X-ray radiography up to the hundreds of 
keV energy range. The SMOC detector consists of 
an Inspex HE scintillator [1], front silver-coated 
mirror and 18mln pixels CCD camera. The 
achieved resolution is better than 2% (see Fig. 3).  

 

 
Fig. 3. Wire-type penetrameter clearly visible on 

welded steel plate. 
 

 Sławomir Wronka 
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PARTICIPATION IN CONFERENCES AND WORKSHOPS 

Oral Presentations 
 
Monte Carlo study of hard and soft-docking system for a new mobile intraoperative accelerator 
A. Wysocka-Rabin, P. Adrich 
ESTRO 30 (United Kingdom, London, 2011-05-08 - 2011-05-12) 
Radiother. Oncol. Vol. 99 No S1 (2011) 16 
 
Application of nuclear track detectors as sensors for photoneutrons generated by medical accelerators 
A. Szydłowski, M. Jaskóła, A. Malinowska, S. Pszona, A. Wysocka-Rabin, A. Korman, K. Pytel, R. Prokopowicz, 
J. Rostkowska, W. Bulski, M. Kuk 
25th International Conference on Nuclear Tracks in Solids (Mexico, Puebla, 2011-09-04 - 2011-09-09) 
 
Posters 
 
Parasitic ionization efects in the process of evaporation TiN coating on alumina surfaces 
J. Lorkiewicz, M. Klimasz 
International Conf. on Research and Applications of Plasmas, PLASMA 2011 (Poland, Warsaw, 2011-09-12 - 2011-09-16) 
 
Monte Carlo Investigation of Leakage and Scatter Radiation from a New Mobile Electron Accelerator for Intra Operative 
Radiation Therapy (Iort) 
A. Wysocka-Rabin, P. Adrich, A. Wasilewski 
European Medical Physics and Engineering Conference 2011 (Ireland, Dublin, 2011-08-31 - 2011-09-04) 
 
GLauncher – a utility for automation of routine, multi-step workflows involving Monte Carlo calculations with „BEAMnrc” 
and/or „DOSxyznrc” 
P. Adrich 
ESTRO 30 (United Kingdom, London, 2011-05-08 - 2011-05-12) 
Radiother. Oncol. Vol. 99 No S1 (2011) 516 
 
 

INTERNAL SEMINARS 

Accelerating structures, beam dynamics - simulationsa) 
M. Staszczak 
Świerk, The Andrzej Soltan Institute for Nuclear Studies, 2011-01-10 
 
Single cell structure 1MVa) 
M. Staszczak 
Świerk, The Andrzej Soltan Institute for Nuclear Studies, 2011-01-12 
 
Comparison of two methods of depth dose measurementa) 
A. Wasilewski 
Świerk, The Andrzej Soltan Institute for Nuclear Studies, 2011-01-19 
 
Therapeutic parameters of electron beams for an IORT accelerator with the thin metal wall applicators for soft and hard 
docking systemsa) 
A. Wysocka-Rabin 
Świerk, The Andrzej Soltan Institute for Nuclear Studies, 2011-01-19 
 
Leakage radiation through the applicator 6x6cm - FLUKA code calculationa) 
A. Wasilewski 
Świerk, The Andrzej Soltan Institute for Nuclear Studies, 2011-01-26 
 
Applicators for highly specialized treatment - field of irradiation 10cm x 10cma) 
A. Wasilewski 
Świerk, The Andrzej Soltan Institute for Nuclear Studies, 2011-01-26 
 
Simulations of electron applicators (study of therapeutic electron beam forming system)a) 
P. Adrich 
Świerk, The Andrzej Soltan Institute for Nuclear Studies, 2011-01-28 
 
Multi-energy electron accelerator for advanced radiotherapy - simulations and calculations of the accelerating structure and 
beam transport systema) 
M. Staszczak 
Świerk, The Andrzej Soltan Institute for Nuclear Studies, 2011-01-28 
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Dual-energy linac accelerator - simulations and calculations of the accelerating structure and beam transport systema) 
M. Staszczak 
Świerk, The Andrzej Soltan Institute for Nuclear Studies, 2011-01-28 
 
Accelerating structures, beam dynamics - IORTa) 
M. Staszczak 
Świerk, The Andrzej Soltan Institute for Nuclear Studies, 2011-01-28 
 
Monte Carlo  modeling of an IORT accelerator treatment head performed in the year 2010a) 
A. Wysocka-Rabin 
Świerk, The Andrzej Soltan Institute for Nuclear Studies, 2011-01-28 
 
MC calculations of collimatora) 
A. Wasilewski 
Świerk, The Andrzej Soltan Institute for Nuclear Studies, 2011-02-02 
 
Accelerating structure of the multi-energy electron accelerator for advanced radiotherapy - verificationa) 
M. Staszczak 
Świerk, The Andrzej Soltan Institute For Nuclear Studies, 2011-02-12 
 
Electron gun - simulations and calculations of different modelsa) 
M. Staszczak 
Świerk, The Andrzej Soltan Institute For Nuclear Studies, 2011-02-25 
 
Therapeutic parameters of electron beams for an IORT accelerator with the thin wall metal applicators and without primary 
collimatora) 
A. Wysocka-Rabin 
Świerk, The Andrzej Soltan Institute for Nuclear Studies, 2011-02-25 
 
Comparison of the nominal energy of photon beam calculated from the ratio of D10/D20 of depth dosea) 
A. Wasilewski 
Świerk, The Andrzej Soltan Institute for Nuclear Studies, 2011-03-02 
 
Dual-energy linac accelerator - simulations and calculations of the accelerating structure and beam transport systema 
M. Staszczak 
Świerk, The Andrzej Soltan Institute For Nuclear Studies, 2011-04-18 
 
Study of a system for forming the electron beam of an IORT accelerator using different methods of applicator dockinga) 
A. Wysocka-Rabin 
Świerk, The Andrzej Soltan Institute for Nuclear Studies, 2011-04-18 
 
Comparison of depth dosesa) 
A. Wasilewski 
Świerk, The Andrzej Soltan Institute for Nuclear Studies, 2011-05-04 
 
New developments in accelerators for IORTa 
P. Adrich 
Świerk, The Andrzej Soltan Institute for Nuclear Studies, 2011-05-18 
 
Conversion target of accelerator for the treatment of highly specializeda) 
A. Wasilewski 
Świerk, The Andrzej Soltan Institute for Nuclear Studies, 2011-05-18 
 
Shielding of metal head for IORT for 6MeV and 12MeV beamsa) 
A. Wasilewski 
Świerk, The Andrzej Soltan Institute for Nuclear Studies, 2011-05-18 
 
Review of ESTRO 30a) 
A. Wysocka-Rabin 
Świerk, The Andrzej Soltan Institute for Nuclear Studies, 2011-05-18 
 
Collimator for border acceleratora) 
A. Wasilewski 
Świerk, The Andrzej Soltan Institute for Nuclear Studies, 2011-06-15 
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Protection of intellectual property in scientific institutionsa) 
P. Adrich 
Świerk, The Andrzej Soltan Institute for Nuclear Studies, 2011-07-01 
 
Shielding of IORT head for 12MeV beam - comparision of soft and hard dockinga) 
A. Wasilewski 
Świerk, The Andrzej Soltan Institute for Nuclear Studies, 2011-08-31 
 
Dual-energy accelerator 4MV/6MV - calculations of the beam transport systema) 
M. Staszczak 
Otwock-Świerk, National Centre for Nuclear Research, 2011-09-06 
 
Modeling of treatment head of IORT acceleratora) 
A. Wysocka-Rabin 
Otwock-Świerk, National Centre for Nuclear Research, 2011-09-06 
 
Review of new information from EMPEC 2011a) 
A. Wysocka-Rabin 
Otwock-Świerk, National Centre for Nuclear Research, 2011-09-07 
 
Shielding of conversion target of border accelerator. 4, 6, 9 MV reasercha) 
A. Wasilewski 
Otwock-Świerk, National Centre for Nuclear Research, 2011-09-21 
 
The energy deposited in the Cu target of 1MeV acceleratora) 
A. Wasilewski 
Otwock-Świerk, National Centre for Nuclear Research, 2011-11-02 
 
Photon dose rate dependence of the energy of the primary electron beama) 
A. Wasilewski 
Otwock-Świerk, National Centre for Nuclear Research, 2011-11-02 
 
Photon dose rate dependence of the energy of the primary electron beam. Supplementa) 
A. Wasilewski 
Otwock-Świerk, National Centre for Nuclear Research, 2011-11-09 
 
a) in Polish 
 
 

DIDACTIC ACTIVITY 

W. Drabik - Didactics at PJWSTK (lectures and laboratories) on the following subjects: 
Linear algebra and geometry, 
Analysis, Fundamentals of programming in Java,Object Oriented Programming in Java 
 
W. Grabowski - Information technology 
 
W. Grabowski - Research methodology and statistics 
 
W. Grabowski - Research methodology with elements of statistics 
 
S. Wronka - Lectures: "Biomedical accelerators", Warsaw University of Technology 
 
S. Wronka - Supervising of the Master theses:  
"Beam dynamics in the ESS linac" and "Modeling supply system of RF cavity".  
 
A. Wysocka-Rabin - Lecture during courses for medical doctors 
 
A. Wysocka-Rabin - lecture during Festiwal of Polish Science in Warsaw, 17.09.2011 
 
A. Wysocka-Rabin - student practices 
 
 

PARTICIPATION IN SCIENTIFIC COUNCILS, ASSOCIATIONS AND ORGANIZING COMMITTEES 

P. Adrich 
Member of European Society for Radiotherapy and Oncology (ESTRO) 
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J. Borkowski 
European Spallation Source Scandinavia; member of Accelerator group 
 
M. Jarosz 
Student physicist 
 
J. Świniarski 
Member of Accelerator Division - Beam Physics group in ESS 
 
S. Wronka 
Polish Society of Medical Physics 
Vice-president, Soltan Institute for Nuclear Studies 
National Centre for Nuclear Research 
 
A. Wysocka-Rabin 
Polish Society of Medical Physics 
PTCOG 
member, European Society for Therapeutic Radiology and Oncology  
 
 

PERSONNEL 

Research scientists 
 
Adrich Przemysław, Dr. 
Lorkiewicz Jerzy, Dr. 
Pławski Eugeniusz, Dr. 
Wasilewski Adam, Dr. 
Wronka Sławomir, Dr. 
Wysocka-Rabin Anna, Dr. 
 
Technical and administrative staff 
 
Bigolas Jerzy, MSc.* 
Bigolas Krzysztof 
Bogowicz Józef 
Borkowski Jacek, MSc. 
Chołuj-Dziewiecka Oliwia, MSc. 
Drabik Wojciech, MSc. 
Dziewiecki Wojciech, MSc. 
Grabowski Wojciech, MSc. 
Jarosz Michał 
Klimasz Marcin, MSc. 

Kosiński Konrad, MSc. 
Matusiak Michał, Msc. 
Łubian Andrzej 
Staszczak Marcin, MSc. 
Szymczyk Karol* 
Świniarski Michał, MSc. 
Wojciechowski Marcin, MSc. 
Wojnarowski Henryk* 
Zielińska Maria* 

 
 
 
* part-time employee 
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16. DIVISION OF TRAINING AND CONSULTING 
 

Head of Division: Professor Ludwik Dobrzyński 
phone: +48 22 7180612 
e-mail: ludwik.dobrzynski@ncbj.gov.pl 

 
Overview 
 
The Department of Education and Training leads various activities. The summary of work and achievements in 2011 
may be presented as follows: 
• About 7400 visitors were served by the Department; 
• 9 scientific papers were published in peer-reviewed, internationally renowned journals, 2 papers of a popular 

character were published, and 3 scientific papers were sent for publication in international journals; our papers 
were presented during 15 international conferences (10 oral presentations, 11 posters);  

• A popular brochure “Sun on Earth. Thermonuclear energy ante portas” (L. Dobrzynski, Ł. Adamowski) was 
published by NCBJ; 

• Two PhD students continued their work under the supervision of the Director of the Department; 
• Regular courses were organized for PhD students from the Institute of Nuclear Chemistry and Technology in 

Warsaw, and for students of the Technical University of Wrocław. A radiological safety course was organized 
for about 200 employees of NCBJ; 

• Training courses concerning various aspects of nuclear energy were organized for employees of the Polish 
Energy Group (PGE); 

• Two members of the Department (Ł. Adamowski and L. Dobrzynski) contributed a lot to the exhibition dedi-
cated to the memory of Maria Skłodowska-Curie. The exhibition was held in the European Parliament in Brus-
sels; 

• The Department was also represented (L. Dobrzynski as alternate of the Polish delegate) in UNSCEAR; 
• New experiments appeared in the Laboratory of Atomic and Nuclear Physics, operating mainly for secondary 

schools. 
 
 Ludwik Dobrzyński 
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REPORTS 

Annual Report IAE POLATOM 
G. Kosicka, E. Szlichcińska 
Otwock, Świerk 
 

 
PARTICIPATION IN CONFERENCES AND WORKSHOPS 

Invited Talks 
 
On the recontructions  of the electron momentum density distributions  by  the Maximum Entropy Method 
L. Dobrzyński, M. Pylak 
X-Ray and neutron Scattering for Solving Structures and Modeling Charge Densities: the last 40 years (France, Tours, 
2011-09-16 - 2011-09-17) 
 
Hormeza - naturalne zjawisko odpowiedzi organizmu na stres 
L. Dobrzyński, K.W. Fornalski 
VII Międzynarodowa Konferencja naukowa Weterynaryjna higiena pasz - wpływ mikotoksyn na funkcje przewodu pokar-
mowego (Poland, Olsztyn, 2011-09-23 - 2011-09-24) 
Uniwersytet Warmińsko-Mazurski w Olsztynie No. (2011) p. 6 
 
Hormeza - aspekty medyczne 
L. Dobrzyński 
Krajowa Konferencja Naukowa Studenckich Kół Naukowych Elektroradiologii (Poland, Warsaw, Świerk, 2011-11-03 - 
2011-11-04) 
 
Wielkie urządzenia badawcze w medycynie 
L. Dobrzyński 
Krajowa Konferencja naukowa Studenckich Kół Naukowych Elektroradiologii (Poland, Warsaw, Świerk, 2011-11-03 - 
2011-11-04) 
 
Działanie reaktora jądrowego 
L. Dobrzyński 
Krajowa Konferencja Naukowa Studenckich Kół Naukowych Elektroradiologii (Poland, Warsaw, Świerk, 2011-11-03 - 
2011-11-04) 
 
Współczesne poglądy na działanie promieniowania jonizującego na materię żywą 
L. Dobrzyński 
III Ogólnopolska Konferencja 'Promieniowanie Jonizujące w Medycynie' PJOMED 2011 (Poland, Łódź, 2011-06-06 - 
2011-06-07) 
 
 
Oral Presentations 
 
Ageing Effects in Powdered Single Crystals of FeTe0.5Se0.5 
K. Szymański, L. Dobrzyński 
ICAME 2011 (Japan, Kobe, 2011-09-25 - 2011-09-30) 
 
Zależność od temperatury relacji dyspersji i tłumienia fal spinowych w stopie Sendust zbadana metodą rozpraszania neu-
tronów 
K. Świderska, J. Jankowska-Kisielińska, L. Dobrzyński 
VII Ogólnopolska Konferencja 'Rozpraszanie neutronów' (Poland, Chlewiska k/Siedlec, 2011-06-12 - 2011-06-16) 
 
The n-site study of GaFeO3 and individual magnetic moments by neutron diffraction and Mössbauer spectroscopy 
K. Rećko, K. Szymański, L. Dobrzyński, J. Waliszewski, M.B. Mohamed, A. Senyshyn, H. Fuess 
VII Ogólnopolska Konferencja 'Rozpraszanie neutronów' (Poland, Chlewiska k/Siedlec, 2011-06-12 - 2011-06-16) 
 
Electron Density and Electrostatic Potential Distribution by Maximum Entropy Method 
J. Waliszewski, L. Dobrzyński, K. Rećko 
VII Ogólnopolska Konferencja 'Rozpraszanie neutronów' (Poland, Chlewiska k/Siedlec, 2011-06-12 - 2011-06-16) 
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Posters 
 
A Stochastic Markov Model of Cellular Response to Radiation 
K.W. Fornalski, L. Dobrzyński, M. Janiak 
14th International Congress of Radiation Research (Poland, Warsaw, 2011-08-28 - 2011-09-01) 
 
Refinement of Hyperfine Parameters by Method of Invariants 
K. Szymański, K. Rećko, D. Satuła, W. Olszewski, L. Dobrzyński, B.Yu. Kotur, E. Talik 
ICAME 2011 (Japan, Kobe, 2011-09-10 - 2011-09-15) 
 
Spin Wave Dispersion Relation and Damping in Sendust Alloy in 8 to 295 K Temperature Range 
K. Świderska, J. Jankowska-Kisielińska, L. Dobrzyński 
5th European Conference on Neutron Scattering (Czech Republic, Prague, 2011-07-17 - 2011-07-22) 
J. of Phys.: Conf. S. (in press) 
 
Ab-initio study of an influence of transition metal doping on electronic structure and ordering degree in Fe3Al alloy 
A. Go, L. Dobrzyński 
The European Conference on Magnetism 2011 (Poland, Poznan, 2011-06-27 - 2011-07-01) 
 
An influence of local environment on spin densities\' distribution in Fe3Al and Fe3Si doped with transition metals 
A. Go, L. Dobrzyński 
International Symposium on Spin Waves 2011 (Russia, Sankt Petersburg, 2011-06-05 - 2011-06-11) 
 
Magnetic properties of Fe3-xCrxAl0.5Si0.5 solid solutions 
K. Rećko, J. Waliszewski, L. Dobrzyński,  
5th European Conference on Neutron Scattering (Czech Republic, Prague, 2011-07-17 - 2011-07-22) 
 
The Stochastic Markov\'s Cell Response-to-Dose Model 
K.W. Fornalski, L. Dobrzyński 
19th Nuclear Medical Defence Conference (Germany, Munich, 2011-05-16 - 2011-05-19) 
 
Monochromatic polarised source for Mossbauer spectroscopy 
D. Satuła, K. Szymański, L. Dobrzyński 
7th Seeheim Workshop on Mössbauer Specroscopy (Germany, Frankfurt, 2011-06-13 - 2011-06-17) 
 
Pooled Bayesian Analysisof 28 Studies on Radon InducedLung Cancers 
K.W. Fornalski, L. Dobrzyński 
19th Nuclear Medical Defence Conference (Germany, Munich, 2011-05-16 - 2011-05-19) 
 
Magnetic form factor and Compton profiles of ferromagnetic gadolinium 
M. Pylak, L. Dobrzyński, H. Sormann 
The European Conference on Magnetism 2011 (Poland, Poznan, 2011-06-27 - 2011-07-01) 
 
An influence of cobalt impurities distribution on electronic and magnetic properties of Cr3Si 
A. Go, M. Pylak, L. Dobrzyński 
Hands-on Tutorial Workshop 2011 on Ab Initio Molecular Simulations: Toward a First-Principles Undersatnding of Mate-
rials Properties and Functions (Germany, Berlin, 2011-07-12 - 2011-07-21) 
 
Electronic and magnetic structure of Cr3Si doped with transition metals - ab-initio study 
A. Go, M. Pylak, L. Dobrzyński 
14th International Density Functional Theory Conference, Applications in Physics, Chemistry, Biology, Pharmacy (Greece, 
Athens, 2011-08-29 - 2011-09-02) 
 

INTERNAL SEMINARS 

TMI, Chernobyl, Fukusima - dangerous energy?a) 
L. Dobrzyński 
Bialystok, Faculty of Physics, University of Bialystok, 2011-04-05 
 
Chernobyl 25 years aftera) 
L. Dobrzyński 
Bialystok, Institute of Chemistry, University of Bialystok, 2011-05-16 
 
 
a) in Polish 
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DIDACTIC ACTIVITY 

Ł. Adamowski - Lectures for visitors in SINS/NCNR Training&Consulting Department. 
 
Ł. Adamowski - PGE EJ employees training course - lectures and workshop. 
 
L. Dobrzyński - 4h course on "Applications of nuclear reactors and synchrotrons in science, technics and medicine" 
4 h course on "Treatment and neutralization of nuclear waste"; 
Wroclaw Technical University, 1-2 June, 2011 
 
L. Dobrzyński - Courses for PhD students of the Institute of Nuclear Chemistry and Technology: 
"Basics of Nuclear and Reactor Physics", 
"Radioactivity, its applications and elements of radiological protection" 
 
L. Dobrzyński - Lectures during a course on nuclear energy, prepared for Polish Energy Group: 
Structure of matter; Formal description of sources of ionizing radiation - dosimetry; Biological effects of ionizing radiation; 
Nuclear reactor: pronciples; IAEA's clasification of nuclear accidents  
 
E. Droste - Lecture and workshop on natural radioactivity for PGE-team. 
 
E. Droste - Lectures for pupils, students, teachers and other Training and Consulting Department visitors. 
 
T. Ostrowski - Participation in educational activity (lectures, classes) in Department of Training and Consulting 
 
R. Wołkiewicz - Lectures for students and peaples visiting Trainnig and Consalting Department of IPJ/NCBJ 

 

PARTICIPATION IN SCIENTIFIC COUNCILS, ASSOCIATIONS AND ORGANIZING COMMITTEES 

L. Dobrzyński 
member 
Physica Scripta, Physica Scripta, Institute of Physics 
Chairman of the Scientific Council of the Institute of Experimental Physics of the University of Białystok (2000-2003), next 
Dean (2004-2005)and Chairman of the Faculty Council of the Physics Faculty, next member of the Faculty Council up to 
2011 
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 

 

 
PERSONNEL 

Research scientists 
 
Adamowski Łukasz, MSc. Eng. 
Dobrzyński Ludwik, Professor, Director of the Department 
Droste Ewa, MSc. 
Żuchowicz Katarzyna, MSc. 
 
PhD student 
Fornalski Krzysztof Wojciech, MSc. Eng. 
Pylak Maciej, MSc. Eng. 
 
Technical and administrative staff 
Ostrowski Tadeusz 
Wołkiewicz Robert 
Kalińska Urszula, MSc. 
Szubińska Anna 
Kosicka Gabryela 
Swiboda Grażyna, MSc. 
Matych Marek 
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17. NUCLEAR EQUIPMENT DIVISION HITEC 
 

Head of Division: 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 2011, HITEC continued intense research and development work in the framework of Project No.POIG.01.01-14-
012/08-00 (known under the short name of “Accelerators and Detectors”) funded by the EU Structural Funds. These 
efforts concentrated on developing a new generation of medical multi-energy accelerator for advanced radiotherapy. 
The first model of the accelerator was brought to operational status which allowed for a practical verification of  
numerous solutions and technologies to be used in the second (and final) model. Work was also carried out on the 
design and manufacturing of components for yet another device: a mobile accelerator for intraoperative radiation 
therapy. The results have been described in detail elsewhere in this Report.  
In February 2011, the Institute entered into a Collaboration Agreement with CERN aimed at upgrading the per-
formance of the CERN Large Hadron Collider (LHC). The role of the Department in this Collaboration is to 
manufacture the PI-Mode Structure (PIMS) accelerating cavities for Linac 4, the new proton injector for the up-
graded LHC. This technologically demanding work, which builds upon HITEC experience in manufacturing accel-
erating structures for electron accelerators, involves further collaboration with Forschungszentrum Jülich.  
HITEC also continued the development of its commercially available linear accelerators. Most notably, work on 
Lillyput 4, a low energy industrial linac, was completed. The machine, characterized by excellent radiographic pa-
rameters, can be configured either as a single energy 4 MeV or a dual energy 4/2 MeV linac. Due to the innovative 
design, Lillyput 4 is the most compact radiographic accelerator on the market.  
Some changes were also developed, tested and introduced into the control system of the HITEC medical Coline 10 
accelerator. In effect, the therapeutic parameters of Coline 10 electron beams were significantly improved.  
 
 Paweł Krawczyk 
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18. RADIOISOTOPE CENTRE POLATOM 
 

Head of Division: Dr. Eng. Dariusz Socha 
phone: +48 22 7180700 
e-mail: d.socha@polatom.pl 

 
Overview 
 
The Radioisotope Centre POLATOM carries out research programs related to the application of radioactive prepara-
tions and radiolabelled compounds in various fields in medicine, research and industry. The main areas of research 
activity of the Radioisotope Centre POLATOM present a multidisciplinary character and combine the chemistry and 
physics of radionuclides, radiochemistry, analytical chemistry, metrology of ionizing radiation, biology, pharmacy 
and nuclear medicine.  
The Centre employs 26 researchers and 132 engineers out of a total of 212 employees.  
The main research and development domains are: 
1. Investigation of novel biomolecules as carriers for radionuclides and preliminary assessment of their diagnostic 

and/or therapeutic utility.  
2. Development of technologies for the production of high specific activity radionuclides in nuclear reactors and 

accelerators, using highly enriched target materials and modern separation techniques. 
3. Development of methods for radioactivity measurement and assessment of radionuclidic purity (determination 

of α, β, and γ impurities). 
4. Chemical and pharmaceutical development and biological activity assessment using in vitro and in vivo meth-

ods of new radiopharmaceuticals for clinical applications.  
Examples of recent technological and scientific achievements of the Radioisotope Centre POLATOM are:  
- technology for metallic target preparation and dissolution in a dedicated apparatus and separation and purifica-

tion method of 99Mo from uranium fission products, 
- novel method of 90Sr trace determination in 90Y used for production of radiopharmaceuticals,  
The laboratories of the Centre are well prepared to carry out this advanced research program and are systematically 
upgraded. In 2011 the laboratory for in vivo studies was launched and granted approval by the Ministry of Science 
and Higher Education to conduct research studies on radiopharmaceuticals in laboratory animals (registration num-
ber 0162). 
Current investment projects are supported by the Program Innovative Economy: POIG.01.04.00-14-190/09 “Investi-
gations and development of production technologies of isotopes for therapy of neuroendocrine tumors” and WND-
POIG.04.04.00-14.024 “Launching of innovative production line for manufacture of kits for molecular imaging”  
A very good communication network with nuclear medicine units and other institutions interested in radiopharma-
ceutical development as well as with several international research institutions has been developed, supported by 
scientific and applied grants. The Centre participates in several research projects coordinated by the International 
Atomic Energy Agency (IAEA) as well as in the European cooperation program of scientific and technical coopera-
tion COST; In recent years we participated in COST Action D18 ”Lanthanides in therapy: Particle emitting Ra-
diolanthanides and stable Lanthanides with radiation induced by external irradiation”, in COST Action BM0607 
“Targeted Radionuclide Therapy” and  COST Action D38 “Metal Based System for Molecular Imaging”. Currently 
we are participating in COST Action TD1004 “Theragnostics Imaging and Therapy: An Action to Develop Novel 
Nanosized Systems for Imaging-Guided Drug Delivery”  
What best summarizes the research activity of the Radioisotope Centre POLATOM is not only the number of inno-
vative technologies developed but also the scientific activity recorded in the number of communications presented at 
scientific conferences (over 60 in 2011) and publications in peer-reviewed journals.  
 
 Dariusz Socha 
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REPORTS 

Searching for the effector sites and radiolabelling of ligands for the targeted radionuclide therapy in tumors originating from 
endocrine cells. Final report. 
B. Janota, ... , E. Jakubowska, M. Leszczyńska, D. Kłudkiewicz, W. Mikołajczak, A. Jaroń, J. Pijarowska-Kruszyna, 
W. Wojdowska, J.L. Parus, D. Pawlak, R. Mikołajczak, ... et al. 
NCNR Radioisotope Centre POLATOM 
 

Complexes of 44Sc as precursors of radiopharmaceuticals for molecular imaging 
D.Pawlak, E.Koumarianou, E.Jakubowska, J.Parus, A.Korsak, R.Mikołajczak 
9/OR/11 
 

Development of radiopharmaceuticals based on 188Re and 90Y for radionuclide therapy. Final report 
D.Pawlak, T.Dziel, A.Muklanowicz, J.Parus, P.Garnuszek,... et al. 
45/OR/11 

 

PARTICIPATION IN CONFERENCES AND WORKSHOPS 

Invited Talks 
 
Generator molibdenowo-technetowy (99Mo/99mTc), zasady pracy i kontrola jakości i zestawy do znakowania 99mTc 
R. Mikołajczak, T. Wawryniuk 
III Konferencja naukowo – szkoleniowa „Diagnostyka i terapia izotopowa w onkologii (Poland, Szklarska Poręba, 2011-06-
10 - 2011-06-12) 
 
Zastosowania radioizotopów w diagnostyce i terapii 
R. Mikołajczak 
III Konferencja naukowo – szkoleniowa „Diagnostyka i terapia izotopowa w onkologii (Poland, Szklarska Poręba, 2011-06-
10 - 2011-06-12) 
 
Wzorzec Państwowy Jednostki Miary Aktywności Promieniotwórczej Radionuklidów i system przekazywania jednostki mi-
ary 
R. Broda 
XIV Spotkanie Inspektorów Ochrony Radiologicznej (Poland, Mikorzyn, 2011-05-24 - 2011-05-27) 
 
Nowe polskie radiofarmaceutyki: od badań rozwojowych do procedur klinicznych 
R. Mikołajczak 
I Ogólnopolska Konferencja Radiofarmaceutyczna (Poland, Łódź, 2011-05-12 - 2011-05-13) 
 
New probes for molecular imaging and radiotherapy in nuclear medicine – directions and developments 
R. Mikołajczak 
International Conference on Development and Applications of Nuclear Technologies NUTECH 2011 (Poland, Kraków, 
2011-09-11 - 2011-09-14) 
 
Radiopharmaceuticals – nuclear probes for molecular imaging and therapy 
R. Mikołajczak 
IV Congress of Polish Biotechnology and IV EUROBIOTECH 2011 (Poland, Kraków, 2011-10-12 - 2011-10-15) 
 
Radiofarmaceutyki stosowane w diagnostyce kardiologicznej 
R. Mikołajczak 
Konferencja naukowo-szkoleniowa “Diagnostyka Izotopowa w Kardiologii” (Poland, Kazimierz Dolny, 2011-11-18 - 2011-
11-20) 
 
Oral Presentations 
 
Potential of Maria Research Reactor to supply medical isotopes 
R. Mikołajczak 
99Mo Topical Meeting (USA, Santa Fe, New Mexico, 2011-12-04 - 2011-12-07) 
 
Preparation and quality control of 90Y-DOTATATE and 177Lu-DOTATATE for clinical application in Serbia 
D. Djokic, N. Nikolic, Dj. Petrovic, D. Stankovic, R. Mikołajczak, D. Pawlak, M. Matovic, M. Jeremic 
Final Action Congress and MC meeting, COST Action BM 0607 “From Dosimetry to Biological Effect”: Radiobiology as 
Guide to Clinical Practice in Nuclear Medicine (Italy, Sorrento, 2011-11-05 - 2011-11-08) 
 
Evaluating the potential of 44Sc and 47Sc as matched pair for molecular imaging and therapy 
E. Koumarianou, D. Pawlak, J.L. Parus, R. Mikołajczak 
7th International Conference on Isotopes (Russia, Moskwa, 2011-09-04 - 2011-09-08) 



Radioisotope Centre POLATOM 
 

 

125

Radiochemical purity assessment retrieved from various chromatographic systems based on DMSA complexes with 99mTc 
and 188Re at (III) and (V) oxidation states 
D. Pawlak, P. Garnuszek, M. Maurin, D. Jankovic, U. Karczmarczyk, R. Mikołajczak 
Final Action Congress and MC meeting, COST Action BM 0607 “From Dosimetry to Biological Effect”: Radiobiology as 
Guide to Clinical Practice in Nuclear Medicine (Italy, Sorrento, 2011-11-05 - 2011-11-08) 
 
Ophthalmic applicators of I-125 and Ru-106 with monolithic active core for eye cancers brachytherapy 
I. Cieszykowska, A. Piasecki, T. Janiak, M. Żółtowska, T. Barcikowski, M. Mielcarski 
7th International Conference on Isotopes (Russia, Moskwa, 2011-09-04 - 2011-09-08) 
 
Application of Radiation Treatment of Cellulose Pulps for Preparation of Derivatives and Microcristalline Cellulose 
H. Stupińska, E. Iller, D. Wawro, Z. Zimek, D. Ciechańska, E. Kopania 
International Conference on Development and Applications of Nuclear Technologies NUTECH 2011 (Poland, Kraków, 
2011-09-11 - 2011-09-14) 
 
Biokinetics and preliminary dose assessment of [Lys40(Ahx-HYNIC-99mTc/EDDA)NH2]-exendin-4 for glucagonlike pep-
tide-1 receptor imaging 
M. Tomaszuk, A. Sowa-Staszczak, R. Mikołajczak, M. Buziak-Bereza, W. Lenda-tracz, B. Głowa, B. Janota, 
A. Hubalewska-Dydejczyk 
Final Action Congress and MC meeting, COST Action BM 0607 “From Dosimetry to Biological Effect”: Radiobiology as 
Guide to Clinical Practice in Nuclear Medicine (Italy, Sorrento, 2011-11-05 - 2011-11-08) 
 
Overview of work made in RC POLATOM within the framework of the IAEA CRP 
I. Cieszykowska, M. Mielcarski, A. Piasecki, M. Żółtowska, T. Janiak, T. Barcikowski 
4th IAEA Research Coordinated Meeting on Developing Techniques for Small-Scale, Indigenous Production of Mo-99 Us-
ing Low-Enriched Uranium (LEU) or Neutron Activation (T1.20.18) (Austria, Vienna, 2011-12-12 - 2011-12-16) 
 
90Y and 177Lu – Radionuclides for Peptide Receptor Radionuclide Therapy 
D. Pawlak, R. Mikołajczak, M. Konior, I. Sasinowska, A. Muklanowicz 
4th Intern. Conf. on Radiopharmaceutical Therapy (ICRT 2011) (Vietnam, Ho Chi Minh City, 2011-11-28 - 2011-12-02) 
 
99mTc labeled GLP-1 scintigraphy with the use of [Lys40-(Ahx-HYNIC/EDDA)NH2]-Exendin-4 in the insulinoma localiza-
tion 
A. Hubalewska-Dydejczyk, A. Sowa-Staszczak, R. Mikołajczak, D. Pach, B. Janota, M. Tomaszuk, A. Stefanska, 
A. Jabrocka-Hybeland, B. Głowa 
The SNM Annual Meeting (USA, San Antonio, Texas , 2011-06-04 - 2011-06-08) 
 
Effect of Peptide Receptor Radionuclide Therapy with Tandem Isotopes- 90Y/ 177Lu-DOTATATE in patients with Dissemi-
nated Neuroendocrine Tumors Depending on Qualification with PET/CT using 18FDG 
J. Kunikowska, L. Królicki, D. Pawlak, R. Mikołajczak 
4th International Conference on Radiopharmaceutical Therapy (ICRT 2011) (Vietnam, Ho Chi Minh City, 2011-11-28 - 
2011-12-02) 
 
Repeated cycles of peptide receptor radionuclide therapy (PRRT) - Side-effects and response to the radioisotope 90Y-
DOTA-TATE or 90Y/177Lu DOTA-TATE therapy in patients with disseminated NET 
A. Sowa-Staszczak, J. Kunikowska, L. Królicki, R. Mikołajczak, D. Pawlak, A. Stefańska, M. Tomaszuk, M. Trofimiuk, 
D. Pach, A. Hubalewska-Dydejczyk 
The SNM Annual Meeting (USA, San Antonio, Texas , 2011-06-04 - 2011-06-08) 
 
Standardization of the 85Sr solution by three methods 
R. Broda, T. Dziel, A. Muklanowicz 
18th International Conference on Radionuclide Metrology and its Applications, ICRM 2011 (Japan, Tsukuba, 2011-09-19 - 
2011-09-23) 
 
Pilot Comparison to mimic the operation of the extended SIR for measurements of pure β emitters 
G. Ratel, J.M. LosArcos, L. RodriguesBarquero, T. Altzitzoglou, Ph. Cassette, B.R.S. Simpson, W.M. VanWyngaardt, 
L. Laureano-Perez, K. Kossert, R. Broda, T. Dziel 
18th International Conference on Radionuclide Metrology and its Applications, ICRM 2011 (Japan, Tsukuba, 2011-09-19 - 
2011-09-23) 
 
Sc and Ga labelled peptides – influence of metal on peptide receptor affinity 
E. Koumarianou, A. Korsak, D. Pawlak, R. Mikołajczak 
COST D38 final meeting (UK, Oxford, 2011-09-13 - 2011-09-15) 
 
68Ga-DOTATATE PET/CT: Semiquantitative analysis of physiological uptake using SUV 
J. Kunikowska, L. Królicki, D. Pawlak, I. Zerizer, R. Mikołajczak, P. Czwarnowski, M. Kobylecka, M. Płazińska 
Annual Congress of  the European Association of Nuclear Medicine (UK, Birmingham, 2011-10-15 - 2011-10-19) 
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99mTc - labelling, in vitro and in vivo evaluation of [Lys40(Ahx-HYNIC)NH2 - 99mTc]Exendin - 4 as potential radiopharma-
ceutical for insulinoma diagnosis 
B. Janota, R. Mikołajczak, M. Leszczyńska, E. Jakubowska, H.R. Maecke, A. Hubalewska-Dydejczyk, A. Sowa-
Staszczak 
COST Action BM0607 „Targeted Radionuclide Therapy“ (Austria, Igls, 2011-04-08 - 2011-04-09) 
 
Biokinetics and Initial Dose Assessment of [Lys40(Ahx-HYNIC-99mTc/EDDA)NH2]-exendin-4 for Glucagonlike Peptide-1 
Receptor Imaging 
M. Tomaszuk, A. Sowa-Staszczak, W. Lenda-Tracz, B. Glowa, D. Pach, M. Buziak-Bereza, A. Stefańska, B. Janota, 
D. Pawlak, R. Mikołajczak, A.B. Hubalewska-Dydejczyk 
Annual Congress of  the European Association of Nuclear Medicine (UK, Birmingham, 2011-10-15 - 2011-10-19) 
 
First clinical application of a 99mTc - labelled long - acting agonist of GLP - 1(Exendin - 4) in endocrine tumours diagnosis 
A. Hubalewska-Dydejczyk, A. Sowa-Staszczak, D. Pach, R. Mikołajczak, A. Jabrocka-Hybel, A. Gilis-Januszewska, 
A. Stefańska, M. Tomaszuk,  BogusławGłowa, B. Janota 
COST Action BM0607 „Targeted Radionuclide Therapy“ (Austria, Igls, 2011-04-08 - 2011-04-09) 
 
Effect of Peptide Receptor Radionuclide Therapy (PRRT) with Tandem Isotopes- 90Y/ 177Lu-DOTATATE in patients with 
disseminated neuroendocrine tumors 
J. Kunikowska, L. Królicki, D. Pawlak, N. Szaluś, R. Mikołajczak, G. Kamiński 
1st World Congress on Ga-68 and Peptide Receptor Radionuclide Therapy (PRRNT) (Germany, Bad Berka, 2011-06-23 - 
2011-06-26) 
 
[(Lys40-Ahx-HYNIC)NH2-99mTc]Exendin-4, development of radiopharmaceutical for imaging GLP-1 receptors 
R. Mikołajczak, B. Janota, E. Jakubowska, H.R. Maecke, R. Mansi, A. Hubalewska-Dydejczyk, A. Sowa-Staszczak, 
M. Tomaszuk, B. Glowa,   
COST action D-38 „Metal Based Systems for Molecular Imaging Applications” (The Netherlands, Leiden, 2011-06-18 - 
2011-06-19) 
 
First clinical application of 99mTc labeled long-acting agonist of GLP-1 (Exendin-4) in endocrine tumors diagnosis 
A. Sowa-Staszczak, A. Stefańska, D. Pach, M. Tomaszuk, A. Jabrocka-Hybel, B. Głowa, R. Mikołajczak, B. Janota, 
A.B. Hubalewska-Dydejczyk 
Annual Congress of  the European Association of Nuclear Medicine (UK, Birmingham, 2011-10-15 - 2011-10-19) 
 
Method for post-elution concentration and acidity reduction of eluate obtained from SnO2 based 68Ge/68Ga generator 
D. Pawlak, W. Wojdowska, R. Mikołajczak 
Final Action Congress and MC meeting, COST Action BM 0607 “From Dosimetry to Biological Effect”: Radiobiology as 
Guide to Clinical Practice in Nuclear Medicine (Italy, Sorrento, 2011-11-05 - 2011-11-08) 
 
Polish Experience in Peptide Receptor Radionuclide Therapy 
J. Kunikowska, L. Królicki, A. Sowa-Staszczak, A. Hubalewska-Dydejczyk, D. Pawlak, R. Mikołajczak, D. Handkiewicz-
Junak, N. Szaluś, G. Kamiński, J. Ćwikła, M. Jakuciński, A. Łukiewicz, A. Kowalska, P. Gut 
1st World Congress on Ga-68 and Peptide Receptor Radionuclide Therapy (PRRNT) (Germany, Bad Berka, 2011-06-23 - 
2011-06-26) 
 
The Possibility to Use Peptide Receptor Radionuclide Therapy as Neoadjuvant Therapy in Patients with Inoperable Neuro-
endocrine Tumors 
A. Sowa-Staszczak, A. Stefańska, D. Pach, M. Tomaszuk, R. Mikołajczak, D. Pawlak, M. Kołodziej, R. Chrzan, 
A. Hubalewska-Dydejczyk 
1st World Congress on Ga-68 and Peptide Receptor Radionuclide Therapy (PRRNT) (Germany, Bad Berka, 2011-06-23 - 
2011-06-26) 
 
Results of an international comparison for the activity measurement of 177Lu 
B.E. Zimmerman, T. Altzitzoglou, A. Arinc, E. Bakhshandeiar, D.E. Bergeron, L. Bignell, C. Bobin, M. Capogni, 
J.T. Cessna, M.L. Cozzella, C.J. DaSilva, P. DeFelice, M.S. Dias, T. Dziel, A. Fazio, R. Fitzgerald, A. Iwahara, F. Jaubert, 
L. Johansson, J. Keightley, M.F. Koskinas, K. Kossert, J. Lubbe, L. Mo, O. Nähle, O. Ott, J. Paepen, S. Pommé, 
M. Sahagia, B.R.S. Simpson, F.F.V. Silva, R. VanAmme, M.J. VanStaden, W.M. VanWyngaardt, and I.M. Yamazaki 
18th International Conference on Radionuclide Metrology and its Applications, ICRM 2011 (Japan, Tsukuba, 2011-09-19 - 
2011-09-23) 
 
 
Posters 
 
Comparison of methods for chromatographic separation of DMSA complexes with 99mTc and 188Re at (III) and (V) oxidation 
state, implications on product development 
D. Pawlak, M. Maurin, P. Garnuszek, D. Jankovic, R. Mikołajczak 
19th International Symposium on Radiopharmaceutical Sciences (The Netherlands, Amsterdam, 2011-08-28 - 2011-09-02) 



Radioisotope Centre POLATOM 
 

 

127

What Size of Metastases We Could be Missing in 99mTc Tektrotyd SPECT with Comparison to 68Ga-DOTATATE PET/CT 
in Diagnosis of patients with Neuroendocrine tumors? 
J. Kunikowska, L. Królicki, D. Pawlak, R. Mikołajczak 
1st World Congress on Ga-68 and Peptide Receptor Radionuclide Therapy (PRRNT) (Germany, Bad Berka, 2011-06-23 - 
2011-06-26) 
 
Synthesis and Structure of WO3-ZrO2 Gel Composites 
E. Iller, D. Wawszczak, L. Górski 
53 Konwersatorium Krystalograficzne (Poland, Wroclaw, 2011-06-30 - 2011-07-02) 
 
Preparation of 68Ga - citrate by citric acid elution of 68Ga loaded on anion exchange column 
D. Pawlak, W. Wojdowska, R. Mikołajczak 
COST Action BM0607 „Targeted Radionuclide Therapy“ (Austria, Igls, 2011-04-08 - 2011-04-09) 
 
DOTA-BN[2-14]NH2 labeled with 68Ga and 44Sc: in vitro and in vivo studies 
E. Koumarianou, N.S. Loktionova, M. Fellner, F. Roesch, O. Thews, D. Pawlak, S.C. Archimandritis, R. Mikołajczak 
19th International Symposium on Radiopharmaceutical Sciences (The Netherlands, Amsterdam, 2011-08-28 - 2011-09-02) 
 
Monolithic applicators of 125I and 106Ru applied eye cancer brachytherapy 
I. Cieszykowska, A. Piasecki, T. Janiak, M. Żółtowska, T. Barcikowski, M. Mielcarski 
International Conference on Development and Applications of Nuclear Technologies NUTECH 2011 (Poland, Kraków, 
2011-09-11 - 2011-09-14) 
 
188W/188Re GEL GENERATOR 
M. Konior, E. Iller 
International Conference on Development and Applications of Nuclear Technologies NUTECH 2011 (Poland, Kraków, 
2011-09-11 - 2011-09-14) 
 
Synthesis and quality control of 68Ga-citrate for PET/CT, preliminary results 
D. Pawlak, W. Wojdowska, J. Kunikowska, J. Marchel, L. Królicki, R. Mikołajczak 
19th International Symposium on Radiopharmaceutical Sciences (The Netherlands, Amsterdam, 2011-08-28 - 2011-09-02) 
 
The development of method for preparation of [188Re] human serum albumin microspheres for therapeutic use 
J. Pijarowska, A. Jaroń, R. Mikołajczak 
19th International Symposium on Radiopharmaceutical Sciences (The Netherlands, Amsterdam, 2011-08-28 - 2011-09-02) 
 
Preparation of 57Co sources for Mössbauer Spectroscopy 
I. Cieszykowska, M. Żółtowska, M. Mielcarski, A. Piasecki, T. Janiak, T. Barcikowski 
International Conference on Development and Applications of Nuclear Technologies NUTECH 2011 (Poland, Kraków, 
2011-09-11 - 2011-09-14) 
 
First clinical application of 99mTc labelled long-acting agonist of GLP-1 (exendin-4) in endocrine tumors diagnosis 
A. Stefańska, A. Sowa-Staszczak, D. Pach, M. Tomaszuk, A. Jabrocka-Hybel, B. Głowa, R. Mikołajczak, B. Janota, 
A. Hubalewska-Dydejczyk 
European Molecular Imaging Meeting – EMIM2011 (The Netherlands, Leiden, 2011-06-19 - 2011-06-21) 
 
Production of  47Sc in the Nuclear Reactor 
D. Pawlak, J.L. Parus, R. Mikołajczak 
COST D38 final meeting (UK, Oxford, 2011-09-13 - 2011-09-15) 
 
Lys40-(AHX-HYNIC)NH2-99mTc]Exendin-4 as potential radiopmarmaceutical for insulinoma diagnostics 
B. Janota, E. Jakubowska, M. Leszczyńska, R. Mikołajczak, R. Mansi, A. Hubalewska-Dydejczyk, A. Sowa-Staszczak, 
M. Tomaszuk, B. Glowa 
Annual Congress of  the European Association of Nuclear Medicine (UK, Birmingham, 2011-10-15 - 2011-10-19) 
 
Usefulness of PET/CT investigations with 68Ga-DOTATATE in neuroendocrine tumors in diagnosis of primary tumors 
J. Kunikowska, L. Królicki, L. Grabowska-Derlatka, D. Pawlak, R. Mikołajczak, M. Kobylecka 
The SNM Annual Meeting (USA, San Antonio, Texas , 2011-06-04 - 2011-06-08) 
 
Peptide receptor radiotherapy (PRRT) as a potential tool of neoadjuvant therapy in patients with inoperable neuroendocrine 
tumors (NETs) 
A. Sowa-Staszczak, D. Pach, A. Stefańska, M. Tomaszuk, R. Mikołajczak, D. Pawlak, M. Trofimiuk, R. Chrzan, 
A. Hubalewska-Dydejczyk 
The SNM Annual Meeting (USA, San Antonio, Texas , 2011-06-04 - 2011-06-08) 
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68Ga-DOTATATE PET/CT: Semi-Quantitative Analysis of physiological and Pathological Uptake using SUV 
J. Kunikowska, L. Królicki, D. Pawlak, I. Zerizer, R. Mikołajczak, P. Czwarnowski 
1st World Congress on Ga-68 and Peptide Receptor Radionuclide Therapy (PRRNT) (Germany, Bad Berka, 2011-06-23 - 
2011-06-26) 
 
Development of calibration procedure for dose calibrators with use of the efficiency curves 
T. Dziel, A. Patocka, A. Muklanowicz 
International Conference on Development and Applications of Nuclear Technologies NUTECH 2011 (Poland, Kraków, 
2011-09-11 - 2011-09-14) 
 
Effect of Peptide Receptor Radionuclide Therapy (PRRT) with tandem isotopes- 90Y/ 177Lu-DOTATATE in patients with 
disseminated neuroendocrine tumors 
J. Kunikowska, L. Królicki, D. Pawlak, R. Mikołajczak 
Annual Congress of  the European Association of Nuclear Medicine (UK, Birmingham, 2011-10-15 - 2011-10-19) 
 
The Influence of Parameters of Target Material Activation in a Nuclear Reactor on Efficiency and Quality of Lutetium Lu-
177 Production 
Z. Tymiński, E. Kołakowska, M. Konior, D. Pawlak, A. Patocka 
International Conference on Development and Applications of Nuclear Technologies NUTECH 2011 (Poland, Kraków, 
2011-09-11 - 2011-09-14) 
 
Method for post-elution concentration and acidity reduction of eluate obtained from SnO2 based 68Ge/68Ga generator 
D. Pawlak, W. Wojdowska, R. Mikołajczak 
1st World Congress on Ga-68 and Peptide Receptor Radionuclide Therapy (PRRNT) (Germany, Bad Berka, 2011-06-23 - 
2011-06-26) 
 
68Ga labelling of DOTATATE for clinical application in PET/CT of neuroendocrine tumors 
D. Pawlak, W. Wojdowska, J. Kunikowska, L. Królicki, R. Mikołajczak 
International Conference on Clinical PET and Molecular Nuclear Medicine (IPET-II-2011) (Austria, Vienna, 2011-11-08 - 
2011-11-11) 
 
The development of method for preparation of human serum albumin microspheres as potential radionuclide carriers for di-
agnostic and therapeutic use 
J. Pijarowska, A. Jaroń, R. Mikołajczak 
Annual Congress of  the European Association of Nuclear Medicine (UK, Birmingham, 2011-10-15 - 2011-10-19) 
 
Is PET/CT with 18FDG necessary for qualification patients to Peptide Receptor Radionuclide Therapy (PRRT) - preliminary 
report? 
J. Kunikowska, L. Królicki, D. Pawlak 
Annual Congress of  the European Association of Nuclear Medicine (UK, Birmingham, 2011-10-15 - 2011-10-19) 
 
PET/CT Examinations with 68Ga-DOTATATE in Neuroendocrine Tumors - Characterization of Physiological Uptake in 
Organs in Diagnosis of Primary Tumors 
J. Kunikowska, L. Krolicki, D. Pawlak, I. Zerizer, L. Grabowska, R. Mikołajczak 
International Conference on Clinical PET and Molecular Nuclear Medicine (IPET-II-2011) (Austria, Vienna, 2011-11-08 - 
2011-11-11) 
 
68Ga labeling of DOTATATE for clinical application in PET/CT of neuroendocrine tumors. 
D. Pawlak, J. Kunikowska, L. Królicki, W. Wojdowska, L. Grabowska, R. Mikołajczak 
19th International Symposium on Radiopharmaceutical Sciences (The Netherlands, Amsterdam, 2011-08-28 - 2011-09-02) 
 
Methods for post - elution concentration and acidity reduction of eluate obtained from SnO2 based 68Ge/68Ga generator 
R. Mikołajczak, D. Pawlak, W. Wojdowska 
COST Action BM0607 „Targeted Radionuclide Therapy“ (Austria, Igls, 2011-04-08 - 2011-04-09) 
 
 

LECTURES, COURSES AND EXTERNAL SEMINARS 

Origin and evolution of Laboratory of Radionuclides Metrology in Świerka) 
R. Broda 
Warsaw, Central Office of Measures, 2011-05-20 
 
Metrology of Ionizing Radiationa) 
Z. Tymiński 
Olsztyn, Olsztyn Planetarium and Astronomical Observatory , 2011-04-01 
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Application of isotopes in medicine and industrial diagnosisa) 
I. Cieszykowska 
Lidzbark Welski, K.K.Baczynski High School, 2011-09-01 
 
The Activities of the Laboratory of Radioactivity Standards IEA POLATOM ORa) 
Z. Tymiński 
Olsztyn, Olsztyn Planetarium and Astronomical Observatory (OPiOA) , 2011-04-01 
 
a) in Polish 
 
 

DIDACTIC ACTIVITY 

E. Iller - Synthesis by using of Complex Sol-Gel Process ZrO2-WO3,TiO2-WO3,ZrO2-SiO2-WO3 composites, their struc-
tural investigations and examples of application. PhD student, Institite of Nuclear Chemistry and Technology, Warsaw 
 
 

PARTICIPATION IN SCIENTIFIC COUNCILS, ASSOCIATIONS AND ORGANIZING COMMITTEES 

R. Bąk 
member of scientific council of  Institute of Atomic Energy POLATOM (2008-2011) 
 
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  
 
I. Chwalińska 
Europen Association of Nuclear Medicine, member 
 
I. Cieszykowska 
member of scientific council of  Institute of Atomic Energy POLATOM (2008-2011) 
 
P. Garnuszek 
member of European Association of Nuclear Medicine (EANM) 
member of Polish Society of Nuclear Medicine  
 
E. Iller 
member of 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 
 
R. Mikołajczak 
member of European Association of Nuclear Medicine, EANM 
member of Polish Society of Nuclear Medicine, PTMN, member of the General Board of PTMN since 2006 
member of Society of Radiopharmaceutical Sciences 
member of 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  
member of Nuclear Medicine Revew , Grupa Via Medica 
 
D. Pawlak 
Member of: 
European Association of Nuclear Medicine 
Society of Radiopharmaceutical Sciences  
Polish Society of Nuclear Medicine 
World Association of Radiopharmaceutical and Molecular Therapy 
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III REPORTS ON RESEARCH 
 
 
 
- ASTROPHYSICS, COSMIC RAYS & ELEMENTARY PARTICLE PHYSICS 
 
 
- NUCLEAR PHYSICS 
 
 
- PLASMA PHYSICS & TECHNOLGY 
 
 
- DETECTORS, ACCELERATORS, PHYSICS OF MATERIALS & APPLICATIONS 
 
 
- SOLID STATE PHYSICS 
 
 
- NUCLEAR TECHNOLOGY IN ENERGY GENERATION 
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The Hermes Collaboration Reports: 
Multidimensional Study of Hadronization in Nuclei 

W. Augustyniak, B. Mariański, A. Trzciński, P. Żuprański 
National Centre for Nuclear Research, Warsaw, Poland  

 
The problem of the formation of hadrons from quarks 
and gluons. i.e. of hadronization is crucial for contem-
porary theories of strong interactions. The process of 
quark fragmentation can be investigated in a measure-
ment of hadron production in semi-inclusive deep-
inelastic scattering of leptons on nuclei of different 
spatial dimensions. The nuclei act as scale probes of the 
underlying hadronization mechanism, i.e. cross sections 
for a hadron production are expected to be sensitive to 
whether the hadronization occurs within or outside the 
nucleus. The advantage of leptonic probes in compari-
son to hadronic ones consists in negligible initial-state 
interaction. 
The measurements were performed with the HERMES 
spectrometer using 27.6 GeV positron and electron 
beams stored in HERA at DESY. Data were collected in 
the years 1999, 2000, 2004 and 2005 with gaseous tar-
gets of deuterium, neon, krypton and xenon. The results 
are presented here as the ratios of the normalized hadron 
multiplicities measured on a nucleus  to those on the 
deuteron, Rh

A. This ratio depends on leptonic variables: 
the energy ν of the virtual photon in the laboratory 

frame and its squared four momentum -Q2; the fraction 
z of the virtual photon energy carried by the hadron and 
the square of the hadron momentum component p2

t 
transverse to the virtual photon direction. A fine binning 
in one of the variables with a coarser binning (called a 
slice) in a second variable and integration over the re-
maining variables are used. 
The dependence of Rh

A on ν for three slices in z is 
shown in Fig. 1. For pions and K¯ a global trend of 
steady increase of Rh

A with increasing values of ν for 
three slices in z is observed .The behavior of Rh

A is 
found to be more complicated. For krypton and xenon 
there is a clear increase of Rh

A with ν for the lowest z-
slice, but at larger values of z the behavior is flatter. The 
results for K¯ resemble those for pions. The results for 
protons differ significantly from those for the other 
hadrons. Unlike the other hadrons, protons are already 
present in the target nucleus and apart from hadroniza-
tion they can also result from reactions in the final state. 
Those protons will be preferentially emitted with low 
energy and this could lead with other kinematic factors 
to the observed non-trivial behavior. 

 

 

 

 
Fig. 1. Dependence of Rh

A on ν for positively and negatively charge hadrons for three slices in z as indicated in the legend. 
The inner and outer error bars indicate the statistical and total uncertainties, respectively. In addition, scale uncertainties of 
3%,5%,4% and 10% are to be considered for pions,  kaons,  protons and antiprotons, respectively. 
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The Hermes Collaboration Reports:  
Ratios of Helicity Amplitudes for Exclusive ρ0 Electroproduction 

W. Augustyniak, B. Mariański, A. Trzciński, P. Żuprański 
National Centre for Nuclear Research, Warsaw, Poland 

 
Exclusive meson production in hard lepton scattering: 
e+N→e’+V+N’ has been shown to offer the possibility 
of constraining generalized parton distributions (GPDs) 
which provide correlated information on transverse 
spatial and longitudinal momentum distributions of 
partons in the nucleon. Using the one-photon exchange 
approximation, all the observables in electroproduction 
can be expressed in terms of the virtual photon spin-
density matrix and the helicity amplitudes 
F(λV,λNf,λγ,λNi) of the process 

γ*(λγ) + N(λNi) → V(λV) + N’(λNf) 
Here γ* denotes the virtual photon exchanged between 
the lepton and the target nucleon, V is the produced 
vector meson and Ni (Nf) the initial (final) nucleon. The 
helicities of the particles are given in parentheses. An 
abbreviated notation F(λV,λγ) is often used. The ampli-
tude F00 corresponds to the transition of a longitudinally 
(L) polarized virtual photon to a longitudinally polar-
ized vector meson, γ*

L→VL and dominates at large 
photon virtualities. The helicity amplitude ratios are 
presented here in relation to this leading contribution, 
e.g. f11=F11/F00. Any helicity amplitude F an be decom-
posed into the sum of an amplitude T for natural  parity 

exchange (NPE) and an amplitude U for unnatural par-
ity exchange (UPE).  
In the HERMES experiment a longitudinally polarized 
positron or electron 27.6 GeV beam was scattered from 
pure hydrogen and deuterium targets internal to the 
HERA lepton storage ring. The number of amplitude 
ratios to be extracted from experiment can be reduced if 
there exists a hierarchy for the moduli of helicity ampli-
tudes. In the HERMES kinematic region the following 
hierarchy can be established:  

|T00|2 ~ |T11|2 >> |U11|2 > |T01|2 >> |T10|2 
~ |T1-1|2 > |U01|2 ~ |U10|2 ~ |U1-1|2 

The amplitudes T00 and T11 describe the diagonal  helic-
ity transitions γ*

L → ρ0
L and γ0

T → ρ0
T  and are the larg-

est amplitudes jn ρ0 meson production in the HERMES 
kinematic region. The behavior of these amplitude ratios 
T11/T00  as a function of  the four momentum squared of 
the virtual photon Q2=-q2= (k-k’)2, where k and k’ are 
the four momenta of the incident and the scattered lep-
ton, respectively is of particular interest. 
The dependence of this ratio on Q2 is shown in Fig. 1. 

 
Fig. 1. Left: Q2  dependence of the real part of the amplitude ratio T11/T00 .The solid curve is a fit Re(T11/T00) = a/Q and the 
dashed curves are the limits of one standard deviation in the fit parameter a =1.109 GeV. Right: The imaginary part of the same 
ratio. The solid curve is the result of a fit to a straight-line dependence on Q, Im(T11/T00) = b*Q with b = 0.34. 
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The Hermes Collaboration Reports: 
Measurement of Double-spin Asymmetries Associated with Deeply Virtual 

Compton Scattering on a Transversely Polarized Hydrogen Target 
W. Augustyniak, B. Mariański, A. Trzciński, P. Żuprański 
National Centre for Nuclear Research, Warsaw, Poland 

 
Exclusive production of a real photon in hard lepton 
scattering , Deeply Virtual Compton Scattering 
(DVCS), has been shown to offer the possibility of 
constraining the generalized parton distributions (GPDs) 
which provide correlated information on the transverse 
spatial and longitudinal momentum distributions of 
partons in the nucleon. GPDs depend on four kinematic 
variables: t, x, ξ and Q2. The Mandelstam variable 
t=(p-p’)2 is the squared four-momentum transfer to the 
target nucleon, with p (p’) its initial (final) momentum. 
In the ‘infinite’-target momentum frame, x and ξ are 
related to the longitudinal momentum of the struck 
parton, as a fraction of the target momentum. The vari-
able x is the average of the initial and final momentum 
fractions carried by the parton and the variable ξ, known 
as skewness, is half of their difference. The variable 
Q2=-q2, where q=k-k’ is the difference between the 
four-momenta of the incident and scattered lepton. The 
skewness ξ can be related to the Bjorken scaling vari-
able xB≡Q2/(2p*q) through ξ=xB/(2-xB). This report 
describes the first measurement of azimuthal asymme-
tries (in two angles Φ and ΦS, shown in Fig. 1) with 
respect to target polarization and combined with beam 
helicity and beam charge. The data were collected with 
the HERMES spectrometer using a longitudinally polar-
ized positron or electron beam of an energy of 27.6 GeV 
scattered from a transversely polarized hydrogen gas 
target internal to the HERA lepton storage ring at 
DESY. 

 
Fig. 1. Momenta and azimuthal angles for exclusive real-
photon electroproduction in the target rest frame. Φ is the 
angle between the lepton scattering plane and the photon 
production plane. ΦS is the angle between the lepton scatter-
ing plane and S┴, the component of the target polarization that 
is orthogonal to the photon vector q. 
The results for the leading Fourier amplitudes of the 
beam-charge-difference double-spin asymmetries are 
presented in Fig. 2. The asymmetries arise from the 
DVCS where the photon is radiated by  the struck quark 
and its interference with the Bethe-Heitler (BH) process 
where the photon is radiated by the initial- or final-state 
lepton. The results for various harmonics of the charge-
difference and charge-averaged double spin asymme-
tries were found to be compatible with zero within the 
total experimental uncertainties. Nevertheless, they may 
serve as additional constraints in global fits to extract 
the GPDs from various measurements. 

 
Fig. 2. Charge-difference double-spin asymmetry amplitudes describing the dependence of the interference term on transverse 
target polarization in combination with beam helicity and beam charge extracted from hydrogen target data. The error bars 
(bands at the bottom of the panels) represent the statistical (sysytematic) uncertainties. The curves show the results of theoretical 
calculations using the model with a Regge ansatz for modeling the t dependence of the GPDs. The width of the curves represents 
the effect of varying the total angular momentum Ju of u-quarks between 0.2 and 0.6, with Jd =0. The bottom row shows the 
fractional contribution of BH production as obtained from a Monte-Carlo simulation. 
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Central Tracker Studies for the PANDA Detector 
D. Melnychuk and B. Zwięgliński for the PANDA Collaboration at FAIR-Darmstadt 

National Centre for Nuclear Research, Warsaw, Poland 
 
Two options have been considered for the central 
tracker of the PANDA detector [1], developed by two 
independent member teams of the PANDA Collabora-
tion up to September 2011. At that moment a selection 
of the preferable solution should have been made on the 
basis of prototype measurements and Monte Carlo 
simulations of several benchmark channels. Our group 
performed an analysis of the benchmark channel: 

,KKKKpp c
−+−+ +++→φ+φ→η→+  

i.e. the decay of the ground state of charmonium into 
four charged kaons. The physics of charmonium is one 
of the main pillars of the PANDA experimental pro-
gram; ηc, its ground state, represents an interest as a 
final state in the decay of other charmonium states. The 
resonance scan for precise determination of mass and 
width of ηc is another important task for the PANDA 
experiment. The final state kaons of the studied reaction 
cover a wide range of the central tracker acceptance 
with a maximum between 20° and 40° in the lab system 
and a momentum range from 200 MeV/c to 2 GeV/c. 
Figures of merit, which demonstrate the performance of 
a particular choice are: the efficiency of ηc reconstruc-
tion, the resolution of intermediate φ states and the 
invariant mass for ηc.  
The analysis was performed within the PandaRoot 
framework using the EvtGen event generator for event 
production, Virtual Monte Carlo with Geant3 for simu-
lations, a dedicated reconstruction code and rho analysis 
tools for high level analysis. Event generation and 
analysis is performed on PandaGrid. An important re-
mark here is that the analysis is performed with an ideal 
PID, i.e. for each reconstructed track its particle hy-
pothesis is associated using the Monte Carlo informa-
tion, in order to avoid any bias from other subdetectors. 
Hitherto only reconstruction of the signal itself was 
considered without a study of background suppression. 
The analysis was performed in the following steps: 
• Charged candidates with opposite charges are com-

bined to a φ candidate with φ mass preselection 
within 1.02±0.1 GeV/c2, 

• A vertex fit is performed and the best ηc candidate in 
each event is selected by minimising χ2, 

• Events with the φ candidate within the mass window 
1.00 GeV/c2 ≤ m(K+ K-) ≤ 1.04 GeV/c2 are selected, 

• ηc is considered as reconstructed if its mass falls into 
the window [2.90;3.06] GeV/c2. 

The simulation has shown that the efficiency of ηc re-
construction is comparable for both central tracker op-
tions 23.8%±0.2% for TPC vs. 22.8%±0.2% for STT. 
The expected mass resolution for the reconstructed ηc 
state and intermediate φ meson was found to be better 
for TPC: 25.8 MeV (TPC) vs. 33.1 MeV (STT) for ηc 
and 3.36 MeV (TPC) vs. 3.92 MeV (STT) for φ. Recon-

structed invariant masses of ηc and φ for both tracker 
options are presented in Fig. 1 and Fig. 2. 
The results of a Monte Carlo study for this and other 
benchmark channels were found not sufficient for the 
selection of a better option and finally a vote within the 
PANDA Collaboration Board decided in favour of STT 
as the PANDA central tracker. An extensive study of 
this choice is underway and will soon be published. 

 
Fig. 1. Reconstructed invariant mass of K+K- pair and φφ 
pair with STT. 

 
Fig. 2. Reconstructed invariant mass of K+K- pair and φφ 
pair with STT. 

 
References: 
[1] M. Kotulla et al., PANDA Collaboration, Technical 

Progress Report for: PANDA - Strong Interaction Studies 
with Antiprotons, http://www-
panda.gsi.de/archive/public/panda_tpr.pdf, 2005 
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Quantum of Volume in de Sitter Space 
J. Mielczarek, W. Piechocki 

National Centre for Nuclear Research, Warsaw, Poland 
 
We apply the nonstandard loop quantum cosmology 
method to quantize a flat Friedmann-Robertson-Walker 
cosmological model with a free scalar field and the 
cosmological constant Lambda. Modification of the 
Hamiltonian in terms of loop geometry parametrized by 
a length lambda introduces a scale dependence of the 
model. The spectrum of the volume operator is discrete 
and depends on Lambda. Relating the quantum of the 
volume with an elementary lattice cell leads to an ex-

plicit dependence of Lambda on lambda. Based on this 
assumption, we investigate the possibility of interpret-
ing Lambda as a running constant [1]. 
 
References: 
[2] J. Mielczarek and W. Piechocki, Phys. Rev. D 83 (2011) 

104003 

 

 
 
 
 

Bianchi I model in Terms of Nonstandard Loop Quantum Cosmology: 
Quantum Dynamics 

P. Małkiewicz, W. Piechocki, P. Dzierżak 
National Centre for Nuclear Research, Warsaw, Poland 

 
We analyze the quantum Bianchi I model in the setting 
of nonstandard loop quantum cosmology. Elementary 
observables are used to quantize the volume operator. 
The spectrum of the volume operator is bounded from 
below and discrete. The discreteness may imply a 
foamy structure of spacetime at the semiclassical level. 
The results are described in terms of a free parameter 
specifying the loop geometry to be determined in astro-
cosmo observations. An evolution of the quantum 

model is generated by the so-called true Hamiltonian, 
which enables the introduction of a time parameter 
valued in the set of all real numbers [1]. 
 
References: 
[1] P. Malkiewicz, W. Piechocki and P. Dzierzak, Class. 

Quant. Grav. 28 (2011) 085020 
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Benchmark Models, Planes, Lines and Points for Future SUSY  
Searches at the LHC 

S.S. AbdusSalam1, B.C. Allanach2, H.K. Dreiner3, J. Ellis4,5, U. Ellwanger6, J.F. Gunion7, S. Heinemeyer8,  
M. Krämer9, M. Mangano5, K.A. Olive10, S. Rogerson11, L. Roszkowski12, M. Schlaffer14,15, G. Weiglein15 

1 The Abdus Salam International Centre for Theoretical Physics, Trieste, Italy 
2 Department of Applied Mathematics and Theoretical Physics, Cambridge University, UK 

3 Bethe Center for Theoretical Physics & Physikalisches Institut, Universitt Bonn, Germany 
4 Theoretical Particle Physics and Cosmology Group, Department of Physics, King’s College, London, UK 
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12 National Centre for Nuclear Research, Otwock-Świerk, Poland 

14 Arnold Sommerfeld Center for Theoretical Physics, LMU, Műnchen, Germany 
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We define benchmark models for SUSY searches at the 
LHC, including the CMSSM, NUHM, mGMSB, 
mAMSB, MM-AMSB and p19MSSM, as well as mod-
els with R-parity violation and the NMSSM [1]. Within 
the parameter spaces of these models, we propose 
benchmark subspaces, including planes, lines and points 
along them. The planes may be useful for presenting 
results of the experimental searches in different SUSY 
scenarios, while the specific benchmark points may 
serve for more detailed detector performance tests and 

comparisons. We also describe algorithms for defining 
suitable benchmark points along the proposed lines in 
the parameter spaces, and we define a few benchmark 
points motivated by recent fits to existing experimental 
data. 
 
References: 
[1] S.AbdusSalam, et al., Eur. Phys. J. C 71:1835,2011 

 
 

  
 
Fig. 1. CMSSM fit points are projected on (left panel) the (m0, m1/2) plane and (right panel) the (m1/2, tan β) plane. The best-fit 
points for different data sets are indicated by different symbols: closed stars for pre-LHC fits (Allanach, Fittino, MC, Super-
Bayes, BayesFITS), diamonds for fits including the first SUSY searches by CMS and ATLAS (Allanach, MC), triangles including 
all relevant 2010 LHC data (Allanach, Bertone, Fittino, MC), squares for estimates of the impact of LHC data sets with 1, 2, 7 
fb−1 in the absence of a SUSY discovery, and open stars for fits including 1 fb−1 of LHC data. Also shown as crosses are two 
older benchmark points: SPS1a and a similar benchmark point B′’. The various symbols are also coded with different colours for 
different fitting groups, as shown in the legend. The line illustrates the trend of these fits as stronger constraints are incorpo-
rated. 
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Bayesian Implications of Current LHC and XENON100 Search Limits 
for the Constrained MSSM 

A. Fowlie1, A. Kalinowski2, M. Kazana3, L. Roszkowski3, Y.-L. Sming Tsai3 (BayesFITS Group) 
1 Department of Physics and Astronomy, University of Sheffield, Sheffield, UK 

2 Department of Physics, Warsaw University, Poland 
3 National Centre for Nuclear Research, Otwock-Świerk, Poland 

 
We have performed a Bayesian fit [1] of the Constrained 
Minimal Supersymmetric Standard Model (CMSSM) to 
find the most credible regions of its parameters and 
favored masses of supersymmetric particles in light of 
current data. 
To this end we included limits from direct searches for 
supersymmetry at the LHC performed by CMS [2] and 
from the dark matter search by XENON100 [3], in addi-
tion to updating inputs in indirect modes of constraining 
SUSY (most notably BR(Bs → µ+µ−)). We simulated 
the CMS αT 1.1/fb analysis [2] in an approximate but 
methodologically correct way by estimating the effi-
ciency for the αT method and constructing a likelihood 
function. We validated our method against the official 
CMS 95% C.L. exclusion contour. For the XENON100 
limit, which has excluded (at 90% C.L.) values of the 
spin-independent (SI) scattering cross sections σSI

p as 
low as 10−8 pb of dark matter particles (such as the neu-
tralino with mass mχ), we constructed a conservative, 
approximate likelihood function by taking into account 
large uncertainties related to the inputs to hadronic ma-
trix elements and the local density of dark matter.  
We incorporated these likelihoods into a global Bayes-
ian fit of the CMSSM and derived marginalized poste-
rior maps of the CMSSM’s parameter space. These 
credible regions were compared with the ones before the 
new data was applied to see the effect of the new con-
straints. The αT limit has taken a deep bite into regions 
of  the CMSSM’s parameter space that  were previously 

favored, and has pushed the best-fit point to signifi-
cantly higher values of m1/2 as show in Fig.1 (left). We 
find that the so-called focus point region at large m0 is 
now disfavored by the new constraints, but not yet ex-
cluded.  
In Fig.1 (right) we show prospects for dark matter de-
tection. The XENON100 limit was not added to the 
likelihood, but including it had a weak additional effect.  
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 αT 1.1/fb limit, is found close to 
the bottom of the marginalized 1σ posterior ranges of 
both m0 and m1/2. Despite the uncertainties in determin-
ing its location, this is certainly encouraging for pros-
pects of finding a signal of SUSY in a much larger data-
set already collected by both ATLAS and CMS. How-
ever, we note that the preference for the low-mass spec-
trum 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. 
References: 
[1] A. Fowlie, A. Kalinowski, M. Kazana, L. Roszkowski, 

S. Tsai, Phys. Rev. D 85, 075012 (2012) 
[2] CMS Collaboration, Phys. Rev. Lett. 107, 221804 (2011) 
[3] E. Aprile et al., (XENON100 Collaboration) 

arXiv:1104.2549 [astro-ph.CO] (2011 
 

  
Fig. 1. Left: Marginalized posterior pdf on the CMSSM (m0, m1/2) plane with a likelihood from the CMS αT 1.1/fb limit included. 
Right: Marginalised posterior pdf on the (mχ σSI

p ) plane without including the XENON100 limit. 
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Next-to Minimal Supersymmetric Model Higgs Scenarios for Partially  
Universal Gut Scale Boundary Conditions 

J.F. Gunion1, D.E. Lopez-Fogliani2,3, L. Roszkowski4, R. Ruiz de Austri5, T.A. Varley3 
1 University of California, Davis, USA 
2 Universite Paris-Sud, Orsay, France 

3 Department of Physics and Astronomy, The University of Sheffield, UK 
4 National Centre for Nuclear Research, Warsaw, Poland 

5 Instituto de Fisica Corpuscular, Valencia, Spain 
 
We examine the extent to which it is possible to realize 
the NMSSM "ideal Higgs" models espoused in several 
papers by Gunion et al. in the context of partially uni-
versal GUT scale boundary conditions [1]. To this end 
we use the powerful methodology of nested sampling. 
We pay particular attention to whether ideal-Higgs-like 
points not only pass LEP constraints but are also ac-
ceptable in terms of the numerous constraints now 
available, including those from the Tevatron and B-
factory data, the anomalous magnetic moment of the 
muon and the relic density of dark matter. In general, 
for this particular methodology and range of parameters 
chosen, very few points corresponding to the said previ-
ous studies were found, and those that were found were 

at best 2 sigma away from the preferred relic density 
value. Instead, there exist a class of points which com-
bine a mostly singlet-like Higgs with a mostly singlino-
like neutralino coannihilating with the lightest stau, that 
are able effectively to pass all implemented constraints 
in the region 80 GeV < mh < 100 GeV. It seems that the 
spin-independent direct detection cross section acts as a 
key discriminator between ideal Higgs points and the 
hard to detect singlino-like points. 
 
References: 
[1] J.F. Gunion, et al., Phys. Rev. D 84;055026, 2011, 22pp, 

e-print; arxiv:1105.1195 
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Studies of Exclusive Production Processes of Elementary Particles  
within the QCD Factorization and within the Regge Factorization 

L. Szymanowski 
National Centre for Nuclear Research, Warsaw, Poland 

 
My researches in 2011 were concentrated on studies of 
the following problems: 
a) Uncovering the triple pomeron vertex from Wilson 
line formalism 
b) A phenomenological study of helicity amplitudes of 
high energy exclusive leptoproduction of the rho meson 
c) πN transition distribution amplitudes: Their symme-
tries and constraints from chiral dynamics 
Under a) The triple pomeron vertex is one of the basic 
objects important for a description of processes of dif-
fractive production. 
In Ref. [1] we computed the triple pomeron vertex from 
the Wilson line formalism, including both planar and 
non-planar contributions, and we got perfect agreement 
with the result obtained in the Extended Generalized 
Logarithmic Approximation based on reggeon calculus.  
Under b) In Ref. [2] we applied a previously devel-
oped scheme consistently to include the twist-3 distribu-
tion amplitudes for transversely polarized rho mesons in 
order to evaluate, in the framework of kT factorization, 
the helicity amplitudes for exclusive leptoproduction of 
a light vector meson, at leading order in alphaS. We 
compare our results with high energy experimental data 
for the ratios of helicity amplitudes T11/T00 and 
T01/T00 and get a good description of the data.  
Under c) Baryon to meson transition distribution am-
plitudes (TDAs) extend the concept of generalized par-
ton 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 Ref. [3] we studied the general 
properties of these objects following from the underly-
ing symmetries of QCD. In particular, the Lorentz 
symmetry results in the polynomiality property of the 
Mellin moments in longitudinal momentum fractions. 
We presented a detailed account of the isotopic and 
permutation symmetry properties of nucleon to pion 
(π N) TDAs. This restricts the number of independent 
leading twist π N TDAs to eight functions, providing a 
description of all isotopic channels. Using chiral sym-
metry and the crossing relation between π N TDAs and 
π N generalized distribution amplitudes we establish 
soft pion theorems for π N TDAs, which determine the 
magnitude of π N TDAs. Finally, we proposed a simple 
resonance exchange model for π N TDAs considering N 
and ∆(1232) exchange contributions to the isospin-1/2 
and isospin-3/2 π N TDAs.  
 
References: 
[1] G. A. Chirilli, L. Szymanowski and S. Wallon, Phys. 

Rev. D83 01402 (2011) 
[2] I. V. Anikin, A. Besse, D.Y. Ivanov, B. Pire, 

L. Szymanowski and S. Wallon, Phys. Rev. D84, 054004 
(2011) 

[3] B. Pire, K. Semenov-Tian-Shansky and L. Szymanowski, 
Phys. Rev. D84, 074014 (2011) 
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NLO Corrections to Timelike, Spacelike and Double Deeply 
Virtual Compton Scattering [1] 

L. Szymanowski and J. Wagner 
National Centre for Nuclear Research, Warsaw, Poland 

 
Data on deeply virtual Compton scattering (DVCS) are 
now available from various experimental settings and 
different strategies are proposed to extract from them 
the physical knowledge on nucleon structure encoded in 
the generalized parton distributions (GPD). These at-
tempts are usually based on a leading order QCD analy-
sis, although the importance of next order terms has 
often been emphasized, in particular with respect to the 
dangerous factorization scale choice dependence. His-
torically, one can note that the understanding of inclu-
sive reactions (Drell Yan reactions, large p_T hadron or 
jet production) in the framework of collinear QCD fac-
torization has waited for an analysis including next-to-
leading order (NLO) (or even next-to-next-to-leading 
order) corrections. Indeed, complete NLO calculations 
are available for the DVCS reaction and there is no 
indication that they are negligible in the kinematics 
relevant for current or near future experiments. 
Deeply virtual Compton scattering is only one case of 
the general double DVCS(DDVCS) reaction:  

γ*(qin)N → γ*(qout)N′ 
where the final photon is on shell, q2

out=0. The converse 
case where q2

in=0, often called timelike Compton scat-
tering (TCS), has been theoretically discussed at me-
dium [2] and very large [3] energy and the first data are 
being analyzed [4]. The double DVCS case has been 
discussed in Ref. [5]. 
It has been shown that the understanding of DVCS data 
needs higher order calculations for a reasonable extrac-
tion of GPDs to be possible. This is likely to be even 
more the case for TCS. Indeed, TCS and DVCS ampli-
tudes are identical (up to a complex conjugation) at 
lowest order in αS but differ at next to leading order, in 
particular because of the quite different analytic struc-
ture of these reactions. Indeed the production of a time-
like photon enables the production of intermediate states 
in some channels which were kinematically forbidden in 
the DVCS case. This opens the way to new absorptive 
parts of the amplitude. Soon, experiments will be per-
formed at JLab at 12 GeV which will enable the univer-
sality of GPDs extracted from DVCS and from TCS to 
be tested, provided NLO corrections are taken into ac-
count. Experiments at higher energies, e.g. in ultrap-
eripheral collisions at RHIC and the LHC, may even 

become sensitive to gluon GPDs which enter the ampli-
tude only at NLO level. 
Previous experience with inclusive deep reactions 
teaches us that NLO corrections are likely to be more 
important in timelike reactions than in corresponding 
spacelike ones. The well-known example of the Drell 
Yan K-factor teaches us that NLO corrections are size-
able in timelike processes, because of iπ factors coming 
from log(−Q2/µ2) terms which often exponentiate when 
soft gluon resummation is taken care of. 
The results for TCS should be indicative of other exclu-
sive reactions with a timelike scale, such as πN → l+l−N′ 
which may be accessed in the Compass experiment at 
CERN or at J-Parc, e+e− → γππ  to be compared to 
γ*γ → ππ, or γ*N → N′π to be compared to anti-N 
N′ → γ*π. 
We calculate the O(αS) corrections to the timelike, 
spacelike and double deeply virtual Compton scattering 
amplitudes in the generalized Bjorken scaling region. 
Special attention is devoted to studies of the difference 
between the next to leading order timelike and spacelike 
coefficient functions, which play for this process a role 
analogous to the large K factor which was much dis-
cussed in the analysis of inclusive Drell Yan cross sec-
tions. Also in the present studies the timelike nature of 
the hard scale gives rise to a new absorptive part of the 
amplitude and to the presence of characteristic πz terms, 
which can potentially lead to sizeable corrections. 
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The papers presented here address a fundamental issue 
in hydrodynamics by considering a specific strongly 
coupled fluid for which a very suggestive (holographic) 
derivation of hydrodynamics can be given.  
The holographic representation of field theories devel-
oped following the original formulation of the AdS/CFT 
correspondence has led to an effective description of 
strongly coupled media in, as well as out of, equilib-
rium. The best understood example of the latter type is 
provided by so-called fluid-gravity duality, which maps 
the hydrodynamics of strongly coupled holographic 
plasmas to the long-wavelength dynamics of black 
branes appearing as classical solutions of string or M 
theory. This description has found remarkable applica-
tions to the physics of QCD plasma experimentally 
studied at the Relativistic Heavy Ion Collider and the 
LHC.  
From the hydrodynamics framework comes the notion 
of an entropy current: a phenomenological generaliza-
tion of equilibrium entropy. Such a current is con-
structed in the hydrodynamic gradient expansion by 
requiring that it reproduces thermodynamic entropy in 
equilibrium situations and has non-negative divergence 
when evaluated on solutions of the hydrodynamic equa-
tions. However, these requirements are not sufficient to 
specify a unique current: beyond leading order in gradi-
ents there appears to be a family of currents.  
The cited papers aim to provide the dual interpretation 
of ambiguities affecting the local rate of entropy pro-
duction within the framework of fluid-gravity duality. A 
natural dual definition of the hydrodynamic entropy 
current can be given in terms of the area form of the 
black brane event horizon. The divergence of such an 
entropy current is guaranteed to be non-negative by the 
area increase theorem. 
The point of view advocated in the cited papers is that 
the fundamental source of ambiguity in the definition of 
hydrodynamic entropy current in holography comes 
from the fact that, apart from the event horizon, there 
are also other hypersurfaces for which an area increase 
theorem holds. For example, in the gravity literature 
much attention has been devoted to the study of so-
called quasilocal horizons, since in contrast to the event 
horizon they may be defined without determining the 

full causal structure of spacetime. In static situations 
one of the quasilocal horizons typically coincides with 
the event horizon. In dynamical cases these notions 
differ, but in the near-equilibrium regime relevant to 
fluid-gravity duality they are expected to be close. It is 
thus natural to expect that quasilocal horizons lead to 
different hydrodynamic entropy currents in the bound-
ary field theory. Furthermore, other bulk surfaces may 
also play a role in the phenomenological construction of 
the entropy current in the dual field theory. In particular, 
timelike surfaces (often considered in the context of the 
membrane paradigm) located outside (but close to) the 
event horizon may also lead to acceptable entropy cur-
rents.  
The cited papers examine the asymptotically AdS grav-
ity dual to second order conformal fluid dynamics in 
arbitrary dimension and demonstrate a correspondence 
between boundary entropy currents and bulk hypersur-
faces which satisfy generalized area theorems and as-
ymptote to the event horizon at late time. Such hyper-
surfaces provide a new source of ambiguity in dual 
hydrodynamic entropy currents. In [1] a formula for the 
entropy current was given explicitly realizing this map-
ping. It was also pointed out that the family of physi-
cally relevant entropy currents at strong coupling might 
be constrained by requiring causality of entropy produc-
tion. This made use of so-called apparent horizons as 
the dual notion of entropy. In [2] the entropy current 
which corresponds to an apparent horizon was explicitly 
constructed up to second order in gradients.   
The wider implications of this work apply to hydrody-
namics generally, not necessarily to systems which can 
be described in holographic terms. Standard conditions 
imposed on the hydrodynamic entropy current are insuf-
ficient to determine it uniquely already at second order 
in gradients. The cited papers strongly suggest that the 
requirement of causal evolution of entropy production is 
a necessary condition for uniqueness. 
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There are two new results obtained by us concerning 
applications of Tsallis statistics. 
1. Equivalence of volume and temperature fluctuations 
in power-law ensembles [1]. 
Relativistic particle production often requires the use of 
Tsallis statistics [2] to account for the apparently power-
like behavior of transverse momenta observed in the 
data even at a few GeV/c. In such an approach this be-
havior is attributed to some specific intrinsic fluctua-
tions of the temperature T in the hadronizing system and 
is fully accounted for by the nonextensivity parameter q. 
On the other hand, it was recently shown that similar 
power-law spectra can also be obtained by introducing 
some specific volume fluctuations [2], apparently with-
out invoking the introduction of Tsallis statistics. We 
demonstrate that, in fact, when the total energy is kept 
constant, these volume fluctuations are equivalent to 
temperature fluctuations and can be derived from them. 
In addition, we show that fluctuations leading to multi-
particle power-law Tsallis distributions introduce spe-
cific correlations between the considered particles. We 
then propose a possible way to distinguish the fluctua-
tions in each event from those occurring from 
event-to-event. This could have applications in the 
analysis of high density events at the LHC (and espe-
cially in ALICE). 
 

2. Generalized thermodynamic uncertainty relations 
[4]. 
In order to account for possible nonstatistical fluctua-
tions in a hadronizing system while using a statistical 
approach, one has to resort to its nonextensive version. 
The new parameter q is introduced to be connected 
directly to the variance of an observable (with q=1 one 
returns to usual statistics). We demonstrate how this 
approach allows composing fluctuations of different 
observables and show that it leads to a specific sum 
rule, proposing this to be verified experimentally. We 
discuss the ensembles in which all relevant quantities 
are allowed to fluctuate. By introducing correlations 
between the observables, the relations connecting these 
variables are shown to generalize the so-called Lindhard 
thermodynamic uncertainty relations. This is illustrated 
using multihadron production data. We show that fluc-
tuations from different components of collision phase 
space are correlated and that the strength of these corre-
lations depend on the relevant q parameter. 
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We present arguments aiming at reconciling apparently 
contradictory results concerning the chemical composi-
tion of cosmic rays (CRs) of highest energy, coming 
recently from the Auger [2] and HiRes [3] collabora-
tions. In particular, we argue that the energy dependence 
of the mean value and root mean square fluctuation of 
shower maxima distributions observed by the Auger 
experiment are not necessarily caused by the change of 
the nuclear composition of primary CRs. They could 
also be caused by the change of distribution of the first 
interaction point in the cascade. A new observable, in 
which this influence is strongly suppressed, is proposed 
and tested.  
In short: data from Auger [2], which are shown in the 
upper-left panel of Fig. 1 (for, respectively, mean 
depths of penetration of CR cascascades, maxX  and 
standard deviations ( )maxXrms  seems to indicate that 
for very high energies CR are mainly composed of iron 

nuclei. The opposite conclusion, namely that CR at high 
energies are mainly protons, has been reached by the 
HiRes collaboration, cf. upper-right panel of Fig. 1 [3]. 
The lower-left and right panels of Figs. 1 and 4 clearly 
show that when using the new variable proposed by 
us, namely ( ),maxmax XX σ−  which accounts for fluc-
tuations (the are substracted from the mean depth of CR 
cascade penetration), data from both experiments can be 
reconciled and show that high energy CR are composed 
of protons. 
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During 2011 the LHC p-p and Heavy Ion collider at 
CERN in Geneva ran for 8 months. From mid-March till 
the end of October the accelerator ran in the proton 
mode, steadily increasing its instantaneous luminosity 
and providing finally slightly above 5 fb-1 of data at 
each of the CMS and Atlas experiments. The center of 
mass energy was 7 TeV, as in the previous year. During 
November the LHC ran with lead beams at 2.76 TeV 
nucleon-nucleon energy with integrated luminosity 
reaching about 150 µb-1. The CMS experiment ran 
smoothly with data taking efficiency above 95%.  About 
70 scientific papers were published. 
The main effort during the present year’s running and 
data analysis was concentrated on the search for the 
presence of the Higgs boson, the “missing link” in the 
current status of knowledge concerning elementary 
particles. Several possible channels of Higgs decay were 
taken into account including H->γγ, H->ττ, H->bb, H-
>WW->lνlν, H->ZZ->4l, H->ZZ->2l2τ, H->2l2ν and 
H->2l2q covering the mass range from 110 to 600 
GeV/c2. The results obtained exclude Higgs presence in 
the mass region from 128 to 543 GeV/c2 at the 95% 
confidence level, while observing a possible indication 
in the low mass region below 128 GeV/c2, also seen by 
the ATLAS collaboration (see Fig. 1). We are confident 
that running in 2012 with planned accumulated lumi-
nosity about five times higher than in 2011 will permit 
us to confirm (or exclude) the Higgs boson presence.  
Two PbPb runs have contributed greatly to the study of 
heavy ion collisions. The main results concern a direct 
observation of jet quenching (see Fig. 2), and study of 
the effect. It was found that angular correlations of par-
tons were not significantly affected by the medium. The 
large dijet momentum imbalance observation gives 
information on parton energy loss in a hot and dense 
medium. This imbalance was found to be balanced by 
low pt particles. The analysis of jets allowed for a first 
measurement of jet fragmentation functions in PbPb. 
Surprisingly enough, jets in pp and PbPb show a similar 
pattern, which suggests that partons fragment in vac-
uum. Another important result from PbPb study is a first 
observation of bottomonia suppression in central PbPb 
collisions. 
The activities of the NCBJ CMS group in the domain of 
physics analysis centered on the analysis of the H->ττ 
reaction and the search for heavy stable charged parti-
cles (HSCP). Apart from this we devoted much effort to 

the running of the RPC (Resistive Plate Chambers) 
muon trigger (PAC). During 2011 special voltage regu-
lators protecting our electronics from accidental voltage 
surges were produced and are currently being installed. 
We have also generated a new set of patterns for the 
PAC to increase the trigger efficiency and selectivity. 
We constantly monitored the RPC data synchronization 
of the RPCs and analyzed the trigger efficiency by vari-
ous methods.  

 
Fig. 1. The combined 95% C.L. upper limits on the signal 
strength as a function of the SM Higgs boson mass in the 
range 110–600 GeVc2 . The observed limits are shown by the 
solid symbols and the black line. The dashed line indicates the 
median expected limit on m for the background-only hypothe-
sis, while the green (yellow) bands indicate the ranges that 
are expected to contain 68% (95%) of all observed limit 
excursions from the median. 

 
Fig. 2. An example of jet quenching. The left plot shows two 
jets with perfectly balanced transverse momentum, on the 
right one the smaller jet's pT corresponds only to 60% of the 
bigger one. The remaining part of the jet's pT is transferred to 
low pT particles. 
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Following the data taking during the proton-proton run 
at 2.76 TeV at the end of March 2011, ALICE resumed 
data taking with the minimum bias trigger at 7 TeV, 
while commissioning several rare triggers. By the be-
ginning of June the minimum bias trigger measurements 
were successfully completed with more than 600 mil-
lion events recorded. The experiment then switched to 
rare triggers data taking.  
A brief report is presented below on some selected find-
ings in proton-proton data measured with the ALICE 
detector in 2011. All the details and figures can be 
found in the original publications [1-5].  
(i) We studied the high statistics two-pion correlation 
functions from pp collisions at √s=0.9TeV and 
√s=7TeV, measured by the ALICE experiment [1] at the 
Large Hadron Collider. The correlation functions as 
well as the extracted source radii scale with event mul-
tiplicity and pair momentum. When analyzed in the 
same multiplicity and pair transverse momentum range, 
the correlation is similar at the two collision energies. A 
three-dimensional femtoscopic analysis shows an in-
crease of the emission zone with increasing event multi-
plicity as well as decreasing homogeneity lengths with 
increasing transverse momentum. The latter trend gets 
more pronounced as multiplicity increases. This sug-
gests the development of space-momentum correlations, 
at least for collisions producing a high multiplicity of 
particles. We consider these trends in the context of 
previous femtoscopic studies in high-energy hadron and 
heavy-ion collisions and discuss possible underlying 
physics mechanisms. Detailed analysis of the correla-
tion reveals an exponential shape in the outward and 
longitudinal directions, while the sideward remains a 
Gaussian. This is interpreted as a result of a significant 
contribution of strongly decaying resonances to the 
emission region shape. Significant nonfemtoscopic 
correlations are observed, and are argued to be the con-
sequence of “mini-jet”-like structures extending to low 
pt. They are well reproduced by the Monte-Carlo gen-
erators and seen also in π+π¯ correlations. 
(ii) The production of pi+, pi¯, K+, K¯, p, and pbar at 
mid-rapidity has been measured [2] in proton-proton 
collisions at √s = 900 GeV with the ALICE detector. 
Particle identification is performed using the specific 
energy loss in the inner tracking silicon detector and the 
time projection chamber. In addition, time-of-flight 
information is used to identify hadrons at higher mo-
menta. Finally, the distinctive kink topology of the weak 
decay of charged kaons is used for an alternative meas-
urement of the kaon transverse momentum (pt) spectra. 
Since  these  various particle identification tools  

give the best separation capabilities over different mo-
mentum ranges, the results are combined to extract 
spectra from pt = 100 MeV/c to 2.5 GeV/c. The meas-
ured spectra are further compared with QCD-inspired 
models which yield a poor description. The total yields 
and the mean pt are compared with previous measure-
ments, and the trends as a function of collision energy 
are discussed.  
(iii) The production of mesons containing strange 
quarks (K0s, φ) and both singly and doubly strange 
baryons (Lambda, Anti-Lambda, and Ξ+Anti-Ξ) are 
measured [3] at central rapidity in pp collisions at 
√s=0.9TeV with the ALICE experiment at the LHC. 
The results are obtained from the analysis of about 250 
k minimum bias events recorded in 2009. Measurements 
of yields (dN/dy) and transverse momentum spectra at 
central rapidities for inelastic pp collisions are pre-
sented. For mesons, we report yields 
<dN/dy> = 0.184 ± 0.002 stat ± 0.006 syst. for K0s and 
0.021 ± 0.004 stat ± 0.003 syst. for baryons, we find 
<dN/dy> = 0.048 ± 0.001 stat. ± 0.004 syst. for 
Λ 0.047 ± 0.002 ± stat. ± 0.005 syst. for Anti-Λ and 
0.0101 ± 0.0020 stat. ± 0.0009 syst. for Ξ+Anti-Ξ. The 
results are also compared with predictions for identified 
particle spectra from QCD-inspired models and provide 
a baseline for comparisons with both future pp meas-
urements at higher energies and heavy-ion collisions. 
(iv) The pt-differential inclusive production cross sec-
tions of the prompt charmed mesons D0, D+, and D*+ in 
the rapidity range |y|<0.5 were measured in proton-
proton collisions at √s = 7 TeV at the LHC using the 
ALICE detector. Reconstructing the decays D0 → K¯π+, 
D+ → K¯π+π+, D*+ → D0π+, and their charge conjugates, 
about 400 D0, 2,900 D+, and 2,600 D*+ mesons with 
1<pt<24 GeV/c were counted, after selection cuts, in a 
data sample of 3.14x108 events collected with a mini-
mum-bias trigger (integrated luminosity Lint=5/nb). The 
results are described within uncertainties by predictions 
based on perturbative QCD.  
(v) The production of muons from heavy flavor decays 
is measured at forward rapidity in proton–proton colli-
sions at √s = 7 TeV collected with the ALICE experi-
ment at the LHC. The analysis is carried out on a data 
sample corresponding to an integrated luminosity Lint = 
16.5 nb-1. The transverse momentum and rapidity differ-
ential production cross sections of muons from heavy 
flavor decays are measured in the rapidity range 
2.5 < y < 4, over the transverse momentum range 
2 < pt < 12 GeV/c. The results are compared to predic-
tions based on perturbative QCD calculations. 
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We briefly report on some selected findings in Pb+Pb 
data measured with the ALICE detector and published 
in 2011. All the details and figures can be found in the 
original publications [1-4]. 
(i) The first measurement of the triangular v3, quad-
rangular v4, and pentagonal v5 charged particle flow in 
Pb-Pb collisions at √sNN = 2.76 TeV carried out with the 
ALICE detector at the CERN Large Hadron Collider [1] 
reveals that the triangular flow can be described in 
terms of the initial spatial anisotropy and its fluctua-
tions, which provides strong constraints on its origin. In 
the most central events, where the elliptic flow v2 and 
v3 have similar magnitude, a double peaked structure in 
the two-particle azimuthal correlations is observed, 
which is often interpreted as a Mach cone response to 
fast partons. We show that this structure can be natu-
rally explained from the measured anisotropic flow 
Fourier coefficients. 
(ii) The first analysis of the two-pion correlation 
functions in Pb–Pb collisions at √sNN = 2.76 TeV at the 
LHC [2] demonstrates that the pion source radii ob-
tained from this measurement exceed those measured at 
RHIC by 10–35%. The increase is beyond systematic 
errors and is present for both the longitudinal and trans-
verse radii. The homogeneity volume is found to be 
larger by a factor of two. The decoupling time for 
midrapidity pions exceeds 10 fm/c which is 40% larger 
than at RHIC. These results, taken together with those 
obtained from the study of multiplicity and the azi-
muthal anisotropy, indicate that the fireball formed in 
nuclear collisions at the LHC is hotter, lives longer, and 
expands to a larger size at freeze-out as compared to 
lower energies. 
(iii) The centrality dependence of the charged-particle 
multiplicity density at midrapidity in Pb-Pb collisions at 
√sNN = 2.76TeV has been studied [3]. The charged-

particle density normalized per participating nucleon 
pair increases by about a factor of 2 from peripheral 
(70%–80%) to central (0%–5%) collisions. The central-
ity dependence is found to be similar to that observed at 
lower collision energies. The data are compared with 
models based on different mechanisms for particle pro-
duction in nuclear collisions. 
(iv) Inclusive transverse momentum spectra of pri-
mary charged particles in Pb–Pb collisions at 
√sNN = 2.76 TeV have been measured [4] by the ALICE 
Collaboration at the LHC. The data are presented for 
central and peripheral collisions, corresponding to 0–5% 
and 70–80% of the hadronic Pb–Pb cross section. The 
measured charged particle spectra in |η| < 0.8 and 
0.3 < pT <20 GeV/c are compared to the expectation in 
pp collisions at the same √sNN, scaled by the number of 
underlying nucleon–nucleon collisions. The comparison 
is expressed in terms of the nuclear modification factor 
RAA. The result indicates only weak medium effects 
(RAA ≈ 0.7) in peripheral collisions. In central collisions, 
RAA reaches a minimum of about 0.14 at pT= 6–7 GeV/c 
and increases significantly at larger pT. The measured 
suppression of high-pT particles is stronger than that 
observed at lower collision energies, indicating that a 
very dense medium is formed in central Pb–Pb colli-
sions at the LHC. 
 
References: 
[6] K. Aamodt et al., (ALICECollaboration), Phys. Rev. 

Lett. 107, 032301 (2011) 
[7] K. Aamodt et al., (ALICE Collaboration), Phys. Lett. 

B696, 328 (2011) 
[8] K. Aamodt et al., (ALICE Collaboration), Phys. Rev. 

Lett. 106, 032301 (2011) 
[9] K. Aamodt et al., (ALICE Collaboration), Phys. Rev. 

Lett. 107, 032301 (2011) 

 



152 Annual Report 2011 
 

 

Recent Results of the COMPASS Collaboration at CERN 
K. Klimaszewski, K. Kurek, E. Rondio, A. Sandacz, R. Sulej, A. Szabelski, P. Sznajder, W. Wiślicki 

National Centre for Nuclear Research, Warsaw, Poland 
 
The main goal of the COMPASS experiment at CERN 
is to study the structure of the nucleon. This is achieved 
by measuring deeply inelastic scattering of muons on 
fixed nuclear target. In order to be sensitive to spin 
effects both the beam and the target are polarised. In 
addition a broad program of hadron spectroscopy utilis-
ing hadronic beams is realised. 
Measurement of gluon polarisation in the nucleon from 
the open-charm channel in the NLO approximation 
In the LO approximation the production of charmed 
mesons can only be realised through the Photon-Gluon 
Fusion (PGF) process, hence they are well suited for 
probing gluons in the nucleon. In the NLO approxima-
tion there are additional processes contributing to the D 
meson signal. Such corrections can be divided into two 
groups; the first consists of corrections to PGF process, 
hence probing gluons in the nucleon, the second con-
tains processes where a gluon is radiated from the light-
quark process and produces a pair. Therefore, for the 
extraction of gluon polarisation from signal asymme-
tries a correction factor has to be taken into account: 

corr
NLOLLγN A+g∆g

D
a=A /  

with aLL being the partonic cross-section asymmetry 
calculated at NLO, D the depolarisation factor, Acorr the 
asymmetry related to the background NLO processes. 

 

Fig. 1. Gluon polarisation in the nucleon determined using 
the open-charm channel in the NLO approximation. The 
curves display parametrisations from QCD analyses at NLO. 
The aLL has to be parametrised as a function of meas-
ured observables based on Monte-Carlo simulation. The 
AROMA generator was used for simulations. As it uses 
the LO approximation, the phase space needed for NLO 
real gluon emission processes is simulated through the 
parton shower mechanism. The energy of parton show-
ers defines the upper limit of the integration over the 
energy of the unobserved gluon in the NLO emission 
process. This integration reduces a differential cross 
section for a three-body final state ( gcc ) to a two-body 
one ( cc ). 

For the first time in this analysis, NLO order QCD cal-
culations for the determination of the gluon polarisation 
are employed [1]. The result obtained:  

( )stat.±=g∆g NLO 0.210.20/ −  

is compatible with zero within the statistical precision. 
Together with results obtained in the LO approximation 
from open-charm as well as high pT channels [2] it indi-
cates that the gluon polarisation is small in the covered x 
range. The results of the COMPASS collaboration for 
the gluon polarisation in the nulceon were obtained with 
significant contributions from members of the NCBJ 
group. 
Measurement of the cross-section of quasi real photo-
production of hadrons with high transverse momenta 
An alternative approach for constraining the gluon po-
larization is the direct comparison of spin-asymmetry 
measurements of the quasi-real photoproduction of 
high- pT single hadrons to calculations of the polarized 
cross section in NLO pQCD. Different input ∆g distri-
butions can be tested against the measured spin asym-
metry. To test the applicability of such an approach at 
COMPASS centre of mass energies the measured unpo-
larised cross-section should be shown to be in agree-
ment with pQCD predictions. 
The cross-section of quasi real photo-production of 
hadrons with high transverse momenta was measured 
[3] and compared with recent NLO pQCD calculations. 
The comparison although at this moment not perfect 
gives high hopes for future prospects of such an alterna-
tive method of gluon polarisation extraction. 

 
Fig. 2. Cross section of quasi-real photoproduction of 
charged hadrons with high transverse momenta. 
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Ageing in the LHCb Outer Tracker:  
Aromatic Hydrocarbons and Wire Cleaning 

A. Nawrot and M. Szczekowski 
National Centre for Nuclear Research, Warsaw, Poland 

 
The LHCb experiment aims at measuring CP violation 
and rare B-decays. For this, a tracking system is con-
structed close to the interaction point, and around a 
dipole magnet. The large area behind the magnet is 
covered by the Outer Tracker (OT) detector. The OT is 
a gaseous straw tube detector [1] and covers an area of 
approximately 5 x 6 m2 with 12 double layers of straw 
tubes. The straw tubes are 2.4 m long and 4.9 mm in 
diameter, and are filled with a gas mixture of Ar(70%)-
CO2(28.5%)-O2(1.5%). The anode is made of 25 µm 
gold plated tungsten wire, whereas the cathode consists 
of a 40 µm thick inner foil of electrically conducting 
carbon doped Kapton-XC and an outer foil of 25 µm 
Kapton-XC laminated together with 12.5 µm aluminum. 
The straws are glued to sandwich panels with 120 µm 
carbon-fiber skins and a 10 mm Rohacell core. Finally, 
the panels are sealed with 400 µm thick carbon fiber 
sidewalls, resulting in a gas-tight box enclosing a stand-
alone detector module. About one third (130) of all the 
OT modules have been built in the Institute of Nuclear 
Studies in Warsaw. 
Recently, it was discovered that, despite extensive age-
ing tests in the R&D phase, the OT suffers from gain 
loss after moderate irradiation [2, 3]. The origin of the 
gain loss is traced to an insulating layer on the anode 
wire, caused by glue components inside the gas volume. 
Remarkably, the gain loss is only observed upstream of 
the source position with respect to the gas flow. Pre-
sumably the gain loss is prevented under and down-
stream of the source due to the formation of ozone in 
the avalanche region. The characteristics of the ageing 
phenomenon and beneficial treatments have already 
been discussed in Ref. [4]. 

 
Fig. 1. Photograph of the openable module built in Warsaw 
during glue injection into a straw using a syringe. 

In addition to the ageing studies with the various aral-
dite epoxies described in the paper [5] using the 
openable test module built in Warsaw, two full-scale 
OT-modules have been constructed, identical to the 
modules in the LHCb detector, but using a different 
epoxy, Tra-Bond 2115. One of the two modules is 5 
meters in length, and the other is 2.5 meters in length 
(employed in the area above and below the beam pipe 
inside the LHCb detector) again built in Warsaw. The 
5 m long module has been irradiated for 1200 hours 
resulting in a maximal accumulated charge of 0.3 C/cm 
at the point of highest intensity of 70 nA/cm. A negligi-
ble gain loss of 5%± 2% was observed, again indicating 
that this is not related to the fast ageing caused by 
AY103-1. The 2.5 m long module was irradiated with 
9 keV X-rays for 60 days, with an intensity of about 
500 kHz/cm, corresponding to an accumulated charge of 
about 1 C/cm. No significant irradiation damage was 
observed. 
Several methods have been investigated to remove the 
insulating deposits: heating the wire with a DC current 
and applying a large positive high voltage (beyond the 
proportional regime). Applying a large positive high 
voltage (beyond the proportional regime) removes the 
insulating deposits, either due to large dark currents, or 
by inducing the currents with a radioactive source. 
Extensive participation of the LHCb Warsaw group in 
the production of the OT modules and in the ageing 
studies program for the Outer Tracker detector has been 
terminated by the decision to close the detector labora-
tory in the High Energy Physics Department in 2011. 
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Neutrino Group Activity in 2011 at T2K 
D. Kiełczewska, K. Kowalik, J. Łagoda, P. Mijakowski, P. Przewłocki, E. Rondio, M. Szeptycka 

National Centre for Nuclear Research, Warsaw, Poland 
 
T2K is the first off-axis long-baseline neutrino oscilla-
tion experiment. The neutrino beam is produced at the J-
PARC laboratory in Tokai (Japan) and directed to the 
Super-Kamiokande detector, 295 km away. The main 
aim of the experiment is the measurement of the θ13 
mixing angle by the observation of the oscillation of 
muon neutrinos into electron neutrinos. The second goal 
is to provide a precise measurement of the oscillation 
parameters θ23 and ∆m2

23. 
A detailed description of the T2K experiment and the 
Super-Kamiokande detector can be found in [1] and [2], 
respectively. T2K started to take data in January 2010 
and continued until the Great East Japan Earthquake on 
March 11, 2011. 
The signal of the neutrino oscillation can be observed as 
an excess (for νe appearance) or deficit (for νµ disap-
pearance) of single-ring events in the sample of quasi-
elastic events in Super-Kamiokande detector. In the case 
of no oscillations, the number of expected electron-like 
and muon-like events is 1.5 and 103.6, respectively. 
The selection criteria were fixed by Monte Carlo studies 
before the data were collected. 41 events fulfill the re-
quirement of a single-ring event with reconstructed 
vertex in the fiducial volume of the detector, 8 of them 
being electron-like. After applying additional cuts, re-
ducing background from various sources, 6 events re-
mained. The best fit to the data indicates sin22θ13 to be 
0.11 (0.14) 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. This first indication of a non-zero value of 
θ13 was published in [3]. 
In the case of νµ disappearance, 31 muon-like events 
were selected, allowing best fit values for oscillation 
parameters such as |∆m2

23|=2.6·10-3eV2, sin22θ23=0.99 to 
be obtained, in good agreement with previous measure-
ments. This result is accepted for publication in Physical 
Review. 
An important input to the oscillation results is knowl-
edge of the beam. In T2K the beam is monitored by a 
set of near detectors, placed at a distance of 280 m 
downstream of the target. The Warsaw group partici-
pates in ND280, the off-axis near detector. 
In 2011 the group was concentrated on the following 
subjects: 
1. the external background for the measurements of 

the charge current neutrino interactions. Two 
sources of the background were analysed: atmos-

pheric muons (found to be negligible) and the inter-
actions of the beam neutrinos in the sand surround-
ing the detector pit. The latter subject required the 
development of Monte Carlo simulations. The first 
results show the contribution of the sand interac-
tions to be at the level of a few percent. The analy-
sis will be continued in 2012.  

2. verifying theoretical uncertainties of neutrino inter-
actions in different channels in the context of the 
ND280 – T2K’s near detector. In particular CCQE 
interactions were studied. Two neutrino simulation 
predictions using two different interaction models 
were fitted to the available data from the Mini-
Boone experiment. Values of CCQE axial mass 
were obtained in each of the fits. 

3. the efficiency of the SMRD counters, using atmos-
pheric muons. The efficiency was found to be 
above 96% and constant in time. 

 
Fig. 1. The confidence intervals for sin22θ13 for normal (top) 
and inverted (down) mass hierarchy. The MINOS allowed 
region is marked by the dotted line. 
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Recent Results from the WASA Experiment 
M. Berłowski, A. Kupść, D. Pszczel, J. Stepaniak for the WASA-at-COSY Collaboration 
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WASA is a large acceptance detector setup (Fig. 1) 
installed at present at the COSY synchrotron in Juelich, 
Germany. In 2011 the experiment collected data with 
internal proton and deuteron beams and a hydrogen 
target at energies from 400 MeV up to 2540 MeV. 
The goal of the experiment is the study of light meson 
production and decays [1]. In particular, neutral pion 
and eta rare decays involving electron–positron pairs 
were searched for as well as pilot runs devoted to eta’ 
and omega meson production. In a search for new phys-
ics effects a new preliminary upper limit for the very 
rare η→e+e- decay Branching Ratio was extracted. 
An extensive study of the two pion production mecha-
nism in different charge channels lead to a possible 
explanation of the observed peculiar features of the two 
pion system in the pn and pp interactions via the forma-
tion of a resonance in the Delta-Delta system with 
I(JP)=0(3+) at a mass of 2.37 GeV, roughly 90 MeV 
below 2m∆. 
Such a conclusion was based on the large statistics 
measurements of the pd→dππ + pspectator using proton 
beam energies 1.0, 1.2 and 1.4 GeV. The total cross 
section obtained from this experiment is shown in 
Fig. 2. The red, black and blue marks correspond to 
Tp=1 GeV, 1.2 GeV and 1.4 GeV, respectively. The 
horizontal axis corresponds to the total energy in the pn 
CMS system. 
The observed angular distributions for deuterons and 
pions in the CMS clearly prefer J=3 in the resonance 
region. Note that such a resonance has been postulated 
by quark model calculations. 
An exclusive measurement of the decay η→π+π¯ was 
performed and an analysis of the decay was performed 
based on about 14 000 events. The photon energy distri-
bution is presented in Fig. 3 and compared with the 
predictions of the simplest gauge invariant matrix ele-
ment of the decay (dashed curve).The dotted curve 
includes the pion vector formfactor. The solid red curve 
shows the result of multiplication of the dotted one by a 
fitted polynomial of the form (1+αsππ)2. 
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Fig. 1. The WASA detector. 
 

 
Fig. 2. The total cross Section for the pn->dπ°π° reaction 
after acceptance, efficiency and Fermi motion corrections. 
 

 
Fig. 3. Distribution of the photon energy from η→ππγ decay. 
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JEM-EUSO and EUSO-Balloon – Polish Contribution 
T. Batsch, J. Karczmarczyk, Z. Plebaniak , B. Szabelska, J. Szabelski, T. Tymieniecka, T. Wibig, A. Zwolińska 

National Centre for Nuclear Research, Łódź, Poland 
 
JEM-EUSO is a satellite experiment for measuring the 
highest energy cosmic rays, as a main purpose. The 
JEM is for Japan Experiment Module – connected to the 
International Space Station (ISS) since 2009. The Japa-
nese Space Agency JAXA offered that JEM-EUSO 
might dock to this module at the beginning of 2017. The 
EUSO is for Extreme Universe Space Observatory. 
Currently nearly 300 scientists from 13 countries and 74 
institutions participate in the preparations for the mis-
sion. The Polish group has 13 participants from 5 insti-
tutes [1]. 
The year 2011 was our third year as a JEM-EUSO Col-
laboration member. The new EUSO-Balloon Collabora-
tion started to perform high altitude balloon tests of the 
detection unit. At the present stage our main contribu-
tions are the design and development of high voltage 
power supplies for multianode photomultipliers 
(MAPMT) and fast high voltage switches.  

 
Fig. 1. A schematic view of the principle of the high energy 
EAS measurements. 
JEM-EUSO is a telescope which will observe the 
Earth’s atmosphere on the dark side of the Earth. The 
telescope is a wide angle (±30°) and very fast camera 
(400,000 frames a second) to observe transient events 
on the background of residual light. The optical system 
is sensitive to a light bandwidth of 330-400 nm. On the 
focal surface of the camera there are about 5000 
MAPMTs, each with 64 anodes. The camera will have 
more than 300,000 pixels. The telescope will observe 
fast transient events – Extensive Air Showers (EAS), as 
billions of electrons and positrons of huge EAS excite 
nitrogen molecules of the atmosphere which emit isot-
ropically blue/UV light (Fig. 1). EAS development lasts 
about 30 micro-sec in the atmosphere, and the emitted 
light would be measured in several steps lasting 2.5 
micro-sec each. Part of the Cherenkov light produced 
forward in the EAS and reflected from the ground, sea 

or clouds, might be observed in JEM-EUSO. Fig. 2 
shows the simulated time profile of signal intensity. 
These observed characteristics allow the direction of the 
primary Cosmic Ray particle and its energy to be de-
termined. The EAS energy threshold for JEM-EUSO 
observations will be about 5E19eV. 

 
Fig. 2. Simulated time profile of  EAS at different parts of the 
JEM-EUSO telescope. GTU= 2.5µs. The peak near to the end 
of the profile is due to reflected Cherenkov light. 
The main scientific goal of the experiment is to search 
for the highest energy Cosmic Ray sources [2]. Trajec-
tories of Cosmic Ray protons with energies above 
1E20eV are barely deflected from a straight line, and 
therefore directional correlations should determine the 
direction to the high energy cosmic ray source. Experi-
ments made so far are ground based observations of the 
high energy Cosmic Rays, and several potential source 
directions have been reported, however none of them 
have sufficient statistical justification. JEM-EUSO will 
observe a 70 times larger area of the atmosphere (radius 
of 250 km), and collect about 1000 events from “all 
sky” during 3 years of observations, which will be about 
20 times more than from all other detectors at the time. 
These should be sufficient to find out directions to 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 [3]. 
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Deep Inelastic Scattering at HERA Energies 
P. Pluciński, T. Tymieniecka 
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The ZEUS experiment collected data from electron-
proton scattering at a centre-of-mass energy equal to 
about 300 GeV from 1992 to 2007. The electron-proton 
beam came from the HERA accelerator located at the 
DESY laboratory in Hamburg (Germany). The collected 
experimental material provides information on deep 
inelastic scattering as well as on the photoproduction of 
hadrons. The main goal of the experiment is to investi-
gate the proton is structure and the features of quantum 
chromodynamics. The measured data permit two impor-
tant universal functions needed to describe hadron pro-
duction in many QCD processes to be deduced: the 
proton structure function and the fragmentation func-
tion. The present stage of investigation is dedicated to 
analysis of the total experimental material to obtain the 
most precise answers to different theoretical predictions, 
in particular: 

 
Fig. 1. Photon-proton cross section vs. collision energy. 

• Precise measurements of the photon-proton cross 
section at three energies from 200 GeV to 300 GeV 
are published [1]; the results show a nearly linear 
increase of cross section with the collision energy 
W. This feature is typical for hadron-hadron colli-
sions; therefore, at high enough energy W the cross 
section should approach the Froissart bound, i.e. 
behave as (ln(W2))2. Such an energy range has not 
yet been reached. 

• Two publications are dedicated to measurements of 
heavy quark production (c,b,t) [2, 3] and one publi-
cation presents the features of tau-pair production at 
the HERA energies [4]. 

• Measurements of the scaled momentum distribu-
tions from production of neutral strange particles 
(K0, Λ) are needed to provide constraints on the 
fragmentation functions from deep inelastic ep scat-
tering; the results are published in arCHiv and in 
[5]. 

Summarizing the above investigations some new inter-
esting properties of hadron production are deduced from 
the existing data. The measurements of photon-proton 
cross sections at more than one energy are important for 
predictions of propagation of particles through matter, 
therefore needed in many physics problems. The studies 
are to be continued. 
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Anatomy of the Cosmic Ray Energy Spectrum:  
the ‘Iron Knee’ Observed with KASCADE-Grande 

P. Łuczak and J. Zabierowski (for the KASCADE-Grande Collaboration) 
National Centre for Nuclear Research, Łódź, Poland 

 
High-energy cosmic rays reaching the Earth are only 
measured indirectly - through the cascade of particles, 
called air showers, that results from the collision of 
cosmic rays with atoms in the atmosphere. The spec-
trum of cosmic rays thus obtained contains a kink, dis-
covered 50 years ago  and called a “knee,” where the 
spectrum, which falls steeply with energy, changes 
slope and begins to fall even more sharply. Past experi-
ments have indicated that the knee results from a de-
crease in the flux of light nuclei. Astrophysical models 
indicate that this is the end of light-nuclei cosmic rays 
originating in our own Milky Way. The same models 
expect that heavier nuclei in the cosmic rays from our 
Galaxy will have a similar drop at a higher energy. 
Above this energy, the remaining cosmic rays should be 
of extragalactic origin. 

 
Fig. 1. Two-dimensional distribution of shower sizes: 
charged particle number and total muon number. In addition, 
a roughly estimated energy scale is indicated [2].  
Recently, the air-shower experiment KASCADE-
Grande [1] has reported in Physical Review Letters [2] 
the observation of a knee-like structure in the cosmic 
ray energy spectrum of the heavy primary particles at 
about 8x1016 eV. The structure is also seen in the all-
particle spectrum, but is less significant. The result is 
obtained by independent measurements of the charged 
particle and muon components of the secondary parti-
cles of extensive air showers in the primary energy 
range of 1016  to 1018 eV. The two-dimensional distribu-
tion of shower sizes used for the analysis is shown in 
Fig. 1. The data were analyzed on a single-event basis 
also taking into account the correlation of the two ob-
servables. The analysis separated “electron rich” show-

ers (which should be the result of incoming light-nuclei 
cosmic rays) from “electron poor” showers (from 
heavy-nuclei cosmic rays), and the “heavy knee” was 
found in the spectrum from electron-poor events (see 
Fig. 2). This finding supports the interpretation that this 
knee results from a decrease of the flux of heavy nuclei. 
Moreover, this structure occurs in the energy range 
expected for such heavy nuclei by astrophysical models. 
The spectral steepening occurs at an energy where the 
charge dependent knee of primary iron is expected, 
when the knee at about 3-5 x 1015 eV is assumed to be 
caused by a decrease of the flux of primary protons.  

 
Fig. 2. Reconstructed energy spectrum of the electron-poor 
and electron-rich components together with the all-particle 
spectrum for the zenith angular range 0°- 40°. The error bars 
show the statistical uncertainties; the bands assign systematic 
uncertainties due to the selection of the subsamples. Fits on 
the spectra and resulting slopes are also indicated [2]. 
The result solves the 50-year-old puzzle and strongly 
supports charge dependent models of the origin of Ga-
lactic cosmic rays, giving important input for modeling 
the acceleration and propagation of extragalactic ultra-
high energy cosmic rays.  
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Thunderstorm Observations by the LOPES Air-shower Radio Antenna Array 
P. Łuczak and J. Zabierowski (for the LOPES Collaboration) 
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Relativistic charged particles present in extensive air 
showers (EAS) lead to a coherent emission of radio 
pulses which are measured to identify the shower-
initiating high-energy cosmic rays. The LOPES experi-
ment [1] has provided the proof of principle for the 
radio detection technique of high-energy cosmic rays 
and has made key contributions to the understanding of 
radio emission physics, such as the predominantly geo-
magnetic origin of the emission. 
LOPES significantly contributes to the calibration of the 
shower radio emission in the primary energy range of 
1016 – 1018 eV. This is done by investigating in detail the 
correlation of the measured field strength with the pri-
mary cosmic ray parameters, in particular the arrival 
direction, the energy and the mass.  
The radio detection technique has a high reliability in all 
but the most extreme weather conditions, as for example 
the reconstructed energy of an air shower is influenced 
by electric fields during thunderstorms. For a reliable 
energy reconstruction of the primary cosmic ray by 
means of the measured radio signal it is very important 
to understand how the electric fields affect the radio 
emission. Therefore, it is mandatory for antenna air-
shower arrays to monitor the electric field of the atmos-
phere. In addition, lightning strikes are a prominent 
source of broadband radio emissions that are visible 
over very long distances. This, on the one hand, causes 
difficulties in the detection of the much lower signal of 
the air shower (Fig. 1). On the other hand, the recorded 
signals can be used to study features of lightning devel-
opment. 

 
Fig. 1. Example of time traces of the 30 LOPES antennas 
recorded in thunderstorm mode for a KASCADE triggered air 
shower. Whereas the cosmic ray event triggering the readout 
is visible as a small peak at the beginning of the trace, in this 
particular event a lightning strike occurs approximately 4 ms 
after the EAS. Structures of the radio emission of this light-
ning are very nicely resolved in all 30 antennas [2].  

Recently, the LOPES Collaboration has published [2] 
the results of a study of the influence of strong electric 
fields during thunderstorms on the detection of cosmic 
rays via radio emission. Lightning strikes are one of the 
most extreme weather appearances that occur in nature. 
Although they have been analyzed for a very long time, 
the basic mechanism that leads to the final breakdown is 
still not known. By observing lightning strikes in the 
radio regime the strikes can be observed looking 
through the thunderclouds since these are transparent to 
radio waves. This gives a huge advantage to studies of 
lightning in the radio regime over optical observations. 
With the radio antenna array LOPES, lightning strikes 
could be observed, although LOPES was not specially 
designed for that. LOPES was built within the existing 
cosmic-ray air shower experiment KASCADE-Grande. 
This allowed the first low-level studies of correlations 
between cosmic rays and lightning strikes, by analyzing 
the air-shower properties given by KASCADE-Grande 
and the geometry of the lightning strike observed with 
LOPES. These first analyses showed no significant 
correlation between cosmic rays and lightning strikes.  
The LOPES results are interesting and verified the ca-
pabilities of such arrays in lightning studies. However, 
due to the drawbacks of the small area covered and the 
short time traces recorded, it is not yet possible to draw 
a final conclusion whether cosmic rays induce lightning 
strikes or not. To draw such a conclusion more sophisti-
cated studies with devices that are specially designed for 
that purpose need to be performed. This will be realized 
by future experimental devices, such as the LASS 
(“Lightning Air Shower Study”) project being a part of 
the Pierre Auger Observatory [3], where high-tech air 
shower analyses and lightning detection over a huge 
area can be combined.  
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Pair and Single Neutron Transfer with Borromean 8He 
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A recent experiment [1] performed at GANIL in Caen, 
France, investigated the relative importance of 1n and 
2n transfer cross sections in the 8He + 197Au system at 
several near-barrier energies. Such measurements pro-
vide information on the importance of neutron pairing in 
this highly neutron-rich projectile. Individual measure-
ment of the 1n and 2n transfer cross sections is not pos-
sible since their large positive Q-values lead to the for-
mation of the same residues for both processes. How-
ever, by measuring integrated cross sections for the 
formation of 198Au, 199Au and 198mAu, model independ-
ent lower limits on the ratio of 2n to 1n transfer cross 
sections were obtained. 
Beams of 8He at energies of 18.7, 20.1 and 29.4 MeV 
provided by the SPIRAL facility irradiated stacks of 
two-three Au targets (~6 mg/cm2 thickness) separated 
by Al foils. After irradiation the stacks were removed to 
an off-line measurement system [2] and counted for a 
total of three weeks. Residues were identified using 
their characteristic gamma rays and half lives. Surpris-
ingly, some gamma decays in 199Au, the residue pro-
duced after 2n transfer, were observed in spite of the 
large positive Q-value for this reaction (+11.96 MeV) 
which favors the population of states in 199Au above the 
1n emission threshold. Cross sections for 199Au and 
198Au were extracted from inclusive gamma-ray meas-
urements, while those for 198mAu were obtained using 
gamma-gamma coincidences. Contributions from fu-
sion-evaporation were negligible.  
Due to the large positive Q-value for 2n transfer the 
measured 198Au and 199Au cross sections do not directly 
correspond to the 1n and 2n transfer cross sections, 
respectively. Population of the 12- isomer in 198Au is 
direct evidence for 2n transfer followed by evaporation, 
since its direct population by 1n transfer would require a 
minimum angular momentum transfer of 11 hbar. The 
observed 198,198m,199Au cross sections represent the sum 
of the 1n and 2n transfer cross sections (neglecting 
possible contributions from 3n and 4n transfer). Four 
simultaneous equations can then be set up relating f1, f2 
and f3,  the fractional contributions from 2n transfer to 
the observed 198Au, 199Au and 198mAu cross sections. 

These equations represent an over-determined system, 
but may be solved graphically. Fig. 1(a) represents one 
such solution. 

 
Fig. 1 (a) Fractional contributions (fn) of 2n transfer to ob-
served residue cross sections as a function of the ratio of 2n to 
1n transfer cross section. Curves denote solutions for fn at 
Elab=22.9 MeV; widths show the effect of the experimental 
uncertainties. The arrow denotes the allowed values for the 
ratio of 2n to 1n transfer cross section. (b) Lower limits on the 
ratio of 2n to 1n transfer cross section as a function of center-
of-mass energy. The curve denotes the results of coupled 
reaction channels calculations. 
The allowed values of f1 constrain the 2n to 1n transfer 
cross section ratio to be > 0.125 and since f3 represents a 
single state in 198Au populated via statistical neutron 
evaporation we may safely conclude that f3 << f1. These 
limits are model independent. We may further constrain 
the ratio if we take into account the fact that most 2n 
transfers populate states above the 1n emission thresh-
old in 199Au due to the Q-matching conditions, implying 
that f1 > f2 and that the ratio of 2n to 1n transfer cross 
section must be greater than or equal to 0.3. Fig. 1(b) 
shows similar lower limits on the ratio of 2n to 1n trans-
fer cross section as a function of center-of-mass energy, 
together with the results of coupled reaction channels 
calculations [2]. 
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The barrier distributions [1, 2, 3] for the 20Ne+ 58,60,61Ni 
systems were experimentally determined. In the 58Ni 
case one observes a distinct structure (two peaks) which 
is partially damped for 60Ni and completely smoothed 
out for 61Ni (see Fig. 1).  
According to Coupled Channel calculations taking into 
account collective effects only, the shape of all three 
distributions should be virtually the same. It seems that 
smoothing is caused by noncollective excitations of the 
target nuclei. Preliminary results were reported during 
the Fusion11 conference [4]. 
A comparison of the transfer cross sections at near bar-
rier energies for the same systems was the subject of 
recent experiments. The data analysis is in progress. 
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Fig. 1. Comparison of barrier height distributions after nor-
malization taking into account in an approximate way the 
sizes of the target nuclei. Spline approximations of the distri-
butions are marked with lines to guide the eye. 
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The ALADIN experiment S254 conducted at the SIS 
heavy-ion synchrotron, was designed to study isotopic 
effects in projectile fragmentation at relativistic ener-
gies. Besides stable 124Sn, neutron-poor secondary 107Sn 
and 124La beams were used in order to extend the range 
of isotopic compositions beyond that available with 
stable beams alone. The radioactive secondary beams 
were produced at the FRS fragment separator by the 
fragmentation of primary 142Nd projectiles of about 
900 MeV/A in a thick Be target. All beams had a labo-
ratory energy of 600 MeV/A and were delivered to the 
ALADIN experimental setup onto reaction targets con-
sisting of natSn with areal density 500 or 1000 mg/cm2. 
In a paper [1] published in 2011, these new data for 
projectile fragmentation are presented together with 
their analysis within the framework of the Statistical 
Multifragmentation Model (SMM) [2]. For lack of 
space we reproduce in this note only the results con-
cerning isoscaling and the symmetry energy term. 
Isoscaling concerns the production ratios R21 of frag-
ments with neutron number N and proton number Z in 
reactions with different isospin asymmetry. It is defined 
as their exponential dependence on N and Z according 
to: 
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with parameters α and β. Here Υ2 and Υ1 denote the 
yields from the more neutron-rich and the more neutron-
poor reaction system, respectively. A comparison is 
made for the same isotopes produced by different 
sources.  
The comparison of the measured isotope yields from the 
fragmentation of 124Sn and of the two neutron-poor 
systems has confirmed that isoscaling is observed (see 
Fig. 1). Filled stars indicate the experimental isoscaling 
parameter α, determined from the yields for 3 ≤ Z ≤ 10 
in different ranges of Zbound / Z0. This parameter is anti-
correlated with the excitation energy of the fragmenting 
system, so that α is seen to decrease with the excitation 
energy. Nearly identical results are obtained for the 
isotopic and isobaric pairs of reactions. In the same 
figure, the results obtained from SMM calculations with 
different symmetry-term coefficient gamma and deter-
mined for 3 ≤ Z ≤ 10 are compared with the data. The 
SMM standard value γ = 25 MeV is applicable only in 
the bin of largest Zbound. 

 
Fig. 1. Experimental data (stars) and SMM ensemble calcula-
tions (open symbols) of isoscaling coefficients α  extracted 
from fragment yield ratios (3 ≤ Z ≤ 10) for 124Sn and 107Sn 
projectiles (top panel) and for 124Sn and 124La projectiles 
(bottom panel) as a function of the reduced bound charge 
Zbound / Z0. Four different symmetry-term coefficients γ were 
used in the SMM calculations as indicated. 
Smaller values have to be chosen in order to reproduce 
the rapidly decreasing parameter α in the fragmentation 
regime at smaller Zbound. Using the calculated values of 
alpha for γ = 14 MeV and the microscopic temperature, 
T = 6.0 MeV, for this interval it is even possible to test 
the widely used formula: 
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Where Z1, A1 and Z2, A2 are the atomic and mass num-
bers of the two thermalized systems. The numerical 
factor deduced from calculations is 3.8, while the nomi-
nal coefficient, analytically derived in the zero-
temperature limit is 4. 
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Recently, we have mapped and performed a stability 
analysis of the superdeformed oblate (SDO) minima in 
superheavy nuclei [1]. We considered the idea of both 
K- and shape isomerism and estimated their influence 
on half-lives. Through calculations and/or estimates it 
follows, somewhat paradoxically, that these extremely 
exotic configurations may live long enough to be de-
tected. Especially, the retardation of alpha decay for 
some SDO nuclei and the unique interplay of axial vs. 
triaxial fission paths (including values of cranking mass 
parameters) are suggested by calculations. We have 
used a macroscopic-microscopic method. Our calcula-
tions use 12 deformation parameters which cover both 
reflection-and axially asymmetric shapes. We obtained 
fission half-lives T(sf) by calculating WKB action with 
cranking mass parameters for selected nuclei. We as-
sumed a zero-point energy of 0.5 MeV. To handle fis-
sion paths in 12D deformation space we calculate, in-
stead of the mass parameter tensor, the effective mass 
parameter along a prescribed path. The smallest action 
we found along triaxial, nearly straight paths. They give 
half-lives 10^{-6} s for A=286, Z=120 and 10^{-5} s 
for A= 288, Z=122. From the calculated masses and the 
improved formula a la Viola-Seaborg, we obtain for the 
g.s.->g.s. transitions Log(T_{a}[s])=-9.1 for A=286, 
Z=120, and longer T_{a} for the lighter Z=120 isotopes. 
These SDO -> prolate transitions must be strongly hin-
dered by a very different structure of both configura-
tions, in particular, the occupation of intruder states at 
the SDO shape. If this hindrance is complete, only the 
SDO->SDO transitions would remain. As follows from 
our calculations, SDO configurations in the Z=118 
daughters are excited by ~2 MeV. This leads to a con-
siderable increase in half-life: Log(T_{a}[s]) becomes 
equal to -5.5 for A=286, Z=120 and T_{a} are  shorter 
for lighter isotopes. With half-lives T_{1/2}<10^{-5} s 
(the present limit for detection of synthesized super-
heavy nuclei) - superheavy SDO systems might be con-
sidered merely as a theoretical curiosity. A fascinating 
possibility for the longer life-times of the SDO nuclei is 
related to K-isomerism [2]. Indeed, high-K configura-
tions at the SDO shape are very likely. Candidates for 
low-lying K isomers are the so called “optimal” con-
figurations , with singly occupied large-Omega orbitals 
close to the Fermi level. In A=286, Z=120, the candi-
dates are the proton (13/2−,7/2+)10− and neutron 
(15/2+,9/2−)12− configurations.  Let us notice that the 
considered SDO nuclei are proton-unstable, but in view 
of the large Coulomb barrier the related life-times are 
quite long for even-Z. For odd-Z, the high-K states are 

protected by the centrifugal barrier for high-Omega 
protons. As is well known, T(sf) for odd and odd-odd 
heavy and superheavy nuclei are 3-5 orders of magni-
tude longer than for their even-even neighbors. For 
SDO superheavy K - isomers two factors combine to 
increase fission half-life: 
A) the axial fission path is closed by the conservation 
of the K quantum number, 
B) triaxial barriers increase due to a decrease in pair-
ing caused by the blocking of the neutron or proton. 
Additional hindrance of fission is expected for configu-
rations involving blocked high-Omega intruder states. 
The least certain of our arguments is that  K-isomerism 
may substantially increase alpha half-lives [3]. the high-
K isomer in {270}Ds has a longer (partial) half-life 
T_{a}= 6.0 ^{+8.2}_{-2.2} ms than the g.s., 
T_{a}(g.s.)=100 ^{+140}_{-40}. For SDO nuclei, an 
additional hindrance of alpha-decay may result from a 
difference between the parent and daughter high-K 
configuration, or for the same configuration, from its 
extra excitation in the daughter, leading to a smaller 
Q_{a}. 

 
Fig. 1. Energy surface of A=288, Z=122 normalized to the 
sphere rical macroscopic contribution. Arrows indicate sad-
dles and minima. 
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Recently, a few experiments on orbital electron capture 
(EC) in He- and H-like ions have been performed at 
GSI-Darmstadt [1, 2]. A striking result has been ob-
served in H-like ions of 142Pm and 140Pr where the prob-
ability of orbital EC in the allowed transitions 1 → 0 is 
about 50% higher than in He-like ions.  
In the nuclear electron capture process a Li-like ion 
having Z protons decays into a He-like ion with Z-1 
protons and emits a neutrino with spin 1/2. We found 
that daughter He-like ions are created mostly in 21S0 and 
23S1 excited states with probabilities denoted as P0 and 
P1, respectively. The ratio of probabilities depends on 
the spin I of the mother nucleus and the type of EC 
transition. For allowed EC transitions I → I ± 1, the 
ratio has the form: 
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The probability to reach the ground state can be calcu-
lated similarly as P0. However, in that case the electron 
is captured from the 2s orbital instead of the 1s. There-
fore, the ratio of probabilities to reach the states 11S0 or 
21S0 equals the ratio of the respective electron densities 
at the nucleus. The density ratio is plotted in Fig. 1. 
Table 1. The ratio of probabilities P0/ P1 that the Li-like ion 
decays into the excited states 2 1S0 and 2 3S1 of the helium-like 
ion. The ratio is calculated for two types of EC decays 
I → I ± 1. 

 
We denote by PLi and PH the orbital EC probabilities for 
allowed transitions I → I ± 1 in Li- and H-like ions, and 
we assume that Li-like ions initially are in states with 
spin I → I ± 1/2, respectively. The probability PLi equals 
the sum of probabilities that the Li-like ion decays into 

the 11S0 ground state or into one of two 21S0 and 23S1 
excited states. 
The derived formula is similar to the relation between 
orbital EC probabilities in He- like and H- like ions [3]. 
The last term varies from 0.03 for the light nuclei up to 
0.10 for the heaviest one, as seen in Fig. 1.  

 
Fig. 1. The ratio of densities for 2s and 1s H-like relativistic 
states in a Coulomb field with charge Z. In the nonrelativistic 
limit, the ratio has a constant value equal to 0.125. 
The probability that in the allowed EC transition 
I → I ± 1 a Li-like ion decays from the state I → I ± 1/2 
we denote as PLi’ and it can be expressed again by the 
decay probability of the H- like ion PH. 
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The relation is similar to the previous one, however it 
doesn’t depend on the electron density.  
The influence of the electron-electron interaction in the 
Li-like ion we estimated in the nonrelativistic approach. 
The wave function is approximated by a product of two 
1s and 2s H-like wave functions with the effective 
charge as a free parameter, which we find to be equal to 
Z-q, with q=0.464. 
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Our model calculations performed in the frame of the 
Relativistic Mean Field (RMF) approach [1] show how 
important are the modifications of a baryon Structure 
Function (SF) and a nucleon mass in Nuclear Matter 
(NM) above the saturation point. They originated from 
the conservation of a parton longitudinal momenta - 
essential in the explanation of the EMC effect at the 
saturation point of NM. For higher density the finite 
pressure corrections emerge from the Hugenholtz -van 
Hove theorem [2] valid for NM. Here we show that the 
course of the Equation of State (EoS) in our modified 
Walecka model [3] is very close to the semi-empirical 
estimate [4] and the phenomenlogical non-relativistic 
expansion of single particle energies in powers of the 
Fermi momentum [5]. The increasing pressure between 
nucleons starts to increase the nucleon Fermi energies eF 
in comparison to average nucleon energies eA and con-
sequently the Momentum Sum Rule (MSR) is broken by 
the factor eF/eA in the RMF models [3]. To compensate 
this factor which increases the longitudinal momentum 
for nuclear partons, the baryon SF in the nuclear me-
dium has to be adjusted. We assume that, independent 
of nuclear density, quarks and gluons carry the same 
amount of total longitudinal momenta - a similar as-
sumption is used in most nuclear models with parton 
degrees of freedom. We have presented a simple, pa-
rameter free, hybrid model [3] of nuclear matter, which 
examines the influence of the parton structure on the 
nuclear EoS. It was shown that there is a connection 
between the stiff EOS and strong violation of longitudi-
nal momentum conservation carried by quarks. In our 
approach we propose nucleon mass changes which 
modify the nucleon SF and the nuclear distribution for 
nucleons in order to satisfy the longitudinal momentum 
sum rule for the partons in NM above the saturation 
density. In our model the finite pressure corrections 
nucleon mass convert the recursive mean field equation 
for energy and nucleon mass [1] to a differential equa-
tion above the saturation density [3].  This corrects the 
compressibility from K-1=500MeV in the linear Wal-
ecka model to K-1 =300MeV in ours. Pressure correc-
tions reduce the violation of MSR from 50% in the 
linear Walecka model to 10% in our model. This modi-
fies the EoS for nuclear and neutron matter making it 
softer, close to DBHF calculation with a realistic Bonn 
A potential [6]. Other features of the Walecka model, 
including a good value of the spin-orbit force remain 
unchanged in our model. The proper stiffness of the EoS 
recently discussed [7] in application to compact and 

neutron stars is also important when studying star prop-
erties (mass-radius constraint), especially the mass of 
PSR J1614–2230 the most massive known neutron star, 
which rules out many neutron star equations of state 
including exotic matter such as hyperons.  
We compare in Fig. 1 the stiff Walecka  model [1] with 
our corrected version [3] and with a model assuming the 
non-relativistic expansion in powers of the Fermi mo-
mentum [5]. These  two models and parametrization in 
Fermi momentum have two free parameters which are 
fixed by the empirical binding energy, 15.7MeV, at 
saturation density. 

 
Fig. 1. The nucleon energy εN-MN as a function of NM density 
for  RMF models; scalar-vector Walecka (long dashed line 
above the saturation point), our Modified Mass approach 
(solid) with ρ=0.19fm-3 [1]. Results for a full DBHF [7] 
(dotted marked line) calculation using the Bonn A NN inter-
action are displayed for comparison, also an expansion in 
Fermi momentum of single nucleon energy in NM is in the 
plot (short dashed marked line). 
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Work on the synthesis of a new superheavy element 120 
is continuing. The reaction: 54Cr+248Cm is used [1]. Two 
channels of the reaction, corresponding to the emission 
of 4 and 3 neutrons from the compound nucleus 302120 
are expected, leading to the production of the isotopes 
298120 and 299120, respectively. Both these nuclei, as 
well as all products of the α decay of  299120 would be 
new, while the α-decay products of 298120 would be just 
the nuclei already observed in Dubna [3] and would 
supply us with an independent confirmation of that 
observation. 
The objective of this note is to report briefly on the 
theoretical predictions for the decay chains of the above 
two isotopes, performed in the paper [2]. The paper is 
concentrated on the predictions for the α-decay energies 
Qα and half-lives Tα . 
The decay energies Qα, calculated within two theoretical 
models HN and SE for the decay chain of 298120, and 
compared with experimental data, are shown in Fig. 1. 
One can see that the calculated values reproduce rather 
well the existing measured data, especially in the case of 
the macroscopic-microscopic model HN. A similar 
thing happens with the logarithm of the α-decay half-
lives Tα, illustrated in Fig. 2.  
All details may be found in the original paper [2]. 
A comparison of the α-decay half-lives Tα with the 
spontaneous-fission half-lives Tsf , calculated earlier in 
other papers, leads to the following conclusions: 
(1) It is found that the half-lives: 11 µs and 15 µs pre-
dicted for the nuclei 298120 and 299120, respectively, are 
already not far from the lower limit (around 1µs) needed 
for a detection of the synthesized nucleus. Still, they are 
sufficiently distant from this limit reasonably to expect 
their observation.  
(2) At least three α decays in both chains are expected to 
be observed. 
(3) If so, the observation would be a discovery of one 
(the heaviest)  new superheavy element (120) and five 
new superheavy nuclei. 
In connection with our studies of superheavy nuclei, 
three review papers [4-6] were also written. Two of 
them [4, 5], which appeared in special issues of the 
journals, are related to the International Year of Chem-
istry 2011, celebrating the centenary of the (second) 

Nobel Prize (in chemistry) awarded to Maria Skło-
dowska –Curie. 

 
Fig. 1. α-decay energies Qα calculated within HN and SE 
models for the decay chain of the nucleus 298120, compared 
with the experimental values. 

 
Fig. 2. The same as in Fig. 1, but for the logarithm of the α-
decay half-lives Tα (given in seconds). Two lines indicating 
approximate lower limits of the half-life of a nucleus which 
could be observed (1 µs) and of an atom which could be 
studied chemically (1 s), are shown. 
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Using a new l-dependent version [1] of the Fusion by 
Diffusion (FBD) model [2] we analyzed [3] a complete 
set of existing data on hot fusion reactions obtained in a 
series of experiments on the synthesis of superheavy 
nuclei of Z=114-118 carried out in JINR Dubna, GSI 
Darmstadt and LBNL Berkeley. In this analysis we used 
the most recent fission barriers and ground-state 
masses of the Warsaw group, calculated within the 
macroscopic-microscopic model involving an extended 
multidimensional deformation space with non-axial 
shapes [4].  
In the description of the synthesis of superheavy nuclei 
the decisive role is played by the fusion probability 
Pfus(l) that, contrary to lighter systems, is very strongly 
hindered due to the fact that after the nuclear contact the 
heavy composite system remains outside the saddle 
point of the compound nucleus. To overcome the saddle 
point and to fuse, the system must climb uphill over the 
saddle in the process of thermal fluctuations in the 
shape degrees of freedom. We calculate Pfus(l) as a solu-
tion of the Smoluchowski diffusion equation. The only 
free parameter of the FBD model is the injection dis-
tance sinj characterizing the starting point of the diffu-
sion process. 

 
Fig. 1. Systematics of the injection-point distance sinj as a 
function of the kinetic energy excess Ec.m.-B0 above the Cou-
lomb barrier B0. Values of sinj have been determined for each 
reaction and particular xn channel by adjusting the assumed 
sinj-value to the experimental synthesis cross section at the 
maximum of a given xn excitation function. Identical symbols 
for a given Z and a given experiment refer to data for con-
secutive xn channels. 
Fig. 1 shows the compilation of the distance sinj deter-
mined individually for all data on the synthesis of su-
perheavy nuclei of Z=114-118. The sinj distances are 
plotted as a function of the excess of kinetic energy 
above the Coulomb barrier. The regularity of the sinj 
systematics is a good argument in favor of the fission 

barriers of Kowal et al. [4] because such a striking cor-
relation would be very unlikely if the theoretical barrier 
heights were inconsistent with the experimental ones. 

 
Fig. 2. Energy dependence of the cross section for synthesis 
of superheavy nuclei in the 48Ca+244Pu hot fusion reaction. 
Full circles represent data for the 3n, 4n and 5n reaction 
channels obtained in Dubna experiments and open circles 
represent data obtained at GSI Darmstadt. Data are com-
pared with excitation functions for separate xn channels, 
calculated with the FBD model assuming the fission barriers 
and ground-state masses of Kowal et al. [4]. 
In Fig. 2 we give an example of a comparison of the 
synthesis cross sections of several isotopes of the ele-
ment Z=114 calculated with the FBD model (assuming 
the linear dependence of sinj on Ec.m.-B0 shown in Fig. 1) 
with results of experiments. Having fitted all the ex-
perimental excitation functions for elements Z=114-118, 
the FBD model was used to predict cross sections for 
synthesis of elements Z=119 and 120. Regarding pros-
pects to produce the new element Z=119, our calcula-
tions prefer the 252Es(48Ca,xn)300-x119 reaction, for 
which a synthesis cross section of about 0.2 pb in the 4n 
channel at Ec.m.≈220 MeV is expected. The most favor-
able reaction to synthesize the element Z=120 turns out 
to be 249Cf(50Ti,xn)299-x120, but the predicted cross sec-
tion for this reaction is only 6 fb (for the 3n and 4n 
channels). 
 
References: 
[1] T. Cap, K. Siwek-Wilczyńska, J. Wilczyński, Phys. Rev. 

C83 (2011) 054602 
[2] W.J. Świątecki, K. Siwek-Wilczyńska, J. Wilczyński,  

Phys. Rev. C71 (2005) 014602 
[3] K. Siwek-Wilczyńska, T. Cap, M. Kowal, 

A. Sobiczewski, J. Wilczyński, submitted to Phys. Rev. C 
[4] M. Kowal, P. Jachimowicz, A. Sobiczewski, Phys. Rev. 

C82 (2010) 014303; M. Kowal, A. Sobiczewski, unpu-
blished  



Nuclear Physics 
 

 

171

PAW Study of Uranium Relativistic Ultrasoft, Semicore Pseudopotential 
B. Paluchowska 

National Centre for Nuclear Research, Otwock-Świerk, Poland 
 
Uranium is an example of a crossover from the local-
ized to itinerant electron behaviour. In order to provide 
an accurate description of its chemical properties it is 
necessary to account for relativistic effects on the va-
lence electrons 
The pseudopotential approach is an easy and reliable 
technique to include major relativistic corrections in 
calculations of compounds containing heavy elements. 
Projected Augmented Wave (PAW) [1] is suitable for 
handling effective core potentials in a relativistic way 
and accounts for spin–orbit effects in molecules con-
taining heavy atoms without the inclusion of core elec-
trons. 
This study is an attempt at an analysis of full relativistic, 
spin polarized, ultrasoft pseudopotentials for uranium 
with spin–orbit interaction corrections. 
The calculations were performed with Quantum Es-
presso (ver. 4.3.2) package [4] based on the local-
density approximation (LDA) and the generalized- gra-
dient approximation (GGA) of the ground-state proper-
ties of the f-electron metals.  
The pseudopotential radii rc for shell designators 
n=5,6,7 and l=0,1,2,3 of basis and projector functions 
used in the calculations and corresponding radii were 
determined to match the exact and pseudo radial wave-
functions. 
The matching radius rcore used to obtain the pseudo 
core density from the atomic core density, cut-off radius 
rshape of the shape function used in the compensation 
charge density definition, the pseudization scheme in 
order to get the pseudopotential Vloc(r) and the radial 
shape function gL(r) were studied over a range of val-
ues. 

 
Fig. 1. Examples of logarithmic derivatives for l-states com-
puted for exact and PAW wavefunctions. 

 
Fig. 2. Examples of exact (red) and PS (green) partial wave 
projections for s, p, d and f states. 
Sampling of the irreducible Brillouin zone was per-
formed using the special k-point method [5]  
The computed pseudopotentials were tested by compari-
son of their logarithmic derivatives (Fig. 1) and radii rc 
(Fig. 2) with those for exact results. 
Eventually, the pseudopotentials obtained were used to 
estimate the lattice constant of UO2. The calculated aps is 
between 10.305 and 10.315 a.u. (Fig.3), whereas the 
experimentally determined value is aexp=10.314 a.u. [4]. 

 
Fig. 3. Plot of electronic energy Etotal as a function of lattice 
constant acell. 
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Working Parameters of an Ion Source for Isol Facilities  
K. Pyszniak2, M. Turek2, A. Droździel2, B. Słowiński1, D. Mączka1 

1 National Centre for Nuclear Research, Otwock-Świerk, Poland 
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The ion source described in the report Electron Beam 
Generated Plasma [1] is a promising tool enabling stud-
ies that require ions of refractory elements. This ion 
source is dedictaed to the YaSNAPP facility in JINR, 
Dubna. Its construction is shown schematically in 
Fig. 1. 
The advantage of this ion source in comparison to other 
plasma ion sources relies mainly on the formation of the 
potential trap inside the plasma volume. 

 
Fig. 1. Schematic drawing of the EBGP ion source: 1 – indi-
rectly heated cathode, 2 - cathode filament,  3 – anode grid, 4 
– anode, 5 – ionization volume, 6 – extraction opening,  7 – 
extraction electrodes, 8 – insulators, 9 – electromagnet, 10 – 
heat  shielding. 
On the basis of the critical conditions for maintaining 
the potential trap and the physical properties of tungsten 
as the material the cathode and chamber walls are made 
out of the working temperature of the ion source is es-
timated to be in the range 2600 – 2800 K. This tempera-
ture level determines the production efficiency of ions 
of refractory elements, mainly depending on their half-
livs. The other calculated critical values of the working 
parameters providing formation of the ion trap are: 
- density of electron current - je=0.7A/cm2 
- electron current - Ie=1.4 A  
- evaporation rate of  the cathode - νW=8.5·1013 cm-2s-1 
- concentration of  W atoms - nW=2·109 cm-3 
- W+ current at total ionization - I0=2.9·10-5A 
- W+ current at real ionization - IW=1.35·10-6A source 
efficiency for W - βi≈0.05.  

In order to estimate the radioactive nuclide yields one 
can use the results presented in [2], describing the case 
of a flat target placed into a hot cavity ion source. Tak-

ing into account some changes due to the fact that the 
considered target is a tube of thickness δ, the output rate 
of the ions of the nuclides under investigation may be 
described by the following equation: 
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where e is the elementary charge; βi is the dimensionless 
ionization coefficient in the source; St is the target sur-
face area, [m2]; σ is the nuclide production cross section, 
[m2]; ρ is the target density, [m-3]; G is the proton beam 
intensity, [m-2·s-1]; D is the diffusion coefficient, 
[m2·s-1]; λ is the decay constant, [s-1]; τ*  is the mean 
staying time of the nuclide on the surface [s]. Fig. 2 
shows the results of calculations of several nuclide 
yields. 
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Fig. 2. Nuclide output rates for some high-melting elements. 
The output rates diminish rapidly with decreasing nu-
clide half-life, reaching values of ~10 ions/s for t1/2 of 
the order of 0.1 s. 
Having in mind the technical difficulties concerning the 
on-line mode of operation, the use of thin targets made 
of oxides or carbides should be considered. 
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A new numerical Monte Carlo method based model of a 
hot cavity surface ionization ion source has been devel-
oped. The model is intended to support studies of ioni-
zation phenomena in a widely used class of ion sources, 
taking into account the geometry of the ion source and 
the extraction system, ionizer temperature and other 
features. The numerical code solves the Poisson equa-
tion in order to find the potential distribution in the ion 
source, then it finds the trajectories of particles taking 
care of ionization at the hot walls, depending on the 
Saha-Langmuir ionization parameter β. Details may be 
found elsewhere [1, 2]. 
The results of ion source efficiency, βs, calculations for 
various configurations of the extraction field are pre-
sented. The ionizer region near the extraction opening 
plays the dominant role. Simulated dependences of 
ionization efficiency on the working parameters like 
ionizer length and temperature (see Fig. 1), ionization 
potential (Fig. 2) of the substance, extraction voltage are 
shown. 

 
Fig. 1. The ionization efficiency as a function of the ionizer 
temperature. The experimental data are for barium in a tung-
sten ionizer. 
 

5 6 7 8
1E-4

1E-3

0.01

0.1

1

   experiment
  simulation

 β
s

Fe
Ni

Pb

Cr

TiU

Dy
Sr

K

 eVi  [ eV ]  
Fig. 2. Dependence of the source efficiency on ionization 
potential. 
Good agreement between the experimental data (e.g. 
influence of  ionizer temperature, current-voltage curve) 
and the predictions of the model is found. It is also 
shown that the contribution to the ionization yield from 
the impact of thermionic electrons accelerated by the 
extraction field may be significant, especially for sub-
stances of small surface ionization coefficient. The 
simulation results are compared to the predictions of 
different theoretical models of the ion source (Fig. 3). 
The obtained simulation data are in accordance both 
with the well-known Kirchner formula and the so-called 
spherical ionizer model. 
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Fig. 3. The comparison of βs(β) curves obtained from simula-
tions and predicted by theoretical models. Results of simula-
tions for an ‘each ion’ regime, Eo=5 kV/m (dash-dot) and for 
a realistic field with Vext=1 kV (double dot-dash line.) 
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Studies of the Registration Properties of the CR-39/PM-355 Track Detector 
for High-temperature Plasma Experiments and Medical Application 

A. Szydłowski, A. Malinowska, M. Jaskóła, A. Korman, S. Pszona, A. Wysocka-Rabin, R. Prokopowicz, K. Pytel 
National Centre for Nuclear Research, Otwock-Świerk, Poland 

 
Solid-State Nuclear Track Detectors have been used in 
our Institute for corpuscular diagnostics in plasma ex-
periments. In order to make these detectors more rele-
vant for such studies each detector batch has been cali-
brated using ions from an accelerator. However, in high-
temperature plasma experiments the detectors operate 
under harsh conditions of high-temperature, heat im-
pact, intense X-rays and fast electrons. Therefore, we 
initiated recently more sophisticated investigations of 
the PM-355 detectors, which concern the influence of 
these factors on the detection properties of the detector. 
The aim of these studies is to elucidate their role in the 
track formation process [1, 2, 4]. 
In 2011 we made an attempt to use the PM-355 detec-
tors as integrated neutron fluence sensors for monitoring 
the neutrons during radiotherapy treatment. The studies 
were performed in the treatment room of the Varian 
Clinac 2300 accelerator at the Oncology Centre in War-
saw. We additionally used an activation detector 
58Ni(n.p)58Co as an integrated neutron fluence detector 
for the same purpose. Both detectors were calibrated in 
the field of a 252Cf neutron source. The results of neu-
tron fluence measurements at different points from the 
accelerator conversion target are ~106 neutrons/cm2Gy 
(Fig.1). Results consistent within the 30% acceptable 
margin of error were obtained in these measurements 
using both detectors: 2.2x109 neutrons/cm2, as meas-
ured on the PM-355 detector and 3.0x109 on the Ni 
sample. It was shown that both detectors can be used as 
individual patient monitors of the total neutron fluence 
during radiotherapy treatment. 
In 2011 we completed the analysis of data that were 
obtained in the recent JET (Joint European Torus, Cul-
ham, England) campaigns. The data were obtained us-
ing the multi-foils activation technique to measure the 
neutron fluence around the JET facility. This method is 
based on recovering information about neutrons by 
registering the products of induced nuclear reactions. 
Samples of selected materials (isotopes) are used as 
detectors. The chosen materials have high cross-section 
with neutrons in the specific energy ranges and reaction 
products decay with γ-ray emission and can thus be 
detected using gamma spectrometry. The measurements 
were performed with samples exposed to the fusion 
neutrons in the 3U JET activation end (the only one 
placed inside the vacuum vessel). After irradiation the 
gamma rays emitted by the samples were measured 
using a HPGe gamma spectrometer. The measured neu-
tron fluence is related to the total neutron production by 
applying a calibration factor K (Fig. 2), that is deter-
mined by neutron transport calculations (e.g. the MCNP 

code). We used the MCNP code with a modified input 
file, which includes the cooling water used with 3U and 
other nearby structures, to calculate the values of K for 
the new materials that we used during the recent JET 
campaigns. Our calculations showed that the total neu-
tron emission from JET discharges is ~ 14% higher that 
was hitherto thought [5].   

 
Fig. 1. Total neutron fluences recorded by thePM-355 sam-
ples vs. the distance from the conversion target. 

 
Fig. 2. Measured reaction rates for In, Y and Ni samples vs. 
total neutron rates as measured by fission chambers. The 
slopes of lines fitted to the measured points correspond to 
measured activation coefficients K. 
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Studies of runaway electrons in tokamaks make it pos-
sible to collect important information about plasma 
behavior. In the ISTTOK tokamak plasmas are pro-
duced at high toroidal electric fields, and the accelerated 
runaway electrons can be recorded. A technique based 
on the Cherenkov effect, i.e. the emission of intense 
radiation by fast electrons in appropriate radiators, en-
sures direct, spatially well-defined and instantaneous 
measurements of the fast electron beams [1-2]. 
In a new 4-channel probe use was made of modified 
AlN poly-crystals of 10 mm in diameter and 2.1 mm in 
thickness. During the ISTTOK 2011 experimental ses-
sion the much better quality of Mo-filters on AlN crys-
tals was proved. In order to record hard X-rays (HXR) 
outside the ISTTOK chamber use was made of two sets 
of 2-channel measuring heads equipped with NE102A 
scintillators of 1.5 cm in diam. and 1.5 cm in length. 
One HXR measuring head was placed near the ISTTOK 
limiter [3]. 
To compare experimental data use was made of electron 
signals integrated over periods when the electrons were 
recorded. The CH1, CH2 and CH3 signals, presented in 
Fig. 1A, corresponded to electrons of energy equal to 
66, 90 and 117 keV, respectively. It can be easily seen 
that the largest amount of fast electrons was recorded by 
the CH1 channel (the integrated value was ICH1=167.3), 
while the CH2 and CH3 channels recorded considerably 
lower electron numbers (where ICH was 28.3 and 32.8). 
This means that the runaway emission from ISTTOK 
was dominated by electrons of energy 90 keV. It is 
evident that there were also some electron beams of 
higher energy, as can be seen from the small signals 
recorded in the higher energy channels and HXR peaks 
[3-4]. 
The HXR pulses were measured by scintillation detec-
tors placed outside the ISTTOK experimental chamber 
behind different Cu-layers. Since distinct signals were 
recorded it was possible to compute the absorption 
coefficient µ(E) corresponding to an HXR energy equal 
to about 350 keV. These energy values corresponded to 
a high-energy tail of the Maxwellian distribution of the 
X-ray emission. 
It should be noted that the temporal waveforms of the 
electron- and HXR-signals were very similar, as one can 
see from the time-extended traces presented in Fig. 1A. 
A comparison of the electron-induced signals (particu-
larly from the CH1 channel) with the HXR signals 
showed good temporal correlation and evident propor-

tionality of these signals. Another evidence of the corre-
lations between the electron and HXR signals was de-
livered by a diagram presenting the dependence of the 
amplitudes of the CH1 and Xray1 signals, which is 
shown in Fig. 1B. The similarity of the considered sig-
nals and their good temporal correlation suggested that 
the HXR were generated by interactions of the fast 
electron beams with the limiter and chamber wall.  

 
Fig. 1. Correlations of run-away electron signals and HXR 
waveforms (A) and a comparison of CH1 with X ray sig-
nals (B). 
According to the EURATOM program, in 2011 pre-
liminary measurements of fast electrons by means of the 
new Cherenkov-type measuring head should be per-
formed within the TORE-SUPRA facility. The new 
Cherenkov detector head was constructed and manufac-
tured at NCBJ in Swierk and this construction made it 
possible to perform detailed calibrations of individual 
measuring channels outside the TORE-SUPRA vacuum 
chamber, without the necessity of disassembling and 
assembling the whole probe. Unfortunately, during the 
late-spring-2011 TORE-SUPRA experimental session 
one of the LH antennas was out of order and our mobile 
shaft had to be used for the antenna diagnostic purpose. 
It is planned to continue run-away electron measure-
ments within TORE-SUPRA in 2012.  
It should be added that in 2011 a HV electron gun 
(100 keV, 10 mA), which was designed especially for 
Cherenkov probe calibration, was modified. After this 
modification the e-gun seems to operate properly and 
can be used for further research. 
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Development of New Techniques for Plasma Diagnostics  
at Extreme Conditions in Thermonuclear Reactors and Modernization  

of the PF-360 Facility for Tests of New Diagnostic Equipment* 
M. Rabiński, M.J. Sadowski, J. Żebrowski with scientific- and technical-coworkers 
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In September 2011 two teams from Dept. N5 at NCBJ 
started to realize two different tasks from the NCBiR 
contract: the so-called “Stage 4” concerning the devel-
opment of two diagnostic probes adapted for extreme 
experimental conditions which might occur within fu-
ture fusion-based reactors, and the so-called “Stage 10” 
concerning the modernization of the PF-360 experimen-
tal facility for testing the new plasma diagnostic tools.  
The task concerning the first probe was aimed at the 
design of an ion pinhole camera equipped with a rotat-
ing drum and several nuclear track detectors, which 
might be irradiated during a single plasma discharge. 
This probe, after appropriate etching of the irradiated 
detectors and their quantitative analysis, should enable 
time-resolved data about dynamics of the ion emission 
(including the charged fusion products) to be obtained. 
A scheme of such a probe is shown in Fig. 1. 

 
Fig. 1. Scheme of an ion pinhole camera with a rotating drum 
for nuclear track detectors to be exposed during a single 
discharge. 
The task concerning the second probe was aimed at the 
design of a probe equipped with a miniature Thomson-
type analyzer and an appropriate nuclear track or CCD 
detector. This probe should enable mass- and energy-
spectra of the emitted ions to be recorded inside the 
experimental chamber of a fusion facility, e.g. a toka-
mak. A scheme of such a probe is shown in Fig. 2. 

 
Fig. 2. Scheme of an ion probe equipped with a miniature 
Thomson-type spectrometer and NTD detector. 

In 2011 the main efforts concerned an analysis of  the 
experimental conditions expected during the future 
exploitation of new probes, determination of require-
ments as regards dimensions and motions of the probes, 
an analysis of the expected thermal loads and require-
ments as regards constructional materials, determination 
of conditions during future exposures of the applied 
detectors, and an analysis of the possibility of perform-
ing laboratory tests of the probes within accessible 
plasma experimental facilities.  
The second task included an assessment of the present 
technical status of the PF-360 experimental facility and 
an analysis of requirements concerning the moderniza-
tion and adaptation of this facility for tests of the de-
signed plasma diagnostic probes. In particular, all sec-
tions of the current pulse generator and the old control 
system (see Fig.  3) have been investigated technically. 

 
Fig. 3. View of one condenser section of the PF-360 current 
pulse generator (left) and the old control panel of this facility 
(right). 
Several destroyed HV condensers and high-current 
spark-gaps have been identified. The block scheme of 
the PF-360 current pulse generator has been analyzed, 
and a new scheme has been developed. It has been de-
cided that all the HV spark-gaps must be regenerated 
and equipped with new charging resistors. A new 
scheme of the PF-360 generator control unit has also 
been developed. Some materials needed for the mod-
ernization of the PF-360 facility have already been 
bought or ordered.  
The main results of the tasks described above were 
presented and discussed at the 1st Scientific Seminar on 
the NCBiR Project, which was held at the IFJ PAN in 
Cracow, Poland, on October 25, 2011 [1].  
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In 2011 many efforts were devoted to studies of free-
propagating high-temperature plasma streams and their 
interaction with solid-state targets within different ex-
perimental facilities. Experimental results collected 
previously within the PF-1000 facility in Warsaw were 
summarized and published  [1-2]. Attention was paid to 
research on the behavior of materials important for 
fusion technology, e.g. tungsten, boron nitrate, Al2O3 
ceramics and carbon-fiber composites within PF-1000, 
QSPA Kh-50 in Kharkov and RPI-IBIS in Swierk [3-5]. 
It was shown that these facilities are applicable to mate-
rials studies (Fig. 1). 

 
Fig. 1. Images obtained with an optical microscope for an 
Al2O3 sample which was placed at a distance of 15 cm from 
the PF-1000 anode and irradiated by 8 plasma-ion pulses [4]. 
Particular attention was paid to experiments on the 
simulation of ITER-like edge-localized plasma modes 
and their impact on divertor-material surfaces in avail-
able plasma accelerators [6], as shown in Fig. 2. 

 
Fig. 2. Heat load versus incidence angle of a plasma 
stream of energy flux equal to 2.4 MJ/m2 (left) and a picture 
of a plasma-target impact (right), as recorded in the QSPA 
Kh-50 [6]. 
Experiments with the RPI-IBIS facility concerned ob-
servations of visible radiation, measurements of ion-
plasma streams and detailed studies of the optical emis-
sion spectra. Measurements of the ion beams were of 
primary importance because of erosion effects which 
can be induced by high-power pulsed ion beams. On the 
basis of ion images recorded behind different absorption 
filters it was possible to determine the energy distribu-
tion of fast ions emitted from plasma discharges. Accu-
rate measurements of the deuteron energy spectrum 
were performed with a miniature Thomson spectrometer 
constructed and used at NCBJ (see Fig. 3).  

 
Fig. 3. Thomson parabolas of deuterons and impurity ions 
(Mo+) emitted from the RPI-IBIS facility [7]. 
The operation of the RPI-IBIS facility under conditions 
which ensured the emission of deuterium-plasma 
streams with a small amount of impurities, a satisfactory 
energy flux (from 3 J/cm2 to 7 J/cm2), and a relatively 
high power density (1-5 MW/cm2), enabled studies of 
the behavior of a W-target irradiated by the chosen 
plasma-ion loads to be performed. Examples of the 
optical spectra, which were obtained at different energy 
fluxes, are shown in Fig. 4. 

 
Fig. 4. Comparison of the chosen part of the optical spectra 
recorded for experiments with a W-target in the RPI-IBIS 
facility [7]. 
It was found that the erosion of the irradiated W-target 
(see WI- and WII-lines) depends considerably on the 
irradiation power when the energy flux is > 3 J/cm2.  
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In the frame work of a scientific collaboration with 
IFPiLM (Warsaw) and CVUT (Prague) detailed intefer-
ometric measurements of dense and high-temperature 
plasma generated by high-current pulse discharges in 
the PF-1000 facility were performed. These studies 
were accompanied by detailed time-integrated and time-
resolved measurements of fast (about 2.5 MeV) protons 
produced by D-D fusion reactions. Attention was paid 
to correlations of different phenomena. 
In particular the spontaneous transformation in the 
pinch column of the PF-1000 discharge was investi-
gated [1].  It was observed that the formation of the 
pinch column is not necessarily axially symmetric, and 
it often produces lobules and/or spiral structures 
(Fig. 1).  
It was also observed that the implosion of the pinch 
column starts spontaneously in some parts of the col-
umn as m=0 instability. During this implosion a portion 
of the plasma is axially injected into the non-collapsed 
quasi-stable column in the closed neighborhood, where 
it can form a plasma dense structure.  
Attention was paid to characterization of the neutron 
production from the PF-1000 facility, and in particular 
to that for the modified electrode system (i.e. with an 
additional anti-anode disk) [2]. It was proved that the 
application of the anti-anode reduces the neutron yields 
and changes the emission characteristics considerably, 
as shown in Fig. 2.  
Other efforts concerned an analysis of the most impor-
tant issues of high-current plasma experiments of the Z-
pinch type [3]. Results of experimental and theoretical 
research on inter-electrode discharges, single exploding 
wires, so-called X-pinches, cylindrical wire-array Z-
pinches, radial wire-array discharges, conical wire-array 
experiments, gas-puffed Z-pinches and non-cylindrical 
Z-pinch discharges (often called Plasma-Focus experi-
ments) are reviewed and summarized. A summary of 
progress in mega-joule PF experiments was also pro-
duced and presented at the international conference 
PLASMA-2011 and submitted for publication [4]. The 
evolution of plasma density in the pinch during shots 
with high neutron yields was analyzed, as shown in 
Fig. 3. 
In 2011 energy transformations in a column of the PF 
discharge with mega-ampere currents were also ana-
lyzed and discussed [5]. A detailed analysis of images, 
which were obtained by means of multi-frame laser 
interferemetry for the PF-1000 facility equipped with a 
forehead cathode, was also performed [6]. 
 

 
Fig. 1. Dynamics of lobules and spiral structures in the pinch 
column, as observed in PF-1000 at a neutron yield of 
3.3x1011 [1]. 

 
Fig. 2. Hard X-ray, soft X-ray and fusion neutron signals 
measured down stream at a distance of 7 m from the PF-1000 
electrode ends.  

 
Fig. 3. Equi-density contours reconstructed from multi-frame 
laser interferograms taken at different instants after the dI/dt 
minimum for a PF-1000 shot with a high neutron yield. 
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In the frame work of this task all detailed measurements 
of electron and ion beams emitted in the upstream- and 
downstream-direction from the PF-1000 facility were 
analyzed and published [1]. New experimental studies 
of high-energy ion beams emitted from the PF-360 
facility were also carried out. Time-integrated ion 
measurements were performed with pinhole cameras 
equipped with nuclear track detectors and placed at 
different angles to the z-axis, as shown in Fig. 1. 

 
Fig. 1. Scheme of PF-360 experiment showing positions of 
two ion pinhole cameras (not to scale). 
The time-integrated ion pinhole images confirmed that 
the fast ions are emitted in many micro-beams. Simulta-
neously, experimental evidence was gained that the ion 
micro-beams emitted at some angles to the z-axis show 
periodical structure, as shown in Fig. 2.   

 
Fig. 2. Time-integrated pinhole image of deuteron micro-
beams taken without any filter (right) and behind a thin Al foil 
(left) for 8 shots in the PF-360 facility.  
Detailed studies of the spatial- and energetic-
characteristics of fast ion beams were performed by 
means of cascade pinhole cameras; in these some ion 
beams could penetrate through a small hole in the first 
detector and be recorded upon the second detector. This 
enabled the divergence of micro-beams to be observed 
and the fine structure of the ion emission to be studied 
[2]. An analysis of the recorded ion images, performed 
by means of an optical microscope, made it possible to 
determine ion flux densities in different places on the 
detection plane, as shown in Fig. 3.  

 
Fig. 3. Ion images from earlier experiments with a PF-20 
device (a), from the previous PF-360 experiments and (b) 
from the recent PF-360 experiments (c) Bottom row presents 
an enlargement of the image (c), which shows three micro-
beams (d), ion tracks taken in the micro-beam centre (e) and 
outside that (f). 
In order 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 (see  
Fig. 1). To record ions of different energies, the SSNTD 
were shielded with filters made of pure aluminum foil 
of different thickness (e.g., 1.5 µm or 3 µm), which 
allowed deuterons of energies above 220 keV and 
380 keV, respectively to be recorded. The time-resolved 
ion signals showed that high-energy ions (e.g. 400-600 
keV deuterons) are emitted in a few bunches and they 
correlate with hard X-ray pulses (see Fig. 4). 

 
Fig. 4. X-ray and ion signals, obtained from different measur-
ing channels (ch1-ch3) in the pinhole camera placed at 00 
and a distance of 100 cm from the PF-360 electrode ends, in 
comparison with signals from the neutron detector (N/2) [3].  
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in Plasma Surface Engineering Methods 

K. Nowakowska-Langier1, K. Zdunek1,2, R. Chodun2 
1 National Centre for Nuclear Research, Otwock-Świerk, Poland 

2 Warsaw University of Technology, Warsaw, Poland 
 
In our Plasma Surface Engineering laboratory layers of 
metallic as well as nonmetallic materials were synthe-
sized. For synthesis processes we used three plasma 
surface engineering methods: Impulse Plasma Deposi-
tion (IPD), Pulse Magnetron Sputtering (PMS) and 
UHV arc discharges. Below are described our investiga-
tions that were done in  2011 [1-3]. 
We studied the effects of utilizing pulse valves for dos-
ing 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 practi-
cally verified in the technology of TiN layers manufac-
tured by the IPD method (Gas Injection IPD – GIIPD). 
This new way of plasma generation in the magnetron 
sputtering technique, referred to as Gas Injection Mag-
netron Sputtering (GIMS) [1], has been used for produc-
ing thin AlN layers for electronics applications using the 
single magnetron system. Despite the initial stage of the 
studies, the experiments showed that dense AlN coat-
ings with a significantly reduced tendency for columnar 
growth could be produced in this way (Fig. 1). 

 
Fig. 1. Morphology of AlN layers deposited by the GIMS 
method. 
In our opinion the experiments carried by us proved that 
the plasma processes of layers deposition by different 
methods: GIIPD and GIMS could be effectively con-
trolled by the use of pulse valves and the gas injection 
technique. In both cases they demonstrated their indi-
vidual advantages.  
Structural studies of molybdenum coatings deposited by 
two plasma surface engineering methods: (PMS) and 
UHV arc discharges were carried out. We tried to obtain 
a compacted structure with good adhesion in connection 
with the intended application in a diagnostic system 
based on the observation of Cherenkov radiation, which 
might be induced by fast electrons within solid radiators 
[2]. Differences in the coating growth and the obtained 
structure were observed. The Mo coatings prepared by 
the UHV arc discharges method exhibit a typical struc-
ture for this kind of deposition technique. The morphol-
ogy is characterized by crystalline, dense, compacted 

and bulk-like structures, which are composed of 3D 
equiaxed grains. The magnetron sputtering method is 
characterized by low substrate temperature, therefore 
the layers most typically show a columnar crystallo-
graphic structure. Fig. 2 shows that the synthesis proc-
ess carried out with the low frequency pulse mode in-
fluenced the columnar growth of the metallic coatings. 
Pulsed energy delivery to the growing film has managed 
to re-duce the growth of the column.  

 
Fig. 2. Morphology of Mo layers deposited by the UHV arc 
discharges method (top) and Pulse Magnetron Sputtering  
method. 
We also studied the effects of the elimination of current 
oscillations within the coaxial plasma accelerator during 
the IPD synthesis deposition process on morphology, 
phase structure and properties of synthesized coatings 
[3]. The results of our investigations show that the char-
acter of current waveforms in the plasma accelerator 
electric circuit plays a crucial role during the coating 
synthesis process. The elimination of the current oscilla-
tions leads to the obtaining of an ultra-fine-grained 
structure of titanium nitride coatings and to the disap-
pearance of the tendency to structure columnarisation. 
Coatings obtained during processes of a non-oscillating 
character are distinguished by better wear-resistance 
properties. 
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Doping stainless steels with oxygen reactive elements 
like Y and rare earth elements (REE) like Ce, La, Er and 
others improves their oxidation resistance at high tem-
peratures. 
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. 
In this work we report on the use of yttrium as an active 
element incorporated into 316L stainless steel using 
high intensity pulsed plasma beams (HIPPB). 
Samples of AISI 316L commercial austenitic stainless 
steel 20×20×1 mm3 in size were modified using high 
intensity (106-108 W/cm2) pulsed plasma beams gener-
ated in a Rod Plasma Injector (RPI), described in detail 
elsewhere [1]. 
The selected samples were characterized by stereo-
scopic optical microscopy (OM), scanning electron 
microscopy (SEM), energy dispersive X-ray spectros-
copy (EDX), Rutherford back scattering (RBS), grazing 
angle X-ray diffraction (GXRD) and roughness meas-
urements. 
The oxidation process was performed in air, at a tem-
perature of 1000°C for a period of 100 h. 
Fig. 1 shows macroscopic scale images of the surface of 
specimens containing different amounts of yttrium after 
oxidation. The whole surface of the untreated sample is 
covered with pits and regions of detached scale. Addi-
tionally, the oxidized layer does not adhere to the sub-
strate. A similar situation is observed for samples with 
Y concentrations up to 4.79 at.% inclusive. The in-

creased coherence of the layer was only observed, with 
an increase of yttrium content. For 7.28 and 8.87 at.% of 
incorporated element, the quality of the oxidized layer is 
qualitatively different. 
For a better visualization of this situation, computer 
processing to increase the contrast between “good” and 
“poor” areas was adopted (not shown here). 
In the case, where the concentration of yttrium was 7.28 
at.%, the good layer was at a level of 21%. The increase 
of Y fluence to 8.87 at.% caused an increase in the share 
of the good layer of more than two-fold - to about 43%. 
The maximum concentration of yttrium is not enough to 
obtain a correct oxidation resistant layer. This concen-
tration must be higher. 
The situation described is worse in comparison with the 
results of investigations on modification of 316L steel 
by mischmetal. In this case, presented in ref. [2], a total 
concentration of Ce and La at 4 at.% was sufficient to 
obtain the correct resistance. 
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Fig. 1. Microscopic images of 316l samples for different HIPPB introduced Y concentrations after high temperature oxidation 
(1000°C, 100 h). 
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The addition of some amount of oxygen reactive ele-
ments like Y and rare earth elements (REE) Ce, La, Er 
and others into stainless steels or iron chromium alloys 
improves their oxidation resistance at high temperature. 
In the present work we intend to use yttrium as an active 
element which will be incorporated into 304, 316L and 
430 stainless steels using conventional ion implantation 
with an MEVVA type Y ion source. 
Yttrium ions were implanted at 65 kV acceleration volt-
age into samples made of AISI 304, 316L commercial 
austenitic stainless steel and 430 ferritic stainless steel 
in the form of coupons 20x10x1 mm3 in size, using a 
MEVVA type implanter with direct, beam without mass 
separation, described in detail elsewhere [1]. Implanted 
doses were between 1e15 and 5e17 cm-2. 
The samples were examined by Stereoscopic Optical 
Microscopy (OM), Scanning Electron Microscopy 
(SEM), Energy Dispersive X-ray Spectrometry (EDX) 
and Rutherford Backscattering Spectrometry (RBS) and 
next subjected to oxidation in air, at a temperature of 
1000°C for a period of 100 h. 
The atomic concentrations of yttrium for 304 and 316L 
austenitic steels are very similar for all implanted doses 
(not shown here). In both cases, the maximum content 
of yttrium was about 5 at.% for 5e17 cm-2. A different 
situation is observed for 430 ferritic steel. A value of Y 
concentration above 5 at.% was already obtained for 
1e16 cm-2, i.e. 10 times lower than in other steels. In 
430 substrate, the Y content reaches the maximum value 
of above 6 at.% for an implanted dose of 1e17 cm-2. For 
higher implanted doses, this value is approximately 
constant. 
Macroscopic surface images of specimens containing 
different amounts of yttrium after oxidation in air at 
1000şC for 100 h are shown in Fig. 1. The whole sur-
face of the untreated samples was covered by pits and 
areas of detached scale. 
For a better visualization of this situation, to increase 
contrast between “good” and “poor” areas, computer 
processing was adopted (not shown here). 

 
Fig. 1. Microscopic images of 304, 316L and 430 samples for 
different ion implantation introduced Y concentrations after 
high temperature oxidation (1000°C, 100 h). 
Surface oxidation occurs above 5e17 fluence for 304 
steel, at no fluence for 316L steel and above 1e16 flu-
ence for 430 steel. We may conclude that the effective-
ness of yttrium implantation for ferritic steel is higher 
by a factor of about 100 in comparison with austenitic 
steels. 
This situation is related to a change of yttrium concen-
tration in the samples. Our results are examples of a 
difference between the behavior of the two types of 
steels investigated. The optimum range of yttrium con-
tent is from 5e15 to 1e17 cm-2 for 430 steel and un-
known for austenitic steels. The EDX measurement and 
SEM observation results suggests that this concentration 
should exceed 5 at.%. 
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Manganese (or other transition metal) implanted silicon 
is considered as a potential candidate for a diluted mag-
netic semiconductor - a material necessary for spin-
tronic devices [1]. Such a material should exhibit ferro-
magnetic properties at room temperature and the ferro-
magnetism should be carrier mediated to allow for its 
electronic control. 
However, high-concentration alloys of silicon and metal 
are thermodynamically unstable and equilibrium meth-
ods of their formation lead to precipitation of various 
second phases. Ion implantation is a non-equilibrium 
method but leads to generation of defects which disturb 
the electronic properties of the semiconductor. There-
fore, to avoid second phase precipitation and remove 
implantation-induced defects, the traditional post-
implantation annealing should be performed as fast as 
possible [2, 3]. For that purpose we used plasma pulses 
produced by IBIS equipment [4] at NCBJ. P-type sili-
con single crystal wafers of (100) orientation were im-
planted with 2E+16, 4E+16, and 6E+16 cm-2 of 
190 keV Mn+ ions at room temperature. The samples 
were treated with hydrogen plasma pulses of duration of 
about 1µs and pulse energy of about 4J/cm2. The pulses 
were generated in a source equipped with Mn-coated 
electrodes to avoid cross-contamination with other TM 
elements. Channeled RBS measurements were per-
formed on all samples using He+ beam of 1.7 MeV 
energy. Selected spectra were modeled using the SIM-
NRA code. 
Representative results of RBS measurements are dis-
played in Fig. 1 which shows the random and aligned 
spectra of silicon samples implanted with 190 keV Mn 
to a dose of 2E+16 and 6E+16 ions per cm2, for virgin, 
Mn implanted, pulse treated, and Mn implanted plus 
pulse treated samples (upper left-hand diagram) and the 
corresponding samples implanted with 6E+16 Mn ions 
per cm2 (upper right-hand diagrams). The lower dia-
grams show the respective spectra expanded in the re-
gion of Mn backscattering. 
From an inspection of the upper diagrams of Fig. 1 we 
see that Mn implantation leads to formation of an amor-
phous zone at the crystal surface. The plasma pulse 
applied to undoped crystal produces no change in the 
RBS spectrum, thus indicating that a perfect epitaxial 
crystallization takes place at the solid-molten inter-
phase. In Mn implanted crystal, however, the Mn con-
tent introduces a disorder manifested by a rise of the 
spectrum after pulse treatment in comparison to the 
virgin crystal. This disorder suggests an interstitial 
mechanism of Mn location in the silicon lattice. This 
interstitial mechanism is confirmed by an inspection of 
the Mn scattering region in which the random spectra of 
Mn impurities coincide with the aligned ones. Note that 
this result does not mean that the Mn impurity is inter-

stitial; it means that it is not substitutional and does not 
preclude a possible precipitation mechanism. 

 
Fig. 1. Random and aligned spectra of Si samples im-
planted with manganese. Left: dose 2E+16cm-2, right: dose 
6E+16 cm-2. Lower diagrams: the corresponding spectra 
expanded in the region of Mn scattering. 
The Mn profile in pulse plasma annealed samples is 
evidently segregated to the surface. The interpretation 
follows that of profiles after laser pulse annealing [1]. 
The development of the surface peak is apparently due 
to segregation of the impurity present in the surface 
layer, which is first molten by the plasma pulse and next 
recrystallizes from the substrate moving to the surface. 
The impurity segregates in the liquid phase at the solid-
liquid interface and therefore it is pushed from the bulk 
to the surface. This mechanism is equivalent to zone 
refining of crystals and demonstrates that the segrega-
tion mechanism seems to operate during PPA although 
at much reduced effectiveness. 
The apparent coincidence of the aligned and random 
spectra tells us that the melting process does not lead to 
substitutional location of manganese atoms and the 
interstitial location is maintained. This means that ther-
modynamic considerations deduced from first principles 
calculations which point to crystallization much higher 
probability of interstitial Mn atom in Si lattice than the 
substitutional one hold for rapid crystallization. 
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Mechanism of Damage Buildup in Compound Semiconductors 
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Although ion bombardment of compound semiconduc-
tors has been studied quite extensively over at least 
three decades, a lack of understanding of the fundamen-
tal mechanism of damage buildup and amorphisation of 
these materials reamins. In the case of compound semi-
conductors structural transformations at specific flu-
ences occur, which can be visualized as steps in the 
defect accumulation curve.  
Damage buildup and defect transformations in ion bom-
barded GaAs and AlGaAs compounds, as well as in 
GaN and AlGaN were studied by the complementary 
use of RBS/channeling, HRTEM and HRXRD tech-
niques. Parameters of damage buildup at RT were 
evaluated in the frame of the Multi-Step Damage Ac-
cumulation mo-del [1]. In the case of AlGaAs com-
pounds a two step process, whereas for III-N com-
pounds a three step process have been revealed 
The typical defect accumulation curve for Ar-ion bom-
barded GaN shown in Fig.1 was obtained from RBS/c 
data analysis using the modified McChasy code.  
HRXRD analysis has indicated that ion bombardment to 
low fluences (stage I) produces an increase of the lattice 
parameter leading to a tensile stress. For all studied 
materials stress is the driving force for the transition 
into the next stage. In stage II, for III-V compounds 
growth and coalescence of defect clusters occurs until 
amorphisation has been attained. 

For III-N compounds the involved processes are much 
more complicated. In stage II a tangle of dislocations 
grows with increasing ion fluence and saturates well 
below amorphisation level. Transition to stage III – 
amorphisation – takes place due to defect-impurity 
interaction, which becomes effective once a high 
enough concentration of implanted atoms has been 
attained. A model of damage accumulation processes in 
GaN directly related to elastic properties has been de-
veloped. In stage I elastic deformation occurs where the 
elongation (strain) increases linearly with stress accord-
ing to Hooke’s law [3]. At the yield point, when the 
critical stress was attained, plastic deformation begins. 
One can speculate that in stage II very high density of 
dislocations and their great mobility promotes not only 
dislocation recombination but also their annihilation. In 
stage III crystal failure occurs, which is related rather to 
defect-impurity interactions than to the elastic properties 
of the material. 
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Fig. 1. Damage accumulation curves for GaN epitaxial layers bombarded to different fluences of 300 keV Ar-ions at RT. For 
comparison the data of Wendler et al.[2] taken for the same ion bombardment conditions at 15K are shown (a)  randomly dis-
placed atoms RDA and (b)  extended defects (dislocations). 
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The HOM Couplers and Absorbers for the European XFEL Project 
K. Kosiński, E. Pławski, M. Wojciechowski 

National Centre for Nuclear Research, Otwock-Świerk, Poland 
 
The XFEL main electron linac system contains 824 
superconducting accelerating cavities (Fig. 1) placed in 
103 cryomodules. The beam energy gain will be 
17.5 GeV and the bunch charge of 1nC will be com-
pressed in length down to 80 fsec before entering the 
undulators. The beam induced fields give rise to beam 
instabilities degrading the phase volume of the beam or 
even lead to the loss of the beam. These field are ex-
pressed in the terms of higher order modes (HOM). The 
deposited HOM energy has to be extracted effectively to 
avoid these instabilities. The actual longitudinal HOM 
loss factor is shown Fig. 2.  
As an “in kind contribution” to XFEL, NCBJ is deliver-
ing linac HOM couplers and HOM absorbers.  
The energy of HOMs trapped in accelerating cavities is 
damped by HOM capacitive couplers placed on the 
input and output side of each cavity (Fig. 1). As the 
antennae Nb tips are to be kept in the superconducting 
state they will be thermally connected to a 2-phase he-
lium return line. In December 2011 NCBJ started deliv-
ery of the couplers to DESY where they are mechani-
cally and vacuum leak controlled before mounting on 
accelerating cavities (Fig. 3). In total there will be 1648 
HOM couplers mounted on the superconducting linac. 

 
Fig. 1. Superconducting accelerating cavity of XFEL. 
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Fig. 2. Longitudinal wake as a function of Gaussian bunch 
length in XFEL cavity. 
The HOMs with frequencies higher than 2.9 GHz will 
travel along all the 78 diameter beam line of the linac 
and their energy has to be absorbed in the space be-
tween successive cryomodules. As an absorber material 
AlN or SiC lossy ceramic rings are used. They have 
adequate absorbing characteristics up to a frequency of 

100 GHz. The heat deposited in these modes is trans-
ferred from the ceramic via solid copper rods (Fig. 4) to 
the 50k tubes in the isolating vacuum region. The vac-
uum envelope separating the ultrahigh vacuum region 
from the isolating vacuum is seen in (Fig. 5). Two pro-
totype HOM absorbers of XFEL type were produced 
and delivered by NCBJ to DESY in January 2012 for 
quality assessment. 

 
Fig. 3. HOM coupling antenna, coax transmission line and 
damping 50 Ohm load. 

 
Fig. 4. The temperature distribution in absorber ring. 

 
Fig. 5. Ultra high vacuum envelopes of HOM absorbers. 
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Search for the Best Parameters for the XFEL Beam Source 
T. Wasiewicz1, J. Sekutowicz2 
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We base our studies on a superconducting Tesla linac 
with an electron gun resonant cavity working in π mode 
at 1.3 GHz. Our goal was to achieve the lowest slice 
emittance possible with any means necessary as it is 
needed for Free Electron Lasers. 
The aim of the tests was to optimize the Tesla – Type 
1.6 Cell Cavity of the electron gun, in terms of slice 
emittance reduction. The slice emittance was calculated 
as a function of the maximum amplitude of the electric 
and magnetic fiels, declination angle of the cavity rear 
side wall [1]. The influence of the RF phase on the slice 
emittance was taken into account. All the calculations 
were made using the ASTRA code for fixed values of 
electron bunch charge, duration of emission and thermal 
emittance, equal to 1 nC, 20 ps and 1 mrad·mm, respec-
tively. The solenoid was placed at a distance of 0.41 m 
from the cavity and was 0.2 m long.  
Two groups of programs were used for the analysis.  
The electromagnetic field in the cavity shown in Fig. 1 
was calculated with the FEM code [3]. The optimal 
intensity of the static magnetic field excited by the sole-
noid was adjusted in test injector operation at HZ Berlin 
and applied in our calculations.  

 
Fig. 1. 8˚ inclination angle of the rear wall cavity design. 
Subsequently, the slice emittance was calculated with 
the ASTRA code [2] using the field distributions ob-
tained with FEM. 
The analysis was performed in four steps. In the first 
one, slice emittance was calculated for various values of 
the inclination angle of the cavity rear side. From the 
tested values of 0˚, 5˚, 8˚, 10˚ and 12˚, an angle equal to 
8˚ was chosen. Further increase of this angle does not 
improve the emittance significantly, while it causes 
technical complications. This cavity geometry was used 
in further analysis.  

 
Fig. 2. Slice emittance x for different angles of the cavity rear 
side. 

In the second part the electric field amplitude which 
results in the lowest slice emittance was searched for. 
As a result the best maximum amplitude was found 
equal to 60 MV/m, however any amplitude between 50 
MV/m and 60 MV/m is reasonable. The value of 60 
MV/m was chosen for the next tests. The third part was 
to see which maximum static magnetic field intensity 
gives the lowest slice emittance. As a result a value of 
0.25 T was found and was chosen for the last part of the 
analysis. This run was in order to check whether auto-
matic phase tuning leads to a global or local minimum 
of the emittance (ASTRA Auto Phase function). This 
function searches through the phase values for the high-
est average kinetic energy. It was checked varying the 
phase in the range from 90˚ to 270˚ with a step of 
10˚and next, from 200˚ to 220˚ every 2˚ As the Auto 
Phase function is set with the highest average kinetic 
energy, the lowest emittance is at the same point.  

 
Fig. 3. Average kinetic energy as a function of a phase. 

 
Table 1. The best set of parameters for the XFEL beam 
source. 

Parameter Value Unit 
Angle of cavity rear side 8 ˚ 
Electric field max amplitude  60 MV·m-1 
Magnetic field max amplitude 0,25 T 
Emission time 20 ps 
Charge 1 nC 
Solenoid position 0,41 m 
Thermal Emittance 1 mm·mrad 
Phase Auto ˚ 

 
In summary, we found that for the Tesla-type 1.6 cell 
cavity electron gun and emission parameters corre-
sponding to the performance of a thin film lead photo-
cathode initiated with 206 nm of 5 · 10 µJ laser [4], an 
emittance as low as 1 · 10-6 m·rad can be reached. The 
best set of parameters is given in Table 2. 
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TiN/TiOxNy and Ti Thin Layer Deposition,  
Summary and Application within European XFEL 

J. Lorkiewicz, M. Klimasz 
National Centre for Nuclear Research, Otwock-Świerk, Poland 

 
Anti-multipactor protective TiN/TiOxNy layer deposi-
tion was studied in depth by the authors at SINS (cur-
rently NCBJ) and DESY in recent years. The aim was 
the protection of RF power components (predominantly 
couplers) from secondary electron emission and multi-
pactor effects in RF fields. In 2011 the results of this 
work were gathered and presented in a PhD thesis [1]. 
The dissertation contains:  
1. systematic analysis of  geometric conditions and RF 

input power levels at which multipacting occurs in-
side RF coaxial lines,  

2. description of evaporation TiN/TiOxNy coating 
device and procedure, 

3. the results of studies of  the reached surface layers 
which included secondary electron emission meas-
urement, XPS investigations of the surface film 
composition, multipactor time measurement in RF 
field and determination of the loss tangent of typi-
cal alumina coupler windows with deposited  
TiN/TiOxNy layers,  

4. the results of conditioning tests performed on com-
plete coaxial 1.3 GHz couplers for the Tesla Test 
Facility/XFEL (at DESY) with their inner surfaces 
deposited with TiN/TiOxNy layers,  

5. scheme of a facility destined for RF power element 
coating on a large scale, which was manufactured 
in two copies, tested and used at DESY (Hamburg) 
and at Scientific Instruments (Bergisch Gladbach, 
Germany).  

The impact on TiN coating of parasitic ionization ef-
fects in the coating system at NCBJ (titanium vapor 
sublimation from a hot (1790 K) wire and its deposition 
in ammonia) was treated in more detail in a paper pre-
sented at the PLASMA-2011 conference [2]. In this 
article it was revealed that at certain values of dc bias of 
the wire, low-density plasma is created in ammonia, 
which disturbs the normal deposition process.  
In addition, this coating device was applied to support 
the European XFEL project, Work Package 06, which is 
carried out by NCBJ in collaboration with LAMINA 
SA. At the turn of 2011 two prototype high order mode 
(HOM) absorbers were delivered by LAMINA. They 
contain rings of AlN ceramic characterized by high 
power losses in RF fields. To avoid electron charge 
buid-up on the ceramic its surface should assure elec-
tron charge drainage to a grounded copper rod in the 

absorber. To this end the ceramic surface resistivity 
should fall between ca 10 KΩ/square and 10 MΩ/square 
and remain within these limits in spite of natural oxida-
tion in air during transportation and storage. On the 
other hand much lower than the above mentioned resis-
tivity values might cause unwanted RF field reflection 
during operation. The proper resistivity was reached by 
depositing in vacuum a 20 nm – thick titanium layer 
which resulted in a resistivity between 12 and 
20 KΩ/square, 30 min. after exposing to air. The coat-
ing setup shown in Fig. 2 enabled titanium deposition in 
a single operation without breaking vacuum. The proto-
type HOM absorbers are now being tested at DESY.  

 
Fig. 1. Schematic view of the titanium coating system for the 
ceramic ring of the HOM power absorber. Titanium sublima-
tion from dc current heated wires is effectively controlled by 
varying the wire temperature and deposition time. This proc-
ess is sufficiently slow, easy to interrupt and well suited to 
reach reproducible layer thickness. 
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 POLFEL – a High Average Power Free Electron Laser 
R. Nietubyć1, O. Chołuj-Dziewiecka1, J. Sekutowicz2, J. Szewiński1, T. Wasiewicz1, 

1 National Centre for Nuclear Research, Otwock-Świerk, Poland 
2 Deutsches Elektronen Synchrotron DESY, Hamburg, Germany   

 
A free electron laser is a coherent radiation source, 
which utilizes the interaction of emitted radiation with 
the short and dense bunch of emitting electrons. This 
interaction results in longitudinal periodic modulation of 
bunch density and thus enhances the constructive inter-
ference of wavelets emitted from the various portions of 
the bunch. As a result, transversally coherent light 
pulses are emitted having several tens of microjoules in 
energy and duration of several tens of femtoseconds. In 
principle, such a performance can be achieved for wave-
lengths ranging from a fraction of a millimeter (THz) 
down to angstroms (hard X rays). Particular facilities 
cover a part of this domain and can be tuned over wide 
ranges of wavelengths. Free electron lasers offer a 
unique opportunity to measure phenomena occurring in 
very strong electric fields or those lasting several femto-
seconds, which are related to electron dynamical proc-
esses in matter. Owing to coherence, the angular inten-
sity distribution measured for a single pulse scattered on 
an object can be used to reveal its electron density dis-
tribution, e.g. XUV scattering on biological micro-
molecules. Experiments empowered with such a light 
source constitute a cutting edge of modern condensed 
matter and molecular physics, biophysics, chemistry and 
materials science. 
From the point of view of accelerator physics FELs 
represent a high degree of challenge, which requires 
expertise in a wide range of science and engineering 
accompanied with advanced technical capabilities. This 
includes numerous issues in electron beam generation 
and optics, RF electronics, superconductivity, cryogen-
ics, electrodynamics, vacuum, photon optics and detec-
tion. This is the more demanding, as FEL technology 
has not yet been completely established, and there still 
exist problems awaiting solution, like e.g. achieving 
longitudinal coherence and increasing the repetition rate 
and average power. 
We believe that creating a unique scientific instrumenta-
tion is an adequate way to benefit from the experience 
of Polish accelerator laboratories and, on the other hand, 
to facilitate experimental capabilities, which raise the 
quality and dignity of scientific projects carried out in 
the Country. Having the courage of that conviction, we 
propose to install a high average power FEL facility 
POLFEL at the National Centre for Nuclear Studies in 
Swierk. Its ground breaking feature is a continuous 
wave (CW) or near-CW operation, which enables high 
average power of the produced photon beam. It will be 
achieved with a linear superconducting (SC) accelerator 
fed with a low emittance electron beam generated by a 
SC-electron gun furnished with a thin film SC lead 
photocathode.  

The POLFEL concept is supported by the experience of 
Polish laboratories and universities such as NCNR, 
WUT, MUT, IPPAS gained in their own projects as 
well as in cooperation with the leading accelerator labo-
ratories worldwide such as CERN, DESY, TJNAF, 
BNL and HZ in Berlin and Rossendorf.  
Thin film lead photocathode studies have been launched 
in Swierk applying UHV cathodic arc–based technol-
ogy. The goal was to build an electron injector with a 
superconducting cathode made for use in CW operated 
SC accelerators. Adopting the superconducting injector 
enables RF pulses lasting hundreds of milliseconds and 
longer up to continuous wave operation. In such a case, 
the time structure of the FEL source is determined by 
the beat of the triggering laser. That enables a repetition 
rate up to 100 kHz, which ramps the average power at 
the fundamental wavelength up to tens of milliwats. 
Lead film deposition directly onto the back wall of the 
cavity has been proposed aiming to eliminate the tech-
nologically challenging integration of a non-
superconducting cathode into a superconducting injector 
cavity. A number of TESLA type injector cavities were 
furnished with thin Pb film photocathodes. Quantum 
efficiency and resonant RF performance tests have been 
conducted at TJNAF, their results showed that the lead 
spot does not affect the quality of the cavity. That ob-
servation and improvements in the deposition method 
led to a cryogenic test with electron beam diagnostics of 
the first prototype of the electron gun. The test was 
carried out in 2011 at HZB. The result was reported in 
several International Conferences (SRF11, ERL11, 
IPAC11…).  
Progress in the R&D of all-superconducting injector 
activity has been presented in Annual Reports since 
2008 until the current issue [1]. 
Electron beam dynamics calculations were performed 
dedicated to the optimization of the electron gun reso-
nant cavity geometry in terms of minimal emittance. 
The electromagnetic field was calculated as a function 
of the inclination angle of the cavity back wall to the 
longitudinal axis. Electron emission parameters: 1 nC 
charge and 20 ps duration, were chosen according to the 
performance of a thin film lead photocathode irradiated 
with a laser pulse of 213 nm and an energy of 5 µJ. The 
optimal value of the back wall angle was found to be 
equal to 8˚. Next, the emittance was calculated as a 
function of RF phase and solenoid field for fixed values 
of inclination angle and thermal emittance equal to 8˚ 
and 1 mm•mrad, respectively. The calculation brought 
important information for the future injector operation 
that the electric field amplitude for proper operation can 
range from 50 MV/m to 60 MV/m. In addition studies 
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showed that an emittance as low as 1 mm·mrad can be 
reached in such an electron gun for lower charges[2]. 
During R&D work dedicated to the European X-FEL 
development and FLASH upgrade, studies on driving an 
XFEL cryomodule using an IOT amplifier have been 
conducted at DESY. The aim of the experiment was to 
identify the possibility of CW operation of the XFEL 
modules at low gradients, and near-CW, long pulse 
operation for higher gradients. 
The scheme of driving an XFEL module with IOT for 
CW and near-CW operation exactly matches with the 
technology and plans for POLFEL and knowledge 
gained during these studies will be directly applied to 
the project. The final conclusion was that the XFEL 
type cryomodule driven with an IOT RF amplifier ful-
fills the requirements of the POLFEL project. 
During these studies, the Low Level RF system devel-
oped by the collaboration of NCNR, DESY and several 
other Polish Institutes, for FLASH and European X-
FEL, was successfully used. The results of the studies 
indicated that this LLRF system and the technologies 
developed can be used for POLFEL as well. 
POLFEL is planned to be built in two stages: In the 
first, called THz-IR-POLFEL, a tunable source provid-
ing light in the THz and infra-red wavelength ranges 
will be constructed. This facility will be further devel-
oped in the second stage in order to extend the wave-
length range down to soft X rays and to optimize the 
operation mode in terms of the experimental needs of 
users.  
The THz-IR-POLFEL construction will be realized in 
several steps to enable operation of the first experimen-
tal beamline as soon as possible. At the beginning, em-
phasis will be placed on low emittance operation with 
high repetition rate to investigate and optimize the su-
perconducting injector. The beam diagnostics and injec-
tor optimization will continue until the specified low 
emittance is reached. In the following step, the beam 
will be injected into the linear accelerator, which will 
consist of two nine-cell Tesla-type cavities, housed in a 
cryogenic module of Rossendorf type. Continuous wave 
RF field will be generated by inductive output tubes. In 
CW operation mode, 30 MeV beam energy will be 
reached, however it will be possible to switch for near-
CW operation, in which electron energy can be up to 70 
MeV. In the first stage of THz-IR-POLFEL, a simple 
planar fixed gap undulator will be installed, which will 
emit radiation in the wavelength range from 1000 µm 
down to 100 µm. In the final step of THz-IR POLFEL 
construction the facility will be extended with a second 
Rossendorf type module and with a tunable planar un-
dulator (Fig. 1). In this way, the light source will be 

capable of emitting radiation with a wavelength range 
down to 6 µm (Fig. 2)  

 
Fig. 1. Layout of the THz-IR-POLFEL installation. 

 
Fig. 2. Average power of  THz-IR-POLFEL. 
POLFEL will be located at the National Centre for 
Nuclear Research in Świerk. The location gives a 
perspective for further development in the direction to 
implement neutron beam in future experiments. An 
extended laboratory accommodating a variety of 
disciplines and experimental techniques will greatly 
facilitate the development of experimental systems, 
preparation and realization of experiments. The general 
concept of POLFEL and its scientific applications have 
been under development since 2008 and were recently 
presented in the Opis projektu – POLFEL Polski laser 
na swobodnych elektronach [3]. 
Table 1. Key parameters of THz-IR-POLFEL. 

electron beam energy  5 – 50 MeV 

repetition rate: 100 kHz 

fundamental wavelength: 6 µm – 1000 µm 

max. light pulse energy: > 60 µJ 

linac length: 25 m 
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Jet Counter – Progress Report 
A. Bantsar, S. Pszona, E. Jaworska and A. Dudziński  

National Centre for Nuclear Research, Otwock-Świerk, Poland 
 
Most of the experiments carried out with the Jet 
Counter, JC [1], device during 2011 were done for ra-
dioisotope sources of I-125 and I-131. These experi-
ments-namely the measurements of the ionization clus-
ter size distribution, ICSD, created by these sources in a 
simulated nanometer sized nitrogen volume needed to 
adapt the JC for these purposes. A schematic view of 
the jet counter device for measurements with radioiso-
tope 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. By 
analogy with experimental microdosimetry, it is as-
sumed here that the interaction of ionizing particles in 
nanometer-sized biological structures can be approxi-
mately studied in gaseous volumes if the volume sizes, 
expressed in mass per area, are comparable to those of 
the real radiation-sensitive biological targets. The vol-
ume of the ic is of cylindrical shape, 10 mm in diameter 
and 10 mm in height, walled by 1 mg/cm2 mylar. the 
nitrogen jet is created by a 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 [2]). The diameters of 
the sns applied in the experiment to measure the ioniza-
tion cluster-size distributions caused by particles emit-
ted by a decaying radionuclide had a mass per unit area 
of 0.16 µg/cm2 to 1.7 µg/cm2, e. To measure the ioniza-
tion cluster-size distributions, the nitrogen sites were 
irradiated by electrons emitted from a radioactive-
source. The radioisotopes of iodine, I-125 and I-131 
were produced by electro-deposition of iodine radionu-
clides on the head surface of a silver rod, 0.5 mm in 
diameter. During the measurements the radioiodine 
source was positioned at the entrance hole of the IC at 
half its height. About half of the electrons which are 
emitted by the 125I-source per disintegration enter the 
IC, interact with the nitrogen jet, and produce ions or 
delta-electrons. These ions, which are directly created 
by electrons or by the delta-electrons, are removed from 
the IC by an electric field at grid G, and guided after-

wards through the grid G1 to a single-ion detector 
(DM201IG). The pulses from this detector were ampli-
fied by a fast preamplifier and sent to a multiscaler 
(MSC) with a time resolution of 10 ns (type 914T 
ORTEC). This multiscaler serves as the data acquisition 
system, and is able to register groups of ions after each 
nitrogen jet. To measure the cluster-size distributions, 
about 10000 125I-disintegrations were registered, with 
about one disintegration per gas jet. For further details 
concerning the measurement of cluster-size distributions 
due to Auger electrons see: Ionisation cluster distribu-
tion in dna like, nitrogen nanosize volume irradiated by 
I-125 Auger electrons – experiment and modeling in this 
annual report. 

 
Fig. 1. Schematic diagram of the Jet Counter for the experi-
ments with the Auger - electron emitter 125I. 
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Ionisation Cluster Distribution in a DNA Like,  
Nitrogen Nanosize Volume Irradiated by I-125 Auger Electrons - 

– Experiment and Modeling 
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The Radionuclide 125I is an Auger-electron emitter that 
remits about 13.2 electrons per disintegration [1], the 
greater part of which are of low energy. In view of their 
short ranges, the low-energy electrons are able to inter-
act with cell DNA only if they are emitted within the 
cell nucleus. In this case they are able to create complex 
damage to the DNA, which is sufficient to kill a cell. To 
be able to describe the physics of charged particle inter-
action with DNA the track structure of the interacting 
particle has to be taken into account. In view of such an 
approach a method and a device for measuring the ioni-
zation cluster-size distributions, ICSD, caused by 125I-
decay electrons in nanometer-sized target volumes has 
been worked out. The device called the Jet Counter, JC 
[2] is unique tool for studying the track structure of 
short ranged radionuclides and to seek for the correla-
tion between cluster size distribution and particular 
DNA damage products. The description of the JC modi-
fied specially to experiment with electron emitters is 
given in another page of this annual report [3]. The 
results of the measurements of cluster size distribution 
generated by electrons emitted by a 125I source in differ-
ent nano-volumes are shown in Figure 1. These distribu-
tions have been obtained for the extended range of ni-
trogen nanosites characterized by its diameter from 0.1 
µg/cm2 to 1.7 µg/cm2 (1 nm to 17 nm in unit density 
scale). It has to be stated that the shape of the ICSD 
depends on the efficiency of ion collection which in the 
present set up of the JC is close to 50 %. Parallel to the 
measurements, the results have been modeled by the 
Monte Carlo method for the same range of the 
nanosites. The mathematical modeling of the experi-
ments has two goals, namely: first a quality check of the 
experiments, especially important when there are no 
similar data for comparison, and second when the ex-
perimental results are in agreement with those obtained 
by modeling then we can generate the ionization cluster 
distribution for other sizes of nanosites not attainable by 
measurements. The results of Monte Carlo modeling are 
seen in figure 2 (for 100% efficiency of ion collection). 
As seen from these figures the experimental results are 
in qualitative agreement with those from the model. The 
results presented here were presented at the 7th Interna-
tional Symposium on Physical, Molecular, Cellular and 
Medical Aspects of Auger Processes 2011, Julich, Ger-
many. The results of nanodosimetric experiments and 
modeling of electrons (Auger) of 125I are the first ever 
presented. 
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Fig. 1. Frequency distribution of cluster size for different 
diameters of nanovolume – experimental data for 125I. 
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Fig. 2. Frequency distribution of cluster size for different 
diameters of nanovolume – modeled by the Monte Carlo 
method for 100% efficiency of ion counting. 
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Monte Carlo Simulations for DNA-Size Nanostructures 
I. Zychor 

National Centre for Nuclear Research, Otwock-Świerk, Poland 
 
Inelastic interactions, responsible for biological cell 
damage, occurr at the location of the DNA or nearby. 
Brenner and Ward have concluded “that locally multiply 
damaged sites which cause double strand breaks are 
probably energy depositions of at least two to five ioni-
zations localized, respectively, in sites of diameters of 
1–4 nm” [1]. Monte Carlo simulations with the Geant4-
DNA code [2] will be used for the modeling of interac-
tions of very low energy charged particles with biologi-
cal nanostructures like DNA segments or nucleosomes, 
see Fig. 1 for typical sizes. 

 
Fig. 1. Typical DNA segment and nucleosome sizes. 
In particular, simulations of electron interaction in liq-
uid water are done for particle energies starting from a 
few eV. The processes (left) and models (right) for 
electrons taken into account are: 
- elastic scattering Rutherford, Champion; 
- excitation  Born, Miller-Green; 
- vibrational excitation Sanche; 
- ionisation  Born, Rudd; 
- attachment  Melton; 
- charge decrease/increase Dingfelder. 
All simulations have been done for electrons passing a 
cylindrical volume of diameter equal to its height. The 
new class of nanodosimetric descriptors, followed by 
the Grosswendt [3] modeling of a single track, could be 
defined based on cluster distributions obtained in ex-
periments with electrons and light ions. For charged 
particle tracks the following quantities extracted from 
ionisation events are analysed and shown in Figs. 2-4: 
- cluster-size frequency: the frequency required to create 
a cluster of a given size, 
- first (M1) and second (M2) moment of a cluster-size 
frequency distribution, 
- cumulative distribution function (F2): the frequency 
required to create a cluster size equal to 2 or higher. 
In Fig. 4 a comparison between M1 and energy depos-
ited due to ionization (ION) is shown together with the 
total energy deposited (TED). 

 
Fig. 2. The cluster size distributions for 100-1000 eV elec-
trons in a “3.4 nm” tube. 

 
Fig. 3. The nanodosimetric quantities extracted from the 
cluster size distributions for 300 eV electrons, see text. 

 
Fig. 4. Comparison between first moment of a cluster distri-
bution (M1), (scaled) energy deposited due to ionization 
(ION) and (scaled) total energy deposited (TED) in the same 
volume for 300 eV electrons.  
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The Ultra Low Energy Calibration X-ray Generator  
M. Słapa, P. Mazerewicz, W. Czarnacki, K. Grodzicki, A. Gójska, M. Kisieliński, Ł. Korczak,  

M. Laskus, P. Matuszczak, M. Snopek, J. Szymański, M. Traczyk 
National Centre for Nuclear Research, Otwock-Świerk, Poland 

 
Work on the optimization of X-ray tube design, power 
control and construction of the entire source of the re-
quested low-energy X-ray calibration lines has been 
continued. 
Mathematical simulations of the dependence of X-ray 
spectra from the X-ray tube on the thickness of the out-
put window, on the thickness and type of the target and 
on the anode construction have been carried out. More-
over, simulations of the calibration peaks for so-called 
built-in filters (input window) and for the correction 
filter have been performed. 
An X-ray tube with an optimal target, which can gener-
ate calibration lines in the energy range 1-9 keV has 
been designed and performed. Studies of the stability 
and reliability of the entire generator have been carried 
out. 
Summarizing the above mentioned work one can con-
clude that X-ray tubes with side output and a typical 
300 µm Be window working with an anode voltage of 
1 kV can be potential calibration sources of low-energy 
X-ray radiation.  
The power supply which steering of the operation of 
produced X-ray tubes and the appropriate X-ray head 
which should provide stable and safe work of the sys-
tem: X-ray tube – power supply have been developed. 
The operation of the X-ray tube is controlled by a suit-
able microprocessor which is built-in the X-ray head. 
The microprocessor is controlled by a computer. 
Fig. 1 shows the scheme of the designed  ultra low en-
ergy calibration X-ray generator. 

 
Fig. 1. The scheme of the designed  ultra low energy calibra-
tion X-ray generator.  

Generator components: 
1 - X-ray head, 
2 - control power supply cable, 
3 - connector, 
4 - cable with USB connector, 
5 - computer, 
6 - cap screw on X-ray tube anode, 
7 - generator power supply, 
8 - computer power supply,  
9 - socket strip. 
Generator has built-in system and software securities 
that provide stable and reliable operation. Fig. 2 shows 
the measured stability of the X-ray flux of the devel-
oped generator. The developed generator could be 
commercialized by NCBJ. 

 
Fig. 2. Measured X-ray flux as a function of time. 
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Dynamics of the Gas Gain and Ultimate Energy Loss Changes  
of Conventional Avalanche Counters Filled with n-Heptane Vapour 

J. Sernicki 
National Centre for Nuclear Research, Otwock-Świerk, Poland 

 
When the radiation initiating the discharge growth 
within an avalanche counter interelectrode gas space 
generates a sufficiently large number of charge carriers 
during the primary ionization process, then the carrier 
multiplication process in a strong electric field, i.e. the 
gas gain process, will be obstructed by the local space 
charge effect. This effect manifests itself on the  gas 
gain characteristics examined in the semilogarithmic 
coordinate system as the section of their nonlinear vari-
ability (see ref. [1]). Corresponding to the lower bound 
(Usch) of voltages assigned to this section is a certain 
critical value of effective gas amplification, above 
which in reality the effect of space charges is generally 
to be expected. Hence, the product of the critical abso-
lute 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 the criterion of the occurrence 
of the effect [1]; dE/dx is the specific energy loss, and d 
refers to the electrode spacing. 
Therefore, it is interesting – from a practical point of 
view – to meet both the dynamic of absolute value 
changes of the linear course of actual gas gain charac-
teristic and the dynamic of ultimate energy loss value 
changes corresponding to the critical value of gas gain 
at the Usch supply voltage at different n-heptane vapour 
pressures. 
The purpose of this investigation is to determine abso-
lute values for both the ∆Log(Mabs)-differences at volt-
ages from Umin (Fig. 1) to Umax (Fig. 2) of Parallel-Plate 
Avalanche Counters (PPAC) and the ∆Log(dE/dx×d)-
differences corresponding to these; Umax is. the maxi-
mum supply voltage just below the anticipated detector 
breakdown voltage (see ref. [2]). General equations of 
the absolute gas gain characteristics, which are justifi-
able for a PPAC filled with n-heptane vapour, were 
used [1]. 

 
Fig. 1. Lower bound of voltages of applicable range corre-
sponding to linear course of actual gas gain characteristic, 
Log(Mabs), of the PPAC at different n-heptane vapour pres-
sures. 
The dynamics of the Log(Mabs)-value changes – for 
individual PPAC electrode spacings – are given in 
Fig. 3. While the dynamics of changes in the ultimate 

energy loss values at which the space charge effect 
begins may not in fact occur before the Usch voltage is 
shown in Fig. 4. The PPAC with d=0.3 cm has the 
greatest change dynamics at low pressures. 

 
Fig. 2. Upper bound of voltages of applicable range corre-
sponding to linear course of actual gas gain characteristic, 
Log(Mabs), of the PPAC at different n-heptane vapour pres-
sures. 

 
Fig. 3. Dynamics of absolute value changes of linear course 
of actual gas gain characteristic, Log(Mabs), for the PPAC 
Umin÷ Usch=∆U voltages at different n-heptane vapour pres-
sures; Uschє<Umin ,Umax> (see Figs. 1, 2). 

 
Fig. 4. Dynamics of ultimate particle energy loss value 
changes in the PPAC, corresponding to linear course of 
actual gas gain characteristic, Log(Mabs), for  Umin÷Usch=∆U 
voltages (see Fig. 3) at different n-heptane vapour pressures. 
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MCNP Calculations of Dose Distributions Generated  
by the Low-energy Accelerator with an X-Ray Tube 

K. Wincel, B. Zaręba and M. Traczyk 
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Monte Carlo simulations were performed to investigate 
absorbed dose distributions generated in water by the 
Low-Energy Accelerator with an X-Ray Tube. For this 
purpose the MCNP transport code version 5 with the 
MCNPDATA cross-section library was installed and 
tested on a 48 processor computer cluster with multi-
processing option [1, 2]. The Monte Carlo method is 
considered to be one of the most accurate techniques for 
simulation of radiation transport. The transport of elec-
trons is characterized by a large number of individual 
interactions. To simulate electron transport, the MCNP 
Monte Carlo code uses the so-called “condensed his-
tory” technique, where a large number of collisions is 
grouped together into a single step that is randomly 
sampled. The code has the advantage of being able to 
model complicated geometry. It also makes it possible 
to avoid the problem of multigroup averaging of cross 
section data by using point values. The *F8 option of 
the MCNP5 code was applied to calculate radial and 
angular energy deposition distributions. The *F8 tally 
provides the energy deposited in a cell that represents a 
volumetric detector. Doses were calculated up to 70 mm 
distance from a silver target. The number of histories 
changed from 1.0E9 to 3.0E9. The geometric model 
used for MCNP absorbed dose calculations is schemati-
cally presented in Fig. 1 as the output generated by the 
MCNP Plot subroutine for px=0.0 and ex=1.0. Circular 
torus and spheres were introduced to define volumetric 
detectors for tallying dose distributions. 
Simulations was performed for narrow and wide 50 keV 
electron beams of 0.3 mm and 1.98 mm diameter, re-
spectively. The assumed thickness of the silver target 
was 3.0 µm and 0.5 mm of beryllium cup. The cylindri-
cal part of the beryllium cup was assumed to have 2 mm 
inside diameter. 
The calculated angular dose rate distributions normal-
ized to 20µA electron current are shown in Fig.2 The 
standard deviation for the results presented varies from 
0.02 to 0.085, depending on the volume and position of 
the detector. It should be noted that in the MCNP code 
no electromagnetic interaction is considered.  

 
Fig. 1. Cut away view of the MCNP geometry of the X-Ray 
Tube with applicator. 
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Fig. 2. Absorbed dose rate angular distribution in water 
calculated for the Low-Energy Accelerator with an X-Ray 
Tube, assuming an electron energy of 50 keV, an electron 
current of 20 µA and Ag target thickness of 3.0 µm. 
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The BC-704 Scintillation Screen with Light Readout  
by Wavelength Shifting (WLS) Fibres as a Highly Efficient Neutron Detector 
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The concept of a neutron detector is offered by Saint 
Gobain – a scintillation screen with 6LiF/ZnS(Ag) and 
WLS fibers. The scintillation screen is made of granular 
LiF (95% of 6Li) mixed with crystals of ZnS(Ag) in a 
hydrogenous binder (BC–704). As is well known, 6Li 
has a high cross–section for thermal neutron capture. 

 
Fig. 1. The average, gated pulses from neutrons and γ rays. 
The tested detector is sensitive not only to slow neu-
trons, but to γ rays as well. It is mainly related to γ ray 
detection in fibers. Thus, the problem of γ ray sensitivity 
in the tested detector must be overcome through the 
pulse shape discrimination (PSD) technique. In our case 
the PSD was performed using the zero-crossing (ZC) 
method [1]. Intrinsic differences of the excitation proc-
esses associated with neutron and γ ray interactions in 
the detector allow these events to be separated. The 
large differences in decay time constant between neu-
tron and γ−ray pulses are seen in Fig. 1. The 2D plot of 
ZC time vs. energy measured with the tested detector 
for a paraffin moderated PuBe source is seen in Fig. 2. 
We observe well discriminated events from γ rays and 
neutrons. The energy range was set below 500 keV. It is 
seen that events generated by γ rays are seen up to 
~1 MeV energy, whereas events from neutrons  are in  a 

much higher energy range. The range of γ rays is caused 
by the interaction with thin fibers; excited electrons 
deposit just part of the γ ray energy.  

 
Fig. 2. A 2D plot of ZC time vs. energy measured with the 
tested detector  under irradiation by a PuBe source  
The concept of a BC-704 scintillation screen with WLS 
fibers is a promising idea for an alternative detector in 
Radiation Portal Monitors. Its neutron detection proper-
ties are comparable to 3He counters. The tested detector 
is sensitive to slow neutrons, but it is sensitive to γ rays 
as well. But intrinsic differences of the excitation proc-
esses associated with neutron and γ ray interactions in 
the detector allow these events to be separated. The 
gamma rejection of a single detector is on the level of 
10-10. In order to obtain a neutron efficiency on the level 
of a 3He tube, an additional moderator is required.  
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Gamma Ray and Electron Response in Doped Alkali Halide Scintillators 
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Alkali halides are moderate quality scintillators consid-
ering the energy resolution and decay time constant. 
However, they are relatively cheap, thus they are still 
very often used in many applications including nuclear 
medicine, safeguards and experimental physics. We 
have investigated three types of doped alkali halide 
scintillators in order to study their nonproportionality of 
light yield – a basic property still not well known but 
very important as it defines the intrinsic energy resolu-
tion of the scintillator. 
The samples were tested using direct γ-ray irradiation 
and by means of the wide angle Compton coincidence 
technique. The latter method is based on the registration 
in coincidence of the signals from the scattering of a γ 
ray inside the scintillator followed by absorption of the 
scattered quantum with the remaining energy in the 
reference detector (high purity germanium in this case). 
Thus, by subtracting from the known γ-ray source en-
ergy the energy of the gamma quantum scattered into 
the HPGe detector, we can calculate the amount of en-
ergy deposited by the Compton electron in the scintilla-
tor. The light yield of both Compton electrons and direct 
γ rays in all the tested samples was normalized to the 
number of photoelectrons measured for 662 keV full 
energy peak from 137Cs γ rays. Then the intrinsic resolu-
tion of the scintillator was calculated by correcting the 
measured energy resolution for the statistical contribu-
tion of the photoelectron yield.  

 
Fig. 1. Non-proportionality of light yield measured for Comp-
ton electrons created in NaI:Tl by various sources placed at 
different angles. Response of the scintillator to γ rays is also 
presented. 

Fig. 1 presents the non-proportional response of NaI:Tl 
scintillator to Compton electrons of 3 keV up to 1 MeV 
energy. The results are compared to the response of this 
scintillator to γ rays in the range from 16 keV up to 
1.3 MeV. Above an energy of 50 keV, the Compton 
response is substantially lower than the γ-ray response 
curve. It is a result of the fact that in comparison to 
Compton scattering γ-ray absorption is in general a 
more complex event that involves multiple Compton 
scatterings and reemission of X-ray cascade following 
photoabsorption. 

 
Fig. 2. Intrinsic energy resolution of Compton electrons 
created in NaI:Tl by various sources placed at different an-
gles. Response of the scintillator to γ rays is also presented. 
Fig. 2 presents the intrinsic energy resolution registered 
for NaI:Tl sample with γ rays and Compton electrons. 
Please note the difference between 100 keV and 
200 keV, common for all alkali halides while absent in 
other species of scintillators e.g. oxides or lanthanum 
halides. This is a strong argument against the influence 
of Landau fluctuations on energy resolution. as it has 
been shown for several types of scintillators that their 
Compton response in the sub-keV energy region is very 
similar, where Landau fluctuations occur. Thus, Landau 
fluctuations are not likely to explain the observed dis-
crepancy between γ-ray and Compton responses in 
alkali halides, as they should be present in both proc-
esses. The results support the hypothesis of the leading 
role of electron scattering in determination of intrinsic 
resolution. 
This work is supported by EU Structural Funds Project 
no POIG.01.01.02-14-012/08-00. 
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MPPC Array in Readout of CsI(Tl), LSO:Ce(Ca),  
LaBr3, and BGO Scintillators 

M. Grodzicka1, M. Moszyński1, T. Szczęśniak1,M. Szawłowski1, D. Wolski1, J.Baszak2 
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The aim of this work is the characterization of S10985-
025C MPPC arrays with active areas of 6x6 mm in 
gamma-ray spectrometry with CsI(Tl), LSO:Ce(Ca), 
LaBr3 and BGO scintillators, at a temperature of 21°C. 
The chosen scintillators have significantly different 
decay times for a scintillation pulses and different wave-
lengths of emission peaks. It allowed investigation of 
the dependence of MPPC readout features on the MPPC 
and scintillator characteristcs. The study of the influence 
of an effective dead time and the number of MPPC 
pixels on the readout response in relation to the bright-
ness and speed of the scintillator were performed. The 
measurements covered: 
- a selection of the MPPC optimum operating voltage,  
The choice of operating bias voltage is critical to opti-
mize the trade-off between an increase of PHE number 
at higher bias because of device gain and PDE and 
worsening of the energy resolution due to increase of 
ENF. The optimum operating voltage was selected 
based on the results of measured energy resolution vs. 
bias voltage. The best value of the energy resolution of 
5.9 % for 661.6 keV gamma rays was measured with a 
CsI(Tl) crystal and MPPC array readout at an operating 
bias voltage of 73 V. 
- a verification of the linearity range for a given decay 
time of the crystals,  
The linear response of the MPPC device depends 
mainly on the total number of device pixels, their PDE 
for the wavelength of scintillation light emission and 
their effective dead time in relation to the decay time of 
the scintillator used. Dependence of the linear range vs. 
the decay time of various crystals is presented by Grod-
zicka et al. [1]. The MPPC readout in scintillation 
gamma spectrometry can be recommended for scintilla-
tors with rather long decay time and/or moderate light 
yield as e.g. BGO. The response of the tested MPPC 
array coupled to BGO and CsI(Tl) crystals is linear in 
the gamma-ray energy range up to 1332.5 keV. 
- a verification of the excess noise factor for the optimal 
voltage  
The method of calculating the excess noise factor used 
in this work was presented by Grodzicka et al. [2]. 
- evaluation of the Photon Detection Efficiency (PDE) 
The method of calculating the PDE used in this work 
was presented by Moszynski et al. in [3]. Fig.1 presents 
the PDE characteristics of an S10985-025 MPPC, fol-

lowing manufacturer data (line) and that estimated from 
measurements with CsI(Tl), LSO:Ce(Ca), LaBr3 and 
BGO (points). The PDE values obtained with 
LSO:Ce(Ca) and BGO scintillators fit very well to the 
manufacturer data. The larger discrepancies in the case 
of LaBr3 and CsI(Tl) may arise from the wide emission 
spectra of CsI(Tl), and LaBr3 crystals. 

 
Fig. 1. Photon detection efficiency characteristics of the 
S10985-025  MPPC, following manufacturer data (line) and 
measured with CsI(Tl), LSO:Ce(Ca), LaBr3 and BGO  scintil-
lators (points). 
- Gamma-ray spectrometry 
The results of the energy resolution and non-
proportionality obtained with the MPPC array readout 
of CsI(Tl) and BGO were compared to these obtained 
for the same crystals with XP2020Q PMT readout. The 
non-proportionality characteristics of CsI(Tl) and BGO 
are identical to there measured with the XP2020Q PMT, 
which confirms the good linearity of the MPPC array in 
the readout of these scintillators. Energy resolution 
characteristics for CsI(Tl) and BGO show systemati-
cally better results for the MPPC than PMT readout. 
This is related to the photoelectron statistics because the 
PDE of the MPPC is higher than the QE of the PMT. 
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A previous study of undoped NaI crystals at liquid ni-
trogen (LN2) temperatures [1] highlights their role in a 
better understanding of the limitations of energy resolu-
tion in scintillation detectors. Observations indicated 
that scintillator parameters, such as energy resolution, 
light output and non-proportionality are strongly af-
fected by impurities and defects in the crystal lattice. A 
previous study of pure NaI crystals at LN2 temperatures 
showed a very high light output, estimated at 80000 
ph/MeV and an energy resolution of 4.4 % at 662 keV 
for the best crystals [2].  

 
Fig. 1. Non-proportionality of the NaI(Tl) measured both at 
room and LN2 temperature and the previously measured 
undoped NaI-2. The gamma response linearity of NaI(Tl) at 
LN2 temperature is significantly better than at room tempera-
ture and comparable to previously measured undoped NaI-2 
crystal, presenting very good scintillation properties. 
In some pure alkali halides, luminescence at a wave-
length range of 400–500 nm can occur through genera-
tion of F-H centers. However, this type of emission has 
rather low intensity in undoped NaI [3]. Thus, acciden-
tal contamination of Thallium traces in the previously 
measured undoped NaI cannot be excluded, because 
such crystals are usually grown in crucibles where clas-
sical NaI(Tl) crystals are also melted. It is known that 
only one ppm of Thallium atoms in NaI can signifi-
cantly affect the crystal properties. 
The present work aims to measure the energy resolu-
tion, non-proportionality, emission spectrum and decay 
time of NaI(Tl) at LN2. The energy resolution of 
NaI(Tl) measured at LN2 for 662 keV is about 6.5% and 

is slightly better than at room temperature. The light 
output obtained at RT was estimated to be 18700 e-
h/MeV. However, the light output measured at LN2 was 
distinctly lower and is about 9600 e-h/MeV. Thus, the 
intrinsic resolution is better after cooling down. 

 
Fig. 2. Intrinsic resolution of the NaI(Tl) measured both at 
room and LN2 temperature. It is distinctly better for the crys-
tal measured in the LN2 environment, but still worse than the 
previously measured undoped NaI-2. Error bars are within 
the size of the points. 
This paper presents the scintillation properties of Thal-
lium doped NaI cooled down to LN2 temperature. It was 
shown that non-proportionality of the NaI(Tl) at LN2 
temperature is much better than that measured at room 
temperature. Improvement of the intrinsic resolution 
was also observed. Continuation of the measurement of 
this crystal behavior is also a good reference to the pre-
viously measured undoped NaI, both for spectroscopy 
and luminescence fields of study. 
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MPPC Arrays in PET Detectors with LSO and BGO Scintillators 
T. Szczęśniak1, M. Kapusta2, M. Moszyński1, M. Grodzicka1, M. Szawłowski1, D. Wolski1, J. Baszak3, N. Zhang2 
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3 Hamamatsu Photonics Deutschland GmbH, Herrsching am Ammersee, Germany 
 
Currently, the majority of studies concerning the appli-
cation of silicon photomultipliers (SiPMs) in positron 
emission tomography (PET) detectors are focused on 
scintillators containing lanthanum (LaBr3) or lutetium 
(LSO, LYSO, LFS). Although BGO is the second most 
popular PET scintillator its performance with SiPM 
light readout is much less known. The aim of this work 
is to present and compare properties of detector modules 
based on BGO and LSO scintillators where the light is 
read by means of MPPC arrays. These studies are fo-
cused on measurements of photoelectron number, en-
ergy resolution and time resolution. The results obtained 
are benchmarked by PET requirements. 
The studies were carried out with two Hamamatsu 
MPPC arrays of 2×2 active elements (channels) format. 
The total active area of each device is equal to 6×6 mm2 
and a micro-pixel size is 25 mm and 50 mm for the 
S10985-025C and S10985-050C devices, respectively. 
In order to understand the performance limits of the 
MPPC based detectors, as well as parameters of the 
future PET block detector, LSO and BGO crystals of 
different dimensions have been used in the experiments, 
including long pixels and single crystals covering the 
whole MPPC active area. The following scintillator 
sizes were used: 3×3×3 mm3, 5×5×5 mm3, 
5×5×20 mm3, 2.75×2.75×20 mm3, 5.75×5.75×20 mm3 
and 2×2 matrix of 2.75×2.75×20 mm3. 
A sample 22Na energy spectrum obtained with MPPC 
050C and 2.75×2.75×20 mm3

 BGO scintillator is pre-
sented in Fig. 1.  

 
Fig. 1. Example of an energy spectrum recorded using all 
channels readout and 2.75x2.75x20 mm3 BGO placed on one 
channel of MPPC 050C. 
All the results of the energy resolution at 511 keV 
as well as the number of photoelectrons for various 
sizes of BGO and LSO crystals are collected in Table 1. 
The results of the time resolution measurements 
made with different sizes of BGO and LSO crystals 
coupled to MPPC 050C are collected in Tables 2 and 3, 
respectively. 

Table 1. Energy resolution and number of photoelectrons 
recorded with BGO and LSO crystals coupled to MPPC. 

 
Table 2. Time resolution and number of photoelectrons 
recorded with BGO crystals coupled to MPPC 050C. 

 
Table 3. Time resolution and number of photoelectrons 
recorded with LSO crystals coupled to MPPC 050C. 

 
Measurements of the energy resolution showed that 
BGO scintillator is better suited for MPPC readout than 
LSO, because of its long, 300 ns, decay time constant 
and moderate light output. These properties allow the 
application of an MPPC with high fill-factor (62%) built 
of 50 mm or even 100 mm square micro-pixels and 
characterized by high photon detection efficiency. The 
measurements also showed how important for optimiza-
tion of the MPPC is selection of the optimal bias volt-
age, which is crucial for the energy resolution perform-
ance of the detector. 
Results of the time resolution obtained with BGO crys-
tals coupled to MPPC gave grounds for the expectation 
of good performance in PET. The resolution of 
about 1.5 ns, measured for 20 mm long crystals as used 
in PET block detectors shows the possibility of their 
operation with a narrow coincidence window in PET 
systems. Time resolution below 1 ns, obtained with 
small cubic crystals, is one of the best reported for this 
scintillator. 
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Superconducting Thin Film Lead Photocathodes 
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SRF injector 
Numerous improvements of micro-droplet filtering 
followed with trial coating processes performed in 2010 
enabled finally a photocathode layer deposition onto the 
electron gun 1.6-cell Tesla cavity back wall at the end 
of the year.  
Subsequently, the cavity was routinely treated with BCP 
and HPWR and subjected to resonant quality vs acceler-
ating gradient (Eacc) measurements in a vertical setup at 
TJNAF in early 2011. Results were found which foreor-
dained such a prepared cavity to be mounted in the test 
injector facility Hobicat at HZB. The electron gun was 
operated in continuous mode (CW) and horizontal 
setup. The extended studies performed therein included 
dark current, resonant quality (Q) and field stability 
measurements versus Eacc Space resolved quantum effi-
ciency and electron beam energy of the photocathode 
spot were measured at the attached diagnostic beamline. 
Results showed Q=7•109 at Eacc=30 MVm-1. QE was 
reached equal to 9•10-5 after laser cleaning. One can 
learn the details from the extensively published litera-
ture [1-3]. 
Independently of the electron gun measurements, efforts 
to improve the deposition system and post deposition 
layer treatment were proceeding. The influence of 
Pb/Mo film irradiation with a KrF excimer, λ=248 nm 
laser on the angular resolved photoemission spectrum 
(ARPES) was measured for the extreme ultraviolet 
(XUV) photon energy range at the UE112-PGM-2a 
beamline at the Bessy II storage ring at HZB. The 
measurements were accompanied with a morphology 
modification inspection performed with a white light 
interferometer [4].  
Studies of UV and IR irradiation induced modifications 
of the Pb/Nb films morphology have been launched at 
the IOE-MUT laser laboratory. Quantum efficiency 
studies of Pb/Nb plug-like photocathodes were per-
formed at HZDR.  
Deposition system reconstruction 
The experience gained with these experiments indicated 
that an increase in Pb film thickness facilitates BCP and 
HPWR treatments and is essential for deep laser clean-
ing. Unfortunately, in spite of the improved deposition 
system throughput obtained with a reduction of the bend 
angle adopted to the micro-droplets filter knee [5], 
thicker films were not obtained. On the other hand, the 
layers suffered from a consequential micro-droplets 
population due to the low filtering efficiency. In that 
case we concluded that a reasonable compromise be-
tween transmission and filtering cannot be achieved for 
our setup adopting Aksenov-type filters. Therefore, we 
decided to abandon this method and to revive the solu-
tion applied initially, where the cathode was located at a 

short distance in front of the substrate. In the new setup 
micro-droplet removal was achieved by a slit separating 
the cathode from the substrate. The whole system in-
cluding cathode, slits, ignition rod and two water cool-
ing circuits was housed inside a cylindrical mask and 
inserted into the Tesla cavity in order to reduce its dis-
tance from the back wall which was to be coated. The 
main difficulty of the new approach was the compact 
dimensions of the above components.  

 
Fig. 1. Cross-section of the deposition system inserted into 
the 1,6 Tesla cavity. 
 
Table 1. Parameters of lead photocathode deposition. 

Parameter Value 
Arc current 5 A 
Ignition voltage 500 V 
Arc voltage 14 V 
Deposition time 900 s  
Chamber temperature RT 
Basic pressure 5·10-8 mbar 

Compact dimensions require higher machining toler-
ance in construction and impede heat removal from the 
arc region. This presented us from modifying the system 
before. This time it appeared feasible thanks to the cath-
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ode minimisation and resulting decrease of arc current 
(see Table 1). Micro-droplet filter geometry was probed 
with samples in terms of throughput and filtering effi-
ciency and heat load. Finally a shielding of round shape 
with a slit at radius of 25 mm and clearance of 2 mm 
was chosen. It is shown in Fig. 2  

 
Fig. 2. Micro-droplet filtering geometry. a - special arrange-
ment; b – shielding shape; c – coated area, micro-droplet 
population evaluation with optical microscope. 

Other activities 
Studies on niobium deposition on copper were contin-
ued. Two circular plates of 125 mm in radius were 
coated, dedicated for Rf quality measurements in a cold 
resonator. In these studies we attempted to enhance the 
adhesion by surface roughening.   
XRD studies of Pb layers were continued at the syn-
chrotron beamline W1 at the Doris storage ring at Hasy-
lab at DESY 
Construction of a new ultra-thin film deposition cham-
ber has been started, which is based on a newly built 
vacuum system and an evaporator under further devel-
opment. 
A proposal for thin film photocathode studies has been 
prepared and submitted in the frame work of the Eucard 
2 collaboration. 
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Work on an accelerator for advanced radiotherapy has 
been divided between two models. In 2011, the first 
model achieved operational status and underwent de-
tailed tests. Simultaneously, the design and development 
phase for the second model was begun. 
Fig. 1 shows the first model, which by itself is a state-
of-the-art 6 MV medical accelerator with an MLC 
(Multi Leaf Collimator) collimator and an EPID (Elec-
tronic Portal Imaging Device) system. 

 
Fig. 1. First model of the accelerator for advanced radio-
therapy equipped with EPID and MLC. 
The device was successfully brought to operational 
status and activated in all of its working modes. The 
functioning of all machine subsystems was verified and 
tuned. Signal calibration and proper visualization was 
also performed. The medical character of the device 
required a rigorous examination of all safety systems, 
especially mechanical movement and dosimetry sys-
tems.  
The algorithms for magnetron frequency control and the 
automatic dose rate regulation were proven to be highly 
effective, providing dose stability at the 0.071% level. 
The development of the EPID control system was com-
pleted and the module was mechanically integrated 
within the first model. The EPID is controlled by a PLC 
based system with a steering pendant as a user interface. 
A microcontroller based system for the pendant was 
designed and programmed. An early problem with vi-
brations was successfully eliminated for the whole 
movement range by implementing the appropriate com-
pensating algorithm. 
For the MLC most efforts concentrated on bringing its 
control system to operational status. Detailed tests of the 
highly sophisticated MLC electronics were performed in 
order to check all of the control parameters. 

The second model of accelerator for advanced radio-
therapy will require an accelerating structure capable of 
delivering electron beams with different energies. Ac-
cordingly, an energy switch was developed based on the 
idea of a cavity with an adjustable coupling which al-
lows the transfer of high frequency power to the elec-
tron beam to be disturbed: inserting a mechanical ele-
ment causes the coupling cavity to offset from reso-
nance frequency.  
Final analysis of the beam optics system was carried out 
taking into account all requirements and design limita-
tions. A 270° bending system for electron beam energy 
in the range 6-22 MeV was simulated. The system con-
sists of a quadruple dublet with EH and EV coils, a 
four-sector bending electro-magnet with auxiliary coils 
as well as with QV and QH coils, a limiting energy slit 
and a target head. Based on the simulation results, a full 
3D model of the beam guidance system was developed. 

 
Fig. 2. 3D model of the beam guidance system. 
In a medical environment, the accelerator is interfaced 
with the therapeutic line through the Record and Verifi-
cation System (RVS). New RVS modules for EPID and 
MLC were implemented and their communications 
tested. 
Functional requirements for a DICOM (Digital Imaging 
and COmmunications in Medicine) server were worked 
out and the first version of the server was implemented. 
The purpose of this software is to integrate all medical 
IT systems compliant with DICOM standard with the 
accelerator control system.  
Further work planned for 2012 will concentrate on de-
tailed design, manufacturing and tests of individual 
subsystems of the second model. Also, advanced treat-
ment techniques foreseen for implementation in the 
second model will be prooved with the use of the first 
model. 
This work was supported by EU Structural Funds, Pro-
ject No. POIG.01.01-14-012/08-00. 
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Detection of Delayed Neutrons from Highly Enriched 235U Fuel Elements 
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Bremmstrahlung (or continuous X rays) of energy 
above 6 MeV can be used to detect special nuclear ma-
terial (SNM) concealed inside different types of trans-
port equipment. Such an energy is sufficient to exceed 
the 5.8 MeV photofission threshold of SNM, and then it 
gives the possibility of recording the fission fingerprints 
such as delayed gamma rays and neutrons emitted from 
fission fragments. It is known that the half-lives of the 
delayed neutrons vary from 0.179 s to 54.51 s for a 235U 
sample [1]. Thus, such sufficiently long decay times 
allow the delayed radiation between beam pulses to be 
recorded. Finally, detection of delayed neutrons and 
gamma rays emitted by fission products may reveal 
information on the localization and amount of the SNM 
inside the cargo under investigation. Some attempts to 
investigate these phenomena were presented in former 
work (see e.g. Refs. [2-5]). In the present investigation 
100 g 235U bar (0.8 cm in diameter and 10 cm length) 
and a 393 g fuel element were exposed to a photon 
beam and located at different distances from the a 3He 
detector. The 3He counter was covered by polyethylene 
moderator and Cadmium foil to prevent the detection of 
thermal neutrons from background. The counter was 
placed two meters from the accelerator's tungsten con-
verter. 
The fuel element containing 80% of 235U was delivered 
from the Maria reactor, in operation in Otwock-Świerk, 
Poland. In measurements, an off-beam detection tech-
nique was applied. This approach allows delayed neu-
trons and gammas to be measured in the time interval 
when the accelerator’s beam is stopped. The photon 
pulse lasts 4-7 µs and the time period between the beam 
pulses is 20 ms. Thus, it is easy to generate a long logic 
gate between photon and beam pulses and measure the 
delayed neutrons, minimizing the background effect.  
The number of delayed neutrons emitted by the fuel 
element after irradiation is significantly larger than 
background. In the case of SNM placed as far as one 
meter away from the counter, the number of recorded 
neutrons was still higher (at least two times) in compari-
son to that from background. The number of counts as a 
function of detector-sample distance is presented in 
Fig. 1. 

 
Fig. 1. Number of delayed neutrons from a fuel element re-
corded within 120 s of irradiation as a function of distance 
from the 3He counter. 
In the present work it was shown that fission signatures 
like delayed neutrons originating from photofission of 
SNM are relatively easy to measure with a high effi-
ciency moderated neutron detector such as a 3He 
counter. For the identification of fissionable material a 
long 3He proportional counter is a very good choice 
because of its high thermal neutron cross section and 
very good amplitude discrimination between γ and neu-
tron pulses. 
The photofission studies presented in detection of haz-
ardous materials are realized within the “Accelerators 
and Detectors” project supported by the EU. 
This work is supported by EU Structural Funds Project 
no POIG.01.01.02-14-012/08-00. 
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CCL Electron Accelerating Structure for the IORT Demonstrator 
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The medium energy medical electron accelerator for 
intraoperative radiation therapy (IORT) is to be 
equipped with a 4–12 MeV accelerating linac section of 
CCL type, operated at a frequency of 2999 MHz. It is 
designed as a π/2 mode, axially coupled structure. It will 
deliver pulsed electron beams of 5 µsec duration, with 
intensity and repetition corresponding to 10–15 Gy/min 
on each of 5 chosen energy levels. 
The optimal shapes of the linac cavities were calculated 
using the SUPERFISH and MICROWAVE STUDIO 
numerical codes. For complicated shapes the accuracy 
of resonant frequency calculation is in the range 10-4. 
The basic optimization criterion was shunt impedance 
Rsh, linking at a fixed frequency the energy gain with 
the RF power necessary to obtain that gain. 
After the computational optimization of resonant cell 
shapes and electron beam dynamics were completed, 
several experimental cells were made to verify the cal-
culations. Some minor dimensional corrections were 
then introduced to keep the resonant frequencies of the 
cells within allowable limits and to allow for application 
of a future tuning procedure in the final phase of manu-
facture. An example of an accelerating cell is shown in 
Fig. 1. 

 
Fig. 1. Example of accelerating cell. 
The 18-cell accelerating structure of the IORT demon-
strator has been designed as shown in Fig. 2. After me-
chanical validation all the cavities manufactured from 
high quality OFHC copper were assembled in the rf test 
room (Fig. 3), and successfully passed through the com-
plete rf measurement procedure. Fig. 4 shows an exam-
ple of the measured rf modes distribution. Finally, the 
accelerating structure was accepted for the first step of 
vacuum brazing. 
The measured inter-cavity coupling is on average close 
to 3.9%. After successful brazing the structure will be 
tuned to 2998.5 MHz using tuning pins placed in all the 
accelerating and coupling cavities. The slater perturba-
tion method worked out in 2009 [1] will be applied for 
this process. 

Progress on the development of the IORT mobile accel-
erator is reported regularly during monthly meetings of 
the AiD accelerator group. 

 
Fig. 2. IORT 18-cell accelerating structure. 

 
Fig. 3. IORT cavities from OFHC copper assembled in the 
test room. 

 
Fig. 4. Measured  rf modes distribution in the 9-cell string. 
 
This work was supported by EU Structural Funds, Pro-
ject No. POIG.01.01-14-012/08-00. 
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In 2011, the substantive work of the Low Energy Accel-
erator with X-ray Tube (NALR) team was focused on 
developing the project of a demonstrator IF and on 
creating the material base which is necessary for its 
production.  
The following tasks have been realized: 
• Monte Carlo analysis of the radial and angular 

distributions of the X rays for final (cylindrical- 
conical) construction of the active components of 
the IF tube was performed. 

• A new type of IF-K X-ray tube, a so called double-
chamber tube, has been produced. This type of tube 
significantly increases the reliability of operation of 
the anode with a voltage of 50 kV compared to the 
single-chamber tubes originally developed. 

• The third model of the power supply which steers 
the operation of above mentioned double-chamber 
X-ray tube has been designed and made (model is 
under investigation). 

• The controller which integrates the operation of the 
target of the X-ray tube demonstrator, inner detec-

tors and deflection coils has been designed and 
constructed. 

• Modeling of the final X-ray head of the demonstra-
tor is being carried out. 

• Studies on inner detectors and outer detectors to 
control the operation of the demonstrator are being 
carried out. 

• The final IF type X-ray tube project has been de-
veloped (the project is currently in progress). 

• The final IF type demonstrator project has been 
developed (the project is currently in progress). 

• The test chamber and integration system module 
are under development. 

Our work was presented at the International Conference 
on Medical Physics and Engineering "Physics and En-
gineering for Health and Wellness of Society", Poznań, 
21-24 September 2011. 
This work is supported by EU Structural Funds Project 
no POIG.01.01.02-14-012/08-00. 

 

 
 Fig. 1. Scheme of the final NALR demonstrator (type IF). 
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An X-ray radiography-based inspection system for 
cargo containers consists of two main parts: a dual en-
ergy (4MeV/6MeV) linac accelerator and a detection 
system with dedicated software. The linac accelerator 
generates X-rays with two alternate energies to scan the 
moving container. The detection system behind the 
container registers the X-ray beam giving information 
about the absorption of the rays by the contents of the 
container. The data are sent to a PC computer and dis-
played on screen. The collected pictures can be proc-
essed by software (e.g. coloured or filtered) or archived 
for later manipulation. 
The prototype detection system was built and examined 
in 2011. It is composed of a detector line (CsI:Tl scintil-
lators and p-i-n diodes), front-end electronics (inte-
grated amplifiers, sample-and-hold, analog to digital 
converters) and a control system, data acquisition and 
transmission module. It can serve 128 pixels of 5mm x 
5mm dimension.  
The measurements were made with a 6MeV SIEMENS 
medical linear accelerator. We illuminated the detectors 
directly from the accelerator without any obstacles. We 
acquired only one frame of a picture to examine the 
proper work of the detector line. The setup of the detec-
tion system during measurements is presented in Fig. 1. 

 
Fig. 1. Detection system setup for measurements with the 
SIEMENS accelerator. 

 
Fig. 2. Collected data diagram for the detection line covered 
by metal bricks. 

 

The detection system was connected to the PC computer 
which collected the data. Each frame was written to one 
file. We could then make a diagram of each picture 
frame in MS Excel. One of the measurements was made 
with bricks of different metals – three lead bricks on the 
bottom and one iron on top, as seen in Fig. 1. The re-
sulting diagram is presented in Fig. 2. 
We note that the X rays falling in channels from 0 to 18 
are the most suppressed, and there are lead bricks. The 
X rays in channels between 19 and 40 are slightly less 
absorbed, and there are iron bricks. The remaining 
channels are illuminated directly from the accelerator. 
Measurements with an X-ray tube providing a 120keV 
beam were also made. We put several objects on a mov-
able platform and exposed them to with X rays from the 
tube. The picture obtained is shown in Fig. 3. 

 
Fig. 3. Picture collected with X-ray tube. 
The measurements confirmed that the detector line and 
the dedicated electronics in principle work properly. We 
must change the p-i-n diodes for new ones which will 
have a bigger window covering more of the scintillator 
area (correcting detection sensitivity) and have a closer 
look at the middle channels with wrong data to elimi-
nate this effect. 
Requirements for dedicated software that should work 
in one of two modes were also formulated: test and 
measurement. In test mode functions which can diag-
nose the proper work of the electronics are imple-
mented. Measurement mode collects the pictures with 
X-ray beams. Two main tasks will be implemented: to 
set the parameters of the detection system and to collect 
pictures, process and archive them. The set of detection 
system parameters means the definition of the times, 
gains of the integrating amplifiers, beam repetition fre-
quency etc. The collected pictures can be processed by 
special filters, coloring and other functions. There is 
also the necessity to write the original data with meas-
urement parameters for archiving purposes. A special 
database will be designed for this purpose and special 
functions for manipulating these data will be imple-
mented. Any of the picture archived can be reopened in 
the software and then processed. 
This work was supported by EU Structural Funds, Pro-
ject No. POIG.01.01-14-012/08-00. 
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An Interlaced Energy Linear Accelerator 
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M. Wojciechowski, H. Wojnarowski 
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A dual, interlaced energy linear accelerator will be used 
for cargo inspection. An S-band, standing wave acceler-
ating structure for 4 and 6MV equipped with a focusing 
solenoid is currently in production. The idea of fast 
energy switching will be realized based on a 2.6 MW 
magnetron source and fast power level switch in the RF 
supply chain. A schematic diagram of the designed 
system is presented in Fig. 1.  

 
Fig. 1. Schematic diagram of the interlaced energy accelera-
tor. 
The fast energy switch consists of a circulator and 
Magic-T element. A dedicated control system, by 
changing the currents in the coils located at the 
magic-T, decides how much RF power is transmitted to 
the accelerating structure. The energy of an electron 
beam depends directly on the level of RF power. In the 
case of lower energy selection, part of the RF power is 
sent to the RF load. The power switch is presented in 
Fig. 2. The idea of a magnetron-based interlaced energy 
accelerator was successfully tested in 2011 on a dedi-
cated stand equipped with an EDOS energy detector. 

 
Fig. 2. Dedicated fast switch of the RF power level.  
An example of the measurements is presented in Fig. 3. 
Two energies are clearly visible. 

 
Fig. 3.  Energy measurement for interlaced linac mode.  
 
This work was supported by EU Structural Funds, Pro-
ject No. POIG.01.01-14-012/08-00. 
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National Centre for Nuclear Research, Otwock-Świerk, Poland 
 
While the development process of the detection set-up 
approaches its end, the construction work gains momen-
tum. For the sake of the final device mobility, the com-
plete system has been split into two parts; the detection 
module and the control unit. The detection module, see 
Fig. 1, is supposed to integrate the requirements of ri-
gidity while providing a secure shelter for the detectors 
during transport and, simultaneously, conserving the 
applied materials. The latter aspect is defined by the 
requirement of reducing the amount of activated mass 
within the direct vicinity of the neutron generator. 

 
Fig. 1. The model of the detection module construction in its 
transport mode. 
The neutron generator tube itself is located inside the 
detection module package, and is removed and mounted 
vertically during the measurement phase. The upper 
case is removed completely and put aside, and the rele-
vant components of the device are connected to the 
electronics and control unit. All electronics, except for 
the proprietary EADS Sodern Genie 16d neutron gen-
erator control unit, see [1] and Fig. 2, is assembled on 
standard VME cards and mounted in a 4-slots VME64x 
crate, see Fig. 3. 

 
Fig. 2. The neutron generator control unit. 

 
Fig. 3. VME64x crate integrates most of the neutron demon-
strator electronics. 
The planned VME cards include: 
1. GE Intelligent Platforms VR12A2F2K00A crate 

controller, 
2. Caen V6533 HV supply, 
3. Data Acquisition Board, 
4. Auxiliary card with additional, supporting func-

tionalities. 
The functionality of the electronics covers such aspects 
of the device performance as power supply, safety con-
trol, data acquisition and analysis, two way communica-
tion with the generator control unit and with the opera-
tor control interface. The operator control interface is an 
independent application for setting device parameters, 
measurement results readout and remote control. 
The details of the detection set-up can not be publicly 
revealed before acquiring patent protection. It consists 
of a scintillation gamma detector, a neutron counter for 
monitoring generator performance and a complex set-up 
of passive and active gamma-neutron shielding. 
 
This work was supported by EU Structural Funds, Pro-
ject No. POIG.01.01-14-012/08-00. 
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Receding Drying Front Observations in Rectangular Blocks of Wet Mortar 
I.M. Fijał-Kirejczyk1, J.J. Milczarek1, J. Żołądek-Nowak1, Z. Jurkowski1, J. Żołądek1,  
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Neutron radiography (NR) is an excellent tool for the 
determination of the spatial water distribution inside 
capillary-porous media. The main merit of the NR im-
aging technique is a high contrast between images of the 
dry and wet regions of the sample. In effect the drying 
front and its motion across the sample volume can be 
easily visualized and quantified from the recorded se-
quences of neutron radiographs [1, 2]. 
In this work [3] the drying of a rectangular sample 
formed from aged mortar designed for special construc-
tions was studied. The sample was a rectangular block 
of 48×52×14 mm saturated initially with water by im-
mersion for 48 h. With the ~60% effective porosity of 
the mortar, the initial mass content of water in the sam-
ple was ~29%. The experiments were carried out at the 
neutron and gamma radiography station (NGRS) at the 
MARIA nuclear research reactor of NCBJ. The sample 
was dried in the drying tunnel with a 60ºC hot air stream 
flowing from above at the rate of 0.03 m3 s-1 (stream 
speed ~3 m s-1). The sample was dried with all its sur-
faces free. 

     
Fig. 1. Time dependence of the wet inner region in a dried 
rectangular sample for time t=4000s; 6300s; 8000s. The 
pictures are false colour photos. 
The increasing brightness of the image was clearly 
demonstrated in the recorded sequences of neutron 
radiographs (Fig.1). An emerging darker region in the 
sample centre was observed at advanced stages of dry-
ing. It is evident that at the initial periods of drying the 
wet core region covers the whole sample. Then its size 
decreases until its ultimate disappearance. 
Since the intensity of the transmitted neutrons is propor-
tional to the local image brightness the macroscopic 
cross-section can be calculated from the analysis of the 
local optical density. The observed (Fig. 2) decrease in 
the effective macroscopic neutron cross section Σeff is 
due to the decreasing water content of the sample. The 
macroscopic cross section decreases very steeply ini-
tially to reach an almost steady value before a sudden 
drop to zero for the eventually dry sample. 
In order to analyse the images we applied the statistical 
approach considering the neutron radiographs as sto-
chastic matrices. The standard deviation of brightness is 

the simplest measure of diversification of grey levels of 
image pixels produced by emerging patterns like the wet 
core region. We found that the standard deviation plot-
ted versus time exhibits a single maximum (Fig. 3). We 
proved that the position of the observed maximum can 
be used to determine the start of the last period of dry-
ing when the wet inner core limited by the receding 
drying front evolves. The time dependence of the image 
global statistical parameters provides the possibility to 
distinguish different periods of drying for the rectangu-
lar sample.  

 
Fig. 2. The time dependence of the effective neutron macro-
scopic cross section calculated for the wet inner region of the 
sample. 
 

 
Fig. 3. The time variation of the standard deviation of the 
sample image brightness. 
In conclusion we found that the receding drying front 
can be unambiguously observed with neutron radiogra-
phy. We confirmed that the technique is perfect for 
determination of the variations of the spatial distribution 
of water inside the sample. Our results confirm the mer-
its of thermal neutron radiography in studies of the 
drying process. 
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Short Range Order in Mn0.3Ni0.3Cu0.4 Alloy Investigated  
by Neutron Scattering 

J. Jankowska-Kisielińska, K. Świderska, K. Mikke 
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The partially pseudo-binary Mn0.3Ni0.3Cu0.4 alloy is 
known [1-3] to decompose when aged at 400-450K. 
Regions of two types are created. The regions of the 
first type are a nearly pure MnNi inter-metallic com-
pound of tetragonal crystal structure. In the regions of 
the second type the Cu content is higher than average 
and the crystal structure is fcc. The aim of the present 
investigation was to find the atomic and magnetic order-
ing in the quenched Mn0.3Ni0.3Cu0.4 alloy before aging.  
Substantial neutron scattering in the vicinity of the (100) 
and (110) reciprocal superstructure lattice points was 
observed, indicating some kind of ordering. The neutron 
intensity distributions were investigated in the 15-298 K 
temperature range. Examples of the neutron intensity 
distribution at (100) are shown in Fig. 1. The intensity 
of the scattering decreases slightly with increasing tem-
perature. The shape of the distribution is Lorentzian and 
its width changes no more than 5% in the investigated 
temperature range. The neutron intensity distributions at 
(110) (Fig. 2) are more complex. They consist of two 
(Gaussian and Lorentzian) components. The intensity of 
the Gaussian component decreases by a factor of 0.29 
and that of the Lorentzian component by a factor of 
0.77, when the temperature increases in the range 
15-298 K. The width of the Lorentzian component in-
creases about 6% when the temperature increases.  
The observations indicate two types of short range order 
present in the sample. One should expect that the mag-
netic ordering is more sensitive to temperature than 
atomic ordering. Probably the neutron scattering at 
(100) is due to atomic short range order and that at 
(110) results from atomic short range order (Lorentzian 
component) and antiferromagnetic order (Gaussian 
component). The range of the atomic ordering is signifi-
cantly smaller than the range of the magnetic order. 

 
Fig. 1. Neutron intensity distributions measured at (100) at 
15 and 293 K. 

 
Fig. 2. Neutron intensity distributions measured at (110) at 
15 and 293 K. 
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Spontaneous Migration of Aqueous Salt Solutions in Beds of Zeolite 
J. Żołądek-Nowak, J.J. Milczarek, I.M. Fijał-Kirejczyk, J. Żołądek, Z. Jurkowski 
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The rate of spontaneous migration of wetting liquid in 
an unsaturated porous medium is determined by the 
liquid density, viscosity, surface tension and the degree 
of wetting described by the contact angle [1, 2]. Aque-
ous inorganic salt solutions usually exhibit surface ten-
sions higher than pure water [3, 4] which yields higher 
migration rates. The main aim of the present work was 
to investigate the rate of spontaneous imbibition of 
unsaturated beds of natural zeolite (clinoptilolite) by 
aqueous solutions of various salts. 
Experiments were performed at the neutron radiography 
station at the nuclear research reactor MARIA of NCBJ 
[5]. Beds of natural zeolite containing 84% of clinopti-
lolite were studied. The samples of 0.55 effective poros-
ity were composed of 0–0.2 mm sized grains. The proc-
ess was studied at a stabilized temperature of 30°C. 
Aqueous solutions of chlorides BaCl2, KCl, NaCl, 
SrCl2, ZnCl2 and NH4Cl, as well as nitrates Ba(NO3)2, 
KNO3, NaNO3, Sr(NO3)2, Zn(NO3)2 and NH4NO3 were 
studied (Fig. 1). 
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Fig. 1. Examples of the time dependence of the wetting front 
position for aqueous solutions of some chlorides (a) and 
nitrates (b). The solid line represents the fit to the data for 
pure water. 
We found that the water migration in unsaturated cli-
noptilolite beds can be described in terms of the classi-
cal law stating that the square of the wetting front dis-
tance d from the water immersed end of the sample is 
proportional to the time t elapsed from the process start 
i.e. d2=At. According to the capillary approach the 
wetting rate parameter A is proportional [5] to the prod-
uct of surface tension σ and the cosine of the contact 
angle ϑ  and inversely proportional to the liquid viscos-
ity η:  

( ) ηϑσ 2cosrA = , 
with r representing the effective capillary radius of the 
medium. The wetting rate parameter for pure water 
imbibing the clinoptilolite bed was determined as 
2.3±0.2 mm2s-1. The largest A (3.4±0.2 mm2s-1) was 
found for 10% KCl solution and the smallest 
(1.1±0.2 mm2s-1) for 33% Sr(NO3)2 solution (Fig. 2). 

Only the Sr(NO3)2 solutions exhibited a wetting rate 
smaller than that observed for pure water. 
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Fig. 2.  The dependence of the wetting rate parameter on 
concentration for Sr(NO3)2 (a), and KCl (b) aqueous solu-
tions. 
For the majority of aqueous solutions of chlorides and 
nitrates the migration rates increase in comparison to 
that of pure water confirming the enhancement of the 
surface tension with increasing concentration of the 
solutes. On the other hand the migration rates observed 
in clinoptilolite are much smaller than those for corun-
dum and quartz sand beds made of similar grain size. 
Significant deviations from the predictions of the simple 
theory were observed. In terms of the classical theory 
the deviations should be attributed to the changes in 
wettability i.e. decrease in contact angle. The observed 
high sensitivity of the migration rate to the grain size 
distribution seems to be attributed to weak dependence 
of the solution migration on chemical interactions with 
the grain walls. 
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Diastereoselective Transformations of Enol Esters Derived  
from Acetylenes and Chiral Carboxylic Acids 

I.M. Kalinowska1, J. Szawkało1, K.K. Krawczyk1, J.K. Maurin2,3, Z. Czarnocki1 
1 Faculty of Chemistry, University of Warsaw, Warsaw, Poland 

2 National Centre for Nuclear Research, Otwock-Świerk, Poland 
3 National Medicines Institute, Warsaw, Poland 

 
The work [1] was devoted to diastereoselective trans-
formations of enol esters derived from acetylenes and 
chiral carboxylic acids. First, the Markovnikov-type 
enol esters were synthesized using the method reported 
by Goossen [2] starting from protected amino acid de-
rivatives and terminal or internal alkynes, with the cata-
lyst generated in situ from dichloro(p-
cymene)ruthenium(II) dimer [Ru(p-cymene)Cl2]2 as the 
ruthenium precursor, and tri(2-furyl) phosphine 
[(Fur)3P] as the ligand. Herein we describe a procedure 
for the synthesis of chiral secondary alcohols via reduc-
tion and hydrolysis of enol esters derived from acety-
lenes and chiral carboxylic acids. We obtained several 
enol esters starting from protected amino acids. The 
selectivity in favor of the Markovnikov product was 
>99% in all cases. Taking advantage of the chiral auxil-
iary present in the enol ester, we next performed hydro-
genation of the double bond using an achiral catalyst 
(tryptophan) containing e.g. 1 was found to be promis-
ing – Fig. 1).  
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Fig. 1. Scheme of reduction. 
Next, aliphatic esters 6 were hydrolyzed to yield the 
respective enantiomerically enriched hexan-2-ols. Isola-
tion of ester 6a by column chromatography and subse-
quent hydrolysis enabled the formation of enantiomeri-
cally pure (S)-(+)-hexan-2-ol. The absolute configura-
tion of compound 6a was confirmed unambiguously by 
X-ray crystal structure analysis (Fig. 2.) 

 
Fig. 2. Molecular structure of compound 6a. 

In order to extend the synthetic utility of chiral enol 
esters to other transformations, we also studied the ep-
oxidation with m-chloroperoxybenzoic acid. Surpris-
ingly, even under mild conditions (0°C), we observed 
rearrangement of the initially formed epoxide into the 
corresponding α-acyloxy ketones. Generaly, this type of 
rearrangement is observed at higher temperatures. [3] 
The structure of compound 7 was confirmed by Xray 
crystal structure analysis (Fig. 3). 

 
Fig. 3. Molecular structure of compound 7. 
In summary, we have described new applications of 
enol esters in synthetic organic chemistry. The introduc-
tion of the carboxylic acid moiety allows diastereofacial 
functionalization of the double bond which may find 
applications in procedures aimed at preparing enanti-
omerically enriched products so important for bioactiv-
ity.  
Single crystal X-ray measurements were carried out at 
the Institute of Atomic Energy at Świerk using an Ox-
ford Diffraction Xcalibur R κ-axis diffractometer with a 
CCD Ruby detector. In all cases, CuKα characteristic 
radiation was applied. After initial corrections and data 
reduction, reflection intensities were used to solve and 
refine consecutively the structures using SHELXS97 [4] 
and SHELXL97 [5] software.  
The detailed crystallographic data have been deposited 
with the Cambridge Structural Datacentre under 
the numbers CCDC 805409 and CCDC 805410, respec-
tively. 
 
References: 
[1] I.M. Kalinowska et al., Synthesis 11, 1809 (2011) 
[2] L.J. Goossen et al., D. Chem. Commun. 706 (2003) 
[3] A.L. Draper et al., J. Org. Chem. 27, 2727 (1962) 
[4] G.M. Sheldrick, SHELXS97, Program for solving crystal 

structures; University of Gottingen, Germany (1997)  
[5] G.M. Sheldrick, SHELXL97, Program for crystal struc-

ture refinement; University of Gottingen, Germany 
(1997) 



Solid State Physics 
 

 

223

L-prolinol as Chiral Auxiliary in the Photochemical Synthesis  
of a new Aryltetraline Lignan Analog 
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Many aryltetraline lignans show a broad scope of bio-
logical activity, of which the ability to intercalate DNA 
and inhibit topoisomerase II is by far the most important 
[1, 2]. In particular, the biological activity of podophyl-
lotoxin 2 has been the subject of in-depth studies and 
numerous publications [3]. The most crucial feature of 
the podophyllotoxin-type lignans showing antitumour 
activity is the relative rigidity of the C ring (the struc-
ture and customary numeration of the rings and atoms 
of podophyllotoxin is given in Fig. 1). Also, the relative 
cis-stereochemistry of the substituents at C-7’ and C-8’ 
are of high importance for the bioactivity. 
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Fig. 1. Structure of podophyllotoxin 2. 
We expected that the introduction of additional methyl 
groups into the C ring of podophyllotoxin-like lignan, 
could be of interest, primarily by the inhibition of an 
undesired aromatisation. Also, the rigidity of the C ring 
would be enhanced, which could favor bioactivity [1]. 
So we tried to obtain other tetralines possesing such 
features. Here [4] we report on the successful photo-
cyclization of the compound 10 derived from bisben-
zylidenesuccinic acid and L prolinol to yield (1S,2S)-
dihydro-1-arylnaphtalene 1 (Fig. 2). 
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Fig. 2. Photocyclization of (M)-10 leading to the arylter-
aline 1. 

The synthetic route results have been documented by 
X-ray structural studies on one intermediate (Fig. 3) and 
finally by solving and refining the crystal and molecular 
structure of the final product 1 (Fig. 4). 

 
Fig. 3. The molecule of intermediate (E,E)-8. 

 
Fig. 4. Conformation of the final product 1. 
The detailed structural parameters have been deposited 
with the Cambridge Crystallographic Data Centre under 
the numbers CCDC 818576 (8) and CCDC 819367 (1), 
respectively. 
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Structural studies of Ba 2-FCA revealed that the crystal 
structure of Ba 2-furoate is polymeric [1] with cross 
linked three-dimensionally extended chains (Fig. 1). 
The main motif of the structure is a hexagonal-like 
network of Ba 2+cations with Ba-Ba separation dis-
tances in the range 4.333-4.752Å  
The independent part of the Ba 2FCA unit cell contains 
3 Ba2+cations The ions have different coordination 
numbers (from 7 for Ba3, 10 for Ba2 and 12 for Ba1). 
The cations are asymmetrically bridged (tridentate 
O’,O:O and tetradentate O’,O:O’,O) to each other via 
furan carboxylate ligands. 
The coordination scheme was studied with a Bader 
topological analysis carried out independently with 
XDPROP [2] and ABINIT [3] packages.  

 
Fig. 1. The crystal structure of Ba 2-furoate. 

 
Fig. 2. Electron density ρ vs Ba-O furan and Ba-O carboxy-
late distance.  

The calculations reveal the critical points of (3; -1) type 
between Ba-O atoms (Fig. 2). The coordinates of elec-
tron density gradient and laplacian projection are very 
close to each other. The coordinates of critical points 
Ba–O carboxyl and Ba-Ofuran (the respective BCP’s are 
nearly equidistant) and their density ρ and laplacian ∇2ρ 
suggest that the interaction between both atoms is of the 
same character. The Ba-Ocarboxyl and Ba-Ofuran bond 
paths were also observed (Fig. 3).  

.  
Fig. 3. The representation of the gradient vector field of ρ(r) 
in the molecular plane of Ba(1)-O(11)-C(11)-O(21). The bond 
critical points are shown in blue. The black paths trace the 
direction of maximum gradient of ρ(r) from the nucleus (bond 
paths). Two other trajectories leaving the critical point to 
infinity define the zero flux surface. 
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The development of a new generation of short radiation 
sources exploiting free electron lasers has focussed 
interest on the interaction of the beam generated by 
these devices with solid matter. The strong excitation of 
electronic states by a laser beam can reveal a number of 
new phenomena important for the practical development 
of optical elements and design of new experiments, and 
certainly is very interesting from the general point of 
view. Information about the phenomena require a very 
careful structural characterization of the emerging cra-
ters i.e. their geometrical features and the lattice defor-
mation.  
In our previous experiment the use of back reflection 
section and projection topography revealed many im-
portant features of the strain fields associated with the 
craters. It was possible to demonstrate a significant 
similarity of the observed strain field to that of rod-like 
inclusion. The latest results seemed to suggest unex-
pectedly large depth extension of the crater strain 
field [1].  
In the present experiment we confirmed this observation 
with synchrotron transmission section white beam to-
pographs with the beam perpendicular to the sample 
surface. The sequence of 10 µm spaced section topog-
raphs yielded the geometrical shape and depth of the 
various craters. The images corresponding to reflection 
from different crystallographic planes could also be 
compared. In the topographic pictures the direct image 
of the crater boundary accompanied by deformation of 
the Kato fringes was observed. The image formation is 
presented in Fig. 1 and an example of the transmission 
section topograph is shown in Fig. 2. 
The estimated crater depths were in the range 
30-100 µm suggesting that some craters were formed 
through melting and recrystallization processes. 

The synchrotron investigations were supported by the 
HASYLAB project II-20060165 EC. 

 
Fig. 1. Formation of the crater image and its representation 
in Bragg-case section topography. 

 

 
Fig. 2. Magnification of a section topograph with highest 
extension of direct images of the craters allowing the evalua-
tion of their depth extention. 
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The technology of the growth of mixed praseodymium 
lanthanum aluminate perovskite crystals has been de-
veloped mainly for their prospective applications in 
visible light laser technology. One of the topics of inter-
est is preparation of crystals with self-organized domain 
structure suitable for light guiding [1]. 
The domain structure and crystallographic defects in 
Czochralski grown single crystals of PrxLa1-xAlO3  and 
PrxLa1-x-yMgyAlO3 were characterised with a number of 
methods including conventional and synchrotron X-ray 
diffraction topography, and polariscopic microgra-
phy [2].  

 
Fig. 1. White beam projection back-reflection diffraction 
topographs of the samples with various chemical composition. 
X denotes projection of the synchrotron radiation beam direc-
tion on the film; D – sets of domains; A1, A2 – mutually dis-
placed images of boundaries of different domain sets  present 
in the same illuminated sample region. 
The observed twin domain systems were located per-
pendicularly to the <100> and <110> pseudo-cubic 
(pcub) directions. It was confirmed that the domains are 
of the same orientation and form twins, similarly to 
those described for LaAlO3 crystals [3]. The use of 

section transmission topography enabled the indication 
that the domains are perpendicular to the (100) pcub 
surface of the samples.  
The disorientation of the lattice in the domains was 
determined from the white beam topographs and its 
increase with concentration of praseodymium was re-
vealed (Table 1). 
 
Table 1. The lattice disorientation between {110}rhom do-
mains evaluated from the image displacement in white beam 
projection topographs.  

  
Chemical composition 

Evaluated disorien-
tation between 

{110}rhom domains 
1 PrAlO3 1O 

2 Pr0.75La0.25AlO3 0.6O 

3 Pr0.55La0.45AlO3 0.3O 

4 Pr0.4La0.6AlO3 0.28O 

5 LaAlO3 0.12O 

6 Pr0.01La0.99AlO3 0.2O 

7 Pr0.03La0.97AlO3 0.3O 

8 Pr0.042La0.937Mg0.021AlO3 0.32O 

9 Pr0.034La0.949Mg0.017AlO3 0.28O 

10 Pr0.028La0.944Mg0.028AlO3 0.24O 

11 Pr0.023La0.954Mg0.023AlO3 0.14O 

 
The synchrotron investigations were supported by the 
HASYLAB project II-20060165 EC. 
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The only stable zirconium oxide, ZrO2, is widely used 
in high temperature technology in the form of sintered 
bulk material as well as layers or coatings of high ther-
mal resistance. The main reasons for its application are 
its high melting point (~3100 K), high thermal insula-
tion (thermal conductivity ~1.5 W/Km) and high ther-
mal expansion coefficient (~105/K). However, ZrO2 
exists in a few polymorphic forms and phase transitions 
between them may occur with temperature variations.  
In order to suppress the possibility of such transitions, 
addition of some other oxides (CaO, MgO, and Y2O3) is 
used, which yields ZrO2 as a stable solid. Recently, 
some tests of complex stabilizers in the form of mix-
tures of different oxides were performed. In this way not 
only the effect of the amount but also of the type of 
stabilizer can be investigated. 
Here we report on studies performed on new composites 
containing some admixture of rare earth oxides. The 
main stabilizer components were Ce, La, Nd and Y 
oxides. The composition and synthesis details of the 
admixtures used have been described in previous work 
[1, 2]. The structure of the composites obtained were 
studied with X-ray powder diffraction. Two of them 
contained 7% of rare earth oxides and were obtained in 
different conditions, the third comprised 12% of the 
same components. 
The XRD of the first composite (containing 7% of the 
rare earth oxides admixture) revealed stabilized cubic 
and tetragonal phases with only a small fraction of the 
monoclinic phase (red pattern) (Fig. 1). The diffraction 

pattern of the second composite indicates the presence 
of monoclinic ZrO2 as the main phase with a small frac-
tion of stabilized cubic and tetragonal phases (black 
pattern). The composite with 12% admixture shows the 
highest peak intensity corresponding to stabilized cubic 
and tetragonal phases with some minor traces of the 
monoclinic form (blue pattern).  
These results revealed substantial differences in phase 
composition between the investigated composites. The 
second composite leaves much to be desired for high 
temperature applications. 

 
Fig. 1. X-ray diffraction patterns of ZrO2 with 7% (red and 
black) and 12% (blue) rare earth oxides addition. 
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Perovskite-based materials, in which ferromagnetism 
and ferroelectricity coexist in the same phase were 
named multiferroics. The materials were discovered in 
the 1960s, but during the next several decades a modest 
development of new magnetoelectrics was made [1]. 
Significant revival of interest in this class of materials 
occurred in 2003, when a few promising reports about a 
new type of multiferroics were published [2-4]. It was 
clear that strong coupling between magnetic and electric 
order parameters is a basis for practical applications of 
these  multifunctional materials. 
One of the most promising multiferroics BiFeO3 [3], is a 
well known perovskite with a relatively high TC=1110K 
and TN=610K. Unfortunately, the synthesis of BiFeO3 is 
difficult due to high leakage current and secondary 
oxide phases (Bi2Fe4O9, Bi25Fe2O39), which signifi-
cantly reduce the magnetoelectric effect [3]. Therefore, 
a solid solution of BiFeO3 and Pb(Fe2/3W1/3)O3 was 
synthesized, where Pb(Fe2/3W1/3)O3 is a lead-based 
complex perovskite with a large dielectric constant, 
TC=150K and TN=350K, respectively [3, 4]. 
Our specimens were produced by mechanical activation 
of high purity Bi2O3, Dy2O3, Fe2O3, PbO2 and Fe2WO3 
oxides for 7h during a ball milling process. Then the 
mixture was calcinated at 780oC for 4h, and granulated 
and pressed into a disc shaped pellet (1.8mm high and 
1.53cm in diameter). Finally, the pellet was heat-treated 
at 545oC for 2h and sintered at 800oC for 2h. 
The crystallographic purity of the ceramic sinter was 
examined with XRD (Philips powder diffractometer 
with Cu Kα). A fitting program (FULLPROF software 
[5]) based on the Rietveld method was used to analyze 
the diffraction pattern. 
In general ABO3-type perovskites crystallize in a cubic 
Pm-3m crystal structure, whereas ferroelectric materials 
distinctly show off-centre shift of the B-site cation dur-
ing polarization ordering and therefore a small tetrago-
nal distortion is observed. On the other hand, BiFeO3 
multiferroic exhibits a small rotation of the oxygen 
octahedra leading to a rhombohedral distortion [2].  
Therefore, a few probable crystallographic structures of 
0.1Bi0.95Dy0.05FeO3–0.9Pb(Fe2/3W1/3)O3 were examined 
during the refinement procedure. The best result was 
obtained for the tetragonal structure P4mm. The deter-
mined lattice parameters a=3.987(3)Å and c=3.990(3)Å 
indicate that 0.1Bi0.95Dy0.05FeO3–0.9Pb(Fe2/3W1/3)O3 is 

closely related to an ideal perovskite with a slight 
tetragonal distortion c/a=1.001. 
The 57Fe Mössbauer effect of 0.1Bi0.95Dy0.05FeO3–
0.9Pb(Fe2/3W1/3)O3 was measured at 77K. The hyperfine 
interaction parameters, such as isomer shift δ relative to 
metallic iron at 300K, quadrupole splitting ∆ and hyper-
fine magnetic field µ0Hhf , were determined. 
The transmission Mössbauer spectrum is composed of 
three Zeeman sextets and two quadrupole doublets. 
Doublets could be related to small impurity phases 
which were not detected by the XRD studies. For the 
0.1Bi0.95Dy0.05FeO3–0.9Pb(Fe2/3W1/3)O3 compound the 
calculated Goldsmith tolerance factor is 0.935 and is 
smaller than unity, which suggests a random distribution 
of Bi/Pb cations at the A sites and Fe/W cations at the B 
sites of the ABO3 perovskite structure. According to a 
random distribution the highest probability is expected 
for 8 Pb cations located at 8 corners of the tetragonal 
unit cell. Lower probabilities are expected for 7 Pb and 
1 Bi as well as for 6 Pb and 2 Bi cations. The other 
distributions are of negligible probability. 
The normalized probabilities up to 8 Pb cations are: 
1.00, 0.89, 0.35 respectively for the 8Pb/0Bi, 7Pb/1Bi 
and 6Pb/2Bi arrangements, respectively. The estimated 
probabilities perfectly correspond to the relative areas of 
the Mössbauer subspectra. The Pb/Bi substitution in-
duces only FeO6 tetrahedral distortion, however the 
cation replacement could not change the number of the 
first neighbors of iron atoms. Therefore, the changes in 
isomer shift parameters are very small. More apparent 
variations are observed in the quadruople splitting pa-
rameter which is more sensitive to the stereochemistry 
of Fe sites. The Pb/Bi substitution decreases the mag-
netic hyperfine field of about 2T per replacement of Bi 
cation. 
The values of the δ and ∆ parameters are typical for a 
Fe3+ ion in octahedral symmetry [6]. Thus, a Fe3+ charge 
state for all iron atoms of the investigated perovskite has 
been confirmed. 
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Calcium zirconate is unique compound in the CaO–
ZrO2 system with the high melting point of 2345oC. 
CaZrO3 exists in two polymorphic forms. At low tem-
peratures it assumes the orthorhombic Pbnm structure 
with slightly deformed ZrO6 octahedra that is stable up 
to ~1900oC, and an ideal cubic perovskite structure 
(Pm3m) at higher temperatures. 
CaZrO3 is studied because of its unique physical proper-
ties. For example, doping CaZrO3 with Al2O3, Y2O3, 
MgO or CaO induces a predominant mechanism of 
oxygen ion conduction. 
Extremely high chemical durability is preferable for 
applications of CaZrO3 as a sensor to gauge oxygen 
activity in molten steel. Due to its low dielectric loss 
tangent, high dielectric constant and small thermal ex-
pansion coefficient it can be used in multilayer ceramic 
capacitors and dielectric resonators, in particular for 
microwave applications. 
High strength and excellent corrosion resistance against 
alkali oxides and slags make CaZrO3 a good candidate 
for a ceramic refractory material. CaZrO3 relatively 
easily incorporates actinides into its crystal structure 
and because of its high chemical durability is considered 
as a host material for nuclear fuel immobilization. 
CaZrO3 doped with Fe2O3 was synthesized by the stan-
dard solid state reaction method. Starting materials were 
mixed together with a vibratory zirconium ball mill for 
2 hours. After initial homogenisation, pellets of 20mm 
in diameter were produced under 30MPa and prepared 
for a two-step firing process. 
Initially, samples were calcinated in air. Next, pellets 
were heated up to 1200˚C, soaked for 10h and cooled in 
a furnace. Then the material was crushed to a grain size 
smaller than 20µm and pressed again under 30MPa. 
Finally, the essential firing processes were conducted, 
first at 1400˚C and then at 1700˚C with 10h soaking and 
cooling in a furnace. 
The crystal structures of the investigated sinters were 
examined by XRD. The dominant phase was ortho-
rhombic Pcmn (CaZrO3). In both firing temperatures the 
existence of an iron rich CaFe2O4 phase was also ob-
served. The parameters of the crystal structure for both 
phases are summarized in Table 1. 
The unit cell volume of sintered CaZrO3 is smaller than 
for pure calcium zirconate. It suggest a partial substitu-
tion of large Zr4+ cations by smaller Fe3+. The lower 
value of the volume parameter V observed for the sam-
ple sintered at 1700oC is induced by a higher amount of 
Fe3+ cations incorporated into the CaZrO3 structure in 
comparison to the sample sintered at 1400oC. 

Table 1. Crystal structure parameters for samples sintering 
at 1400oC and 1700oC temperatures. 

Sintering temperature 
Parameter 

1400OC 1700OC 
Phase CaZrO3 (Pcmn) 

a [Å] 5,5861 5,5821 
b [Å] 8,0113 8,0072 
C [Å] 5,7549 5,7548 
V [Å3] 257,549 257,224 
A [%] 92,60 87,96 

Phase CaFe2O4 (Pbnm) 
a [Å] 10,7560 10,7326 
b [Å] 9,2622 9,2619 
C [Å] 3,0270 3,0267 
V [Å3] 301,568 300,867 
A [%] 7,40 12,04 

 

The volume of CaFe2O4 is almost independent of the 
sintering temperature, suggesting that there is no substi-
tution of Fe3+ by larger Zr4+ cations in this phase. 
Mössbauer spectroscopy measurements performed at 
room temperature finally confirmed the substitution of 
Zr4+ cations by Fe3+ in the CaZrO3 phase. The hyperfine 
interaction parameters for three different Fe3+ ion posi-
tions are presented in Table 2. 
Table 2. Hyperfine interaction parameters IS, QS of investi-
gated sinters. 

Sintering temperature 
1400OC 1700OC 

A  
[%] 

IS  
[mm/s] 

QS 
[mm/s] 

A 
[%] 

IS 
[mm/s] 

QS 
[mm/s] 

63,67 0,338 0,238 54,36 0,313 0,627 
28,56 0,364 0,322 26,06 0,353 0,305 
7,77 0,437 0,643 19,58 0,429 0,633 

 

The values of the hyperfine interaction parameters for 
the first two subspectra (first two rows in Table 2) are 
characteristic for iron Fe3+ in the CaFe2O4 structure. The 
last component represents iron Fe3+ in the CaZrO3 com-
pound in octahedral symmetry. In the perovskite struc-
ture, iron atoms occupy only one crystallographic posi-
tion at the center of the oxygen octahedra. Thus proving 
that iron atoms substitute Zr4+ in CaZrO3. 
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Immobilization of nuclear and toxic wastes by their 
vitrification with borosilicate glasses is a well known 
method of preventing migration of dangerous materials 
into the natural environment. A borosilicate glass struc-
ture is characterized by a large flexibility, elasticity and 
is able to embrace efficiently such dangerous compo-
nents as heavy metals or actinides. 
Furthermore, the borosilicate glasses have extremely 
large chemical durability and reasonable melting tem-
peratures lower than 1400oC, that preclude evaporation 
of volatile elements. A typical oxide composition of a 
standard borosilicate glass (called “waste glass”) is 
listed in Table 1. 
Table 1. Chemical composition of the “waste glass”. 

Oxide Mass percent [%] 
SiO2 53 
B2O3 15 
Al2O3 7 
Na2O 20 
CaO 5 

Molecular dynamics is a very suitable method used for 
describing structural properties of amorphous materials. 
A fundamental advantage of classical molecular dynam-
ics over ab initio methods is the possibility to simulate 
complex systems composed of thousands of atoms, 
whereas ab initio methods are limited to hundreds of 
atoms. This difference indicates that ab initio methods 
are insufficient for a proper description of the structure 
of typical amorphous materials. 
However, classical molecular dynamics demands spe-
cific parameters of composed potential and an appropri-
ate definition of the interatomic interactions. The widely 
known interatomic potential was proposed by Born-
Mayer-Huggins (BMH) 
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where Aij, Cij, ρij are adjustable parameters and qi,j repre-
sents the charges of the examined ions. 
The BMH potential is adequate for pure ionic bonds 
between different cations, where qi stands for a nominal 
charge. In the case of partially ionic bonds with a con-
tribution from covalent interactions, such an approach 
hardly reproduces the interactions since the covalent 
interactions are strongly angle dependent. Therefore, 
many angle dependent terms were proposed to simulate 
the highly covalent interactions between Si–O, B–O or 
Al–O atoms. 
The predominantly used form of the angle potential 
term was proposed by Stillinger-Weber. Nevertheless, 

computationally it is very ineffective and is not fully 
justified for the extremely constrained structure of the 
simulated materials. 
In recent years a new type of interatomic potential based 
on the BMH form has been developed, where instead of 
the formal atomic charges the results of ab initio calcu-
lations for partial charges were proposed. One of the 
recent parameterisations was proposed by Gulloit-Sator 
[1], which properly describes the structural and me-
chanical properties of different silicates. 
In the original form of the Gulloit-Sator potential there 
is no parameterisation for interactions between B–O, 
Cs–O, Li–O, therefore to obtain these values we fit Aij, 
Cij, rij parameters using GULP software in order to 
reproduce the structural and mechanical properties of: 
B2O3, NaBSi3O8, Li2O, Li2SiO3, LiAlSi2O6, Cs2O, 
CsAlSi2O6. The optimal values of the Aij, Cij, rij parame-
ters obtained are presented in Table 2. 
Table 2. The Gulloit-Sator interatomic parameters. 

Interaction qi (e) Aij  
[eV] 

ρij  
[Å] 

Cij  
[eV Å6] 

O–O -0.945 9022.82 0.265 85.092 

Si–O 1.890 50306.24 0.161 46.297 

Al–O 1.4175 28538.47 0.172 34.577 

Ca–O 0.945 155667.98 0.178 42.259 

Na–O 0.4725 120304.15 0.170 0.0 

B–O 1.4175 15176.81 0.150 9.082 

Cs–O 0.4725 19587.73  0.163 261.273 

Li–O 0.4725 9692.18 0.171 0.0 
 

The derived interatomic parameters reproduce very well 
the distances between different cations in the borosili-
cate glass structure, i.e. the distances for Si–O (1.62 Å), 
Bi–O (1.46 Å) and Al–O (1.78 Å). The other important 
result is the average angle between O–Si–O, O–Al–O 
and O–B–O bonds, which for all cases is about 109o and 
is very close to the theoretical value of 109.5o. This  
result was obtained without employing the angle de-
pendent term in the potential form. 
The proposed interatomic potential reproduces very well 
the structural properties of borosilicate glasses and pa-
rameterised without the angle dependent term, which is 
very suitable for modeling large sets of atoms, which 
are required for example in simulating radiation damage 
processes in borosilicate glasses. 
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Manganin is a substitutional alloy of Cu with Mn and Ni 
with a slightly deformed copper lattice. In this work we 
found that manganin implanted with high doses of nio-
bium ions and high energy Kr ions exhibits anomalously 
low electrical resistivity which decreases linearly when 
temperature decreases [1]. 
Rectangular 22×2 mm specimens of 10 µm thick man-
ganin foil were used in our studies. Initially the samples 
were implanted with 30 keV niobium ions of 2.5·1017 
cm-2 fluency. Then implantation with 245 MeV krypton 
ions of 4·1013 cm-2 was performed. The implantation 
was performed from one side of the samples with their 
surfaces as made by the producer. Before and after im-
plantation specimens were annealed at 130ºC for 100 h 
in silicon oil. The implantation range procedure was 
estimated with the SUSPREVI.8 code [2] with theexpo-
nential fill model for High Dose Effect. The implanta-
tion range of Kr ions was much larger than the thickness 
of the specimens, so its implantation  resulted mainly in 
recoil implantation. Thin (0.05 mm diameter) copper 
wires were tin soldered to the ends of the specimen. The 
electrical resistance was measured with the four point 
method. Two contacts placed 15mm apart at a con-
trolled pressure were also employed. 
The specimen resistance determined with the appropri-
ate corrections for the contacts was 5.1±0.5 mΩ. The 
electrical resistivity for the original material was 
44.0 µΩcm and that of the implanted specimen 
0.35 µΩcm. Since according to the implantation model-
ing the implanted layer thickness was 20 nm, the resis-
tivity of the modified material was 0.6 nΩcm. Assuming 
that current flows only through the implanted layer the 
maximum current density is 5 kA mm-2. The experimen-
tal data reveal a linear decrease of the implanted speci-
men resistance with decreasing temperature (Fig. 1). 
The origin of the anomalously low resistivity of the 
implantation modified manganin is unknown. An attrac-
tive conjecture is that we observed type II superconduc-
tivity, at the region of moving vortices where a finite 

resistivity is observed. It is certain that due to implanta-
tion a 20 nm thick niobium saturated layer has been 
formed. The simple picture of the sample is that of a 
~10 µm thick strip with a thin surface layer on one of its 
sides. That surface layer is of a strongly damaged com-
plex (probably amorphous) structure with 21·1021Cu, 
31·1021Nb, 2.5·1021Mn and 0.4·1021Ni atoms/cm3, re-
spectively. One should bear in mind that the presence of 
the indispensable concentration gradients across the 
sample thickness would modify those values to some 
degree. 
This work was partially financed by the Polish Minis-
try of Science and Higher Education grant No. 
2078/ZIBJ/2011/0 for JINR-NCBJ cooperation project. 

 
Fig. 1. Temperature dependence of implanted manganin 
specimen resistance. 
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There is currently much interest in the technology of ion 
conducting glasses for advanced electrochemical de-
vices. Particular attention has been devoted to boron 
containing glasses which combine good thermal and 
mechanical properties with easy technology. The boron 
containing glasses are an interesting subject for 
nanotechnological studies, because in some conditions 
nanocrystals of silver iodide are formed which strongly 
a effect the electric charge transport processes in these 
materials [1]. Moreover, these materials could be inter-
esting for nuclear technology due to the strong neutron 
absorption by boron.  
Samples were obtained by rapid quenching from the 
liquid phase. Appropriate amounts of AgI, Ag2O and 
B2O3 were placed in ceramic crucibles and melted at 
1200°C for 1h. The melt was rapidly cooled between 
two metal plates. Flat samples of thickness from 0.5 mm 
to 3 mm were obtained. The samples were annealed at 
temperatures from 50-200 °C for 24 h. Structural inves-
tigations were performed with optical microscopy, 
scanning electron microscopy (SEM) and X-ray diffrac-
tion. Electrical measurements were carried out with 
impedance spectroscopy. The frequency range varied 
from 10-2Hz to 107Hz.  
SEM investigation revealed that the structure of the 
samples depends strongly on their composition. The 
samples with low AgI content were homogenous and 
amorphous while the samples with high AgI content had 
a two phase structure with crystalline precipitates. On 
the basis of X-ray and neutron investigations we found 
that the precipitates are β/γ AgI. No signs of α-AgI 
precipitates were found. Electrical measurements 
showed that the modulus of the impedance decreases 
with frequency. In all cases of electrical measurements 
three regions could be distinguished. The first is that of 
frequencies lower than 1 Hz. In this region mod Z is 
relatively high and decreases rapidly with frequency. 
This region is related to electrode related phenomenon, 
polarization end decomposition processes. In the second 
region changes of Z are smaller. This region can be 
related to ion transport processes. In the third region 
(frequency >105Hz) mod Z rapidly decreases with fre-
quency. In this region electron related phenomena are 
dominant. This type of behavior was reported before for 

other ionic conducting materials [2]. It was also shown 
that the electrical conductivity of these materials 
strongly depends on the AgI content. In the case of 
homogenous samples the value of Z decreases with AgI 
content for all investigated frequencies. This effect can 
be related to increased concentration of AgI-associated 
silver ions which are responsible for electrical conduc-
tivity in these materials (other silver ions are motionless 
and do not contribute to electric charge transport). In the 
case of samples with large amounts of AgI the value of 
Z increases with AgI content. This effect is caused by 
blockage of ion transport by isolating precipitates of 
AgI. 
We found that the annealing of amorphous samples at 
temperatures lower that 100°C did not affect their prop-
erties. Annealing at temperatures of 150°C and 200°C 
produced a large increase in the electrical conductivity  
However, we found that some precipitates of AgI and 
metallic silver appear on the surface of annealed sam-
ples. After removal of the surface layers we found that 
their conductivity was lower than before annealing. This 
effect can be explained by assuming that during anneal-
ing silver contained in the AgI diffuses to the surface 
and improves the electrical contact between the sample 
and the external electrodes. At the same time the proc-
ess reduces the concentration of conducting ions inside 
the materials. 
It was shown that the crystallographic structure of the 
samples depends on their composition. For low concen-
trations of AgI the material is homogenous glass and for 
high concentrations of AgI it is a two phase composite 
of glass and AgI precipitates. It was also shown that the 
conductivity of amorphous samples increases with AgI 
concentration and decreases with AgI concentration for 
two phase samples It was also shown that the annealing 
of amorphous materials produces substantial changes in 
their structure and electrical conductivity. 
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The theoretical electronic structure and Fermi surface 
topology of ferromagnetic gadolinium are analyzed. The 
influence of the magnetic moment direction and Hub-
bard U term are discussed. The calculated band struc-
ture is in good agreement with the results of photoemis-
sion experiments, especially in the position of the 4f 
band. Some tendency to “nesting” behavior in the Fermi 
surface was observed. The magnetic form factor is cal-
culated and compared with the experimental value. 
Also, the maximum entropy reconstruction of the mag-

netization density from neutron diffraction data is pre-
sented and compared with the distribution predicted 
theoretically. The influence of the proportion of posi-
tive/negative prior density on the reconstruction result 
was checked. The analysis was also carried out for ex-
perimental data supplemented by theoretical points. 
Magnetic Compton profiles were calculated and ana-
lyzed. 
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Mössbauer measurements performed on powdered sin-
gle crystals of FeTe0.5Se0.5 (Tc~14.7 K) reveal a small 
content of two impurity phases, identified as Fe3O4 and 
Fe7Se8, among the major tetragonal phase. From the 
shape of the impurity subspectra it follows that Fe7Se8 
behaves in a superparamagnetic manner, most likely 
because of randomly distributed Fe vacancies in the 
lattice structure of Fe-Te-Se. The magnetite content in 
the powdered absorber exposed to ambient air condi-

tions remained unchanged during a period of 16 months. 
Ageing effects were observed for samples stored under 
an argon atmosphere and a small increase in the iso-
mer shift of the doublet was detected. The temperature 
dependence of the hyperfine parameters can be ex-
plained as due to possible orthorhombic distortion or to 
temperature behavior of the impurity phases Fe3O4 and 
Fe7Se8. A strong tendency to the formation of a crystal-
line texture of the powdered sample was observed.  

 
 

Spin Wave Dispersion Relation and Damping  
in Sendust Alloy in the 8 to 295 K Temperature Range 

K. Świderska1, J. Jankowska-Kisielińska1, L. Dobrzyński1,2 
1 National Centre for Nuclear Research, Otwock-Świerk, Poland 

2 Faculty of Physics, University of Białystok, Białystok, Poland 
 
Previous neutron scattering experiments on a single 
crystal of Sendust alloy (73.5 at.% Fe, 17 at.% Al, and 
9.5 at.% of Si) revealed extremely high spin wave 
damping at room temperature. The aim of these studies 
was to test if the spin wave damping originates from 
lattice disorder or comes from mutual spin wave interac-
tions or other excitations that could be temperature 
dependent. The spin wave dispersion relation and damp-
ing were studied in the temperature range from 8 to 
295 K. No regular changes of either spin wave damping 

or stiffness constant (which characterises the dispersion 
relation) with temperature were found. Thus, within this 
temperature range, spin wave interactions with dynami-
cal excitations of all kinds must be negligible, and their 
damping is most likely produced by lattice disorder 
alone. It is of interest to note that for energy transfers 
higher than 30 meV the inelastic background intensity 
below the spin wave peaks increases with temperature, 
and this increase is larger than that of the spin-wave 
peak intensity. 
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Pressurized Water Reactor Fuel Assembly Calculations Using DRAGON4.05 
E. Grodzicka, R. Możdżonek, M. Skrzypek 

National Centre for Nuclear Research, Otwock-Świerk, Poland 
 
The aim of this project is to calculate the isotopic inven-
tory for spent fuel, consisting of UO2 pellets. The results 
of the calculations will be used for educational pur-
poses. 
Calculations were carried out for a pressurized water 
reactor, in particular for several fuel assemblies with 
different initial enrichments and different pin locations. 
The assemblies are located in the reactor core, some of 
which include the burnable poison Gadolinium. The 
addition of the Gadolinium is made for the power con-
trol of the initial reactor start up. The given fuel isotopic 
concentrations are the initial values and the key effect 
on the final concentrations depends on the operating 
conditions; the calculations assumed full power opera-
tion during the whole cycle. 
Calculations of the isotopic concentrations for each 
assembly were done using the DRAGON4.05 code, 
created by the École Polytechnique de Montréal. 
DRAGON is a code consisting of different models and 
algorithms used to solve the neutron transport equation. 
The models were compared with the IAEA PWR as-
sembly benchmark [2] and the results are in good 
agreements with the data. 
The project includes the creation of a model of the fuel 
assembly of the PWR core. The model was made by the 
implementation of the data found in [1]. All geometrical 
data and material definitions were introduced to the 
code by calling the respective modules.  
The first step of the project was the calculation of the 
amount of actinides and other isotopes generated during 
the fuel campaign. The multiplication factor (keff)  was 
calculated as well as the neutron multi-group energy 
spectrum. Examples of the results are presented in fig-
ures 1 and 2. 
Future activities will be to simulate the situation when 
the fuel is placed in wet and after some time in dry stor-
age containment. The focus of the project will be on the 

isotopic inventory in the fuel after a certain time and the 
creation of an online web application.  

 
Fig. 1. Normalized neutron flux for two different burnups. 

 
Fig. 2. Multiplication factor for each fuel assembly. 
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Modeling of the thermo-hydraulic system of a Nuclear 
Power Plant (NPP) is an important issue for safety 
analysis. There are few codes describing all the phe-
nomena occurring during an accident. 
The main objective of this work is to evaluate how 
codes, which are used for different purposes, calculate 
the temperature distribution across the fuel rod (FR) in 
terms of conductance models, at the beginning of and at 
the end of its life. The WWER 440 fuel assembly (FA) 
has been selected for this work. A description of the FA 
design can be found in [1, 2, 3, 4].  
Two codes were used. The first was the RELAP5 sys-
tem thermal-hydraulic code, which models the whole 
thermo-hydraulic system of a NPP. The second is the 
TRANSURNAUS code, which is used to simulate the 
behavior and to evaluate the performance of the nuclear 
fuel. 
The work on the coupling of the codes is not an easy 
task. There are lots of parameters which can influence 
the results [5, 6]. In this work, most of them are ac-
counted for. Results show that RELAP5 predicted tem-
peratures are higher then those from TRANSURANUS. 
The difference in the temperatures lies in the calculation 
of the fuel area within the FR. RELAP5 takes into ac-
count only simplified models for the thermal extension 
whereas TRANSURANUS has implemented models for 
fuel cracking and relocation, pellet densification and 
swelling, fission gas release, fuel high burn-up structure. 
Another difference is how the codes predict the tem-
perature distribution in the cladding. For example, 
TRANSURANUS takes into account the creation of an 
oxide layer, whereas RELAP5 can calculate oxide lay-
ers, but the non-condensable gases, heat resistance, etc. 

are not taken into consideration[7, 8, 9]. All of the phe-
nomena generate differences in gap width, which might 
be a cause of the different temperatures. Future activi-
ties will be focused on reviewing the calculations con-
sidering more accurate modeling, reducing the differ-
ences in the boundary conditions, based on the outcome 
of this analysis, repeating calculations with a new algo-
rithm and improved initial condition, to make more 
clear the differences in the gap conductance model[10]. 
 
This work was partially developed at the San Piero a 
Grado Nuclear Reserch Group of the University of Pisa. 
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CATHARE Application in a BNCT Converter 
M. Spirzewski 
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In March 2011 a project was launched in cooperation 
with the former Institute of Atomic Energy to analyse 
the BNCT (Boron Neutron Capture Therapy) converter 
installed in the Maria reactor from a thermo-hydraulical 
point of view. 
Using the CATHARE (Code for Analysis of Thermal-
Hydraulics during an Accident of Reactor and Safety 
Evaluation) system code it was possible to create a 
model that would represent a real-life installation and its 
operation. The approach applied was as follows: 
1. A one dimensional module was created with uni-
form heating. 
2. Having built the one dimensional module, non-
uniform heating was applied. 
3. A three dimensional module was created as the 
most accurate representation of the BNCT converter. 
After several months of work and learning the environ-
ment of the CATHARE code, all models were created 
and it was possible to compare the results from the 
calculations. 
The 1st step of the comparative work is to cross-check 
the results with the CFD group which has performed 
similar tasks using 2 CFD codes. The final part of the 
collaborative work will be to see how well or how badly 

the codes can predict the events and phenomena that 
may occur during regular operation and operation dur-
ing various kinds of event – such as a loss of flow acci-
dent. 

 
Fig. 1. Representation of the CATHARE models - Top left 
object is the three dimensional module, the multiple vertical 
tubes are the representation of a one dimensional non uni-
form heat distribution. The one on the far right is the simplest 
case of a one dimensional uniform heat distribution. 
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VVER440 Pressurizer RELAP5 Model 
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An entrainment is a phenomenon that can occur when 
fluid is exiting volume, where two phases (water and 
steam) are present. 
In such a case, the phase of the exiting flow will depend 
on the relative position of the exit on the water surface 
in the volume. 
In some cases, however, the other phase can also enter 
the exit pipe (offtake). This is an entrainment, shown in 
Fig. 1.  

 
Fig. 1. Offtakes with two-phase flows. 
The existence of entrainment can greatly change the 
mass flow of fluid reaching the outlet. In nuclear sys-
tems this can seriously change the system behavior 
during transients. 
The work described was focused on finding how the 
entrainment phenomenon can change the response of 
the primary circuit of a Pressurized Water Reactor 
(PWR) to accidental opening of a safety valve.  
A model, shown in Fig. 2, was created using RELAP5 
[1]. RELAP5 is a computational tool widely used in the 
nuclear industry for safety analysis of nuclear systems. 
It’s biggest advantage is the large amount of research 
conducted using it, thus making it well validated. 

 
Fig. 2. Nodalisation of the model. 
One of the drawbacks of RELAP5 is that it calculates 
the quality of the flow proportionally to the void frac-
tion in the source volume. This can, in some circum-
stances, lead to false results, especially in conditions 
when a water surface is present in the volume. 

The model included all volumes of the pressurizer and 
adjoining pipelines, including the hot leg leading from 
the reactor to one of the steam generators.  
Four variations of the model were created. The only 
difference between them was in the topmost volume of 
the pressurizer tank.  
The first variation used the default settings, while the 
second one enabled the level tracking model, recom-
mended for such conditions.  
The entrainment model can be enabled only in side 
junctions and therefore in the third model the above 
mentioned volume was turned trough 90 degrees. The 
third model was compared with the first to check if this 
was done properly. The fourth variation then included 
the entrainment model. 
The results of void fraction in the above mentioned 
volume are shown in Fig. 3. As can be seen, variations 1 
and 3 predict a much lower water level than 2 and 4.  

 
Fig. 3. Void fraction inside branch 103. 
All variations predicted similar mass flow qualities in 
the open valve, although the level tracking model was 
found to be noisy. 
The entrainment model was therefore successfully ap-
plied in the described model. 
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Participation in the ESS (European Spallation Source) Project 
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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 both Sweden and Den-
mark 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 to become operational in 2019 [1]. 

 
Fig. 1. Planned ESS site [1]. 
The participation of NCBJ in the ESS Project was fo-
cused around three main issues. 
The work creating a simulation program of LLRF for 
the High beta section from 2010 was continued. The 
program was rewritten and it is now more readable. 
Changes were made in the graphical user interface and 
in the parts of the program which are responsible for 
simulation of the 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) [2].  
Studies of beam dynamics of the ESS Linac, including 
the analysis of longitudinal acceptance for different 
configurations of the accelerating structure, were com-
pleted. A one-to-one steering algorithm was imple-
mented and its influence on the behavior of the beam 

has been analyzed. Simulations of particle movement in 
an accelerator were made based on a model analogous 
to the movement of a physical pendulum simulated 
using iterative methods. Results of simulations were 
presented in a master’s thesis defended at The Faculty 
of Electronics and Information Technology (Warsaw 
University of Technology) [3]. The longitudinal accep-
tance of the superconducting part of the linac was lim-
ited by low energy - spoke cavities section. A steering 
system using 15 pairs of beam position monitors and 
steering magnets with a one-to-one steering algorithm 
results in higher transverse acceptance with limited 
influence on longitudinal. The next step involves com-
parison of the results of one-to-one and “monkey steer-
ing” used in Linac4 at CERN. 
This final research addressed the description of strate-
gies used for solving the radiological protection issues 
of the ESS proton linear accelerator, leading to the de-
sign of appropriate shielding for the accelerator tunnel. 
The results of this research were included in a master’s 
thesis planned to be defended in 2012 at the Faculty of 
Electronics and Information Technology (Warsaw Uni-
versity of Technology) [4]. It contains the theoretical 
basis of the tool used – a Monte Carlo simulation using 
the FLUKA code as well as the description of the solu-
tion requirements and assumptions. It finally presents 
different possible linac tunnel layouts for the real struc-
ture. All these layouts provide the required radioactivity 
levels outside the tunnel during normal operation of the 
machine as well as during catastrophic failure resulting 
in loss of the accelerated beam. The results of this thesis 
might be used for estimation of the most economically 
efficient solution for the ESS linac actual layout. 
 
References: 
[1] http://ess-scandinavia.eu 
[2] Symulacje systemu zasilania wnęk wielkiej częstotliwo-

ści, J. Borkowski, Warszawa 2011 
[3] Dynamika wiązki akceleratora ESS Linac, J. Świniarski, 

Warszawa 2011 
[4] Zastosowanie symulacji metodą Monte Carlo 

w opracowaniu zagadnień ochrony radiologicznej akcele-
ratora ESS, M. Jarosz, Warszawa 2012 (in preparation) 

 
 
 



242 Annual Report 2011 
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High power diesel engines (large engines) are used 
extensively as an electric power source in a variety of 
industries throughout the world. Large diesel engines 
are mainly applied in the marine transport sector as 
main engines for ship propulsion at sea and as auxiliary 
engines for generating electrical power on board and for 
manoeuvring at a berth. Large marine diesel engines are 
usually operated on heavy fuel oil with an average fuel 
sulphur content of 2.7% wt. During combustion the fuel 
sulphur is oxidized mainly to SO2. A small fraction of 
the SO2 is further oxidized to SO3. NOx emissions from 
shipping are relatively high because most marine en-
gines operate at high temperatures and high pressures. 
The exhaust gas from such ships contains high concen-
trations of NOx up to 1500 ppmv and SO2 up to 
700 ppmv [1]. The applicability of electron beam treat-
ment technology for purification of such exhaust gases 
was the main goal of this paper. This technology en-
sures simultaneous SO2 and NOx removal efficiency. It 
has already been implemented on an industrial scale at 
three coal-fired power plants at Chengdu and Hangzhou 
in China and at the Pomorzany Power Station in Poland 
[2]. The experimental study was performed in the labo-
ratory plant located at the Institute of Nuclear Chemistry 
and Technology (INCT) in Warsaw [3]. 
The model gas mixtures containing high concentrations 
of NOx up to 1700 ppmv and SO2 up to 1250 ppmv 
were irradiated by an electron beam from the ILU-6M 
accelerator in the process vessel. Such gas mixtures 
were obtained by the addition of gaseous SO2 and NO 
from gas cylinders to the exhaust gases from Polish 
light fuel oil burning in a type LG 40/60 oil burner. 
Simultaneous SO2 and NOx removal was obtained. The 
absorbed dose is a primary factor influencing SO2 and 
NOx efficiencies. The higher NOx removal efficiencies 
were achieved with higher absorbed doses and with 
lower inlet NOx concentrations. Higher NOx removal 
was obtained in the tests with gaseous ammonia in addi-
tion to the model gas mixture at the inlet to the process 
vessel. Fig. 1 presents the dose dependence of NOx 
removal for six inlet NOx concentrations. 
The removal of high NOx concentrations requires the 
application of high electron beam power. 

 

Fig. 1. Effect of absorbed dose on NOx removal efficiency in 
tests with the addition of ammonia. 
The addition of gaseous ammonia to the exhaust gas at 
the inlet to the process vessel enhances the SO2 and NOx 
removal efficiencies. This solution is designed for sta-
tionary sources of exhaust gas with high NOx concentra-
tions. Proper selection of the process parameters leads 
to a reduction of energy consumption in this process. 
The synergistic effect of high SO2 concentration on the 
NOx removal efficiency was observed in the tests per-
formed. The electron beam treatment process is a dry 
scrubbing process without any waste generation. The 
byproduct, obtained in the tests with ammonia addition, 
was a mixture of ammonium sulphate and nitrate. This 
byproduct can be used as a fertilizer or as a component 
for the production of commercial NPK or NPKS fertil-
izers. 
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In recent years increasing attention has been drawn to 
neutron beams produced by high energy accelerator 
particles for many different and unique research uses, as 
well as for practical applications, particularly in nuclear 
waste transmutation and incineration. Even though it is 
commonly accepted that beams of protons of about 
1 GeV energy [1] are optimal for transmutation, elec-
tron accelerators are much cheaper and of multi-purpose 
application. In particular, they can be applied to investi-
gations of nuclear transmutation and incineration both 
by means of giant dipole resonance interactions, if the 
electron energy is within several tens of MeV, and by 
electro-nuclear spallation reactions at energy of several 
hundred MeV. Along with experiments which are very 
expensive and involve rather complicated equipment the 
relevant information can be obtained at a reasonable 
level by means of modeling of nuclear reactions initi-
ated by electrons and protons of wide enough energy 
range [2, 3]. In this case the topical problem is to study 
the energy spectra of neutrons produced by means of 
electron and proton accelerators and compare the re-
sults. Such simulations have been performed by using 
the FLUKA and MCNPX codes. 
In our simulations two lead target geometries are chosen 
depending on the particle beam: a cylinder 3.34 cm long 
and 3.34 cm in radius and a cylinder 70 cm long and 
9 cm in radius. Window targets were used for electron 
beams to minimize the influence of electron backscat-
tering Fig. 1 shows typical energy distributions of neu-
trons produced in smaller and larger spallation targets 
by 1 GeV electrons  and protons. One can see that the 
neutron spectra shapes from both beams are very similar 
although the neutron flux for electron beams is two 
orders of magnitude lower than for proton beams [2, 3]. 
As the energy deposition during a long enough time 
target irradiation is of practical importance, in particu-
lar, from the safety viewpoint (Fig. 2), we have also 
calculated the space energy deposition induced in spal-
lation targets by protons and electrons. In the case of 
1 GeV protons one can point out that within 65cm depth 
of the bigger cylindrical lead target the energy is practi-
cally completely released inside. However, for 1 GeV 
electrons the similar depth dimension is around 35 cm, 
i.e. nearly a factor of two shorter. This means that for 
electron beams much smaller spallation targets are 
needed. We also note that the space shape of the energy 
deposited by electrons is approximately spherical as a 
consequence of the small value of the radiation length in 
lead and intense multiple scattering of light particles 
(i.e. electrons and positrons) of electromagnetic cas-

cades, while for protons the energy deposition region is 
rather of cylindrical form.  

 
Fig. 1. Energy spectra of neutrons produced by electrons and 
protons of 1000 MeV energy in cylindrical lead targets  
3.34 cm long and 3.34 cm in radius and 70 cm long and 9cm 
in radius. 

 

 
Fig. 2. Energy deposition in a cylindrical lead target 70 cm 
long and 9 cm in radius  irradiated by 1 GeV protons (top) 
and 1 GeV electrons (bottom). 
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In recent years scientific and practical interest in the 
feasibility study of accelerator driven sub-critical (ADS) 
systems for transmutation of the long-lived components 
of radioactive waste (RAW) and, in the long-term out-
look, for the solution of global energy problems has 
remained quite high. The alternative program of the 
creation of fast-neutron reactors has developed rather 
slowly, and with clearly visible limitations of its capa-
bilities. 
The main advantage of electronuclear technology, as 
compared to conventional reactor technologies, is that a 
sub-critical active core plus an external neutron source 
(accelerator and spallation target) are used. This advan-
tage not only provides intrinsic safety of the system but 
also makes it possible to obtain high fluxes of high-
energy neutrons independent of the fission neutrons of 
the sub-critical assembly material. High-energy neu-
trons are an ideal tool to induce fission in most trans-
uranium isotopes and thus transmute most of the dan-
gerous radioactive waste from nuclear power production 
and other sources. 
Electronuclear energy production is actively studied 
today in many scientific centers all over the world.  
Most activities are concentrated on the classical electro-
nuclear systems - Accelerator Driven Systems (ADS) - 
based on spallation neutron generation, with a spectrum 
harder than that of fission neutrons, by protons with an 
energy of about 1 GeV in a high-Z target. These neu-
trons can also be used for generation of nuclear energy 
in the active zone having criticality of 0.94-0.98 and 
surrounding the target. 
A study of deep sub-critical electronuclear systems and 
the feasibility of their application to energy production 
and radioactive waste transmutation using relativistic 
beams from the JINR Nuclotron, which we are involved 
in, is being performed within the project “Energy plus 
Transmutation of Radioactive Waste“ (E+T – RAW) of 
the High Energy Physics section of the Joint Institute 
for Nuclear Research, Dubna, Russia [1]. This work is a 
preliminary step toward the study of the physical prop-
erties of ADS systems, in which a deeply sub-critical 
active core (AC) from natural uranium is irradiated by a 
pulsed beam of relativistic deuterons. The long-range 
goal is the study of the possibilities of such systems 
with a maximally hard neutron spectrum, to carry out 

transmutation of RAW, and also to gain energy due to 
burning of AC material. 
The scientific program of the project includes activities 
in four basic directions: integral data, constants, simula-
tion and materials, which represent a complex of self-
consistent mutually complementary experiments, to-
gether with numerical and theoretical studies. 

 
Fig. 1. QUINTA assembly. 
We have started with experiments which refer to the 
study of neutron spectra at various points in the volume 
of the assembly - QUINTA (see Fig. 1). This experi-
ment is the first of the set of integral experiments with 
deuteron energies in the range from 1 to 5 GeV/nucleon 
and proton energies from 1 to 10 GeV of the first basic 
direction (integral data). 
TwelveYttrium-89 activation detectors were placed in 
the QUINTA assembly on the detector plates in front of, 
between the five sections, and on the rear of the assem-
bly in two positions at varying radial distances (4 and 
8 cm) from the beam axis. 
The spatial distributions of 88Y, 87Y, 86Y and 85Y isotope 
production for deuteron beams of 2.0, 4.0 and 6.0 GeV 
in the QUINTA assembly were measured. Evaluation of 
average high energy neutron fluxes in the assembly for 
three energy ranges (11,5-20.8, 20,8-32.7, 32,7-100 
MeV) using the determined production of the three 
isotopes 88Y, 87Y and 86Y were performed. 
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Yttrium (Y-89) as a Threshold Detector  
for the 3D Fast Neutron Energy Spectrum (>10MeV) 

M. Bielewicz, S. Kilim, A. Polański, E. Strugalska-Gola, M. Szuta , A. Wojciechowski 
National Centre for Nuclear Research, Otwock-Świerk, Poland 

 
The results of ‘Quinta’ experiments in 2011 are pre-
sented. The experiment assemblies were irradiated by 2 
to 6 GeV deuteron beams and we obtained the neutron 
energy spectrum inside the whole 3D model by using 
the threshold energy reaction in yttrium (Y-89) probes 
(located in specified radial and axial positions inside the 
models).  
The ‘Quinta’ U-target is an assembly consisting of a 
natural uranium cylindrical core and surrounded by 
natural uranium cylinders (the setup is very similar to 
the ‘Energy+Transmutation’ one [1]). The ‘Quinta’ 
target (Fig. 1) is divided into 5 identical sections. Natu-
ral uranium elements – diameter 3,6 cm and length 10,4 
cm. The first section had a hole in its center, a beam 
window. In the ‘Quinta’ model we can put less samples 
than earlier experiments. After irradiation by deuterons, 
the gamma activity of the Yttrium-89 detectors was 
measured using a HPGe spectrometer. Spatial distribu-
tions of 88Y, 87Y, 86Y and 85Y isotope production for the 
deuteron beam of 2.0, 4.0 and 6.0 were measured. Tak-
ing into account the necessary corrections we have de-
termined the isotope production per gram of sample and 
per beam deuteron – parameter B. 

 
Fig. 1. ‘Quinta’ 5 section U-blanket target. 
To evaluate the high energy neutron field we need to 
know the microscope cross section for the (n,xn) reac-
tion. Since the nuclear data libraries are poor we have 
used the TALYS code [2] for calculation of (n,xn) reac-
tion cross sections for Y-89 [3]. We defined the three 

average neutron fluxes 1φ , 2φ , 3φ  These assumptions 
enabled us to write three algebraic equations. Solution 
of the above three equations let us evaluate the average 
neutron fluxes in the three energy ranges expressed in 
[n/cm2·s] [4]. Evaluation of average high energy neutron 
fluxes in the assembly for three energy ranges (11,5-
20.8, 20,8-32.7, 32,7-100 MeV) using the determined 
production of the three isotopes 88Y, 87Y and 86Y were 
performed. Fig. 2 shows an example of the space neu-
tron flux distribution in the ‘Quinta’ U assembly.  

0,00E+00

1,00E+05

2,00E+05

3,00E+05

4,00E+05

5,00E+05

A
ve

ra
ge

 n
eu

tr
on

 
flu

x 
[1

/c
m

2*
s]

4.0
8.0

0 1 (13.1) 2 (26.2) 3 (39.3) 4 (52.4) 5 (65.5)

R  

Distance from the front of the KWINTA target

Average neutron flux for the energy range 11,5 - 20,8 MeV

2 GeV 
deuter
on
beam

 
Fig. 2.  Space neutron flux distribution in the ‘Quinta’ as-
sembly for the neutron energy range 11,5–20,8 MeV (deu-
teron beam 2 GeV). 
Y-89 is a very good threshold detector for fast neutron 
energy spectrum measurement and easy for analysis. 
Yttrium detectors give good results for neutron energy 
spectra from 10 MeV to about 50-100 MeV. Calcula-
tions of isotope production in each Yittrium-89 detector 
during deuteron irradiation were also performed using 
the Monte Carlo methodology. Comparison with expe-
rimental results gave good agreement. 
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Spallation Neutron Energy Spectrum Dependence on Deuteron Beam Energy 
According to Yttrium Activation Method in Uranium Assembly ‘Quinta’ 

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

National Centre for Nuclear Research, Otwock-Świerk, Poland 
 
The yttrium activation method of spallation neutron 
spectrum determination [1, 2] gives the following for-
mula for the spectrum: 

( ) ⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
−×=

ηα
κφ EE

N
E exp2

3  

where: κ, α, and η are the fitting parameters. 
While α represents the yttrium sample properties, κ and 
η describe the measured spectrum. The parameter κ is 
the spectrum amplitude dependent on the point of meas-
urement position and parameter η describes the meas-
ured neutron energy spectrum mean energy. 
The method was tested on the “QUINTA” assembly in 
Dubna, JINR. The assembly consisted of natural ura-
nium elements made in sections. A beam of deuterons 
from the NUCLOTRON accelerator impinged on the 
uranium target causing spallation of nuclei and produc-
ing neutrons. Three experiments with three different 
deuteron beam energies – 2, 4 and 6 GeV were per-
formed.  
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Fig. 1. Uranium assembly ”QUINTA” schematic view.  
The basic properties of the spectra are illustrated below 
with example results.  
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Fig. 2. Spectrum parameter κ spatial distribution in 
‘QUINTA’ setup at deuteron energy 6 GeV. 
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Fig. 3. Spectrum parameter η spatial distribution in 
‘QUINTA’ setup at deuteron energy 6 GeV. 
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Fig. 4. Parameter κ dependence on deuteron energy in 
example position P3-R4. 
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Fig. 5. Parameter η dependence on deuteron energy in ex-
ample position P3-R4. 

The spectrum parameter η seems to be independent both 
of position (Fig. 3) and deuteron energy (Fig. 5). Pa-
rameter κ is both position (Fig. 2) and energy (Fig. 4) 
dependent.   
The neutron average energy is high, of the order of 20 
MeV. This raises the question of the meaning of the 
average energy related parameter η. The parameter 
seems to be energy averaged over the energy range cut 
out by Y89(n,xn) reactions, above 11.5 MeV. 
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Spent Fuel and Radioactive Waste Management in Poland  
S. Chwaszczewski, M. Klisińska  

National Centre for Nuclear Research, Otwock-Świerk, Poland 
 
The inception of spent nuclear fuel and radioactive 
waste management in Poland took place at the end of 
the 1950s when the first nuclear research reactor EWA 
was commissioned (1958). The Radioactive Waste 
Management Plant (RWMP) located in Świerk was 
established in 1960. The RWMP is the only Polish en-
terprise conducting comprehensive waste management, 
including collection, transport, treatment, conditioning, 
as well as storage in the only National Radioactive 
Waste Repository in Różan, which is an above-ground 
type repository. The method of waste classification 
pursuant to its radioactivity as low, intermediate and 
high level wastes (IXW, ILW and HLW) is determined 
in the government order of 3 Dec. 2002. The first spent 
Ek-10 fuel elements from the EWA reactor were dis-
charged in 1959. Fuel discharged from a nuclear reactor 
is kept in a temporary cooling pool at the reactor site 
(AR). Due to the high decay heat and radioactivity pro-
duced in the spent fuel, its transport is performed under 
water and the reactor pool should be connected with the 
storage pool, After preliminary cooling, the Ek-10 fuel 
elements were placed in aluminium tubes (each tube 
could contain up to 51 elements) and carried to a wet 
storage building (away from the reactor -AFR), so the 
called building No 19, an aluminium lined pool. The 
next fuel types of the EWA reactor, WWR-SM and 
WWR-M2 were stored in the second wet storage facility 
- building No 19A - with storage vessels lined with 
austenitic steel. The second Polish research reactor 
MARIA was commissioned in 1974. The following fuel 
elements were used in this reactor: MR-6 and MR-5 
initially with HEU (80% U235), from 1994 with 36% 
U235 and currently fuel enriched to 19.7% U-235 is 
introduced. These spent fuel elements have also been 
stored in the building 19A, Examination of the stored 
fuel elements was performed beginning from 1997. 
Most of the elements were in a satisfactory state. This 
could have been due to the appropriate  water chemistry. 
However, some of the fuel elements demonstrated in-
creased leakage of fission products. These elements 
were encapsulated in tight containers filled with helium. 
The encapsulation process was performed in the hot cell 
with a manipulator to provide for the remote handling of 
the fuel. Usage of the biological shield of the decom-
missioned EWA reactor as a dry storage cask for spent 
fuel of the EWA and MARIA reactors is planned. The 
main stream of radioactive waste in Poland comes from 
the MARIA reactor, industry and university laboratories 
and medicine. A special waste type, coming from the 
reactor, is spent ion exchange resin i.e. the filter me-
dium from the reactor cooling water chemistry system. 
Most liquid wastes are water solutions or suspensions of 
radioactive solid particles. The methods used for densi-

fication of aqueous wastes include: evaporation, ion 
exchange, chemical precipitation, solvent extraction, 
membrane filtration (including reverse osmosis) and 
biotechnological methods. The RWMP has an evapora-
tion facility (achieved decontamination factor 105), 
reverse osmosis facility and a tank in which aqueous 
wastes are purified by the sorption method using syn-
thetic inorganic sorbents. Membrane processes such as 
reverse osmosis, ultrafiltration and membrane distilla-
tion applied to radioactive wastes are developed in the 
Laboratory of Membrane Processes at the Institute of 
Nuclear Chemistry and Technology in Warsaw. The 
subsequent process of liquid waste treatment is solidifi-
cation of concentrates. Between 1971 and 2001 in 
Świerk an installation for sludge solidification in bitu-
men was used. Sludge was mixed with bitumen at a 
temperature of 220-250°C. In the bituminization process 
about 99% of the water contained in the sludge was 
evaporated and the products were poured into 2001 steel 
storage drums. The good point of this method was the 
availability and low price of bitumen. The drawback of 
the method was the necessity of keeping a high tem-
perature of the mixture (up to 250°C) in the middle of 
the tank and a much higher temperature at its walls (up 
to 300°C). This could cause thermal decomposition of 
the bitumen and the waste, spontaneous combustion or 
explosion. A new installation for the solidification of 
sludge in concrete was built at Świerk in the framework 
of technical support of the IAEA in 2001. The wastes 
are mixed with cement in the storage containers. The 
best properties of the cementation product are obtained 
with a ratio of water to cement of about 0.4. In 1981 the 
method of solidification of waste in a polymer matrix 
was introduced. The spent ionites are solidified in epoxy 
resin and biological wastes in urea-formaldehyde resin. 
85% of the wastes reprocessed in Poland are solid 
wastes. The compactable LLW is packed into 2001 steel 
drums and pressed in a hydraulic press — the volume 
reduction factor achieved is 1.5-3.0. The ILW is directly 
packed into steel drums lined with baryte. The drums 
are filled with an indigenously developed concrete 
composition and, after the solidification time, trans-
ported to the repository. In 1994 RWMP took over 
management of radium sources and in 1995 manage-
ment of smoke detectors. 
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Validation of WIMSD-B5 and MCNPX Codes  
for Thorium Cycle Calculations 

A. Boettcher1,2, M. Łuszcz,T. Kulikowska, K. Andrzejewski 
1 National Centre for Nuclear Research, Otwock-Świerk Poland  

2 University of Silesia, Katowice, Poland 
 
The WIMS-D5 code [1] has been extensively used in 
the Thorium Project [2] for burnup calculations, with 
the MCNPX [3] code applied for reference calculations. 
For validation of these codes and their libraries the 
IAEA benchmark was used, established by the Co-
ordinated Research Project (CRP) on thorium-based fuel 
cycles [4, 5]. 
Its aim was to evaluate the effect of different methods 
and cross sections applied in the countries participating 
in the CRP benchmark calculations for PWR reactors. 
The first part of the benchmark consisted of calculations 
of the isotopic composition, cross-sections and fluxes 
for a typical PWR-cell loaded with (Pu-Th)O2 – fuel as 
a function of the fuel burnup. The geometry and mate-
rial composition of the reference fuel cell were given. 
A comparison of the results obtained by the participants 
was carried out and our results calculated by WIMS D5 
and MCNPX were added. The results are cell reactivity 
and average effective energy per fission. Our results 
(red and green) are in agreement with the results of the 
CRP countries. Sample results are shown in Fig.1. 

 
Fig. 1. Average energy per fission as a function of fuel 
burnup. 

For the second part of the CRP benchmark a typical 
PWR fuel assembly was used to compare calculation 
methods in a 2-D lattice. 
The results consisted of burnup variation of infinite 
multiplication factor, fuel composition (actinides) as a 
function of burnup and pin-by-pin power distribution. 
Sample results are given in Fig. 2. 

 
Fig. 2. Variation of the multiplication ratio with fuel burnup. 
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Reaction Rates in the MARIA Reactor 
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In the framework of the Thorium Project activation 
measurements of various reaction rates were performed 
in the MARIA reactor core [1]. 
As a conclusion drawn from previous analyses, it has 
been postulated to place the detectors at six levels in the 
axial direction in three channels of the Hydraulic Rabbit 
System. The placement of detectors in several axial 
positions allowed for a comparison between measured 
and calculated axial distributions of reaction rates [2]. 
The comparison enabled us to fix the positioning of 
particular detectors in the reactor.  
7-group neutron spectra for irradiation positions were 
calculated with the REBUS code [3]. In the model the 
geometry of the core, irradiation time, detector place-
ment, actual burn-up of fuel and poisoning of beryllium 
blocks were taken into account. 7-group cross sections 
were calculated by means of a Monte Carlo 3D 
code [4].  
Combining group cross sections with group neutron 
spectra the reaction rates were calculated: 

∑ ⋅=
i

ii φσα  

where σi and φi are i-th group cross section and neutron 
flux, respectively. 
Two reactions have been taken into account: 
• 197Au (n,γ) 198Au, and 
• 59Co (n,γ) 60Co. 
Figures 1 and 2 show the comparison between measured 
(red bars) and calculated (blue bars) reaction rates for 
197Au (n,γ) 198Au in Hydraulic Rabbit System No. 1. 
Figure 1 shows the uncorrected data. It can be seen that 
there is a shift between measured and calculated axial 
distributions. An axial shift of the experimental results 
gave good agreement between calculated and measured 
values, see Table 1 and Fig. 2.  
Similar behavior was observed for other Hydraulic 
Rabbit System channels and the reaction 59Co (n,γ) 
60Co. There, a shift of the measured results also had to 
be applied to obtain agreement with calculations. 
Table 1. 197Au (n,γ) 198Au reaction rates ×108[s-1]. 

Position 4 5 6 7 8 
Measured 1.29(9) 1.18(8) 1.08(7) 0.84(6) 0.60(4) 
Calculated 1.32(4) 1.23(4) 1.11(4) 0.92(3) 0.71(2) 

 
Fig. 1. Comparison between measured (red bars) and calcu-
lated (blue bars) axial distribution of reaction rates for 
197Au (n,γ) 198Au in Hydraulic Rabbit System No. 1. Primary 
data. 

 
Fig. 2. Comparison between measured (red bars) and calcu-
lated (blue bars) axial distribution of reaction rates for 
197Au (n,γ) 198Au in Hydraulic Rabbit System No. 1. Shifted 
data. 
The analysis performed here underlines the necessity of 
a permanent comparison of measurement and calcula-
tions. 
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Neutronic Calculations for MARIA Core Conversion 
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In the Framework of the Reduced Enrichment for Re-
search and Test Reactors (RERTR) in the National Cen-
tre for Nuclear Research work has been carried out 
since 2005 on fuel conversion from highly enriched 
uranium (HEU) with 36% of 235U to low enriched ura-
nium (LEU) with 235U content below 20%.  
Neutronic calculations of the MARIA reactor core con-
version from HEU MR fuel into LEU MC fuel were 
carried out in two stages. At first the consecutive steps 
of conversion from a full HEU core to a full LEU core 
were proposed and calculated to maintain operational 
reactivity limits. Next, detailed calculations of the kinet-
ics parameters, reactivity temperature coefficients and 
shut-down margins were carried out [1]. 
Neutronic calculations were performed by means of the 
fuel management code REBUS [2] with a library of 
cross-sections calculated by the WIMS-ANL code [3]. 
In the calculations the burn-up and poisoning of the fuel 
as well as the poisoning effect of beryllium were taken 
into account. 
The kinetic parameters were computed by means of the 
VARI-3D code. The value of the effective neutron gen-
eration time for a LEU core is:  

seff µ4151 ±=Λ  

while for the MARIA reactor with a HEU core the frac-
tion was calculated as [4]: 

seff µ4144 ±=Λ  

Both values coincide within the uncertainty limits.  
The value of the delayed neutron fraction calculated for 
a LEU core is: 

310)01.08.6(β −⋅±=eff
 

while for the MARIA reactor with a HEU core the frac-
tion was calculated as [4]: 

310)02.092.6(β −⋅±=eff
 

These differences between kinetic parameters for HEU 
and LEU cores minimize the impact on the reactor 
power response during transients. The effect is visible 
only for an extremely conservative case: insertion of 
large positive reactivity (+1.5$) with a fast insertion rate 
+4$/s. The reactor power responses in Fig. 1 correspond 
to the two sets of kinetic parameters: for the HEU core 
(black curve) and for the LEU core (red curve).  

More conservative is the case of a core with HEU fuel 
(larger powers) and these parameters were used in fur-
ther analyses of transients. 

 
Fig. 1. Impact of kinetics parameters on fast insertion of the 
reactivity +4 $/s. 
The reactivity temperature coefficients turned out to be 
relatively stable during conversion. In the analyses 
the following coefficients were established: water tem-
perature coefficient in fuel channels αw=-2.04¢deg, fuel 
temperature coefficient αp=-0.15¢deg, void coefficient 
in fuel channel αv=-7.55¢/%void. The overall tempera-
ture coefficient of beryllium αBe and water in the pool 
cooling circuit αwb was measured within the temperature 
range of 23÷53˚C as  

αBe+αwb=+1.9¢deg, 
Calculations of the control and safety rod value were 
conducted by means of the REBUS code. In the ana-
lyses of transients the overall value of the safety rods 
was taken to be -3.5$. 
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EPR Core Analysis Computational System 
A. Stadnik, T. Kulikowska, A. Boettcher, K. Andrzejewski, Z. Marcinkowska, M. Łuszcz 
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In the framework of the Thorium Project the computer 
program system WIMS-D5/GNOMER [1, 2] was de-
veloped for neutron physics analysis of EPR cores with 
gadolinium and thorium fuel rods. It was developed on 
the basis of the CORD-2/GNOMER system [2, 3]. The 
WIMS-D5/GNOMER computational scheme is given in 
Fig. 1. 
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Fig .1  The scheme of the WIMS-D5/GNOMER package. 
In our system the GNOMER program is used for criti-
cality and core power distribution calculations (as in the 
CORD-2 system). The fuel assembly is the basic ele-
ment in the GNOMER calculations, divided in to 14 
axial nodes. The effective cross sections of the axial 
nodes in GNOMER are calculated by WIMS-D5 for 
each fuel assembly, at each burnup step. It should be 
noted that the system is able to treat complicated EPR 
fuel assembly axial structures with cutback and blanket 
(cf. Fig. 2). The xenon distribution at each burnup step 
is calculated separately. 
The results at each burnup step include: 
− critical boron concentration, 
− power density distribution, 
− fuel temperature distribution, 
− moderator temperature distribution. 

The calculations were carried out for an EPR configura-
tion and for cores with inserted thorium bearing pins. 

An example of power density distribution is shown in 
Fig. 3 for a core after 180 Full Power Days. 

 
Fig. 2. Axial division of EPR into material zones. 

 
Fig. 3. Power density distribution in axial layers (from top to 
center) of EPR after 180FPD. 
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In January 2011 metallic thorium samples were irradi-
ated in the MARIA research reactor [1]. The measure-
ments discussed here concern three samples with differ-
ent masses of thorium, irradiated in selected positions of 
the reactor core. An exact analysis of the gamma spectra 
was carried out. The gamma spectrometry measure-
ments were performed with a Canberra HPGe detector 
(p type) and multichannel analyzer GENE 2000. The 
measurements were made from February to August 
2011. Conditions of the experiment are given in Table 
1. The neutron flux, Ф, level and spectrum were taken 
from measurements. 
Table 1. Thorium sample characteristics. 

Sample 
mass  
[mg] 

Irradiation 
time [h] 

Thermal Ф 
×10-13 

[cm-2s-1] 

Epi-
thermal 
index 

Fast Ф 
×10-12  

[cm-2s-1] 

2.68 ± 0.09 3 ± 1% 8.98(25) 0.026 
(0.006) 

9.20(0.63) 

2.20 ± 0.08 2 ± 1% 9.43(28) 0.035 
(0.007) 

1.190(0.082) 
×10-1 

1.97 ± 0.10 10 ± 1% 1.800(0.048) 0.010 
(0.005) 

2.61(0.18) 
×101 

The 233Pa radioactivity in the irradiated samples was 
calculated from the measured gamma spectra and com-
pared with results from TORCH [2, 3] (Fig. 1, Table 2). 

This program calculates the inventory of an irradiated 
material with composition defined in the input data. The 
program uses the 7-group neutron flux calculated by 
REBUS for the MARIA reactor model and cross section 
data from the WIMS or MCNP codes.  
Table 2. 233Pa radioactivity calculated from measured 
gamma spectra and the TORCH program (at the end of irra-
diation). 

Sample 
mass  
[mg] 

233Pa activity 
TORCH/WIMS 

data [MBq] 

233Pa activity 
TORCH/MCNP 

data [MBq] 

233Pa activity from 
experiment [MBq]

2.68 ± 0.09 17.2 ± 1.5 19 ± 2 16.249 ± 0.024 

2.20 ± 0.08 16.6 ± 1.0 18 ± 2 15.126 ± 0.022 

1.97 ± 0.10 12.6 ± 0.5 13.1 ± 0.5 7.041 ± 0.011 

The executed verification showed the best agreement of 
the calculations from TORCH (with data from the 

WIMS code) with experiment for the sample with 
2.68 mg of thorium. The strongest disagreement is ob-
served for a sample with 1.97 mg of thorium, with a 
sample placed in the beryllium block, where the diffu-
sion code applied to the spectrum calculations is ex-
pected to give the largest error. 
 

 

 

 
Fig. 1. The comparison of 233Pa activity received from the 
experiment and TORCH.  
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Influence of Cross Section Libraries on MCNP Calculations [1] 
A. Boettcher1,2, K. Andrzejewski1 
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MCNP5 Monte Carlo calculations are used as a refer-
ence for the WIMS-GNOMER burnup system, devel-
oped at NCNR in the framework of the Thorium Pro-
ject. It was noted on the basis of MCNP calculations for 
the seven types of fuel assemblies of the EPR core that 
strong deviations in power density distribution are 
caused by burnable poison (Gd2O3). It was necessary 
to determine how these deviations depend on the quality 
of the cross section libraries used. 
MCNP5 (ver. 1.4&1.5) calculations of a C3 fuel assem-
bly and the macrocell (Fig. 1), with different libraries 
were carried out. The results included power density 
distributions and multiplication factors. Initial condi-
tions used for all calculations were: 
• temperature for all materials: 293oK, 
• 1600ppm of Boron in the moderator, 
• white boundary conditions. 
 

F F F

F Gd F

F F F
 

Fig. 1. Macrocell with 8% Gd2O3. 
The following libraries were used in the study: 74c/B-
VII.x, 60c/B-VI.x, 50c/B-V.x, Gd natural/LLNL, 70c/B-
VII.x (with MCNP5/1.5), and 66c/B-VI.x (with 
MCNP/1.4). A sample power density distribution is 
given in Table 1. 
Table 1. Power density distributions in the macrocell with 
8% Gd2O3. 

library

1.09 1.05 1.09 1.09 1.05 1.09

1.05 0.43 1.05 1.05 0.43 1.05

1.1 1.05 1.09 1.09 1.05 1.09

1.12 1.07 1.12 1.1 1.05 1.1

1.07 0.22 1.07 1.05 0.43 1.05

1.12 1.07 1.12 1.09 1.05 1.09

2.28 2.47 2.61 0.04 0.00 0.1

2.33 -94 2.59 0.01 0.16 -0.02

1.84 2.41 2.5 0.21 -0.25 -0.18

MCNP5 
VERSION

1.4

1.5

DEVIATION 
[%]

66c/B-VI.x 50c/B-V.x

50c/B-V.x70c/B-VII.x

 

It follows from the three rightmost columns of Table 1 
that the difference between power distributions calcu-
lated by different MCNP versions is negligible, taking 
into account the stochastic nature of the code. At the 
same time it follows from the three central columns that 
different libraries give significantly different results for 
the Gd bearing pin. 
To establish the source of the discrepancies in Table 1, 
additional criticality calculations were performed with 
MCNP5 using different cross section libraries. For that 
purpose the two HEU-Gd criticality experiments were 
used, performed at the PLANET universal critical as-
sembly at the Los Alamos Critical Experiment Facility 
(LACEF) at Los Alamos National Laboratory. In the 
first experiment natural-Gd metal foil with dimensions 
of 2x2x0.015 inches was used, while in the second ex-
periment the Gd foil dimensions were 2x2x0.0075 
inches. The experiments consisted of tray-like units with 
HEU foils interspersed with gadolinium foils, arranged 
in a column stack. A unit consisted of one polyethylene 
plate with a recess in its top side that contained a Gd foil 
and a recess in its lower side for HEU foils. The ura-
nium foils were moderated and reflected by polyethyl-
ene square plates. The experimental setup yielded a 
Gd/235U atom ratio of 0.1:1 for the experiment with 
0.015-inch-thick Gd foils and a Gd/235U atom ratio of 
0.05:1 for the experiment with 0.075-inch-thick Gd 
foils. Results of calculation are shown in Table 2 
(MCNP NCR) and compared with the results from [2] 
(MCNP ENDF/B-V.x and ENDF/B-VI.x). 
Table 2. Multiplication factor for criticality experiments  

MCNP ENDF/ B-V.x MCNP ENDF/ B-VI.x MCNP NCNR 
ENDF/ B-VII.x

1 1.0083±0.0004 1.0092±0.0004 1.00473±0.00033

2 1.0072±0.0004 1.0096±0.0004 1.00033±0.00035

Assembly

CODE/LIBRARIES

 
From Table 2 it may be concluded that the NCNR re-
sults with the ENDF/B-VII library are closest to unity, 
and the 66c version of the ENDF/B-VI library is not 
suitable for Gd bearing lattices. 
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Local Structure of Mixed Thorium and Uranium Dioxides  
Calculated by an ‘Ab initio' Method 

L. Dąbrowski, M. Szuta 
National Centre for Nuclear Research, Otwock-Świerk, Poland 

 
The results of density functional theory (DFT) calcula-
tions for the mixed thorium and uranium dioxide 
Th1-xUxO2 for x=0, 0.25, 0.75 and 1 are presented [1]. 
Ab initio calculations were performed using the Wien2k 
software package. To compute the unit cell parameters a 
12 atom super-cell was chosen. The lattice parameters 
were calculated by minimization of the total energy by 
changing the lattice parameters and atom displacements 
within the unit cell. Calculation were performed for five 
different exchange energy approximations EXC, with and 
without the orbital potential U correction. Replacing the 
uranium atoms by thorium atoms in UO2 we bring down 
the symmetry from the initial Fm-3m (#225) to Pm-3m 
(#221). The lattice parameters were computed in three 
stages: 
Stage 1 – minimization of the total energy through 
change of lattice parameters (volume), 
Stage 2 – cancellation of the forces acting on the sepa-
rate atoms (Hellmann-Feynman forces) with appropriate 
change of the atom coordinates within the unit cell, 
Stage 3 – subsequent minimization of the total energy 
by change of lattice parameters (volume). 
The lattice constants obtained decrease with mole ratio x 
(Fig. 1) and are comparable to the experimental data. 
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Fig. 1. Lattice constant versus mole ratio for Th1-xUxO2 unit 
cell. 
The ion radius difference of Th4+ (1.05Å) and U4+ 

(0.99Å) ions yields lattice constants of uranium dioxide 
smaller than those of thorium dioxide. According to the 

experimental data [2] the lattice constant decreases 
smoothly with increasing uranium content. The proce-
dure of lattice constant equilibration revealed that the 
original positions of oxygen (x=y=z=±0.25) in mixed 
compounds are not the equilibrium ones. The oxygen 
atoms shift in the (111) direction and in effect the dis-
tances of oxygen-uranium atoms are smaller than those 
between oxygen and thorium (Fig. 2).  
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Fig. 2. Average inter-atomic distances oxygen –metal for 
Th1-xUxO2. (DFT+U). 
The values of the lattice constants obtained, particularly 
those calculated with use of the orbital potential U, are 
very close to the experimental data [2]. The results ob-
tained with the LSDA+U method are in the best agree-
ment with experimental data and practically reproduce 
them. This feature has been confirmed in calculations of 
oxygen-metal and metal-metal distances. The best re-
sults, fitting almost exactly the experimental values, are 
those obtained with the LSDA+U method.  
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Cohesive Properties in Mixed Thorium and Uranium Dioxides  
Calculated by an ‘Ab initio’ Method 

L. Dąbrowski, M. Szuta 
National Centre for Nuclear Research, Otwock-Świerk, Poland 

 
Ab initio calculations of the electronic structure were 
performed using the Wien2k program package based on 
the density functional theory (DFT). The Kohn-Sham 
(K-S) total-energy functional is applied. In all DFT 
calculations we use several exchange-correlation energy 

functionals )]([
→
rnEXC , both within the local spin-

polarized density (LSDA) and generalized gradient 
(GGA) approximations including PBE, WC, PBEsol, 
GGA and LSDA [1]. Application of an orbital potential 
U improves the precision of the calculation. The U po-
tential is indispensable when we deal with f electrons as 
in the case of uranium. Calculations of the cohesive 
energies for four mole ratios x=0, 0.25, 0.75 and 1 were 
carried out using the DFT+U method (Fig. 1) and com-
pared with other calculation [2-4] as well as experimen-
tal data [5].  
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Fig. 1. Variation of the cohesive energy with mole ratio x for 
Th1-xUxO2. 
The bulk modulus was also computed with the DFT+U 
method and compared with other results [2, 4, 6, 7] and 
available experimental data [7-9] (Fig. 2). 
We conclude that the best fits to the experimental data 
are provided by the PBE+U calculations. The accuracy 
of our cohesive energy calculations ranges from 4 to 7% 

and is not worse than the accuracy of other calculations 
[2, 3, 9]. 
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Fig. 2. Variation of the bulk modulus with mole ratio for 
Th1-xUxO2. 
The experimental data differ significantly between each 
other even if they were determined with the same 
method. For example, the experimental results obtained 
with XRD [7] for the bulk modulus of ThO2 range from 
195 GPa to 262 GPa. This experimental data divergence 
is about 30% and exceeds by several times the accuracy 
at the numerical calculations. The bulk modulus accu-
racy of mixed compounds does not change with compo-
sition. 
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Xe and Kr Bbonding Abilities in Single Crystal Oxygen  
Vacancies of Uranium Based Fuel 

L. Dąbrowski, M. Szuta 
National Centre for Nuclear Research, Otwock-Świerk, Poland 

 
The numerical ”ab initio” code ”ABINIT” was applied 
to computer simulation of xenon and krypton chemical 
bonding in uranium dioxide single crystals [1]. Compu-
tations were performed for particular chemical composi-
tions UO1.75Xe0.25 and UO1.75Kr0.25. The aim was 
to study the possibility of incorporating xenon and kryp-
ton atoms into the oxygen lattice positions of the UO2 
single crystal. Calculations have shown that the mini-
mum internal energy yields an enlargement of the unit 
cell dimensions from 5.472Å to 6.207 Å in the case of 
xenon and to 6.000Å in the case of krypton. The unit 
cell itself should be deformed mainly by changing the 
positions of the uranium atoms (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 

 
The calculated results were obtained by successive 
computations of Xe and Kr binding energy for different 
positions of the gas atoms and uranium atoms, optimi-
zing their position in order to obtain the largest binding 
energy of the noble gases. 
The bond energy of the two atoms considered was com-
puted. In the case of xenon it is equal to –1.23 eV, and –
3.42 eV in the case of krypton. Since both energies are 
negative, such a chemical bond is stable. This was con-
firmed by the atomic force constants calculated for Xe 
and Kr, equal to Cxe=5,5 eV/Å2 and CKr=7,9 eV/Å2, 
respectively. These large values confirm that the de-
tachment of Xe and Kr atoms from the UO2 crystall 
lattice is not easy. 

Several authors [2-5] studying He atom incorporation 
into the octahedral interstitial position of the UO2 lattice 
found that the incorporation energy is positive and lies 
within the range +0.77 - +1.38 eV. In our simulations 
the bond energies for Xe and Kr are negative for oxygen 
vacancy occupation. This result is understandable, com-
paring the chemical activity of helium, which practically 
does not react with other elements, with the chemical 
activity of Xe and Kr and the chlorine group or oxygen. 
Our computations refer also to the atomic force con-
stants describing the values of force which bind the 
considered atoms with the basis or matrix of UO2. The 
obtained values are large for oxygen vacancy occupa-
tion and equal to 5-8 eV/Å2. It is the second parameter 
computed independently and characterizing the stability 
of the atomic bonding. The large values of the atomic 
force constants also suggest that stability.  
Summarizing, the evaluated values of atomic force 
constants suggest that Kr and Xe atoms can be intro-
duced into the oxygen vacancies of UO2 in a stable way. 
Our results show that a chemical bond of some noble 
gases with the uranium dioxide fuel can be stable. The 
large values of their binding energies confirm that de-
tachment of Xe and Kr atoms from the UO2 lattice is not 
easy. Moreover, the binding energy is large enough to 
preclude the destruction of the Kr and Xe atoms placed 
in the oxygen vacancies of uranium dioxide by lattice 
vibrations. 
The calculations indicate that during chemical bonding 
of Kr and Xe enlargement of the unit cell dimensions is 
expected. This expectation is supported by measure-
ments of the lattice parameter of irradiated UO2 fuel 
which is progressively expanded in the burn-up range 
0-70 GWd/tM. 
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MARIA Reactor Operation 
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 the pool 
type with graphite reflector and pressurised channels 
containing concentric six-tube assemblies of fuel 
elements (Fig. 1, 2). It has been designed to provide a 
high degree of flexibility. 
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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 of the MARIA reactor are as 
follows: 
 nominal power 30 MW(th) 
 thermal neutron flux density 4.0·1014 n/cm2s 
 moderator H2O, beryllium 
 cooling system channel type 
 fuel assemblies: 
▫ material UO2-Al alloy 
▫ enrichment 36% 
▫ cladding  aluminium 

▫ shape  six concentric tubes 
▫ active length 1000 mm 

 output thermal neutron flux 
 at horizontal channels 3÷5·109 n/cm2s 
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. View of the reactor pool. 
The main areas of reactor application are as follows: 
 irradiation of target materials in vertical channels and 
in the rabbit system 

 testing of fuel and structural materials for nuclear 
power engineering 

 neutron radiography 
 neutron activation analysis 
 neutron transmutation doping 
 research in neutron and condensed matter physics 
 training 

In 2011 the reactor completed 33 operation cycles at 
power levels from 30 kW to 22 MW (Fig. 3). The 
overall operation time was 4275 h. 



258 Annual Report 2011 
 

 

 

 

 

 
Fig. 3. Schedule of the ”MARIA” reactor  operation in 2011. 

 
The main activities carried out at the MARIA reactor 
were focused on: 
 irradiation of target materials in vertical channels 

and in the rabbit system, 
 neutron scattering condensed matter studies with 

neutron beams from the reactor horizontal channel, 
 neutron radiography studies, 
 neutron modification of crystals and minerals, 
 training. 

At present mainly MR-6 type fuel assemblies with 36% 
enrichment and 430g 235U content are loaded in the 
reactor core. The release of fission products from this 
fuel is very low and achievable burn-up is above 50%. 
In 2011 the qualification process of new prototype, low-
enrichment fuel assemblies was continued. In January 
2011 irradiation testing of Lead Test Assembly-2 (LTA-
2) was finished after reaching 172 MWd burn-up. 
During the irradiation no leakages of the fission 
products through the fuel cladding were observed. The 
final examination on visual inspection and sipping test 
of the LTAs was done during the period April - October 
2011 and the results are positive. 
The core configuration has been changed several times 
because of fuel and irradiation requirements. The core 
configuration of December 2011 consisting of 22 fuel 
assemblies and 2 special channels for 99Mo production 
is presented in Fig. 4. 

In 2011 the MARIA reactor was operated successfully. 
The reactor scram was activated 2 times and in 1 case 
shortening of the operation cycle was necessary.  
Operational availability factors were the following: 

%7,96%1001 ==
NH
OTA

 

%8,48%100
8760

2 ==
OTA

 

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 2011 the total emissions of radioactive materials to 
the environment were: 
 inert gases (mainly 41Ar): 1.8·1013 Bq, i.e. 1.8% of 

the limit determined by the NAEA, 
 iodine: 1.8·107Bq, i.e. 0.4% of the limit determined 

by the NAEA, 
 88Rb and 138Cs: 9.4 ·108 Bq. 

The yearly emissions of the noble gases, iodines  and 
aerosols are presented in Fig. 5, 6, 7. 
In 2011 97 workers received measurable whole body 
doses from 0.2 to 3.42 mSv and 8 workers received skin 
doses  from 0.48 to 4.25 mSv. 
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Fig. 4. Core configuration of December 2011. 
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Fig. 5. Yearly emissions of noble gases in the last ten years. 
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Fig. 6. Yearly iodine total emissions in the last ten years. 
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Fig. 7. Yearly aerosol total emissions in the last ten years. * 
in 2004 the reactor operated only 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 at the MARIA reactor, depending on the 
required neutron flux levels, irradiation times, target 
mass and geometry. The 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 IAE POLATOM. The production of 192Ir 
seeds used for Intravascular Radiation Therapy (IRT) 
and low activity 192Ir source ribbon for Oncology 
Applications was continued. Total annual isotope 
production reached 600 TBq in 2011. At the same time 
production of the radioisotope 99Mo reached the level of 
6 000 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 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. 
Nuclear reactors remain a key component in the 
production of useful isotopes. A key medical isotope is 
99mTc, which is a decay product of 99Mo. One of the 
possible sources of molybdenum can be obtained in the 
course of the 235U fission reaction. The main objective 
of 235U irradiation is to obtain the 99mTc 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 99Mo into 
99mTc. Technetium-99m from a source of decaying 99Mo 
can be easily transported to hospitals where it is 
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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 184. 
Activities of  99Mo at the end of the activation (EOI) are 
within the range of 6700 ÷ 7950 Ci. The irradiation 
process as well as handling and transport operations 
proceeded according to drawn up procedures. The 
realization of the molybdenum program confirmed the 
correctness of the irradiation technology and handling 
operations in the reactor pools and in the hot cell as well 
as the loading operation into the transport container 
MARIANNE.  
A Feasibility Study has been presented for the project of 
the construction of a molybdenum production line 
within the NCBS (National Centre for Nuclear 
Research) based on low-enriched uranium targets (LEU) 
irradiated in the MARIA reactor. The new technology 
for obtaining 99Mo is based on irradiation of new type 
uranium targets – high density silicide uranium meat. 

An important activity performed in 2011 was focused 
on the optimization of conditions for irradiation of 
silicon crystals in the process of silicon neutron 
transmutation doping (NTD). Analyzing the possibilities 
for the use of the MARIA reactor in the NTD process a 
new technology was developed and a prototype 
installation was fabricated. The efficiency of the NTD 
process is determined by the uniformity of the 
distribution of the dopants introduced into the silicon 
crystals. Specific properties of the MARIA reactor 
construction such as: important reactor core 
inhomogeneity siting of prototype installation in the 
vicinity of fuel elements are the reasons for neutron flux 
instabilities influencing the results to be achieved from 
the NTD process. Optimization of this process through 
the choice of adequate self-power neutron detectors and 
their distribution for neutron flux estimation was 
performed. Also, a special procedure of calibration of 
these measurements, to achieve a precision of the NTD 
process < 5% was elaborated. 
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New LEU Fuel in the MARIA Research Reactor 
E. Borek-Kruszewska, W. Mieleszczenko 

National Centre for Nuclear Research, Otwock-Świerk, Poland 
 
In accordance with the agreement between the Interna-
tional Atomic Energy Agency, US Department of En-
ergy and Argonne National Laboratory, the Institute of 
Atomic Energy POLATOM in Otwock-Świerk, Poland, 
was put under an obligation to prepare a project for a 
new type of nuclear fuel to be examined in the MARIA 
research reactor.  
Considering conversion of the reactor core from HEU to 
new LEU fuel. LEU fuel of uranium silicide meet has a 
density of 4,8 g/cm3 and enrichment 19,7% U-235.  
Positive results of fuel testing in an out – of – reactor 
stand and in the MARIA reactor core will make possible 
the ordering of a number of fuel elements and complete 
the conversion of the MARIA reactor core from HEU 
into LEU.  
Main parameters of Maria HEU fuel: 
- 6 concentric circular fuel element tubes 
- tube gen.: 1.1 m axial, 2 mm radial, Al 
- tube 4: 1.32 m axial, flow divider 
- meat: 1 m axial, 0.5 mm radial, UO2-Al  
- flow: 25 m3/h, down outside tube 4 then up inside 
tube  
- power: up to 1.8 MW allowed. 
Main parameters of new Maria LEU fuel by Cerca: 
- 5 concentric circular fuel element curved plates  
- overall length ~ 1480 mm  
- fuel length     ~ 1000 mm  
- outer diameter ~ 75 mm  
- U-235 content  - 485g 
- flow- 30 m3/h 
- power: up to 1.8 MW allowed. 
It was decided to insert the two LEU fuel assemblies 
from CERCA at separate times into the MARIA core. 
The irradiation program of the MC fuel in the MARIA 
reactor covers two phases:  
Insertion of 2 MC fuel assemblies into the core and 
operation with them for 12 weeks. 
Continuous irradiation of them in the core until a final 
burnup of around 40% and 60% is achieved, which 
corresponds to burnup values of 158 MWd and 245 
MWd. 

After each insertion of new fuel assemblies the estab-
lished IAEA procedures for operating with a new core 
configuration were followed; this included approach to 
criticality and operation at a series of increasing total 
reactor powers until reaching rated power.  
Each MC fuel channel was monitored by the normal 
thermal-hydraulic instruments (i.e., coolant flow rate, 
temperature rise and outlet temperature) and by the Fuel 
Integrity Monitoring System (FEIMS) which is based 
on the detection of delayed neutron. No increase of 
signal level on FEIMS was noticed and measurements 
were performed every 15 minutes instead of the normal 
frequency of 8 hours.  
Fuel channel water contamination was checked once per 
day. 
The fuel element power was computed from flow rate 
and temperature rise.  
Measurements of vibration of pipelines were also per-
formed but no noticeable threats due to higher coolant 
flow rates were detected. 
First LEU FA denoted by MC001 was irradiated in the 
reactor core from 2009/08/11  till  2011/01/21. 
Second LEU FA denoted by MC002 was irradiated in 
the reactor core from  2009/10/20  till  2010/08/17. 
Maximal power loading for both FAs was appoximately 
1.8 MW.  
Summary: 
- MARIA irradiated testing of 2 LEU Lead Test Fuel 

Assemblies.  
- MC001-reached 62% burnup and MC002-reached 

43% burnup.  
- During the irradiation the MC fuel assemblies be-

haved without any anomalies.  
- Peak cladding temperatures, were <153°C in HEU 

and <152°C in LEU FAs, were much lower than the 
cladding damage temperature.  

Based on the FEIMS the cladding integrity was OK and 
no increased radioactive releases from either fuel as-
sembly was observed. 
References: 
[1] E. Borek-Kruszewska, W. Mieleszczenko, Status of New 

LEU Fuel in Poland, RRRFR-2011, Jackson 
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Post Irradiation LEU Fuel Examination 
E. Borek-Kruszewska, W. Mieleszczenko 

National Centre for Nuclear Research, Otwock-Świerk, Poland 
 
Irradiation of 2 LEU Lead Test Fuel Assemblies were 
performed in 2010 and 2011. During the irradiation the 
MC fuel assemblies behaved without any anomalies. 
After irradiation, it was necessary to inspec spent LEU 
fuel assemblies. 
The following post irradiation examination of the fuel 
assemblies was carried out: 
• Underwater visual testing of the external cladding 

surface of the LEU fuel assemblies using a HD 
camera placed in a hermetic casing. 

• Measuring the radiological releases of fission prod-
ucts from spent fuel to water, the so-called ”sipping 
test”. 

Underwater visual testing of spent fuel by means of a 
TV-CCD camera and image processing system was 
provided using stand STEND-1. 
STEND-1 (Fig. 1) was built by IAE Świerk using flexi-
ble in use, high-tensile, anodised aluminium profiles. 
The stand, equipped with an automatic control and 
processing system based on a PC, may be manually or 
automatically controlled. The movement control system 
of the camera in the vertical axis and the rotational 
movement of the fuel permits the chosen location of 
fuel element better to befixed to than 0.1 mm.  
During underwater visual testing a significantly thicker 
layer of oxides on the surface of spent fuel with above 
60% burnup (Fig. 3) than 40% burnup (Fig. 2) was 
observed. 
As a result of the LEU ”sipping test” no increased ra-
dioactive releases from either fuel element was ob-
served.  
Conclusions: 
• The visual testing of LEU spent fuel and the results 

of the ”sipping test” confirm that the cladding integ-
rity is OK. 

• The quality of the MC LEU fuel assemblies fabri-
cation is good and it fully meets the quality assur-
ance requirements. 

 
References: 
[1] E. Borek-Kruszewska, W. Mieleszczenko, Status of New 

LEU Fuel in Poland, RRRFR-2011, Jackson 
 

 
Fig. 1. View of the set up of the stand in the reactor storage 
pool. 

 
Fig. 2. MC002 LEU cladding surface. 

 
Fig. 3. MC001 LEU cladding surface. 
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Detection Limit of Cadmium by 20 MeV Proton Activation 
M. Kowalski, M. Laskus, M. Matul, S. Mikołajewski, H. Trzaskowska, J. Wojtkowska 

National Centre for Nuclear Research, Otwock-Świerk, Poland 
 
An EC Directive [1] obliges Member States including 
Poland to monitor and control levels of harmful pollut-
ants in atmospheric air. In recent years researches were 
performed in our Centre [2], particularly composition 
analyses of dust samples using X-ray spectroscopy. 
Concentrations of heavy metals (As, Cd, Hg, Ni, Pb) in 
the environment, which should be measured according 
to [1], may be independently determined by the activa-
tion method [3] – applied and discussed in [4]. 
The NCBJ C-30 Cyclotron can be useful for trace ele-
ment detection and concentration determination in envi-
ronmental samples from air, water, soil etc. with the 
activation method. The proton energy of 20 MeV is 
sufficient for activation of most elements and those 
mentioned among them. 
We have chosen cadmium for our first attempt to evalu-
ate the detection limit (DL) [5] because of the conven-
ience of preparing samples and the large amount of 
available experimental data e.g. [6]. 
A solution with definite Cd concentration was prepared. 
A sample of Cd (0.02g) was fully reacted with some 
amount of HCl. The product was diluted with purified 
water to obtain a Cd concentration equal to 2·10-4. Then 
solutions with lower concentrations were prepared: 
2·10-5, 2·10-6 etc. Droplets with calibrated volume 10λ 
(1λ=1mm3) were taken from these solutions, so they 
contained the required amounts of Cd: 0.2, 0.02, 
0.002µg. 
These samples were irradiated by 4 mC doses of 
20MeV protons. The samples were thin and they did not 
cause substantial beam intensity losses. After about a 
day of cooling, gamma spectra were measured by a 
HPGe gamma detector with a Genie 2000 Canberra 
Industries spectrometric system. 
Fig. 1 shows an example of a detected gamma line after 
sample irradiation. The line amplitude is remarkably 
higher than the background level, and the standard de-
viation equals about 55. It is therefore possible to detect 
the presence of an amount of cadmium almost 10 times 
smaller than this. So the expected absolute DL may be 

about 10 times lower than the actual material amount 
(2·10-3 µg) of the sample. 

 
Fig. 1. Gamma line of 111In (E=245keV) in the emission 
spectrum of an irradiated Cd sample (2•10-3 µg). 
The method of determination of the DL for Cd pre-
sented here can be used for determination of absolute 
levels of all elements named in [1]. It will be applied to 
obtain values of the DL for other elements. 
 
References: 
[1] Directive 2008/50/EC of the European Parliament and of 

the Council of 21 May 2008 on ambient air quality and 
cleaner air for Europe 

[2] M. Sowiński et al., IPJ Ann. Rep. 2009, p.162 
[3] IUPAC, Compendium of Chemical Terminology, 2nd ed. 
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(2006-). “activation analysis (nuclear) 
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Model of the System of Air Pollution Forecasting  
Changes of Particulate Matter PM10/PM2.5 Concentration 

M. Sowiński1, B. Słowiński1, M. Lasiewicz1, M. Kośla1, J. Szlachciak1, J. Bzdak2 
1 National Centre for Nuclear Research, Otwock-Świerk, Poland 
2 Faculty of Physics, Warsaw University of Technology, Poland 

 
We have tested the pilot system (predictor) to predict 
concentrations of particulate matter using daily imission 
data to predict the concentration of PM10/PM2,5 (Fig.1) 
[1, 2, 3].  
The system for prediction estimation uses:  
- neural network MLP (multilayer perception) and 
SVM (support vector machine), wavelet analysis and 
multi-dimensional signal decomposition BSS (blind 
signal separation) [4]; 
- forecast meteorological data: temperature, humid-
ity, wind speed and wind direction, were accessed from 
ICM (Interdisciplinary Centre for Mathematical and 
Computational Modeling, Warsaw University); 
- databases: ARMAAG Foundation (Agency of 
Regional Air Quality Monitoring in the Gdańsk Metro-
politan Area), VIEP (Voivodship Inspectorate for Envi-
ronmental Protection), INCT (Institute of Nuclear 
Chemistry and Technology). 
Prediction is carried out in Matlab, installed on a stan-
dard computer using Windows XP. 

 

Fig. 1. Scheme of the predictor used to warn against the 
possibility of exceeding the daily maximum level of particu-
late matter PM10/PM2.5. 
The prediction system (predictor) working in real time, 
enables the assessment of air-pollution control PM10 and 
PM2.5 for the next day (or two days) on the basis of the 
previous day’s emmissions and the meteorological pa-
rameters forecast for the next day.  
It allows the accuracy of prediction depending on the 
model assumptions, the way of teaching the neural net-
works and database employed to be compared. 
The scheme shows exemplary results of short-term 
prediction of PM10 measured in real time at the station 
VIEP Warsaw - Ursynów in February 2011 (Fig. 2). 

 
Fig. 2. Preliminary results of the short-term prediction of 
PM10 in real time for VIEP Ursynów. 
The developed system may be used as a tool for early 
warning to support local authorities obliged to imple-
ment recovery programs to reduce air pollution emmis-
sion, especially particulate matter PM10 / PM2.5.  
The advantage of the system is its low cost, ease of use 
and the availability of the database. 
There are opportunities for further improvement of the 
system by means of automatic download and verifica-
tion of data, the use of an hourly database and the in-
creased use of artificial intelligence methods to interpo-
late. 
It is available to cooperate with regional forecasting 
systems of air pollutants concentration.  
Spatial extrapolation is one of the newly developed 
features of this system. It enables one to build a model 
that can assess PM levels at an extrapolated point using 
the weather conditions at this point, PM levels and 
weather conditions at nearby points (called extrapola-
tion support points). Since we need some (60-150) PM 
measurements at extrapolated points, this model can be 
used to fill gaps in measurements. 
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Detection of Ceasium Isotopes from Fukushima  
at the Polish Polar Station in Hornsund (Spitsbergen) 

B. Mysłek-Laurikainen1, M. Matul1, S. Mikołajewski1, H. Trzaskowska1, M. Kubicki2 
1 National Centre for Nuclear Research, Otwock-Świerk, Poland 

2 Geophysical Observatory, Institute of Geophysics Polish Academy of Science  
 
The Polish high–volume air sampler AZA-1000 in 
Hornsund (770 00, N, 150 33, E) is one of the radionu-
clide monitoring stations positioned close to the polar 
pole and the most Northerm of all. Measurements of 
radioactive pollution of ground level air present in at-
mospheric aerosols started in July 2002 when in the 
Hornsund Fjord station AZA-1000 was assembled (at 
the premises of the Polar Station of the Institute of Geo-
physics of the Polish Academy of Science). The con-
struction was initiated by a team of the Radioecology 
and Radiochemistry Laboratory of the Institute for Nu-
clear Studies at Świerk. The station was built as an air 
aerosol sampler to be installed at the Polish Polar Sta-
tion in Hornsund, so the instrument was designed to 
operate in all-weather conditions of the cold polar re-
gion. In order to avoid the influence of extremely low 
temperatures and severe snow precipitation, this device 
was not installed in the open air, but in a container 
where the temperature inside does not drop below 0ºC. 
The station is accommodated for continuous operation 
in different meteorological conditions. The sampling 
part, which collects aerosols from an air inlet, is placed 
on a roof about 3 m above the summer season ground 
level when the snow disappears. The high air flow rate 
about 400 m3/h through a chlorinated vinyl polychloride 
filter or a polypropylene filter allows representative 
aerosol air samples to be taken. Collection of aerosol 
from about 10 000-60 000 m3 enables accurate spectro-
metric measurements of radionuclides in a wide range 
of concentration with a detection sensitivity above 0.5-
1.0µBq/m3. A detailed description of the air sampler and 
the technology of the measurements is in ref. [1]. 
The origin and concentration of radionuclides in air are 
described in numerous publications, among them [2]. 
Manmade radionuclides in Earth is atmosphere ap-
peared as a result of nuclear weapon tests and the Hi-
roshima and Nagasaki bombs and as the result of re-
leases in nuclear industry and nuclear reactor accidents. 
The most often detected are the ceasium isotopes 137Cs 
and 134Cs. Seasonal variation of natural and antropo-
genic radionuclides at Hornsund are presented in Fig. 1 
and two ceasium isotopes are additionaly shown in 

Fig. 2. The presence of 134 Cs is evident proof of Fuku-
shima origin, and this isotope was not observed in any 
of the air filters since 2002 up to this event where the 
ratio of 137/134Cs is typical for Fukushima origin detected 
in numerous places in Poland and in the World. First 
observation of 134Cs and 137Cs was made on 
(27.03-04.04. 2011) about 16 days after the Fukushima 
event. 
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Fig. 1. Seasonal variation of natural and anthropogenic 
radionuclides at Hornsund. 
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Fig. 2. Concentrarion of ceasium isotopes at Hornsund.  
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CFD Analysis of the Safety Related Thermal Hydraulic Parameters  
Describing the Flow Domain of an Experimental Medical Installation 

(BNCT Converter) Inside the Research Reactor MARIA 
K. Kowal, S. Potempski, P.A. Prusiński 

National Centre for Nuclear Research, Otwock-Świerk, Poland 
 
Boron-Neutron Capture Therapy (BNCT) is an experi-
mental medical technique used to cure glioblastoma 
multiforme (GBM) - a brain tumour that is known as the 
most common and most aggressivy malignant. In gen-
eral the therapy procedure is as follows. First boron 
solution is introduced into the patient’s body. This solu-
tion is then attracted by the tumour cells, marking them. 
Afterwards the patient or - to be more specific – his 
infected tissue is exposed to a collimated beam of fast or 
at least epithermal neutrons which activate the solution 
and kill the tumour. 
Apart from the neutron physics and omitting a descrip-
tion of the collimator, the work presented here is fo-
cused only on the thermal hydraulic aspects of the part 
of the installation that will be immersed in the vessel of 
the Research Reactor MARIA and which will feed with 
neutrons the rest of the installation. This part can be 
seen as a box-shaped reactor fuel assembly channel 
populated with 99 fuel rods in a hexagonal lattice. 
Nevertheless, this new medical equipment will change 
the core layout and may are influence the normal opera-
tion regime of the reactor. In order to prove safety mar-
gins an analytical study [1] has been prepared by the 
MARIA Reactor Exploitation Division at NCBJ. 
However, the main disadvantage of this study is its 
limitation. Roughly speaking, it is hardly possible to 
find by hand a real temperature distribution of the rods. 
It is enough to mention at least, that each of the 99 rods 
is described by its own unique heat flux. Instead, a 
really conservative approach has to be applied and many 
simplifying assumptions have to be taken into account 
which make the results far from the truth. One of these 
simplifications is in the calculation of the heat transfer 
model, performed only for one – though the most ther-
mally loaded - rod. 
Boron-Neutron Capture Therapy (BNCT) is an experi-
mental medical technique used to cure glioblastoma 
multiforme (GBM). For that purpose and thanks to the 
capabilities of the newly created computer cluster facil-
ity “Computing Centre Świerk” a modern Computa-
tional Fluid Dynamics (CFD) techniques have been 
applied to the research. 
CFD codes allow their users to track thermal hydraulic 
parameters i.e. pressure, temperature, velocity (and 
more) changes of the fluid, when passing more or less 
complex geometry including phenomena such as turbu-
lence or heat transfer (with or without phase change). 

CFD codes are the best estimate codes, which means 
they are able to produce results very close to actual 
experiment. In this study, the parameters of interest are: 
- Maximum temperature of the rod wall surfaces; 
- Temperature difference between the inlet and outlet 

of the channel; 
- Maximum and average velocity of the fluid. 

Figs. 1-2 show the first results of CFD simulations, 
which are in quite good agreement with an analytical 
study. This research will be continued by recursive 
adjustment of the mesh and boundary conditions. 

 
Fig. 1. Wall temperatures [K] of the rods bundle. 

 
Fig. 2. Velocity vectors [m/s] over middle cross-section. 
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Implementation of the PFLOTRAN Software Package  
for Flow and Transport Simulation in Porous Media  

for Contamination Dispersion 
O. Dorosh, H. Wojciechowicz, M. Borysiewicz, S. Potempski 

National Centre for Nuclear Research, Otwock-Świerk, Poland 
 
The problem of soil contamination and migration of 
radionuclides in porous media needs a dedicated model 
for flow, transport and dispersion in underground water. 
For this purpose the PFLOTRAN package [1] has been 
developed for the Department of Energy, USA jointly 
by Los Alamos National Laboratory and Oak Ridge 
National Laboratory. 
PFLOTRAN is a massively parallel 3-D reservoir simu-
lator, that can model multiphase reactive flows in geo-
logic formations based on continuum scale mass and 
energy conservation equations [2, 3]. It employs the 
PETSc modular toolkit and a Newton-Krylov solver 
framework for efficient parallel computation. The pack-
age has been implemented and applied to model the 
problem of determining the degree of soil saturation.  
The calculation domain is a rectangular parallelepiped 
of 5000x2500x100 meters (Fig. 1). The calculation area 
was divided into cells of  20x20x1 meter each. The 
number of cells in the computing grid is over 3 million. 
The boundary conditions are as follows:  
- on the east side there is a river,  
- on the west side there are two wells through which 

water is pumped in, 
- on the east side there is a well through which water 

is pumped out.  

The domain consists of four layers with thicknesses 
(counting from the top) of 30 m, 20 m, 20 m and 30 
meters. Each layer has a coefficient of porosity and 
penetration rates which may differ from its neighbors. 
In Fig. 2 the result of the simulation - mean saturation of 
the underground water is presented. 
In order to test the performance of the package a series 
of calculations with different numbers of computational 
cores (from 1 to 16) has been performed. The results are 
presented in Fig. 3. We can observe quite rapid satura-
tion of the speedup. This can be explained by the rela-
tively high latency of the cluster network, which is 
crucially important for problems demanding intensive 
exchange of data – as is the case in nonlinear problems. 
 

 
Fig. 1. Calculation domain. 

 
Fig. 2. Soil saturation in underground water. 

 
Fig. 3.  Performance test as a function of the number of 
cores. 
References: 
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Application of Bayesian Inference in Event Reconstruction 
M. Borysiewicz, A. Wawrzyńczak-Szaban, P. Kopka 

National Centre for Nuclear Research, Otwock-Świerk, Poland 
 
The ability to determine the source of a contamination 
in an urban environment is crucial for emergency re-
sponse applications. Event reconstruction and dispersion 
modeling capabilities are needed to estimate the extent 
of contamination, which is required to implement effec-
tive strategies to protect the public health. In emergency 
response situations when dealing with the situation 
based on the sensor network measuring point concentra-
tion we have to answer the following questions: What 
was released? When and where was it released? What 
was the release rate? In this context the Bayesian ap-
proach is a powerful tool to combine observed data 
along with prior knowledge to gain a current (probabil-
istic) understanding of unknown model parameters. In 
particular, it provides a very natural framework for 
updating the state of knowledge in a dynamic system. 
For complex systems, such updating needs to be carried 
out via stochastic sampling of unknown model parame-
ters [1]. 
We have developed a dynamic data-driven event recon-
struction model which couples data and predictive mod-
els through Bayesian inference to obtain a solution to 
the inverse problem. We have incorporated the Markov 
chain Monte Carlo (MCMC) approach for stochastic 
sampling of unknown model parameters (e.g. source 
location, see Fig. 1).  

 
Fig. 1. Colored dots show locations sampled by the four 
Makov chains. Green square indicate sensor locations. The 
red triangle shows the true source location. 
The quality of agreement between the predicted and 
observed concentrations at the sensor locations was 
expressed in terms of a log likelihood function 
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where  are model values at the i sensor locations,  
are the experimentally observed i sensor values, and σrel 
is the standard deviation of the combined forward model 
and measurement errors. 

For atmospheric dispersion modeling with unknown 
source characteristics we have examined different ver-
sion of the MCMC i.e. Sequential MCMC via Rejuve-
nation and Extension, Sequential MCMC via Rejuvena-
tion, Modification, and Extension [2] and their effec-
tiveness in obtaining solution i.e. the location and rate 
of release of the dangerous substances. The high-
resolution computational fluid dynamics (CFD) models 
appeared to be computationally too expensive, because 
in real-life situations speedy localization of the source 
of the contamination is one of the most important issues. 
So, we have successfully applied the simplified disper-
sion Gauss model to localize the source of the contami-
nant in two dimensional space. The solution obtained 
consists of a probability distribution of unknown source 
term parameters i.e. the contaminant source location and 
the source strength. Fig. 1 presents the sample positions 
taken by the four Markov chains. The chains quickly 
converge to the source location. The probability distri-
bution for the source location are presented in Fig. 2. 

  
Fig. 2. Histograms of  x, y - source position for flow. Vertical 
red solid lines denote the actual source location. 
Further research will focus on performing a simulation 
for a real life situation in an urban environment, setting 
up models for a single source case and continuous re-
lease in an urban environment, and generalization of 
models and algorithms to the case of multi-source 
events  and time dependent observational data.  
This research was performed within the framework of 
the project: ‘Bayesian approach to multi-parameter 
problems in physics and beyond involving parallel 
computing and large data-sets’ (BayesFITs) financed by 
the Foundation for Polish Science as part of the WEL-
COME Programme operated within the European Union 
Innovative Economy Operational Programme 2007-
2013. 
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Preliminary Data Set for Saphire V.8 with Examples of PSA Analysis 
M. Borysiewicz, O. Dorosh, E. Florowska, P. Kopka, K. Kowal, S. Potempski, P.A. Prusiński,  
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Probabilistic Safety Assessment (PSA) provides a 
methodology for quantitative risk evaluation related to 
nuclear power plant (NPP) operation. This approach has 
been well known since the ’70, however its importance 
for NPP safety assessment has only recently been rec-
ognized by the majority of nuclear regulatory bodies 
and operators. It has also been considered by the na-
tional regulatory authority as a required element of the 
Safety Assessment Report for the NPPs to be located in 
Poland. PSA is complementary to deterministic safety 
studies and enables both the probabilities and conse-
quences of accident sequences leading to core damage 
and radioactivity releases from the plant containment to 
be calculated divided. A comprehensive PSA analysis is 
usually into three level. Level 1 PSA is to estimate the 
probabilities of accident sequences, making use of reli-
ability estimate of reactor safety systems and their com-
ponents, whose functionality is crucial for the analyzed 
accident. As a result the frequency of core damage 
(CDF) can be assessed.  Level-2 PSA models: phenom-
ena that could occur following core damage; challenges 
to the containment integrity; transport of radioactive 
material in the containment and estimates of the fre-
quency/magnitude of a release of radioactive material to 
the environment. Level-3 PSA models the consequences 
of a release of radioactive material to the environment 
and estimates the risks to public health and societal risks 
such as the contamination of land or food [2].  
In this study, from among the various different se-
quences those generated by a small break loss of coolant 
accident (SBLOCA) were chosen to be analyzed by 
PSA level 1 techniques. There are various safety sys-
tems that are crucial in the case of loss of water from the 
Reactor Coolant System (RCS). Their importance for 
mitigating the consequences of the accident depends on 
the size and location of the RCS break. In this study two 
of them, High Pressure Injection System (HPIS) and 
Auxiliary Feedwater System (AFWS) were thoroughly 
analyzed for the case of a small break (in the range of 
diameters d=0.5-2.0 inches) located at one of the reactor 
cold legs. Since both of the systems are dependent on 
the Emergency Power Supply System (EP), its failure 
probability was also evaluated.  
The PSA level 1 procedure starts from the definition of 
an accident, then all the relevant safety systems that 
mitigate its consequences have to be identified. Since 
some relations between systems exist, they also have to 
be taken into account. After that, the structure of the 
event tree (ET), which describes all possible accident 

sequences, can be developed. To quantify the frequency 
of each sequence one needs to develop the Fault Trees 
(FTs) for safety systems under consideration. Every FT 
of a safety system, relates failure of the system (top 
event) with intermediate events and basic events (com-
ponent failure and operator errors) through logic gates 
(describing the relations between events) [3]. It enables 
the calculation of the probability of the top event given 
the probabilities of the basic events.  
The approach and data, which were adopted for the 
selected part of SB LOCA sequences (Fig. 1) were those 
used in the Reactor Safety Study (RSS) completed in 1975 
in the USA [2]. Many of the methods and risk insights that 
are used today were introduced in that landmark study. 
Saphire v.8 software of the U.S. NRC was used to esti-
mate the probabilities of these sequences. 

 
Fig. 1. The SBLOCA event tree obtained in this study. 

 
Fig. 2. The AFWS subtree structure for a single turbine 
pump. 
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Development of a Model for Hazard Area  
Assessment Based on an Early Warning Monitoring System 

M. Borysiewicz, O. Dorosh, E. Florowska, H. Jędrzejec, S. Potempski, G. Siess, A. Wasiuk, H. Wojciechowicz 
National Centre for Nuclear Research, Otwock-Świerk, Poland 

 
One of the main problems in crisis management, includ-
ing emergency response for major industrial accidents, 
is the necessity of determining hazardous areas. Station-
ary and mobile monitoring can deliver data, but often 
the difficulty lies in the different precision of measured 
values or the lack of appropriate data, or, in general, 
data uncertainty. Therefore, there is a need to develop 
methods that could be useful in emergency manage-
ment, taking into account inherently the uncertainty of 
the data coming from early warning systems. For this 
purpose a project aiming at the development of a real-
time information system on hazards related to major 
accidents for crisis management systems has been 
started within the strategic national program. It should 
be mentioned that, based on structural funds from the 
European Union, it is planned to build a dynamic moni-
toring system for 20 selected chemical plants, where the 
results of  the project can be applied.  
The main objective of the project is to develop and 
implement prototype computer tools, which will enable: 
- realistic determination of hazardous areas based on 

data from early warning monitoring systems, 
- estimation of uncertainties related to data and hazard-

ous areas, 
- visualization of hazardous areas on digital maps with 

their uncertainties. 

The aim of the first part of the project is to develop tools 
for finding hazardous areas based on uncertain informa-
tion from a real-time stationary and mobile monitoring 
network. For this purpose a review of different geosta-
tistical tools has first been made. Apart from basic 
methods like: ordinary, universal and indicative krig-
gings [1], also new methodologies based on Bayesian 
techniques, copulas and transgaussian kriging have been 
analyzed [2,3]. The key point is to have the possibility 
to include in the process of data analysis some addi-
tional information on the characteristic parameters of 
the detectors. The approach is based on utilizing the fact 
that universal kriging can be described in terms of 
Bayesian methods. Suppose we want to estimate a ran-
dom vector }:)({ DxxZ ∈  for 2RD ⊂  of the form: 

)()()( xxfxZ T εβ += , 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 
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Then universal kriging is equivalent to finding an esti-
mation of Z at point Dx ∈0  as a linear function: 
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This can be done by minimizing the mean square error, 
which leads to the following formula: 
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njiji xxCK ,...,1,)),(( == is an observable covariance and 
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Bayesian approach is based on the assumption that the 
parameter vector can also be treated as random, but with 
some knowledge of the a priori probabilities of the ran-
dom vector β. This leads to a formula of the following 
form: 
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written as follows: 
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It can be now easily observed that it has a more general 
form than the previous one, because for φ-1=0 we get 
universal kriging, while for φ=0 ordinary kriging. The 
advantage of the Bayesian formulation is such that it 
allows for including specific information on detector 
characteristics in the form of the vector parameter β.   
It should also be noted that this technique can also be 
applied to non-gaussian fields by utilizing the Box-Cox 
transformation, which is known as transgaussian 
kriging. 
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The Activities of the Radiation Protection Measurements Laboratory (RPML) 
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Until the 31st of August 2011, the RPML worked within 
the structure of the Institute of Atomic Energy 
POLATOM (IAE), but since 1st September the IAE has 
been merged with the Institute for Nuclear Studies (IPJ). 
Thus the RPML has been incorporated into the structure 
of the newly created National Centre for Nuclear 
Research (NCBJ). The RPML has continued all the 
radiation protection tasks hitherto performed, which 
have been extended to the radiological control of the 
former IPJ laboratories, with the help of the existing IPJ 
Dosimetric Section. 
Actually the basic goals of the RPML activities are: 
- First: Monitoring and assessment of the ionizing 
radiation exposure of the NCBJ staff and the people 
living in the areas surrounding the Nuclear Centre (NC) 
at by Świerk and the National Radioactive Waste Re-
pository (NRWR) in Różan; comparison of the results to 
dose limits defined by the Parliamentary Act “Prawo 
Atomowe” and to the dose constraints accepted by the 
Polish Regulatory Body. 
- Second: Radiation safety inspection at the Świerk 
Centre, through active and passive radiological 
monitoring and detection of radiation events which 
could cause potential hazard to the population;  
radiation events analysis and formulation of conclu-
sions.  
- Third: Scientific research of mixed radiation 
fields dosimetry and the development of radiation 
dosimetry methods and measurement procedures; 
implementation of the recommendations imposed by 
Polish and international safety standards 
recommendations set out in Polish and international 
standards, including ISO standards. 
The main tasks of the RPML are: 
- Radiation monitoring of the Świerk Centre and Różan 
(NRWR) sites, 
- Surveillance of radiation safety, 
- Radioactive waste control (especially liquid waste), 
- Radiation protection in emergency conditions, 
- Development of radiation protection measurements 
and methods, 
- Calibration of radiation protection monitoring instru-
ments, 
- Personal dosimetry, 
- Sewage and drainage water activity measurements, 
- Environmental radiation monitoring. 
The Laboratory consists of the following Divisions and 
Sections: 
- Research Laboratory of Mixed Radiation Dosimetry, 
- Whole body counter (WBC), 
- Thyroid Counter (TC), 

- Secondary Standards Calibration Laboratory (Calibra-
tion Division, CD), 
- Environmental measurements laboratory (EML), 
- Radiochemical analysis laboratory (RL). 
On December 31st, 2011, the Laboratory employed 20 
graduate and 11 non graduated staff members. 
In 2011 the RPML continued successfully its activities 
concerning improvement of measurement procedures in 
the two main domains of the Laboratory accredited by 
the Polish Centre for Accreditation (PCA):  
- The determination of internal body contamination 
(whole body counter, thyroid counter and radiological 
analysis of excretions) – Accreditation No. AB 567. 
- Calibration of dosimetric instruments (field of gamma 
and neutron radiation, and surface contamination moni-
tors) Accreditation No. AP 070. 
Improved versions of the Quality Book as well as gen-
eral and operational procedures were completed; some 
technical and organizational activities were imple-
mented, especially related to the validation of calibra-
tion and measurement methods, traceability and estima-
tion of the results of measurement uncertainties. 
Five internal audits connected with the Quality Assur-
ance System have been performed. The expert scientific 
opinions and external (PCA) audit results were good (in 
June 2011 the yearly PCA audit took place for both: the 
AB 567 and for AP 070 as well).  
Technical activities of the RPML in 2011 were: 
- Whole body counter, thyroid counter and “in vitro” 
measurements were carried out for workers from NC 
Świerk and for external customers:  439 WBC, 153 TC 
and 122 RL measurements in 2011 (see Tables 1-3). 
The collected results of measurements of 137Cs internal 
contamination of IAE and NCBJ workers (in 1986 and 
2011), are presented in Fig. 1. 
- Radiation hazard evaluation based on regular personal 
monitoring with the use of TLD detectors.  Individual 
dose equivalents recorded were always below the an-
nual dose limit, defined by the Atomic Law. 
Environmental monitoring within or outside the NC and 
NRWR boundaries includes: 
measurements of direct or stray radiation due to the 
operation of the Maria reactor, accelerators, etc.  
measurement of radioactivity in samples of air, rivers 
and underground water, soil, sediment, mud and vegeta-
tion. In 2011 more then 400 environmental samples 
were measured (see Tables 4-8). 
In order to assure the quality of services concerning the 
determination of radionuclides by radiochemical meth-
ods, the RPML takes part in laboratory intercompari-
sons. In 2011 the RL participated in the Radiotoxi-
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cological Intercomparison Exercises organized by the 
Association for the Promotion of Quality Control – 
PROCORAD, France (tritium determination in urine 
and water samples). The RL also took part in the inter-
laboratory comparisons organized by the Institute of 
Nuclear Chemistry and Technology, Warsaw, Poland 
(strontium 90Sr and caesium 137Cs determination in envi-
ronmental samples).  
The RPML intercomparison results were evaluated as 
good (as contained within the acceptable deviation of 
standard activity level). 

Participation in the interlaboratory measurements al-
lowed the accuracy of the analyses provided to be 
evaluated and selected radionuclide quantification 
method to be improved. 
The results of the measurements performed indicate that 
there was no contamination found in the environment or 
human population, in the near and far viciniy of the NC 
and the NRWR  
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Fig. 1. Activity of total 137Cs content in the human body, following the Chernobyl accident (mean per standard person). 

 
 
Table 1.  Whole Body Counter measurements. 

Dose Number of 
Measurements 

Number of 
Persons 

≤ 1% EW 439 310*/,**/ 
> 1% EW - - 

Total 439 310 
*/53 persons were contaminated by iodine 131; 20 persons were 

also measured by the Thyroid Counter and the committed 
dose equivalent was calculated. 

**/ as artifical activity 134Cs and 137Cs  was registered. 
Ew –      annual effective dose limit. 

 

Table 2. Thyroid Counter measurements. 

 Dose  
Measurements Persons ≤ 1% EW > 1% EW

Total 153 26 18 8 
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Fig. 2. Results of  measurement of activity concentrations of aerosols at the Nuclear Centre Świerk in 2011. Between 21-03-
2011 and  09-05-2011 the concentration of aerosol activities in the air were generally connected with the Fukushima NPP inci-
dent. The mean values of chosen radionuclide concentrations, in March - April, were: I-131 - 570 µBq/m3; I-132 - 10 µBq/m3;   
Cs-134 - 54 µBq/m3;   Cs-137 - 72 µBq/m3; Te-132 - 16 µBq/m3. 

 
Fig. 3. Shows the measured values of direction in the form of a “wind rose” in the Nuclear Centre Świerk. 
 
Table 3. Measurements of biological samples (urine). 

 Measurements Persons ≤ 1% EW >1% EW 

Total α-activity 9 6 6 - 

Total β-activity 96 81 81 - 

Activity of P-32 6 4 4 - 

Activity of tritium (HTO) 6 6 6 - 

Activity of Sr-90 3 2 2 - 

Activity of Y-90 2 2 2 - 
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Table 4. Total beta activity of water samples, fall-out in the vicinity of the Nuclear Centre Świerk  in 2011. 

Total beta activity 

Type of probe and place  
of collection 
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1. Tap waters        

    Świerk Nuclear centre  W101 Bq/dm3 0,08 0,08 < 0,08 0,08 4 

2. Rain & drainage waters        

    Świerk Nuclear centre  W201 Bq/dm3 0,28 0,24 0,18 0,33 52 

3. Total fall-out        

    Świerk Nuclear centre  F101 Bq/m2 1,5 12 5,6 17 12 

4. Sewege waters          

     Świerk Nuclear Centre  S101 Bq/dm3 5,1 1,9 1,3 2,8 52 

5. Sewege waters          

    Sewage-treatment plant  
    (Otwock) 

S202 Bq/dm3 0,99 0,71 0,53 0,97 4 

6. River waters        

    Świder  (Wola Karczewska) W501 0,09 0,13 < 0,08 0,28 4 

    Świder  (Wólka Mlądzka) W502 0,09 0,13 < 0,08 0,25 4 

    Wisła (Warszawa) W602 

Bq/dm3 

0,15 0,09 < 0,08 0,13 4 

7. Well waters        

    A farm (Wólka Mlądzka) W106 0,12 0,11 < 0,08 0,13 2 

    A farm (Świerk) W108 
Bq/dm3 

0,83 0,50 0,42 0,58 2 

 

 
Table 5. Activity of environmental samples (soil and grass) from inside and outside the Nuclear Centre Świerk in 2011. 

 Concentration of radionuclide [Bq/kg d.m.] 
Be-7 K-40 Cs-137 Ac-228 Pb-214 Type of sample and place of 

collection    (Th-232) (U-238) 
Soil – II quarter      
inside            G 102  160 0,70 5,5 5,2 
G 103  150 5,1 5,9 5,5 
outside          G 202  160 1,6 6,5 6,6 
G 203  230 12 14 15 
G 302  170 1,5 6,5 8,0 
G 303  290 < 0,10 12 10 
Grass – II quarter      
inside          R 102 98 480 < 0,50 < 1,6 < 0,70 
R 103 110 670 < 0,50 < 1,6 < 0,70 
outside        R 202 63 450 1,8 < 1,6 < 0,70 
R 203 81 510 1,0 < 1,6 < 0,70 
R 302 84 320 67 < 1,6 < 0,70 
R 303 88 610 11 < 1,6 < 0,70 
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Table 6. Total beta activity of water samples from inside and outside the National Repository of Radioactive Waste Różan, 
in 2011. 

   Total beta activity  [Bq/dm3] 
Type of sample and place of 
collection 

Number  
of probe 

Medium 
2010 I Q 2011 II Q 2011 III Q 2011 IV Q 2011 

Tap water 
(inside NRRW) 

FR < 0,08 < 0,08 < 0,08 < 0,08 < 0,08 

Ground waters  10p < 0,08 < 0,08 0,08 < 0,08 < 0,08 
(inside NRRW) 11p 0,09 < 0,08 < 0,08 < 0,08 0,08 
  12p 0,14 0,13 0,15 0,12 0,15 
 17p 0,09 0,12 0,18 0,12 0,08 
 18p 0,09 < 0,08 < 0,08 < 0,08 < 0,08 
 130p 0,09 0,10 < 0,08 < 0,08 < 0,08 
 131p 0,83 0,77 0,92 0,58 0,88 
 132p 0,08 0,08 < 0,08 < 0,08 < 0,08 
Ground water 2p 0,08 0,08 < 0,08 0,08 < 0,08 
(outside NRRW) 8p < 0,08 < 0,08 0,08 < 0,08 < 0,08 
 15p < 0,08 < 0,08 < 0,08 < 0,08 < 0,08 
 19p < 0,08 < 0,08 < 0,08 < 0,08 < 0,08 
 20p < 0,08 < 0,08 < 0,08 < 0,08 0,08 
 95p < 0,08 < 0,08 < 0,08 < 0,08 < 0,08 
 F1 0,09 < 0,08 < 0,08 < 0,08 < 0,08 
 F5 < 0,08 0,08 < 0,08 < 0,08 < 0,08 
Well water G1 < 0,08 < 0,08 - < 0,08 - 
(outside NRRW) G2 - < 0,08 - 0,12 - 
Source water ŹR1 - < 0,08 < 0,08 < 0,08 < 0,08 
(outside NRRW) ŹR2 - < 0,08 < 0,08 < 0,08 < 0,08 
 ŹR3 < 0,08 0,08 < 0,08 < 0,08 0,08 
River water W701 < 0,08 < 0,08 < 0,08 < 0,08 < 0,08 
(outside NRRW) W702 - 0,12 < 0,08 < 0,08 < 0,08 
 W703 < 0,08 0,10 < 0,08 < 0,08 < 0,08 

 
Table 7. Activity of tritium (HTO) in water samples from inside and outside the National Repository of Radioactive Waste 
Różan, in 2011. 

Medium Concentration of tritium [Bq/dm3] Type of sample and place 
 of collection 

Number of 
sample 2010 I Q 2011 II Q 2011 III Q 2011 IV Q 2011 

Tap water 
(inside NRRW) 

FR < 3,0 < 3,0 < 3,0 < 3,0 < 3,0 

Ground water 10p < 3,0 < 3,0 < 3,0 < 3,0 < 3,0 
(inside NRRW) 11p 260 90 130 63 75 
 12p 2000 1300 2600 3700 1600 
 17p 660 660 690 710 810 
 18p < 3,0 < 3,0 < 3,0 6,3 7,4 
 130p 160 220 240 240 220 
 131p 23000 23000 22000 17000 19000 
 132p 160 30 18 16 17 
Tap water MR 1,1 0,45 0,47 0,60 0,48 
(outside NRRW)   0,49 0,49 0,56 0,50 
   0,51 0,54 0,66 0,47 
   0,55 0,55 0,69 0,50 
Ground water 2p < 3,0 < 3,0 < 3,0 < 3,0 < 3,0 
(outside NRRW) 8p < 3,0 < 3,0 < 3,0 < 3,0 < 3,0 
 15p < 3,0 < 3,0 < 3,0 < 3,0 < 3,0 
 19p < 3,0 < 3,0 < 3,0 < 3,0 < 3,0 
 20p < 3,0 < 3,0 < 3,0 < 3,0 < 3,0 
 95p < 3,0 < 3,0 < 3,0 < 3,0 < 3,0 
 F1 14 17 12 13 13 
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 F5 4,0 < 3,0 < 3,0 < 3,0 < 3,0 
Well water G1 < 3,0 < 3,0 - < 3,0 - 
(outside NRRW) G2 - < 3,0 - < 3,0 - 
Source water ŹR1 - < 3,0 < 3,0 < 3,0 < 3,0 
(outside NRRW) ŹR2 - < 3,0 < 3,0 < 3,0 < 3,0 
 ŹR3 < 3,0 < 3,0 < 3,0 < 3,0 < 3,0 
River water W701 < 3,0 < 3,0 < 3,0 < 3,0 < 3,0 
(outside NRRW) W702 - < 3,0 < 3,0 < 3,0 < 3,0 
 W703 < 3,0 < 3,0 < 3,0 < 3,0 < 3,0 

 
Table 8. Activity of environmental samples (soil and grass) from inside and outside the National Repository of Radioactive 
Waste Różan, in 2011. 

 

 
The secondary Standards Calibration Laboratory main-
tains and uses standard gamma radiation fields for do-
simetric equipment calibration and the only standard 
neutron radiation fields in Poland.  
The Calibration Laboratory owns and uses the following 
reference gamma sources:  137Cs, 60Co and 241Am. 
The air kerma rates in the gamma radiation fields of two 
sources (137Cs and 60Co) are calibrated periodically by 
the Central Office of Measures (GUM),  Department of 
Radiation and Fluence Quantities Laboratory of Ioniz-
ing Radiation and Colour Standards.  
The last calibration of the Calibration Bench in the 
Calibration Laboratory, with the use of standard radia-
tion sources, took place in December 2010.  
The fields of gamma radiation sources are a subject of 
periodical measurement tests (stability tests), with the 
application of instruments specially designed and con-
structed by the RPML.  
The Calibration Laboratory owns the following refer-
ence neutron sources: 252Cf and 241Am-Be. For routine 
use, there is also a 239Pu-Be neutron source available, 
calibrated by comparison with another standard 
241Am-Be source. 

The reference instrument for neutron field measurement 
is the Neutron Dose Rate Meter 2202D (ALNOR), cali-
brated periodically at the National Physical Laboratory 
(NPL), Great Britain. Thus, since the NPL helped to 
determine the standard neutron field in Poland, it is used 
for neutron dosimeter calibration (for purposes of neu-
tron radiation protection). 
For the calibration of surface contamination detectors, 
the Calibration Laboratory owns two beta reference 
sources (90Sr and 36Cl) and an alpha radiation 
source (241Am). In 2011 the Calibration Laboratory 
provided services to a total of 23 customers, including 7 
internal customers and 16 external ones. 
Table 9. Total number of dosimeters calibrated in 2011. 

 internal 
orders 

external 
orders 

total 
number 

Gamma dose 
and dose-rate monitors 65 34 99 

Neutron dose equiva-
lent monitors 2 9 11 

Surface contamination 
monitors 26 20 46 

 

 Symbol Concentration of radionuclide [Bq/kg d.m.] 
Type of sample and  of sample Be-7 K-40 Cs-137 Ac-228 Pb-214 
place of collection     (Th-232) (U-238) 
Soil - II quarter G 706 - 280 7,6 11 9,8 
(inside) G 707 - 450 98 18 16 
Soil - II quarter G 701 - 530 29 21 22 
  (outside) G 702 - 360 11 15 19 
 G 703 - 380 28 17 17 

 G 704 - 340 14 16 13 

 G 705 - 480 93 19 18 
 G 708 - 410 5,5 18 17 
Grass - II quarter R 706 110 350 2,2 < 1,6 < 0,70 
  (inside) R 707 121 740 < 0,50 < 1,6 < 0,70 
Grass - II quarter R 701 24 960 < 0,50 < 1,6 < 0,70 
  (outside) R 702 14 660 < 0,50 < 1,6 < 0,70 
 R 703 19 930 < 0,50 < 1,6 < 0,70 
 R 704 34 790 0,81 < 1,6 < 0,70 
 R 705 20 940 < 0,50 < 1,6 < 0,70 
 R 708 160 830 < 0,50 < 1,6 < 0,70 
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Scientific research 
Most of the research of the RPLM is performed at the 
Research Laboratory of Mixed Radiation Dosimetry 
(RLMRD). The research group employs two professors 
and four PhDs and one graduate physicist. The main 
work of the group concerns: 
- Investigation of the processes of ionization and re-

combination of ions in gases under pressure 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 dose meters. 

- Development of dosimetry methods for hadron ther-
apy, with particular emphasis on boron-neutron cap-
ture therapy (BNCT) and the investigation of radia-
tion fields near radiation therapy facilities. 

- Metrology of mixed radiation fields. 
- Development of methods for internal contamination 

dosimetry. 
The research work was partially financed under 2 re-
search grants by the Polish Government Ministry of 
Science and Higher Education and also by the National 
Centre for Research and Development (Poland). 
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N. Golnik2, M. Gryziński1, E. Jakubowska2, P. Tulik1, M. Zielczyński1 

1 National Centre for Nuclear Research, Otwock-Świerk, Poland 
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Radiotherapy with photon and electron beams repre-
sents the most widespread technique to control and treat 
tumor diseases. Nowadays, most medical accelerators 
produce beams with a maximum energy of between 
15 MeV and 25 MeV. However, the increase of electron 
and photon energy leads to the generation of undesired 
photoneutrons (neutrons generated in nuclear reactions 
between the photons and the target nuclei), which con-
taminate the therapeutic photon beam. Photon absorbed 
dose in locations outside the irradiation field decreases 
very fast with distance, as the therapeutic treatment 
requires, while the neutron dose equivalent remains un-
avoidable in positions far from the irradiation field. 
Therefore, the neutron dose should also be taken into 
account when the shielding of the accelerator vault is 
considered. 
The measurements of neutron ambient dose equivalent 
were performed at the door to the labyrinth of the linear 
accelerator vault in the Memorial Cancer Center and 
Institute of Oncology (department at Wawelska street) 
in Warsaw. There were two goals of the study – the first 
and main reason was to investigate the performance of 
our measuring system with a recombination chamber, in 
comparison with a reference remmeter, and the second – 
to prove, whether patient irradiation could be performed 
with a partly opened door. The second question was 
raised for practical reasons. The doors to the accelerator 
vaults are usually heavy and open slowly. This causes 
an uncomfortable situation when children are treated 
under anesthesia, because it would take a relatively long 
time to open the door for a medical doctor, in case of 
health problems of the patient during irradiation.  
Two recombination chambers were used for the meas-
urements. Measurements of total ambient dose equiva-
lent rate H*(10) were performed using a large recombi-
nation chamber of REM-2 type. This is a cylindrical, 
parallel-plate ionization chamber with 25 tissue-
equivalent electrodes, a volume of 1800 cm3, a mass of 
6 kg and an effective wall thickness of about 2 g/cm2. 
The second chamber of the same design, but with Al 
electrodes and filled with CO2 (2.8 MPa), is denoted as 
GW2. Moreover, the beam intensity was monitored 
during the measurements with the second tissue-
equivalent recombination chamber.  

Neutron ambient dose equivalent was measured using a 
2202D Studsvik-Alnor reference remmeter. 
The absorbed dose rate of 15 MV beam in the isocentre 
was 2.4 Gy/min. 
The measurements were performed in two measuring 
positions – the first at the door, exactly on the door 
opening line, and the second in the corridor, 250 cm 
from the door.  
The measurements in the first position were performed 
when the door was fully opened and at the second 
measuring point when the door was in one of three 
positions – open, closed or partly open (30 cm). The 
measured values are displayed in Table 1. 
Table 1. Values of the ambient dose equivalent rate  

At the door 250 cm from the door Dose equivalent 
rate 
µSv h-1 open open closed partly 

open 
H*(10) 
(REM2) 76,2 25 < 0,3 2,7 

Hn*(10) 
(Studsvik) 52 17,3 0,15 2,2 

Hγ*(10) 
(GW2) 24 7,5  < 0,5 

The measurements near the open door resulted in a 
total value of ambient dose equivalent rate of 
H*(10)=76 µSv/h. This value is very close to the sum of 
the neutron and gamma contributions, measured with 
the reference neutron remmeter and hydrogen free re-
combination chamber. Therefore, the contribution of 
gamma radiation to H*(10) was approximately 33%. 
The value of the ambient radiation quality factor Q*(10) 
was equal to 2.5 Sv/Gy at this point of measurements. 
In the corridor with free access for people, the ambient 
dose equivalent is three times smaller than at the door: 
H*(10) = 25 µSv/h. When the shielding door was partly 
closed, the H*(10) decreased to 2.7 µSv/h. Closing the 
door caused the decrease of H*(10) below 0.3 µSv/h). 
 
References: 
[1] N. Golnik et al., Pol. J. Med. Phys. Eng. 17, 3, 153 

(2011)  
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Criteria Concerning the Design of a Detector  
for a Recombination Dose Meter of New Generation 

M. Zielczyński, M. Gryziński 
National Centre for Nuclear Research, Otwock-Świerk, Poland 

 
Since 1962, when the first dosimetric recombination 
method was introduced [1], many types of recombina-
tion detectors (mostly recombination ionization cham-
bers [2]) have been developed. However, only the re-
combination chamber type REM-2 was manufactured 
and commercially available. Over forty years exploita-
tion of these chambers in different conditions, investiga-
tions of their properties in laboratories, including labo-
ratories of the highest world level, as well many interna-
tional intercomparision experiments has shown the 
excellent properties of the REM-2, but also revealed 
some short comings. Now, the development of a recom-
bination dose meter of a new generation has started [3, 
4]. A new recombination chamber, preliminarily named 
REM-3, will be used as a detector. It is intended to 
obtain the following properties of the REM-3, compar-
ing to the REM-2: 
1) More uniform energy response to H*(10) for neu-

trons; 
2) Nearly equal response to D*(10) in standard fields 

of gamma (Cs-137) and neutron (Am-Be) radiation 
used for calibration; 

3) Lower charge-memory effect [2]; 
4) Lower recovery time after changes of applied 

voltage; 
5) Higher sensitivity, i.e. larger ratio of ionization 

current to the ambient absorbed dose rate; 
6) Atomic composition, effective wall thickness and 

radiation scattering properties should be closer to 
the ICRU sphere (for easier prediction of the re-
sponse to any type of radiation); 

7) Easier manufacturing; 
8) Containing a monitor in the same housing; 
9) Lower influence of voltages applied to one part of 

the chamber on the current in the other parts – in 
the case of differential mode and in the case of us-
ing one part of the chamber as a monitor; 

10) More uniform angle response; 
11) Lower influence of changes of ambient tempera-

ture and of voltage drift; 
12) Higher (closer to 1) ion collection efficiency at the 

highest applied voltage, preferably not exceeding 
1 kV; 

13) Broader possible range of dose rate; 
14) Lower mass, especially of hydrogen-free parts; 
15) Lesser number of elements not available commer-

cially. 

 

Fig. 1.  Cross section of REM-3 chamber. 
It is explained in the reports [3, 4] how to obtain the 
specified properties. The solution must be, however, a 
compromise: improvement of one parameter may cause 
a deterioration of others. Overall dimensions of the 
REM-3 will be similar to the REM-2. Electrodes for the 
REM-3 will be catted from plates of conducting poly-
propylene (for the REM-2 they were formed from a 
tissue-equivalent material). Ethane will be the main 
component of the gas filling the REM-3. Hydrogen 
content in the ethane is not so high as in the methane 
filling the REM-2, and we therefore expect, that 
oversensitivity to neutrons at energies below ca. 8 MeV, 
taking place in the REM-2, will be reduced. Current 
electrodes will be kept by the central rod, while the 
voltage ones will be attached to four side placed narrow 
pillars (see Fig. 1). Voltage insulators will be “invisible” 
from the gas in the active volume. 
 
References: 
[1] M. Zielczyński, Nukleonika 7 175 (1962) 
[2] M. Zielczyński, N. Golnik, Monografie IEA 3 Świerk 

(2000) 
[3] M. Zielczyński, M. Gryziński, IAE Report B-39 (2010) 
[4] M. Zielczyński, M. Gryziński, IAE Report B-2 (2011) 
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Parallel plate recombination ionization chambers made 
with different materials are known as detectors which 
can be used in mixed radiation fields for determination 
of the total absorbed dose, gamma and high-LET dose 
components and for characterization of the radiation 
quality of mixed radiation fields. Specially designed 
chambers can operate correctly over a broad range of 
neutron and gamma radiation energies. They can be 
used e.g. in the vicinity of accelerators and nuclear 
reactors.  
In this work the investigations were extended to a new 
design of a nitrogen filled recombination detector with 
graphite electrodes [1], devoted to mixed radiation do-
simetry, especially in radiation beams from nuclear 
reactors and stray radiation fields. A cross section of the 
specially designed recombination chamber, denoted F6, 
and a view of its elements are shown in Fig. 1 and 
Fig. 2, respectively. 

 
Fig. 1. Cross section of the F6 recombination chamber. 

 
Fig. 2. View of the F6 recombination chamber elements. 
The chamber has three graphite electrodes with diame-
ter of 36 mm, cut from commercially available graphite 

plates with a thickness of 1.2 mm. The distance between 
electrodes is 2 mm and the total sensitive volume is of 
about 3.6 cm3. The housing of the chamber is made 
from titanium, commercially marked as GRADE 5. The 
material also contains Al 5.50-6.75%; V 3.50-4.50%; 
Fe<0.40%; O<0.20%; C<0.08%; N<0.05%; H<0,015%. 
The main reason for using such material was its rela-
tively low activation in thermal neutron beams. The 
thickness of the front wall of the chamber is 1 mm. The 
chamber was filled with nitrogen up to a pressure of 
1 MPa.  
The signal of the chamber can be modified by the use of 
polyethylene cups (Fig. 3). The moderator is modular, 
therefore it is possible to change the thickness of the 
moderating material in the beam direction and behind 
the detector in the range from 30 mm to 100 mm. The 
dependence of the signal and the shape of the saturation 
curve on the polyethylene thickness, combined with the 
recombination microdosimetric method (RMM) [2], 
makes it possible to determine the dose due to neutron 
capture on 14N in epithermal neutron beams at different 
depths in tissue [3]. 

 
Fig. 3. F6 recombination chamber with moderating layers. 
The dosimetric properties of the chamber were investi-
gated in the radiation fields of 137Cs, 252Cf and 239Pu-Be 
sources. 
 
References: 
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Calibration of the Whole Body Counter Using a Bottle Phantom 
T. Pliszczyński, J. Ośko, M. Umaniec, R. Sosnowiec 
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The radiation Protection Measurement Laboratory 
(LPD) performs the monitoring of internal exposure of 
employees in the Nuclear Centre Świerk. The Labora-
tory uses both in vivo and in vitro methods.  
One of the LPD facilities for in vivo measurements is a 
whole body counter, which is the only facility of this 
kind in Poland. Usually, there are around 400 measure-
ments performed per year. The Whole Body Counter 
(WBC) is placed in a special shielding cabin with walls 
built from 20 cm of iron, 5 mm of lead, 1 mm of cad-
mium and 0.5 mm of copper. The activity measurements 
are performed with a HPGe detector equipped with a 
multichannel analyzer, both produced by Canberra 
Packard. The measurements are performed in a “chair” 
geometry. Duration of a single  measurement is 20 mi-
nutes. Until 2011 the counter was calibrated using a 
BOMAB phantom [1]. 
The estimation of effective dose from the measurements 
of the gamma emission spectrum has to be done indi-
rectly. For a proper estimation knowledge of the radio-
isotope activity gathered in the human body and the 
exposure scenario (the way and the time of intake as 
well as the chemical form) are needed.  
Calibration. Determination of the radioisotope activity 
in the human body using the WBC is a comparative 
method. The measurement result depends on the height 
and weight of the monitored person. Using different 
WBC calibrations, performed with various human body 
phantoms, makes it possible to determine the contami-
nation within the acceptable range of uncertainty. 
In radiation protection, measurement sensitivity is more 
important than precision. During individual monitoring 
of radiation exposure it is better to detect the contamina-
tion corresponding to a dose at the level of 0,1 % of 
dose limit with 50 % uncertainty, than the contamina-
tion corresponding to a dose at the level of 50 % of dose 
limit with 0,1 % uncertainty. 
The whole body phantoms used for WBC calibration 
simulate various human body figures. In most cases five 
basic phantoms considered: the reference (170cm/70kg), 
tall slim (186 cm/64 kg), tall stout (185 cm/93 kg), short 
stout (153 cm/76 kg) and short slim (152 cm/51 kg). 
The figure shape is determined using the shape index ω: 

h
m

=ω  

where: m – weight (kg), h – height (cm). 

Recently, the BOMAB phantom in the LPD was re-
placed with a new, homemade, bottle phantom [2] and a 
new calibration has been made. The bottle phantom is 
presented in Fig. 1. 

 
Fig. 1. The LPD bottle phantom – reference man [2]. 
During calibration the phantom was filled with the stan-
dard solution – a mix of Am-241, Cd-109, Co-57, Cr-
51, Sn-113, Sr-85, Cs-137, Mn-54, Zn-65, Co-60 and Y-
88. The energy spectrum for these radionuclides ranges 
from 60 to 1830 keV. The differences among the effi-
ciencies for various figures are in the range of 8 to 40 % 
[3]. The calibration results expressed as the energy 
dependence of the counter efficiency for various human 
body shapes are presented in Fig. 2. 

 
Fig. 2. The LPD Whole Body Counter efficiency for five man 
body figures (reference man RM, short slim S-Sl, tall slim 
T-sl, short stout S-St, tall stout T-St) [3]. 
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The calibration hall, room no. 31 located on the ground 
floor of building no. 2 at the National Centre for Nu-
clear Research in Świerk, administratively belongs to 
the Division for Calibration of Dosimetric Instruments 
of the Radiation Protection Measurement Laboratory. 
Measurements in the calibration hall are performed as 
part of research on the development of methods for 
dosimetry of ionizing radiation, with particular refer-
ence to recombination detectors and mixed radiation 
fields. The calibration of dosimetric equipment in fields 
of gamma and neutron radiation is also performed there. 
Using a Monte Carlo code for the numerical modeling 
of measurements carried out in the hall allows for a 
more complete interpretation of the measurement re-
sults. In order to obtain the best correspondence be-
tween the calculation and the actual measurement re-
sults one has to take into account not only the basic 
elements of the measuring system, such as source, filters 
and detector used, but also the structural elements of the 
hall, fixed and mobile, that may scatter the radiation so 
that the detected spectrum will be distorted. 

Using the MCNP code, a numerical model of the hall 
was made [1] based on measurements made in the real 
place. The virtual model of the calibration hall at the 
Laboratory of Radiation Measurements will make it 
possible to take into account the scattering effects in 
investigated radiation from the structural elements and 
equipment of the hall, which will enable more compre-
hensive interpretation of the results of measurements 
made in the laboratory. 

 
Fig. 1. Virtual model of the calibration hall. 
References: 
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The ambient quality factor Q*(10), is the ratio of the 
ambient dose equivalent H*(10), to ambient absorbed 
dose D*(10). It depends on the linear energy transfer 
(LET, L) of charged particles at 10 mm depth in the 
ICRU sphere. Q*(10) of mixed radiation can be deter-
mined by analysis of the LET spectrum using eg. parti-
cle track detectors or a tissue-equivalent proportional 
counter. Q*(10) of mixed radiation can be also deter-
mined without detailed information about the LET spec-
trum – using recombination methods [1].  
It is sometimes necessary to determine the ambient 
quality factor not for mixed radiation, but only for neu-
trons presented in a mixed (n+γ) field, Qn*(10). Often 
this can be done using a pair of detectors with different 
responses for neutron and gamma radiations. 
Here [2] we present the possibility of using advanced 
recombination methods for the determination of 
Qn*(10) in mixed radiation fields. These methods per-
mit the separate detremination of the ambient absorbed 
dose due to the low-LET and high-LET components and 
also the parameter µhigh dependent on the local ioniza-
tion density in high-LET particle tracks in the gas of a 
recombination chamber. Measurements of µhigh were 
performed using a REM-2 type recombination chamber, 
approximating the ICRU sphere, in 12 monoenergetic 
neutron fields (with accompanying gamma radiation). 
The µhigh and some parameters derived from µhigh were 
correlated with the Monte Carlo calculated Qn*(10) for 
monoenergetic neutrons, in order to determine the en-
ergy range where the correlation of Qn*(10) with these 
experimentally determinable quantities is unique and 
can be used in mixed radiation fields containing neu-
trons of unknown energy. Such a method of the deter-
mination of Qn*(10) eliminates uncertainties and doubts  
concerning differences between the unrestricted LET 
defining the quality factor and the quantities derived 
from the saturation curves of the recombination cham-
ber, which are dependent on the restricted LET, as well 
as concerning possible differences in radiation scatter-
ing properties of the recombination chamber and the 
ICRU sphere, also concerning the simplification consid-
ering the LET spectrum as two componential only, and 
some other doubts. 
Fig. 1 shows the correlation between µhigh and Qn*(10) 
for neutrons in the energy range 0.144 to 19 MeV. The 
correlation is not unique. Thus, it is impossible to de-
termine Qn*(10) from µhigh measured with a recombina-
tion chamber in a mixed radiation field with unknown 
contribution from external photons, if no information 
about neutron energy is available. It is however possible 

if one can foresee that the contribution of neutrons with 
energy above 10 MeV to Hn*(10) is negligible (a typical 
situation for radiation fields near reactors, neutron iso-
topic sources, low energy accelerators etc.) and also is 
negligible for neutrons with energy below 0.5 MeV – 
the last can be examined using e.g. a thermal neutron 
detector in a 3-cm polyethylene moderator. In such 
cases the relation µhigh – Qn*(10) is unique and can be 
approximated with ca. 5% accuracy by the function:  

Qn(µ) = µhigh – 0.4 – 0.012 (µhigh)2 
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Fig. 1. Correlation between µhigh and Qn*(10). Numbers 
indicate neutron energy (MeV). The solid line denotes the 
equation given above. 
The Qn*(10) can also be correlated [2] with the recom-
bination indices of radiation quality (RIQ, QR) calcu-
lated from the relation QRhigh=µhigh/(1 – R + R µhigh) with 
R = 0.03, 0.04 and 0.06. 
The ambient quality factor for the high-LET component 
in the recombination chamber can be calculated 
as Qhigh = Q(L), using the Q-L relationship recom-
mended by the ICRP, with L = µhigh L0 Wγ /Whigh , where 
L0 = 3.5 keV/µm and Wγ / Whigh (the ratio of energies 
expended to create an ion pair by low-LET and high-
LET radiations) calculated as a function of the RIQ [3]. 
It may be shown [2] that values of Qhigh are considerably 
higher than Qn*, especially at En < 1 MeV and 
En > 13 MeV. This can be easily explained taking into 
account the contribution of photons from the (n, γ) reac-
tion to the energy absorbed in the gas of the recombina-
tion chamber (in the ICRU sphere too) as well the con-
tribution of proton recoils of the highest energy to the 
low-LET component of the radiation. 
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In 2011 the National Centre for Research and Develop-
ment started several projects supporting the Polish Nu-
clear Energy Program. One of those projects concerns 
adaptation of radiation protection to new needs associ-
ated with the nuclear power program. This concerns 
radiation protection at all stages of nuclear power plant 
construction in Poland, as well as scientific and techni-
cal support for localizing the plant and further monitor-
ing of environment and working places. In order to 
support the Program and to satisfy the project require-
ments, a consortium of four Polish institutions was set 
up: It is formed by the Central Laboratory for Radio-
logical Protection (CLOR) – leader of the project, the 
National Centre for Nuclear Research (NCBJ), the Insti-
tute of Nuclear Chemistry and Technology (IChTJ) and 
the Institute of Nuclear Physics (IFJ). 

 
Fig. 1. The project logo (acronym SPREJ-6). 
The NCBJ is the successor of the Institute of Nuclear 
Research (IBJ) and the Institute of Atomic Energy 
(IEA), institutes which had safely operated nuclear 

reactors for more than half a century. That is the reason 
why almost a third part of the project will be realized by 
the NCBJ, according to the tasks listed below: 
1. Technical requirements for setting up an integrated 

active monitoring system around the planned nu-
clear plant and for a laboratory performing passive 
monitoring on the site and in the vicinity of a nu-
clear plant. 

2. Methods for measurement of internal contamination 
with radionuclides and exposure assessment of nu-
clear power plant staff. 

3. Development of neutron radiation dosimetry. 
4. Development and testing of new or modernized 

equipment for dosimetric measurements of neutron 
radiation fields. 

5. 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. 

The end of the project is planned for 2014. The budget 
of the NCBJ part is 1 627 000 zł (of 6 000 000 zł for the 
whole project). 
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In the paper some activities undertaken by the Institute 
for Nuclear Studies at Świerk under the TSO arrange-
ment in Poland, such as: organization activities, educa-
tion and training, international cooperation, implemen-
tation of and calculation units thermo-hydraulic codes 
were described.  
Transients caused by mass flow rate drop in the fuel 
channel of the Maria reactor, calculated by means of 
RELAP5/SCDAP mod. 3.4[1], were presented. 
The MARIA reactor is a water and beryllium moder-
ated, water-cooled reactor of the pool type [2]. The fuel  
channel - Fig. 1 is made as a Field' s pipe. The fuel set 
consists of 6 concentric fuel tubes – Fig. 2. Each of 
them is made of enriched UO2 dispersion in aluminium.  
Tubes length - 1m, thickness - 2 mm, gap between tubes 
- 2.5 mm. 

 
Fig. 1. Fuel channel. 

 
Fig. 2. Lower plenum. 

 
Fig. 3. Nodalization diagram. 
A nodalization model of the fuel channel is presented in 
Fig. 3. Thermo-hydraulic phenomena in the fuel channel 
were investigated separately from the rest of the primary 
cooling system. In the model the following data were 
taken into account: wall roughness and abrupt area 
change. Three types of heat structures were modeled: 
nuclear fuel tubes, fuel channel external walls and inner 
structures above the fuel set. Temperatures in the fuel  
tube walls were computed at 7 mesh-points along the 
radial coordinate within each heat structure of the fuel 
tubes. The power distribution between fuel tubes was: 
t1-7.5%, t2-10.2%, t3-13.2%, t4-17.2%, t5-22.4%, 
t6-29.2% of the total power. Time dependent junction 
and time dependent volume specify inlet flow boundary 
conditions - mass flow rate and inlet pressure. Time 
dependent volume specify outlet pressure. Heat loss to 
the reactor pool was calculated under the assumption of 
a constant water pool temperature (318 K deg) and 
constant value of the heat transfer coefficient estimated 
as 9350 W/m2 K . For estimation of the coefficients the 
temperature and under velocity in the gap fuel channel 
were assumed to be – beryllium: 318 K, 1.5 m/s 
The following initial conditions for steady  state calcula-
tions were assumed: mass flow rate=8.05 kg/s; 
Tin=327 K deg; Tout=353 K deg; Pin=1.4 MPa; 
Pout=0.86 MPa, power=1.8 MW. 
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The experiment schedule is presented in Fig. 4.  

 
Fig. 4. Experiment schedule. 
After 80 s from the beginning of the experiment the 
mass flow rate was decreased to 50% in a time of 6 s. 
The temperature distribution across the wall of fuel tube 
no.5 and the temperature distribution of fuel, cladding 
and coolant along this tube at t=50 s are shown in Figs 
5, 6. 

 
Fig. 5. Temperature distribution across the fuel pipe wall 
no. 6 (t=50s). 

 

 
Fig. 6. Temperature distribution along the fuel pipe no. 6 
(t=50s). 
The model data were qualified on the basis of the reac-
tor data at steady state conditions.  
 
 
References: 
[3] Relap5 mod.3 code manual, INEL, Idaho Falls 1995 
[4] http://www.iea.cyf.gov.pl 
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The Cancer Risk Among Workers of the Nuclear Centre at Świerk, Poland 
K.W. Fornalski1, L. Dobrzyński1,2 

1 National Centre for Nuclear Research, Otwock-Świerk, Poland 
2 Faculty of Mathematics and Natural Sciences, Cardinal Stefan Wyszyński University in Warsaw, Poland 

 
This paper contains complete dosimetric information 
concerning 4606 workers at the nuclear centre in Świerk 
(Poland), from 1956 to 2001. The average statistical 
worker received, during 10.5 years of individual do-
simetric control, an effective dose of 6.7 mSv. In this 
group 156 workers received doses above 50 mSv, and 
10 workers above 300 mSv. Sufficient medical data are 
available for 575 workers. In this group we find the 
odds ratio of cancer incidence OR=0.90 (0.62-1.18, 
68% CI) taking effective dose only into account, and 
OR=0.94 (0.65-1.23, 68%) taking both effective and 
equivalent to hands doses. 

This result shows a statistically non-significant decrease 
of cancer incidence by (10.4±27.6)% and (6.0±28.8)% 
respectively, where the average doses per worker equals 
~34 mSv (body) and ~17 mSv (hands). In addition, no 
cancer case was detected among the 52 workers who 
received maximal cumulative doses (from 35 mSv to 
653 mSv). Also, no cancer case was detected among the 
43 workers who were chronically irradiated for a long 
time (from 13 to 26 years). 
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Summary of Results Achieved in IAEA  
Coordinated CRP on Recovery of Molybdenum from Uranium 

W. Wojdowska, J. Parus, D. Pawlak 
National Centre for Nuclear Research, Otwock-Świerk, Poland 

 
The IAEA CRP titled “Developing techniques for 
small-scale indigenous production of Mo-99 using LEU 
or neutron activation” was completed and summarized 
at the closing meeting in Vienna in December 2011. The 
program lasted from 2005 till December 2011. The 
Radioisotope Centre POLATOM joined this project in 
2008 as an agreement holder (IAEA Research Agree-
ment No. 14293). Thirteen countries participated in this 
CRP. The main activities concentrated on research and 
development aiming at future production of 99Mo from 
low enriched uranium (LEU, 235U content below 20%). 
The results of the work should be the basis for future 
construction of technological installations producing 
99Mo on a scale covering the needs of nuclear medicine 
facilities. The IAEA is preparing a new CRP in which 
assistance in the construction of 99Mo production facili-
ties will be foreseen. 
The research and development work in the Radioisotope 
Centre POLATOM went in two directions: 1) assem-
bling and disassembling targets containing U metallic 
foil for irradiation in a nuclear reactor and 2) separation 
of 99Mo from an irradiated target. It was decided at the 
outset of this project that uranium for irradiation would 
be in the form of metallic foil of about 100 µm thick-
ness. The foil was be closed in a space between two 
concentric Al tubes.  
Below, the results of experiments on the separation of 
molybdenum from uranium will be summarized. 
Dissolution of uranium metal. Due to the lack of a suffi-
cient amount of uranium foil these studies were per-
formed using rods of natural uranium metal in an appa-
ratus designed and built at Argonne National Labora-
tory, USA [1]. A number of rods in the mass range from 
13 to 18 g were dissolved in 40 mL of nitric acid at 
about 140oC. The initial acid concentration was calcu-
lated to obtain a final uranium solution in 1M HNO3. 
The dissolution lasted about 100 minutes. The pressure 
was measured every 5 minutes. It stabilized in 30 to 40 
minutes depending on the amount of uranium dissolved. 
It increased with the increasing amount of uranium and 
it was in the range from 180 to 250 psi ( or 1,24 to 1,72 
MPa) . The addition of nickel foil to the uranium metal 
did not affect the dissolution rate. 
Molybdenum separation process. Three methods of  Mo 
separation  were studied: 1) precipitation of Mo by α-
benzoin oxime (α-BP) 2) solvent extraction 3) adsorp-
tion on alumina.  
Molybdenum precipitation from the dissolver solution 
was performed using the procedure recommended in the 
Cintichem process [2]. In all experiments 20 mL of 2% 

α-benzoin oxime in 0.4M NaOH was added to the ura-
nium solution containing Mo spiked with 99Mo. The α-
BP precipitate was collected on a fritted glass filter 
mounted in a glass container of 51 mm diameter. To 
facilitate the filtration of precipitate a layer of 2 g of 
glass beads (100-150 µm diameter) was used. The α-
BP-Mo precipitate was washed with 20 mL of 0.1M 
HNO3.The precipitate was dissolved in 10 mL of boil-
ing 0.4M NaOH with  1% H2O2. The yield of Mo recov-
ery was determined measuring the 99Mo activity by 
gamma spectrometry. The molybdenum recovery 
amounted to 88%. The molybdenum solution was fur-
ther purified from I and Ru by column chromatography. 
131I and 103Ru were used as tracers. A first column con-
tained the layers of activated charcoal(AC) and silver-
coated activated charcoal (AgC) and a second column 
contained the layers of activated charcoal (AC), silver-
coated activated charcoal (AgC) and hydrated zirconium 
hydroxide (ZrO). After purification the recovery of 
molybdenum decreased to about 80%.  
Solvent extraction with di-(2-ethylhexyl)-phosphoric 
acid (HDEHP) is an alternative method of Mo separa-
tion from uranium solution. The 15% of HDEHP in 
carbon tetrachloride was used for molybdenum and 
uranium extraction. Three extractions steps were re-
quired to achieve the highest yield of Mo separation. 
Over 94% of Mo was finally extracted from 5M HNO3 
at room temperature.  Mo was back-extracted using  
0.5M HNO3 with the addition of 1% H2O2. The recov-
ery yield amounted to about 81%.  
The adsorption of Mo on two different types of Al2O3  
(acidic, neutral) in static (Al2O3 suspension) and dy-
namic (Al2O3 column) conditions was studied. The 
capacity of acidic Al2O3 for MoO4

2- was 67.5 mg Mo/g 
and 33.6 mg Mo/g in static and dynamic conditions, 
respectively. The respective values for neutral Al2O3 
were 51 mg Mo/g and 24 mg Mo/g.  The highest 
amount  of  Mo adsorbed  was obtained at HNO3 (ap-
proximately 0.1M) solution, having a pH value in the 
range from 1.0 to 2.0. The expected molybdenum re-
covery yield should be about 70%.  
These results are a good starting point for testing the 
complete technology on irradiated uranium foil at the 
pilot plant stage of the process. 
 
References: 
[1] Medical Isotope Production without Highly Enriched 

Uranium, NRSB (2009) 
[2] G.F. Vandegrift et al., Ind. Eng. Chem. Res. 39: 3140-

3145 (2000) 
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Standardization of a 85Sr Solut Ion by Three Methods 
R. Broda, T. Dziel, A. Muklanowicz 

National Centre for Nuclear Research, Otwock-Świerk, Poland 
 
Strontium-85 decays by electron capture Є1 to the 85Rb 
excited states, mainly to the 514 keV level, with a life-
time of tdel = 1.015 µs, followed by the delayed iso-
meric transition (IC/γ). The second electron capture 
transition Є2 to the ground state is much less probable.  

 Sr 38 47
85 

Rb 37 48
85 

є1 

є2 γ   IC 

1,015 µs 

 
Fig. 1. Simplified decay scheme of 85Sr. Transition probabil-
ity for Є1 is 99.2 %, for Є2 - 0.8 %, for γ - 98.5 % and for 
internal conversion (IC) - 0.7 %. 

A 85Sr solution was standardized by the 4π(LS)-γ coin-
cidence and anticoincidence methods [1]. Results were 
traceable to the International Reference System (SIR). 
The activity of the same 85Sr solution measured by the 
CIEMAT/NIST (C/N) method in the scintillation spec-
trometer Wallac 1411 and calculated by the CN2003 
program [2] was 8,7 % too high. 
The new EMI2X program for the C/N method, being a 
slight modification of the EMI2 program [3], supple-
mented with an algorithm for calculation of the counting 
efficiency of 85Sr, was developed in the Laboratory of 
Radioactivity Standards of the National Centre for Nu-
clear Research Radioisotope Centre POLATOM. Ef-
fects of atomic rearrangement after electron capture and 
internal conversion, and interaction of X- and γ-photons 
in the liquid scintillator were taken into account just as 
in the CN2003 program. The same algorithm was also 
applied in the newly-developed TDEMI3 program for 
the triple-to-double coincidence ratio (TDCR) method. 
However, the calculated counting efficiencies and 
measurement results of a 85Sr quenched standard solu-
tion were distinctly different . 
An analysis of the 85Sr measurement process in the 
Wallac 1411 spectrometer and in the TDCR system 
revealed that the delayed IC/γ pulses were partly not 
registered. The probability k that the IC/γ pulses arrive 
during the coincidence resolving time τR  

k = 1 – exp(-ln2 τR / tdel)  
is very small, 0.0102 and 0.0269 for the Wallac 1411 
spectrometer (τR=15 ns) and the TDCR detector (τR=40 
ns), respectively. In both counters the dead time is 
τm>9tdel, so the vast majority of the delayed pulses from 
the 85Sr decay appear when all gates of the counting 
system are closed after registration of the Є1 pulse.  
The conditions for registration of the delayed IC/γ 
pulses have been specified, the probability defined and 
introduced into new programs, EMIX4 for the C/N 
method and TDEMI8 for the TDCR method. The 85Sr 
counting efficiencies calculated by these programs were 
consistent with experimental efficiencies obtained by a 
quenched 85Sr standard in the Wallac 1411 spectrometer 
and the TDCR detector.  
Quite satisfactory mean results of five different 85Sr 
solutions standardized by the C/N and the TDCR meth-
ods were obtained. The results indicate that the TDCR 
calculation model needs to be further improved 
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Fig. 2. Mean values of the 85Sr results obtained by the C/N 
(▲) and the TDCR (♦) methods expressed relative to the 
results obtained by the 4π(LS)-γ coincidence and anticoinci-
dence (•) method. Combined uncertainties are shown. 
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Development of Absolute Standardization Methods for 68Ga 
T. Dziel, A. Muklanowicz, A. Listkowska, M. Leszczyńska, Z. Tymiński, E. Kołakowska, A. Patocka 

National Centre for Nuclear Research, Otwock-Świerk, Poland 
 
The most appropriate methods in the case of radioactive 
solutions standardization are based on coincidence sys-
tems. Complex decay schemes of some radionuclides 
require these methods to be adopted to individual cases. 
The present study used the 4π(LS)-γ coincidence and 
anticoincidence system [1], belonging to the National 
Standard of Radionuclides Activity in Poland at the 
Laboratory of Radioactivity Standards of the National 
Centre for Nuclear Research Radioisotope Centre PO-
LATOM. This system consists of two channels: 1) a β 
channel consisting of a liquid scintillation counter with 
two photomultipliers working in coincidence registering 
pulses from the α and β particles, X-rays, conversion 
electrons and Auger electrons, 2) a γ channel based on 
two NaI(Tl) detectors working in logical sum mode to 
increase the total detection efficiency for X and γ rays. 
68Ge decays by pure electron capture with a half life of 
270.95 days. The daughter nuclide 68Ga decays with a 
half life of 67.71 minutes, partly by β+ emission (90%) 
and partly by electron capture (10%) to 68Zn. With an 
abundance of about 3% 1077 keV gamma rays are emit-
ted. Due to the simultaneous presence of β+ radiation 
along with the annihilation quanta, we decided in our 
measurements to register the β-spectrum above 10 keV 
to avoid registration of EC effects and to set a lower and 
upper discrimination threshold in the β-channel to cover 
only the peak with an energy of 511 keV. However, a 
slight effect from the scattering of quanta with energy of 
1077 keV was also recorded. The detection efficiency 
for this part (0.2%) was estimated by a separate meas-
urement of a 60Co standard source. Since some of the 
1077 keV quanta are associated with the effects of cap-
ture, and not with the emission of positrons, an addi-
tional correction factor had to be considered. We used 
the following formula to calculate it [2]: 
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where: b1 - β+ emission probability to the ground state 
of 68Zn (0.8974), b2 - β+ emission probability to the 
1077 keV excited state of 68Zn (0.012), b3 - probability 
of emission of 1077 keV photons (0.0322), εann – effi-
ciency of γ-channel for annihilation photons (0.052), 
εγ1077 – efficiency of γ-channel for 1077 keV photons 
in the annihilation region (0.02), Aekstr - extrapolated 
activity value, A0 – actual activity value. 
Taking into account these parameters the method can be 
used to standardize both a 68Ge/68Ga system in equilib-
rium and a solution of pure 68Ga. 
Three parallel dilutions of the stock solution with carrier 
addition (R1-45 µg of Ga as GaCl3 in 1 mL of 0.5 M 
HCl, R2 - 25 µg of Ga as GaCl3 in 1 mL of 0.5 M HCl) 

and without carrier (R3 - 0.5 M HCl) lowered the radio-
active concentration to a level suitable for measure-
ments in a 4π(LS)-γ coincidence/anticoincidence system 
(200-400 kBq g-1), To prepare the solutions for meas-
urement up to 10 mL of Ultima Gold liquid scintillator 
was added to a known mass of each 68Ga solution. 
Table 1. Uncertainty budget for 68Ga measurements. 

Uncertainty component  % 
statistical  0.43 
resolution time of coincidence gate 0.01 
dead time 0.001 
mass determination 0.15 
dilution factor 0.02 
nuclear data 0.1 
half life 0.01 
extrapolation 0.5 
combined uncertainty 0.68 
expanded uncertainty (k = 2) 1.36 

Activity measurements of the 68Ga solution were also 
performed also by other methods using the liquid scin-
tillation counter Wallac 1411 and a γ-spectrometry sys-
tem with a HPGe detector. As a performance criterion 
the En number has been chosen [3]. The results were 
consistent with those obtained using the absolute 
method (|En|≤1). No effect of carrier in solution was 
found. By calibration of the ionization chamber the 
traceability of 68Ga activity measurements to the Na-
tional Standard of Radionuclides Activity in Poland was 
ensured. 
Table 2. Measurement results for stock solution at the same 
reference time (4π(LS)-γ value is a mean for 3 dilutions). 

method 
mass activty 
[kBq g-1] 

expaded 
uncert. 
(k=2) [%] 

En 

4π(LS)-γ 1806 0,90 --- 
Wallac dil. 
R1 1793 2,50 0,55 

Wallac dil. 
R2 1803 2,50 0,13 

Wallac dil. 
R3 1792 2,50 0,59 
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Laboratory of Radioactivity Standards  
NCBJ Radioisotope Centre POLATOM 

T. Dziel 
National Centre for Nuclear Research, Otwock-Świerk, Poland 

 
The Laboratory of Radioactivity Standards (LRS) in the 
National Centre for Nuclear Research Radioisotope 
Centre POLATOM continues the tradition of the Labo-
ratory of Radioactive Materials Metrology, where 
measuring methods of the radioactivity of radionuclides 
have been developed for over 30 years. It is the only 
laboratory in Poland performing radioactivity measure-
ments of α-, β- and γ-emitters by absolute methods and 
performing calibration of standard solutions and radio-
active sources. At present, the laboratory staff consists 
of 10 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 21st April 2004 confirmed the estab-
lishment of the National Standard of Radionuclides 
Activity in Poland. The National Standard is stored and 
used in the LRS of the National Centre for Nuclear 
Research Radioisotope Centre POLATOM. It consists 
of a triple-to-double coincidence ratio (TDCR) system, 
4 π (LS)-γ coincidence/anticoincidence system and X- γ 
coincidence system. These are unique measuring sys-
tems of the highest metrological quality in Poland, 
which are used for absolute methods of radioactivity 
measurements. LRS supplies standard solutions and 
sources to customers in Poland and abroad and performs 
calibration of dose calibrators used mainly in the field 
of nuclear medicine using the systems of the National 
Standard of Radioactivity Unit. . 
LRS participates in international comparisons of radio-
activity measurements linking our results 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. 

 
Fig. 1. National Standard measuring systems.  
As the depository of the National Standard of Radionu-
clides Activity, NCBJ Radioisotope Centre POLATOM 
is recognized by the GUM as a Designated Institute 
(DI). Therefore, it is entitled to have direct contacts with 

EURAMET and to participate in scientific projects 
supported by this organization. 
Other systems available at LRS, such as liquid scintilla-
tion counter TriCarb 2910 TR, liquid scintillation 
counter Wallac 1411, a set of four scintillation counters 
with NaI(Tl) detectors, a set of three 4π ionization 
chambers, the dose calibrator Capintec CRC-15β and 
three spectrometric systems with HPGe detectors can be 
used for determination of radionuclides radioactivity as 
secondary systems related to the National Standard in an 
unbroken chain of comparisons. LRS is also equipped 
with 2π and 4π gas proportional counters adequate to 
determining particle flux leaving the area of a source 
and the dose rate meter MAD 2000 for assessment of 
absorbed dose. 
LRS has implemented and maintains a quality manage-
ment system in compliance with ISO/IEC 17025:2005. 
Technical competence as a calibration laboratory is 
authorized by an accreditation certificate awarded by 
the Polish Centre for Accreditation in December 2008 
(accreditation no. AP 120). Within this accreditation 
LRS 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 control sources for use 

with dose calibrators, 
- calibration of radioactive area sources. 

LRS is the only laboratory in Poland prepared to per-
form tests of dose calibrators according to the require-
ments of the Regulation on the conditions of safe use of 
ionizing radiation for all types of medical exposure 
(Minister of Health, 18th February 2011, Dz. U. 2011, 
No 51, Pos. 265). LRS offers services of calibration of 
radioactive multigamma solutions and sources, analysis 
of radionuclidic composition and determination of ra-
dionuclide activity in different materials, dose rate 
measurements for ophthalmic applicators. 
LRS participates in international projects related to the 
use of ionizing radiation metrology in radioactive waste 
management and the metallurgic industry. There are 
also plans for broadening of the accreditation scope for 
activity measurements using γ-spectrometers. 
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Ryszard Gokieli (1947-2011) 
 
 

 
 
Dr Ryszard Gokieli, a highly valued high-energy 
physicist and computing expert, passed away on 20 July 
2011, after a two-month struggle to recover from a 
serious heart attack. 
He used to work hard and a long. Usually seen late at 
night in his office, with a laptop and a cup of coffee, 
Ryszard was known to his colleagues and friends as a 
brilliant researcher, unusually competent and tireless in 
his work. His friends remember talking to him as a 
pleasure, enjoying the correctness of his judgements and 
his specific, subtle sense of humour. His younger 
colleagues and students will always recall how helpful 
he was in both physics and computing matters. 
Born in 1947, he was a son of Witold Gokieli, the well-
known engineer and major figure in the headquarters of 
the Polish underground Home Army in occupied Poland 
during World War II. Ryszard Gokieli graduated in 1970 
from the Faculty of Physics at the University of Warsaw. 
After defending his Ph.D. in 1975, for most of his career 
he was employed by the Institute for Nuclear Research 
and, after the institute's split in 1982, by the A.Soltan 
Institute for Nuclear Studies.  

He was involved in a series of large experiments on the 
particle colliders at CERN. In the 1970s he worked in 
the Split Field Magnet Collaboration at the Intersecting 
Storage Rings, where the production of hadrons at large 
transverse momenta was observed for the first time, 
providing evidence for the quark nature of hadronic 
matter. Then, for about 15 years begining in the late 
1980s, he was a member of the DELPHI collaboration 
at the Large Electron–Positron collider, working mainly 
at CERN and the Centre d'Etudes Nucleaires de Saclay. 
There his competence in computing was recognized and 
he became leader of the DELPHI Central Computing 
effort. 
With the advent of the LHC era, Gokieli gradually 
increased his commitment to the CMS experiment, as a 
member of the Warsaw group. Once again seduced by 
the challenges of large-scale data processing, he started 
developing computing Grids. In 2005 he became a 
member of the CERN-led project, Enabling Grids for E-
science, and soon afterwards became the Polish 
representative in the Worldwide LHC Computing Grid 
initiative. Setting up a pan-European and worldwide 
grid for high-energy physics was a major success, but 
also Gokieli's personal success. Its importance can only 
be appreciated now that the LHC is gaining impetus and 
discoveries are a round the corner. 
In 2009 Gokieli took on yet another big task in 
organizing and building a national computing 
infrastructure and services for nuclear power plants in 
Poland. As deputy director he recently devoted most of 
his enthusiasm to this project – the Computing Centre 
Świerk – in work that has now been sadly and 
terminally interrupted.  

Wojciech Wiślicki 
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