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FOREWORD 
 
 
 

In 2010 our institute was again ranked among the best (class A) research organizations. This was 
mainly thanks to a large number of publications in prestigious scientific journals. A good example is 
given by prof. Janusz Wilczyński, who was awarded the prize for the best achievement in IPJ in 2010 
in basic research. He published a series of papers in “Physical Review Letters” and “Physical Review” 
devoted to the discovery and study of a new mechanism of fast ternary or quaternary breakup of a 
heavy system into massive fragments.  Experimental results obtained at  LNS Catania in collaboration  
with an international, mostly Italian and Polish, were analized and interpreted by prof. Wilczyński and  
his collaborators.  

The corresponding award for applied research was given to dr Łukasz Świderski for studies of 
liquid scintillators, in particular loaded with boron-10, as neutron detectors (work done in collabora-
tion between IPJ and Germany). This work was a response to the world crisis of the shortage of 3He, 
needed for neutron detection. Such detectors are used e.g. for security control at all borders and air-
ports. The results of dr  Świderski show a path for application of liquid scintillators as neutron detec-
tors for border monitoring. 

The synergy between basic and applied research was always the strong point of IPJ. The most 
evident case of this synergy is the construction of sophisticated apparatus for large international ex-
periments. The largest one – the LHC at CERN in Geneva - began to collect data with the world re-
cord collision energy of 7 TeV. They are being analyzed with the participation of our physicists. In 
order to reach the designed beam energy and intensity, one needs to modernize several elements of the 
accelerator chain. In 2010 IPJ delivered for CERN a proton buncher and  started preparation for pro-
duction of Pi-mode Structures for the Linac4 accelerator.  

The second largest European research project is the X-ray Free-Electron Laser (E-XFEL). The 
Polish parliament ratified the XFEL convention and IPJ was nominated to represent Poland as the E-
XFEL GmbH shareholder. Most of the 21 mln € of the Polish contribution will be provided in-kind. 
This includes elements of the accelerator delivered by our institute. IPJ was also granted over 4 mln € 
to provide Neutral Beam Injection elements for the stellarator (thermonuclear reactor) W7-X being 
built  in Greifswald, Germany. Our experts are participating in the design of the European Spallation 
Source in Lund, Sweden. We are also considering  contributions to other large research projects in 
Europe, especially those from the ESFRI  roadmap.   

Development of new technologies resulted in 2010 in a few patent proposals. A method of surface 
modification by ion beams to make better forms for the production of rubber elements was given an 
award at international exhibition ITEX in Kuala Lumpur. It was a joint development with the Institute 
of Electronic Materials Technology (ITME) in Warsaw and the Institute for Engineering of Polymer 
Materials and Dyes (IMPiB) in Toruń. Another award was given at the International Exhibition of 
Innovations in Warsaw to IPJ and the Techtra company for a new detector for non-destructive indus-
trial radiography.  

An important element of the mission of our institute is to share the excitement of front-line re-
search with the general public. It is not easy, however, for scientists to meet the demands of the media 
to present in just a few sentences the essence of a sophisticated theory or an advanced technology. 
This changed when dr Marek Pawłowski was appointed the IPJ Spokesman. Journalists appreciated 
his role in bridging the gap between scientists and the media and granted him a special award in the 
“Science Populariser of the Year 2010” contest. In the perspective of implementing nuclear power in 
Poland, society requires quite detailed information on this subject, given in an understandable way. 
This is the mission of our Department of Training and Education and the passion of its head, prof. 
Ludwik Dobrzyński. For his achievements he was awarded in 2010 the Medal of the Komisja Edukacji 
Narodowej.  
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In addition to a research and information service related to nuclear power, IPJ has begun prepara-
tions to support public administration and future investors in this field. In the frame of the Świerk 
Computing Centre Project we hired a number of young people to create the Reactor Analysis Team. 
With the support of the International Atomic Energy Agency and experts from the Czech Republic, 
France, Japan, Korea and the US, they are learning  intensively how to simulate phenomena inside a 
reactor and make safety assessment analyses.  

These activities are organized together with the Institute of Atomic Energy POLATOM – our 
neighbor at Świerk. Following our common initiative, the Minister of Economy supervising the two 
institutes decided to begin the process of merging them together. This will be the largest research insti-
tute in Poland having about 1000 employees. I hope that the next issue of the Annual Report you re-
ceive from Świerk will have on the cover the name of the National Centre for Nuclear Research. 

 
 

Prof. dr hab. Grzegorz Wrochna 
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I. GENERAL INFORMATION 
 
 The Institute 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, materials research 
with nuclear techniques, the development of spectrometric techniques, nuclear electronics and also in 
applications of nuclear techniques to environmental research, nuclear medicine etc. 
 Apart from its scientific departments, there is a separate production unit operating within the 
Institute - ZdAJ (Department 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. 
 
 
 
1. LOCATIONS 
 
 
Main site: Warsaw site: Łódź site: 
30 km SE from Warsaw (departments P-I, P-VI, P-VIII) (department P-VII) 
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: (22) 718-05-83, (22) 553-22-54 
 e-mail: Grzegorz.Wrochna@fuw.edu.pl 
 
 
Deputy Director, Science Professor Krzysztof MEISSNER 
 phone: (22) 718-04-72 
 e-mail: K.Meissner@ipj.gov.pl 
 
 
Deputy Director, Research and Development MSc. Zbigniew GOŁĘBIEWSKI 
 phone: (22)718-05-82 
 e-mail: z.golebiewski@ipj.gov.pl 
 
 
Scientific Secretary Associate Professor Janusz SKALSKI 
 phone: (22) 718-05-85, (22) 553-22-41 
 e-mail: Jskalski@fuw.edu.pl 
 
 
Spokesman Dr. Marek PAWŁOWSKI 
 phone: (22)553-22-36 
 e-mail: rzecznik@ipj.gov.pl 
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3. SCIENTIFIC COUNCIL 
 
 
 The Scientific Council was elected on 1 April 2008 by the scientific, technical and 
administrative staff of the Institute. The Council has the right to confer PhD and habilitation degrees 
in physics (DSc). 
 
 
 
Representatives of scientific staff: 
 
 
Helena Białkowska, Professor, Deputy Chairperson Marek Sadowski, Professor, Deputy Chairman 
Robert Kiełsznia, Dr. Adam Sobiczewski, Professor 
Ryszard Kisiel, Assoc. Prof. Ryszard Sosnowski, Professor, Chairman 
Tadeusz Kozłowski, Dr. Joanna Stepaniak, Professor 
Marek Pawłowski, Dr. Zbigniew Werner, Assoc. Prof. 
Ewa Rondio, Professor Sławomir Wronka, Dr., Deputy Chairman 
Krzysztof Rusek, Professor Sławomir Wycech, Professor 
 
 
Representatives of technical personnel: 
 
 
Jan Kopeć, MSc. 
Jerzy Olszewski, MSc. 
Andrzej Polak, MSc. 
Jacek Pracz, MSc. 
Krystyna Traczyk, MSc. 
 
 
External members: 
 
 
Danuta Kisielewska, Professor - AGH University of Science and Technology, Krakow 
Paweł Kukołowicz, Dr. - Świętokrzyskie Cancer Center, Kielce 
Krystyna Ławniczak-Jabłońska, Professor - Institute of Physics, Polish Academy of Sciences, 
  Warsaw 
Piotr Malecki, Professor - The Niewodniczański Institute of Nuclear Physics 
  Polish Academy of Sciences, Kraków 
Tomasz Matulewicz, Professor - Institute of Experimental Physics, Faculty of Physics 
  University of Warsaw 
Bogdan Pałosz, Professor - High Pressure Research Center, Warsaw 
Marek Pajek, Professor - Institute of Physics, the Jan Kochanowski University 
  of Humanities and Sciences, Kielce 
Stanisław Grzegorz Rohoziński, Professor - Institute of Theoretical Physics, 
  University of Warsaw 
Michał Waligórski, Professor - Centre of Oncology, 
  The Maria Skłodowska-Curie Institute, Kraków 
Janusz Ziółkowski, Professor - The N. Copernicus Astronomical Centre, Warsaw 
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4. DEPARTMENTS OF THE INSTITUTE 
 
 
- NUCLEAR REACTIONS (P-I) 
  Head of Department – Dr. Bohdan MARIAŃSKI 
 
- INTERDISCIPLINARY APPLICATIONS OF PHYSICS (P-II) 
  Head of Department – Dr. Jan SERNICKI 
 
- DETECTORS AND NUCLEAR ELECTRONICS (P-III) 
  Head of Department – Assoc. Prof. Zbigniew GUZIK 
 
- PLASMA PHYSICS AND MATERIAL ENGINEERING (P-V)  
  Head of Department – Dr. Marek RABIŃSKI 
 
- HIGH ENERGY PHYSICS (P-VI) 
  Head of Department - Professor Helena BIAŁKOWSKA 
 
- COSMIC RAY PHYSICS (P-VII) 
  Head of Department – Dr. Jacek SZABELSKI  
 
- THEORETICAL PHYSICS (P-VIII) 
  Head of Department – Professor Grzegorz WILK  
 
- ACCELERATOR PHYSICS AND TECHNOLOGY (P-X) 
  Head of Department – Dr. Sławomir WRONKA 
 
- LABORATORY OF ASTROPHYSICAL APPARATUS (NL) 
  Head of Laboratory – Dr. Tadeusz BATSCH 
 
- TRAINING AND CONSULTING (DSz) 
  Director of Department - Professor Ludwik DOBRZYŃSKI 
 
- NUCLEAR EQUIPMENT (ZdAJ) 
  Director of Department - Dr. Paweł KRAWCZYK 
 
 
Other units:  
 
- DIVISION OF INFORMATION TECHNOLOGY (DI) 
  Head of Division – MSc. Eng. Jacek SZLACHCIAK   
 
- TRANSPORT DIVISION (ZTS) 
  Director, Civ. Eng. Bogdan GAS      
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5. MAIN RESEARCH ACTIVITIES 
 
 
I. Elementary particle physics, astro- & cosmic ray physics and cosmology   

1. Mechanism of hadron-induced reactions 

2. High-energy e+e- interactions  

3. Deep-inelastic µ interactions 

4. Nucleon structure 

5. Rare decays 

6. Baryon resonances and near threshold meson production 

7. R&D for ILC detectors 

8. Neutrino physics 

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

10. Cosmic ray physics 

11. Cosmology 

12. 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  jet 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. Materials studies  

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

and plasma beams 

2. Material structure studies  by nuclear methods 
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V. Accelerator physics and techniques 

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

2. Accelerators for hadron therapy 

3. Small electron accelerators for X-ray therapy 

4. Optimization of TiN coating processes for accelerating structures 

 

VI. Detector physics and techniques 

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

homeland security 

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

3. Systems for nuclear radiation spectroscopy  

4. R&D of special silicon detectors for physics experiments and environment protection 

 

VII. Nuclear methods for society 

1. Monitoring, modeling 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 
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6. SCIENTIFIC STAFF OF THE INSITUTE 
 
 
PROFESSORS 

 
 

1. BIAŁKOWSKA Helena   High Energy Nuclear Physics 
2. BŁOCKI Jan    Theoretical Nuclear Physics 
3. DĄBROWSKI Janusz (**)   Theoretical Nuclear Physics 
4. DOBRZYŃSKI Ludwik   Solid State Physics 
5. INFELD Eryk     Plasma Physics and Nonlinear Dynamics 
6. JAGIELSKI Jacek (**)   Solid State Physics 
7. JASKÓŁA Marian (**)   Low Energy Nuclear Physics 
8. KRÓLAK Andrzej (**)   Gravitation Theory 
9. MOSZYŃSKI Marek   Nuclear Electronics, Technical Physics 
10. MRÓWCZYŃSKI Stanisław (**)  Particle Physics 
11. MEISSNER Krzysztof   Partcile Physics and Gravitation Theory 
12. PIASECKI Ernest (**)   Low Energy Nuclear Physics 
13. PIEKOSZEWSKI Jerzy †   Solid State Physics 
14. RONDIO Ewa    Particle Physics 
15. RUSEK Krzysztof (**)   Low Energy Nuclear Physics 
16. SADOWSKI Marek   Plasma Physics 
17. SIEMIARCZUK Teodor   Particle and High Energy Nuclear Physics 
18. SOBICZEWSKI Adam   Theoretical Physics, Member of the Polish  
      Academy of Sciences 
19. SOSNOWSKI Ryszard   Particle Physics, Member of the Polish 
      Academy of Sciences  
20. STEPANIAK Joanna   High Energy Nuclear Physics 
21. SZEPTYCKA Maria (**)   Particle Physics 
22. TUROS Andrzej (**)   Solid State Physics 
23. WILCZYŃSKI Janusz   Low Energy Nuclear Physics 
24. WILK Grzegorz    Particle Physics 
25. WIŚLICKI Wojciech   Particle Physics 
26. WROCHNA Grzegosz   Particle and Astroparticle Physics 
27. WYCECH Sławomir    Nuclear and Particle Physics 
28. ZABIEROWSKI Janusz   Cosmic Ray Physics 
29. ZDUNEK Krzysztof   Plasma and Materials Physics 
 
 
(†) deceased June 15 
 
 

ASSOCIATE PROFESSORS  
 
 
1. DELOFF Andrzej (**)   Particle Physics  
2. GUZIK Zbigniew     Nuclear Electronics  
3. KACZAROWSKI Rościsław  Low Energy Nuclear Physics 
4. KIEŁCZEWSKA Danuta (**)  Particle Physics 
5. KOWNACKI Jan    Nuclear Physics 
6. MENSZ Piotr    Solid State Physics 
7. PATYK Zygmunt    Theoretical Nuclear Physics 
8. PIECHOCKI Włodzimierz   Cosmology 
9. ROSZKOWSKI Leszek   Particle Physics and Cosmology 
10. SANDACZ Andrzej   Particle Physics 
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11. SKALSKI Janusz    Theoretical Nuclear Physics 
12. SŁAPA Mieczysław (**)   Solid State Physics 
13. SPALIŃSKI Michał   Particle Physics and Cosmology 
14. SZCZEKOWSKI Marek    Particle Physics 
15. SZYMANOWSKI Lech    Theoretical Nuclear Physics 
16. SZYMAŃSKI Piotr (*)   Particle Physics 
17. TYMIENIECKA Teresa   Particle Physics 
18. WERNER Zbigniew    Solid State Physics 
19. WIBIG Tadeusz (**)   Cosmic Ray Physics 
20. ZWIĘGLIŃSKI Bogusław    Nuclear Physics 
21. ŻUPRAŃSKI Paweł (**)   High Energy Nuclear Physics 

 
 
RESEARCH STAFF 
 
 

1. ADAMUS Marek 
2. ADRICH Przemysław 
3. AUGUSTYNIAK Witold 
4. BARLAK Marek  
5. BATSCH Tadeusz 
6. BIEŃKOWSKI Andrzej (**) 
7. BLUJ Michał (*) 
8. BOCHEŃSKA Katarzyna 
9. BOIMSKA Bożena 
10. CHMIELEWSKA Danuta (**) 
11. CHMIELOWSKI Władysław (*) 
12. CZARNACKI Wiesław 
13. CZUCHRY Ewa 
14. DĄBROWSKI Krzysztof 
15. GIERLIK Michał 
16. GOKIELI Ryszard  
17. GOLDSTEIN Piotr 
18. GÓRSKI Maciej 
19. HOFFMAN Julia (*) 
20. JAKUBOWSKI Lech (**) 
21. KAPUSTA Maciej (*) 
22. KAZANA Małgorzata 
23. KEELEY Nicholas 
24. KISIEL Ryszard  
25. KORMAN Andrzej 
26. KOWAL Michał 
27. KOWALIK Katarzyna (*) 
28. KOZŁOWSKI Tadeusz 
29. KUPŚĆ Andrzej (*) 
30. KUREK Krzysztof 
31. ŁAGODA Justyna 
32. MAJCZYNA Agnieszka 
33. MALINOWSKA Aneta 
34. MARIAŃSKI Bogdan 
35. MELNYCHUK Dmytro 
36. MORSCH Hans Peter (*) 
37. NATARAJAN Sathis 
38. NAWROCKI Krzysztof  

39. NAWROT Adam (**) 
40. NIETUBYĆ Robert 
41. NOWAKOWSKA-LANGIER Katarzyna 
42. NOWICKI Lech (**)  
43. PAWŁOWSKI Marek 
44. PLUCIŃSKI Paweł (*) 
45. PŁAWSKI Eugeniusz 
46. POCHRYBNIAK Cezary 
47. POLAŃSKI Aleksander (*) 
48. POLLO Agnieszka 
49. PRZEWŁOCKI Paweł 
50. PSZONA Stanisław 
51. RABIŃSKI Marek 
52. ROŻYNEK Jacek 
53. RUCHOWSKA Ewa 
54. RZADKIEWICZ Jacek (*) 
55. SENATORSKI Andrzej (**) 
56. SERNICKI Jan 
57. SKŁADNIK-SADOWSKA Elżbieta (**) 
58. SKORUPSKI Andrzej (**) 
59. SMOLAŃCZUK Robert 
60. SOKOŁOWSKI Marcin 
61. SOWIŃSKI Mieczysław (**) 
62. STONERT Anna 
63. SULEJ Robert 
64. SUŁKOWSKI Piotr (*) 
65. SYNTFELD-KAŻUCH Agnieszka 
66. ŚWIDERSKI Łukasz 
67. SZABELSKA Barbara 
68. SZABELSKI Jacek 
69. SZLEPER Michał 
70. SZYDŁOWSKI Adam 
71. SZYMCZYK Władysław 
72. TRACZYK Piotr (*) 
73. TRZCIŃSKI Andrzej 
74. UKLEJA Artur 
75. UŻYCKI Janusz 
76. WAGNER Jakub 
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77. WASILEWSKI Adam 
78. WINCEL Krzysztof 
79. WOJTKOWSKA Jolanta (**) 
80. WOLSKI Dariusz 
81. WRONKA Sławomir 
82. WYSOCKA-RABIN Anna 

83. ZALEWSKI Piotr 
84. ZALIPSKA Joanna (*) 
85. ZARĘBA Barbara 
86. ZIŃ Paweł 
87. ZYCHOR Izabella 
88. ŻEBROWSKI Jarosław 

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

1. V. Plyusnin Instituto de Plasmas Fusao Nuclear, Lisboa, Portugal Jan.26-Feb.12 P-V 

2. K. W. Kemper Florida State University, Tallahassee, USA Jan.30-Feb13 P-I 

3. E. Koshchy Kharkiv State University, Ukraine Feb.7-20 P-I 

4. P. Gazeau University of Paris, France March 30-31 P-VIII 

5. A. Magner Institute for Nuclear Research, Kiev, Ukraine April 6-17 P-II 

6. M. Jacewicz University of Uppsala, Sweden April 8-10 P-VI 

7. F. Garrido Centre de Spectrometrie Nucleare et de Spectrometrie April 25-May 8 P-I 

 de Masse, Orsay, France 

8. A. Neuman Helmholtz Zentrum, Berlin, Germany May 19-20 P-V 

9. A. Marchenko Institute of Plasma Physics, Kharkiv, Ukraine May 24-June 7 P-V 

10. B. Grosswendt Die Physikalich-Technische Bundesanstalt May 30-June 3 P-II 

 Braunschweig, Germany 

11. G. Bomheure Royal Ecole Military, Brussel, Belgium June 24-25 P-V 

12. T. Kamps HZB/NESSY II, Berlin, Germany Aug.16-18 P-V 

13. A. Magner Inst.for Nuclear Research, Kiev, Ukraine Sept. 8-22 P-II 

14. J. Randrup Lawrence Berkeley National Laboratory Sept.20-22 P-VI 

 Berkeley, USA 

15. T. Lodygina Institute of Plasma Physics, Kharkiv, Ukraine Oct. 26-Nov. 20 P-V 

16. F. Flavigny CEA Centre de Saclay, France Nov. 28-Dec. 4 P-I 

17. A. Obertelli CEA Centre de Saclay, France Nov. 28-Dec. 4 P-I 

18. L. Nalpas CEA Centre de Saclay, France Nov. 28-Dec. 4 P-I 

 
 



Annual Report 2010 
 
16

8. GRANTS 
 
 
List of research projects realized in 2010, granted by the Ministry of Science 
and Higher Education 

 

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 216134 

2. 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 033836 

3. Nuclear interaction of Σ hiperons  
Principal Investigator: Prof. J. Dąbrowski 
No. N N202 046237 

4. Structure of 8He and its effect on elastic scattering  
Principal Investigator: Prof. K. Rusek 
No. N N202 033637 

5. Investigation on decoherence and CPT symmetry in systems of K mesons at the KLOE-2 experiment 
Principal Investigator: Prof. W.Wiślicki 
No. N N202 046937 

6. 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 474337 

7. Diluted magnetic semiconductors formed by high-energy plasma pules 
Principal Investigator: Assoc. Prof. Z. Werner 
No. N N507 473137 

8. A study of neutrino, interactions constituting the background to electron neutrino appearance in T2K 
experiment 
Principal Investigator: Assoc. Prof. D. Kiełczewska 
No. N N202 0299 33 

9. Studies on the evolution of galaxies and the large scale structure of the Universe 
Principal Investigator: Dr. A. Pollo 
No. N N203 512938 

10. Measurement of the neutron flux density in deep underground laboratories 
Principal Investigator: Dr. J. Szabelski 
No. N N202 262838 

11. Properties of heavy and superheavy atomic nuclei 
Principal Investigator: Prof. A.Sobiczewski 
No. N N202 204938 

12. The study of strongly coupled quantum field theories using the holographic principle 
Principal Investigator: Assoc. Prof. M. Spaliński 
No. N N202 173539 

13. Determination of the gluon polarisation in the nucleon using events with hadron pairs at high transverse 
momenta in COMPASS experiment 
Principal investigator: Prof. J. Nassalski/MSc. K.Klimaszewski 
No. N N202 259534 
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14. Direct and indirect searches for Dark Matter particles 
Principal Investigator: Prof. E. Rondio 
No. N N202 175735 

15. Common PET/CT detector  
Principal Investigator: Prof. M. Moszyński 
No. N N518 001336 

16. Study of particle production in proton-Carbon interactions for precise neutrino experiments 
Principal Investigator: Prof. J. Stepaniak 
No. N N202 287838 

17. 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 288738 

18. Experimental study of leptonic decays of eta meson with WASA detector 
Principal Investigator: Prof. J. Stepaniak 
No. N N202 484339 

19. Copper-wettable surfaces of carbon and carbide ceramic produced by high intensity plasma pulses technique 
Principal Investigator: Dr. M. Barlak 
No. N N507394235 

20. New neutron detection techniques for industry and border monitoring applications 
Principal Investigator: Prof. M. Moszyński 
No. R00-O0054/3 

21. Optimisation of the CMS detector trigger for Beyond Standard Model searches 
Principal Investigator: Dr. M. Kazana 
No. PBZ/MNiSW/07/2006/38 

22. Statistics of the Large Scale Structure of the Universe: between theory and observations 
Principal Investigator: Dr. A. Pollo 
No. PBZ/MNiSW/07/2006/34 

23. Verifying dynamical stability of the Cyclic Model 
Principal Investigator: Dr. E Czuchry 
No. PBZ/MNiSW/07/2006/37 

24. Optimization and calibration of the SMRD detector in the T2K neutrino experiment 
Principal Investigator: Dr. J. Łagoda 
No. PBZ/MNiSW/072006/36 

25. COMPASS experiment - investigation of the spin stucture of the nucleon 
Principal Investigator: Prof. J. Nassalski/Assoc. Prof. A.Sandacz 
No. CERN/74/2007 (Program CERN) 

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

27. 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 (COST-Action BM0607) 

28. 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 
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29. 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 

30. Study of nucleon spin structure and production of vector mesons in deep inelastic scattering of polarized 
leptons of 27.5 GeV energy 
Program DESY 
Principal Investigator: Dr. B. Mariański 
No. DPN/N60/DESY/2010 

 

 In addition to the above, several of our scientists are principal investigators in grants coordinated by other 
institutions. 

 
 
Research projects granted by foreign institutions 

 
1. Development of new detectors for the border monitoring based on new scintillators and photodetectors 

Principal Investigator: Prof. M. Moszyński 
Contract No: 14360, IAEA, Vienna, Austria 

2. Participation in calculations and design of the proton linac in European Spallation Source project. 
Principal Investigator: Dr. S. Wronka 
Collaboration Agreement between Lund University and The Andrzej Sołtan Institute for Nuclear Studies 
(IPJ) 

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

 
1. EuCARD 

Project: “ European Coordination for Accelerator Research and Development” 
Contract No.: 227579 (2009-2013) 

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

3. EURATOM 
Project: “Development of the selected diagnostic techniques (Cherenkov detectors, SSNTD, and fusion 
neutron detectors) within a frame of EURATOM nuclear fusion programme” 
Contract No.: FU07-CT-2007-00061 (2008-2013) 
Project to which IPJ contributes, but is not a signatory to the contract - Association between the European 
Atomic Energy Community (EURATOM) and the Institute of Plasma Physics and Laser Microfusion 
(IPPLM) 
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Projects co-financed by the European Union under the European Regional Development 
Fund (ERDF), the Operational Programme Innovative Economy 2007-2013 

 
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 
 

 
 
9. PARTICIPATION IN NATIONAL CONSORTIA, SCIENTIFIC 

NETWORKS AND OTHER ORGANISATIONS 
 

NATIONAL CONSORTIUM:    Institute representative: 
 

1.* Nuclear Science Center      G. Wrochna 

2.* National Consortium “XFEL-POLAND”    G. Wrochna / Z. Werner 
 for collaboration with the European X-ray Free 
 Electron Laser - Project XFEL 

3. National Consortium “High Temperature Nuclear Reactor in Poland” G. Wrochna / M. Pawłowski 

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 
 Science-Industry cooperation for new technology 

11. EAGLE        J. Skalski 
 for gamma-spectroscopy on SLCJ cyclotron 

12. PL-TIARA         S. Wronka 
 for applications of accelerators 

13. Smart Power Grids – POLAND     K. Meissner 
 for development of intelligent power grids 
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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   St. Mrówczyński 

5. Integrated Large Infrastructure for Astroparticle Science (ILIAS)  W. Piechocki 
 European Network for Theoretical Astroparticle Physics (ENTApP) 

6. Polish Network of Neutrons-emission-detection    J. Szydłowski 

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

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

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

OTHER ORGANIZATIONS    Institute representative: 

 

1. Technical Committee of the Polish Normalization Committee  J. Kopeć / Z. Guzik 

2. Polish Chamber of Commmerce for High Technology   G. Wrochna 

3. Polish Business and Innovation Centers Association in Poland  G. Wrochna 

4. Polish Chamber of Ecology      M. Juszczyk 

 
 
 
 
10. DEGREES 
 
 
PhD theses 
 
 

1. KONRAD KLIMASZEWSKI (Institute for Nuclear Studies, Otwock-Świerk) 
Determination of gluon polarisation in the nucleon from events with high-pT hadron pairs in 
COMPASS experiment 
 

2. PAWEŁ PRZEWŁOCKI (Institute for Nuclear Studies, Otwock-Świerk) 
A study of neutrino interactions constituting the background to electron neutrino appearance in T2K 
experiment 
 

3. DMYTRO MELNYCHUK (Institute for Nuclear Studies, Otwock-Świerk) 
Development of electromagnetic calorimeter detectors simulations for spectroscopic measurements of 
charmonium with PANDA 
 

4. ANTONI NASSALSKI (Institute for Nuclear Studies, Otwock-Świerk) 
Wspólny detektor do tomografii pozytonowej i rengenowskiej 
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11. ACCELERATORS AND DETECTORS PROJECT IN THE MIDDLE 
OF IMPLEMENTATION 

 
 

Since 2009 most efforts have been focused on the effective execution of the Accelerators and Detectors 
(A&D) project, the first long-term project co-financed by the European Union implemented by the Institute for 
Nuclear Studies. The short name “Accelerators and Detectors” relates to the six-year project entitled 
“Development of specialized systems based on accelerators and detectors of ionizing radiation in medical 
therapy and detection of hazardous materials and wastes” under the 2007-2013 Innovative Economy Program 
(IEP). This program is directed mostly to all entrepreneurs who want to implement innovative projects connected 
with research and development, modern technologies, investments of high importance for the economy or 
implementation and use of information and communication technologies. Support under the IEP is granted from 
the European Regional Development Fund (ERDF). 

The A&D project is now in the phase of mechanical construction phase of the medical demonstrators and 
their elements as well as finalization of research work on two devices for homeland security. The medical 
demonstrators are three accelerators designed for oncology treatment, 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) 
• Fast neutron analysis detection system for detection of explosives, drugs, etc. 
are for homeland security applications are in the early stages of tests of the detection systems and optimization of 
the whole configuration.  

This paper briefly presents the current status of the demonstrators that are described in more detail in 
subsequent articles. 

In the most advanced stage of construction is the NALR demonstrator, type IF (photon needle), developed a 
team led by M. Słapa and P. Mazerewicz. Important work on the technology of type IF-K X-ray tubes which will 
operate stably at an anode voltage and current of 50 kV and 40 µA, respectively, has been performed. The 
innovative part of the tube, i.e. the inner detector, has been elaborated and two models of type IF X-ray tubes 
with internal detector chambers have been constructed. One of the most crucial achievements was the assembly 
of technology and measuring equipment necessary to implement the NALR project, among which "clean 
technology" work stations have been built and work stations for diagnostics and studies of X-ray tubes 
manufactured generators have also been developed and built. 

Intra Operative Electron Radiation Therapy (IORT) is a relatively new technique being implemented in the 
Department of Nuclear Equipment, Institute of Nuclear Studies. The IORT demonstrator will generate electron 
beams of energies between 5 and 12 MeV (in several chosen steps) and a single radiation dose of 10-20 Gy for 
the treatment of unresected tumors, partial resection or adjacent tissue containing microscopic tumor cells. This 
sub-project is led by E. Pławski and E. Kulczycka and gives competitive results in mechanical construction and a 
wide spectrum of electron energies when compared to devices on the world market. 

The most complex device realized within the A&D project is a multi-energy accelerator for advanced 
radiotherapy that provides electron and photon beams. The biggest team of scientists, engineers and technicians 
is engaged in this sub-project. In 2010, design and development of the first model of the accelerator was 
finalized and calculations and simulations of the accelerating structure, deflection magnets and electron 
applicators for the target accelerator were carried out. 

Besides the accelerator devices, two systems dedicated to homeland security are being developed within the 
A&D project. The first one, based on X-ray transmission radiography, will consist of a two-energy (4 and 6 
MeV) linac accelerator that provides X-ray beams, and a detection system that registers unabsorbed photons with 
a resolution of 5x5 mm. In 2010 the first model of the detection system was finalized consisting of the detector 
line and readout. The accelerator design is in the initial phase. Calculations of the accelerating structure and 
focusing solenoid were performed. The twelve-cell structure was optimized to accelerate electrons of energies 4 and 
6 MeV. 
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The second device for homeland security applications is a system for the detection of hazardous materials 
(explosives, drugs) based on the neutron activation technique to excite the atomic nuclei of elements. The 
excited nuclei emit characteristic gamma radiation that is registered by a sensitive and selective gamma detector 
(LaBr-3). The 14-MeV neutrons that are captured or scattered by atomic nuclei are generated by a SODERN 
GENIE generator. Most efforts in 2010 were focused of a selection on suitable gamma detector and optimization 
of the neutron generator-detector-sample geometry to achieve good detection sensitivity. 

All the devices presented in this paper are described in more detail in separate reports. 
 

Dr. Agnieszka Syntfeld-Każuch 
Dr. Ryszard Kisiel 

 
 
 
12. THE 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 largest and best 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 the domestic nuclear power engineering and the conventional power industry, simulations of fuel 
processes, simulation 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, are carried out on 
infrastructure integrated into a worldwide grid. 

2010 was the first year of a six-year project supported under the Operational Programme Innovative 
Economy 2007-2013, Priority 2. R&D Infrastructure, Action 2.3 Investments related to the development of 
computing infrastructure for science, Sub-action 2.3.1. "Projects for the development of computing infrastructure 
for science" and 2.3.3. "Projects for the development of advanced applications and data communications 
services".  

In order to prepare the infrastructure, adaption of the dedicated building was started at the Świerk site of the 
A. Sołtan Institute for Nuclear Studies. About 176 sqm of rooms for IT equipment is foreseen, including special 
space for protected data storage and processing, and a couple of hundred sqm of office space for employees. A 
renewed power supply system ensuring a 1 MW redundancy was installed. A call for tender was prepared for the 
network connection based on black fibre redundant lines to the Polish backbone network PIONIER.   

For current software developments, a cluster of blade-based CPU and disk servers, consisting of 72 cores and 
54 TB of disk space was installed. Basic services for  information dissemination and group work, based on the 
wiki and www technologies, were setup. 

The personnel recruitment process was initiated in order to build competent teams covering the principal 
services and applications foreseen in the Centre. The networking and IT security team works on the design of the 
internal and external network and development of tools for secure services. The following application 
development and evaluation groups were established or revitalized: Management of Hazards, Reactor Safety 
Analyses, Parallel Processing, Complex Systems Optimization and Exploration of New Technologies (e.g. 
General-Purpose Processing on Graphic Processors, to replace vector machines).  

At this stage of the project stress was put on using applications for technology evaluation, in order to 
optimize the purchase and configuration of the production equipment.  

In parallel to the routine work on development of services and applications, teams enlarge their competence 
by taking part in and organizing international workshops and meetings, internal seminars and attending 
conferences. The standard personnel recruitment process is complemented by an apprentice program where 
young students are proposed to work for a limited time of one or two months for the project, thus ensuring an 
efficient way of finding talented individuals. 
 

Prof. Wojciech Wiślicki 
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II. DEPARTMENTS OF THE INSTITUTE 
 
1. DEPARTMENT OF NUCLEAR REACTIONS 
 
 

Head of  Department: Dr Bohdan Mariański 
phone: (22) 621-38-29 
e-mail: bohdan@fuw.edu.pl 

 
Overview 
 

Our scientific activities in 2010 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: Investigations of nuclear reactions 
with light weakly bound nuclei and the study of Coulomb barrier distributions. Low energy nuclear physics 
experiments were continued at the Heavy Ion Laboratory of Warsaw University in collaboration with foreign 
institutions: Institute of Nuclear Research of the Ukrainian Academy of Science, Institut de Recherches 
Subatomique in Strasbourg, University of Huelva, and GANIL. Experiment E587S was performed at GANIL.  
• A group of our colleagues, involved in the Hermes collaboration which comprises 32 institutions from 
eleven countries at 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. We hope these studies 
will provide important constraints on the Generalized Parton Distribution (GPD). 

The same group has worked on a new routine for track reconstruction in the MDC detector of the WASA 
spectrometer. 

Prof. B. Zwięgliński and his team is involved in a large-scale international collaboration PANDA (antiProton 
ANnihilation at DArmstadt). They worked on the project of an electromagnetic calorimeter for the Panda 
detector at FAIR. Using our Van de Graaff accelerator LECH a study of applying photodiodes as a readout 
system to PbWO4 scintillator was performed. Dr D. Melnychuk was nominated as a sub-coordinator of the 
computing activities related to the Electromagnetic Calorimeter. 
• Materials science studies focused on semiconductor compounds that could be used in electronic and 
optoelectronic devices. This was done in close collaboration with the Institute of Electronic Materials 
Technology. In particular, a determination of the thermal stability of ohmic contacts in SiC monocrystals was 
performed. A study of the thermal properties of thin ZnO monolayers in collaboration with the Institute of 
Physics of the Polish Academy of Science has been carried out. Also, further development of the Monte Carlo 
code McChasy by the implementation of a new linear defects model was performed.  
• In this year the  study of the nuclear track detectors was continued. These detectors will be used in a 
planned tokamak experiment in Great Britain. In collaboration with the Institute of Nuclear Physics of the Polish 
Academy of Science the investigation of diamond detectors has been continued. Diamond detectors have a large 
energy gap and very short pulse rise time. They are able to measure high intensity particle beams. 
 In collaboration with many Polish institutions a series of experiments was performed at the Heavy Ion 
Laboratory of Warsaw University devoted to a study of cell survival after irradiation by ions from the Warsaw 
Cyclotron. 

As in every year, apart from purely scientific activities, a few of our colleagues have been 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 
 
Single-spin asymmetry in exclusive electroproduction of Φ and ω vector mesons on trabsversely polarized protons 
W. Augustyniak 
Meson 2010 (Poland, Cracow, 2010-06-09 - 2010-06-14) 
Int. J. Mod. Phys. A (in press) 
 
On the mechanism of damage buildup in compound semiconductors 
A. Turos, K. Pągowska, R. Ratajczak, A. Stonert, S. Natarajan, P. Jóźwik 
III International Meeting On Recent Developments In The Study Of Radiation Effects In Matter (Brazil, Gramado, 2010-10-24 - 2010-
10-28) 
Radiat. Eff. Defect Solid (2010)  
 
Homologous states in 139,140Pr via the 142,143Nd(p,α)139,140Pr reactions 
P. Guazzoni, L. Zetta, M. Jaskóła, T. Faestermann, R. Hertenberger, H.-F. Wirth 
SPIN2010 19th International Spin Physics Symposium (Germany, Juelich, 2010-09-27 - 2010-10-02) 
J. of Phys.: Conf. S. (2010)  
 
Implanted manganese redistribution in Si after He+ irradiation and hydrogen pulse plasma treatment 
Z. Werner, C. Pochrybniak, M. Barlak, J. Piekoszewski, A. Korman, R. Heller, W. Szymczyk, K. Bocheńska 
VIII-th International Conference Ion Implantation and Other Applicationsof Ions and Electrons (ION 2010) (Poland, Kazimierz 
Dolny, 2010-06-14 - 2010-06-17) 
 
Single-spin assymetry in exclusuve electroptoducrion of Φ and ω vector mesons on transversaly polarized protons 
W. Augustyniak 
18th International Workshop on Deep Inelastic Scattering and Related Subjects (Italy, Florence, 2010-04-19 - 2010-04-23) 
 
 
Oral Presentations 
 
Tribochemiczna modyfikacja warstwy wierzchniej polimeru w kontakcie ślizgowym z żelazem Armco 
M. Siciński, D.M. Bieliński, J. Grams, A. Piątkowska, R. Ratajczak 
XXXI Ogólnopolska Szkoła Tribologiczna  (Poland, Łagów, 2010-09-20 - 2010-09-20) 
Tribologia No 5 (2010) 245 
 
Polyimide foil quality in relation to the preparation procedure 
G. Sibbens, K. Luyckx, A. Stolarz, A. Moens, R. Eykens, D. Sapundijev, Y. Aregbe, M. Jaskóła, A. Korman 
International Nuclear Target Development Society (Canada, Vancouver, 2010-09-12 - 2010-09-17) 
Nucl. Instr. Meth. A (2010)  
 
Low temperature monocrystalline ZnO films - Atomic Layer Deposition working in the epitaxial model 
E. Guziewicz, L. Wachnicki, T.A. Krajewski, A. Stonert, M. Guziewicz, A. Duzynska, A. Suchocki, B.S. Witkowski, H. Teisseyre, 
M. Godlewski 
16th International Conference on Crystal Growth (ICCG-16) (China, Beijing, 2010-09-08 - 2010-09-13) 
Mat. Sci. Forum (2010)  
 
Electrical properties of zinc oxide films grown at low temperature regime 
E. Guziewicz, T.A. Krajewski, Ł. Wachnicki, G. Łuka, R. Jakieła, A. Stonert, W. Lisowski, J.W. Sobczak, M. Krawczyk, 
M. Godlewski 
E-MRS Fall Meeting (Poland, Warsaw, 2010-09-13 - 0201-09-17) 
J. Phys.: Condens. Matter (2010)  
 
Status on super-thin Pt sensor for thermometry of PWO scintillators 
F. Feldbauer, P. Friedel, F.-H. Heiwsius, J. Schulza, W. Czarnacki, M. Jaskóła, A. Korman, D. Melnychuk, T. Sworobowicz, 
B. Zwięgliński 
XXXIV PANDA Collaboration Meeting (Netherlands, Groningen, 2010-08-30 - 2010-09-03) 
 
Development of ultra thin PT-100 temperature sensors 
M. Albrecht, F. Feldbauer, P. Friedel, J. Schulza, W. Czarnacki, M. Jaskóła, A. Korman, D. Melnychuk, T. Sworobowicz, 
B. Zwięgliński 
XXXV PANDA Collaboration Meeting (Germany, Darmstadt, 2010-11-29 - 2010-12-03) 
 
The Use of PIXE in Evaluation of Coptic Wall PAintings Conservation 
M. Ali, A. Shaaban, G. Manhgoub, A. Sihame, A. Turos, A. Korman, A. Stonert 
VIII-th International Conference Ion Implantation and Other Applicationsof Ions and Electrons (ION 2010) (Poland, Kazimierz 
Dolny, 2010-06-14 - 2010-06-17) 
Acta Phys. Pol. A (2010)  
 
Helicity Amplitude Ratios in Exclusive Electroproduction of the ρ0 Meson at HERMES 
B. Mariański 
SPIN2010 19th International Spin Physics Symposium (Germany, Juelich, 2010-09-27 - 2010-10-02) 
J. of Phys.: Conf. S. (2010)  
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RBS/channeling and TEM study of damage buildup in ion bombarded  III-N compounds 
K. Pągowska, R. Ratajczak, A. Stonert, A. Turos, L. Nowicki, A. Mücklich 
VIII-th International Conference Ion Implantation and Other Applicationsof Ions and Electrons (ION 2010) (Poland, Kazimierz 
Dolny, 2010-06-14 - 2010-06-17) 
Acta Phys. Pol. A (2010)  
 
Stopping power and energy straggling of channeled He-ions in GaN  
A. Turos, R. Ratajczak, K. Pągowska, L. Nowicki, A. Stonert 
VIII-th International Conference Ion Implantation and Other Applicationsof Ions and Electrons (ION 2010) (Poland, Kazimierz 
Dolny, 2010-06-14 - 2010-06-17) 
Acta Phys. Pol. A (2010)  
 
 
Posters 
 
Evaluation of biological effectiveness of 12C and 20Ne ions with high LET using a micronucleus test 
J. Czub, D. Banaś, J. Braziewicz, I. Buraczewska, J. Choiński, U. Górak, M. Jaskóła, A. Korman, A. Lankoff, H. Lisowska, 
Z. Szefliński, A. Wójcik 
European Radiation Research 2010 (Sweden, Stockholm, 2010-09-05 - 2010-09-09) 
Appl. Radiat. Isot. (2010)  
 
Study of helicity amplitudes in hard exclusive electroproduction of ρ0 meson on proton and deuteron at HERMES 
B. Mariański 
MESON 2010 (Poland, Cracow, 2010-06-10 - 2010-06-15) 
Int. J. Mod. Phys. A Vol. 26 (2011) 679-680 
 
Defect transformations in ion bombarded InGaAsP 
R. Ratajczak, A. Turos, A. Stonert, L. Nowicki, W. Strupiński 
VIII-th International Conference Ion Implantation and Other Applicationsof Ions and Electrons (ION 2010) (Poland, Kazimierz 
Dolny, 2010-06-14 - 2010-06-17) 
Acta Phys. Pol. A (2010)  

 
 

LECTURES, COURSES AND EXTERNAL SEMINARS 

Following in Rutherford’s Footsteps: Reactions Induced by Exotic Helium Isotopesb) 
N. Keeley 
Warsaw, Department of Nuclear Physics, University of Warsaw, 2010-04-09 
 
Isotopic dependence of the caloric curve in the multifragmentation of relativistic heavy ionsa) 
A. Mykulyak 
Warsaw, The Andrzej Sołtan Institute for Nuclear Studies, 2010-02-11 
 
Asymmetry in exclusive ω (d1 htc+cv) production (Status Report)b) 
B. Mariański 
Hamburg, DESY Hamburg Collaboration, 2010-02-22 
 
Transition GPDs and vector meson production ρ+-(770) and K(892)b) 
W. Augustyniak 
Hamburg, DESY , 2010-02-25 
 
EMC bump splittingb) 
D. Melnychuk 
Darmstadt, GSI, 2010-03-08 
 
Transverse target spin asymmetry in exclusive ω (d1 hrc) production (Status Report)b) 
B. Mariański 
Glasgow, HERMES Collaboration Meeting, 2010-04-12 
 
Study of the single-particle levels in deformed nuclei excited by (d,p) and (d,t) reactionb) 
M. Jaskóła 
Milano, Institute of Physics, Milano University, 2010-05-05 
 
Application of modern track detectors in nuclear physics and high temperature plasmab) 
M. Jaskóła 
Milano, Institute of Physics, Milano University, 2010-05-07 
 
Digitization of EMC signal in pandaroot simulationsb) 
D. Melnychuk 
Stockholm, Stockholm University, 2010-06-15 
 
Relation of transverse target spin asymmetry and SDMEs in exclusive ω productionb) 
B. Mariański 
Hamburg, DESY Collaboration Meeting, 2010-11-08 
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Status of Transverse Target Spin Asymmetry for exclusive leptoproduction of Φ and ω mesonsb) 
B. Mariański 
Hamburg, DESY Collaboration Meeting, 2010-11-09 
 
SDME in rho production on heavy nucleib) 
A. Trzciński 
Hamburg, DESY, 2010-11-10 
 
Recent results in the MDC track reconstructionb) 
A. Trzciński 
Juelich, Institute for Nuclear Physics FZJ Juelich , 2010-11-26 
 
Status of EMC software in pandarootb) 
D. Melnychuk 
Darmstadt, GSI, 2010-12-02 
 
Defect transformations in III-V compound semiconductorsa) 
R. Ratajczak 
Warsaw, Institute of Electronic Materials Technology, 2010-04-27 
 
a) in Polish 
b) in English 
 
 

DIDACTIC ACTIVITY 

M. Jaskóła - Supervision of a PhD student (A. Bantsar) 
 
B. Mariański - Lectures on mathematics and statistics in Agriculture University 
Lectures on statistic and econometry in WSZ-SW 
 
 

PARTICIPATION IN SCIENTIFIC COUNCILS, ASSOCIATIONS AND ORGANIZING 
COMMITTEES 

M. Jaskóła 
Member of the Polish Physical Society  
 
E. Piasecki 
Member of the Scientific Council of the Heavy Ion Laboratory, Warsaw University  
 
K. Rusek 
Member of the Scientific Council of the Andrzej Sołtan Institute for Nuclear Studies 
 
A. Turos 
Member of the Materials Research 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 
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PERSONNEL 

Research scientists 
Witold Augustyniak, Dr. 
Andrzej Bieńkowski, Dr. on leave 
Marian Jaskóła, Professor 
Nicholas Keeley, Dr. 
Andrzej Korman, Dr. 
Bohdan Mariański, Dr. 
Dmytro Melnychuk, MSc. 
Hans Peter Morsch, Dr. on leave 
Andriy Mykulyak, MSc. 
Sathish Natarajan 
Lech Nowicki, Dr.  
Ernest Piasecki, Assoc. Prof.  
Krzysztof Rusek, Professor on leave 
Anna Stonert, Dr. 
Andrzej Trzciński, Dr. 
Andrzej Turos, Professor  
Bogusław Zwięgliński, Assoc. Prof.  
Paweł Żuprański, Assoc. Prof.    
 
Volunteers 
Hamada Kotb, MSc. 
 
PhD students 
Karolina Pągowska, MSc. 
Łukasz Standyło, MSc. 
Izabela Strojek, MSc. 
 
Technical and administrative staff 
Dorota Dobrowolska 
Ryszard Kacprzak 
Grażyna Kęsik, Eng. 
Władysław Mielczarek 
Wiesław Pietrzak 
Renata Ratajczak, MSc. 
Zbigniew Szczepaniak 
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2. DEPARTMENT OF INTERDISCIPLINARY APPLICATIONS OF 
PHYSICS 

 
Head of Department: Dr. Jan Sernicki 

phone: (22) 718-04-63 
e-mail: Sernicki@ipj.gov.pl 

 
Overview  

The activities of the Department in 2010 were focused on the following areas of applications of physics: 
• Medical physics: 
- modernization of the 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 the radiation field parameters: 
installation and tests of the MCNP transport code (version 5) for various applications; 
- study of some spectrometric properties of Parallel Plate Avalanche Counters; 
- modernization of our 25 MeV proton cyclotron. 
• Program “Accelerators and Detectors”: 
- research on new types of soft-X ray tube for applications in medicine. 
• Program “Świerk Computing Centre: infrastructure and service for power-engineering”: 
– assessing computer models and codes for nuclear power plants (NPPs), understanding thermal hydraulic 
processes observed in light water reactors and investigating severe accident phenomena in NPPs. 

Basic research was realized in the fields of: 
• Elementary particle physics: 
- participation in analysis of data from measurements done with the ANKE spectrometer at COSY-Jülich; 
- 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 an independent classical particle 
gas; 
- theoretical description of nuclear fusion reactions and subsequent compound-nucleus deexcitation cascades 
leading to synthesis of super-heavy nuclei; 
- studies of the mechanism of nucleus-nucleus collisions at low and intermediate energies at LNS Catania 
(ternary and quaternary partitioning in deep-inelastic reactions, fragmentation processes at intermediate 
energies); 
- 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 investigation of ion stopping processes. 

We collaborate among others with the Jagiellonian University, AGH University of Science and Technology 
in Cracow, Nicolaus Copernicus University in Toruń, Warsaw Technical University, Oncology Institute 
in Warsaw, Radioisotope Centre POLATOM, local authorities in Otwock, Institute of Nuclear Chemistry and 
Technology, Institute of Geophysics of the Polish Academy of Sciences, Institute of Experimental Physics 
of Warsaw Univ., Voivodship Inspectorates for Environmental Protection in Warsaw, FZ-Jülich, LNS-INFN 
Catania, PSI Villigen, Interdisciplinary Centre for Mathematical and Computational Modeling of Warsaw Univ., 
Univ. of Virginia, PTB Braunschweig, LNL-INFN Legnaro, LBNL Berkeley, 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 
 
The Excitation of an Independent Particle Gas by a Time-Dependent Potential Well 
J. Błocki, A. Magner, S. Yatsyshyn 
3rd International Conference: Current Problems in Nuclear Physics and Atomic Energy (Ukraine, Kyiv, 2010-06-07 - 2010-06-12) 
Int. J. Mod. Phys. E (in press) 
 
Fusion by diffusion model revisited 
K. Siwek-Wilczyńska, T. Cap, J. Wilczyński 
17th Nuclear Physics Workshop (Poland, Kazimierz Dolny, 2010-09-22 - 2010-09-26) 
 
To the memory of Wladek Swiatecki 
J. Błocki 
17th Nuclear Physics Workshop (Poland, Kazimierz Dolny, 2010-09-22 - 2010-09-26) 
 
 
Oral Presentations 
 
Narzędzia wspomagające zarządzanie jakością powietrza na poziomie lokalnym oparte na danych imisyjnych i metodach 
sztucznej inteligencji 
M. Lasiewicz, M. Sowiński, J. Szlachciak 
VII Międzynarodowa Konferencja Naukowa (Poland, Zakopane, 2010-10-13 - 2010-10-16) 
Instytut Podstaw Inżynierii Środowiska Polskiej Akademii Nauk (Poland, Zabrze, 2010) 
 
Neural Predictor ensemble for accurate forecasting of PM10 pollution 
K. Siwek, S. Osowski, M. Sowiński 
International Joint Conference on Neural Networks (Spain, Barcelona, 2010-07-18 - 2010-07-23) 
 
Świerk Computing Centre 
I. Zychor 
Workshop on Essential Safety Assessment Knowledge: Deterministic Safety assessment (DSA) Methodology and Integrated Risk 
Informed Decision Making (Italy, Trieste, 2010-04-26 - 2010-05-07) 
 
Nuclear Power in Poland 
K. Samul, K. Różycki 
Workshop on Essential Safety Assessment Knowledge: Safety Analysis II - Introduction to Severe Accidents and Level 2 PSA (Croatia, 
Dubrovnik, 2010-10-25 - 2010-11-05) 
 
 
Posters 
 
The Comparison of Large Scintillators for High Energy Gamma-Rays Detection 
M. Gierlik, J. Iwanowska, T. Kozłowski, M. Moszyński, Ł. Świderski, T. Szczęśniak 
2010 Nuclear Science Symposium and Medical Imaging Conference (USA, Knoxville, 2010-10-30 - 2010-11-06) 
Nuclear Science Symposium Conference Record (NSS/MIC) (2010)  
 
Wytwarzanie cienkich warstw antyemisyjnych TiN na powierzchniach elementów mocy mikrofalowej i ich charakterystyka 
J. Lorkiewicz, J. Kula, M. Klimasz, S. Pszona, J. Sobczak 
Nowe Technologie w Inzynierii Powierzchni (Poland, Spała, 2010-09-27 - 2010-09-30) 
Inżynieria Materiałowa Vol. XXXI (2010) 1068 
 
Isotopic effects in emission of intermediate mass fragments in the 124Sn+64Ni reaction at 35 MeV/nucleon 
I. Skwira-Chalot, T. Cap, K. Siwek-Wilczyńska, J. Wilczyński 
17th Nuclear Physics Workshop (Poland, Kazimierz Dolny, 2010-09-22 - 2010-09-26) 

 
 

LECTURES, COURSES AND EXTERNAL SEMINARS 

Intraoperative Radiation Therapy (IORT) – Expert Panel: Design of a Prototype Orthovoltage Photon Device “Photon 
Needle”b) 
P. Mazerewicz 
Warsaw, The Andrzej Sołtan Institute for Nuclear Studies, 2010-11-19 
 
Nuclear Physics with Wladek Swiateckib) 
J. Błocki 
Kiev, Ukraine, Institute of Nuclear Research, 2010-12-13 
 
 
b) in English 
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INTERNAL SEMINARS 

Design, technology and performance of photon needle NALR type IF-ka) 
P. Mazerewicz 
Świerk, The Andrzej Sołtan Institute for Nuclear Studies, 2010-01-28 
 
The state of works in assinnments NALRa) 
M. Słapa 
Świerk, The Andrzej Sołtan Institute for Nuclear Studies, 2010-01-28 
 
The state of works in assignments NALRa) 
M. Traczyk 
Świerk, The Andrzej Sołtan Institute for Nuclear Studies, 2010-01-28 
 
The state of works in assignments NALRa) 
M. Słapa 
Świerk, The Andrzej Sołtan Institute for Nuclear Studies, 2010-03-01 
 
The state of works in assignments NALRa) 
M. Traczyk 
Świerk, The Andrzej Sołtan Institute for Nuclear Studies, 2010-03-01 
 
The state of works in assignments NALRa) 
M. Słapa 
Świerk, The Andrzej Sołtan Institute for Nuclear Studies, 2010-04-12 
 
The state of works in assignments NALRa) 
M. Traczyk 
Świerk, The Andrzej Sołtan Institute for Nuclear Studies, 2010-04-12 
 
State of works in assignmentsa) 
M. Słapa 
Świerk, The Andrzej Sołtan Institute for Nuclear Studies, 2010-05-17 
 
The state of works in assignments NALRa) 
M. Traczyk 
Świerk, The Andrzej Sołtan Institute for Nuclear Studies, 2010-05-17 
 
Some conclusions and remarks after the Trieste Workshopa) 
I. Zychor 
Warsaw, The Andrzej Sołtan Institute for Nuclear Studies, 2010-05-18 
 
The state of works in assignments NALRa) 
M. Słapa 
Świerk, The Andrzej Sołtan Institute for Nuclear Studies, 2010-06-17 
 
The state of works in assignments NALR.  Computer simulations – the evolution of photon needle to NALRa) 
M. Traczyk 
Świerk, The Andrzej Sołtan Institute for Nuclear Studies, 2010-06-17 
 
Fundamentals of Deterministic Safety Analyses (DSA)b) 
K. Różycki 
Swierk, The Andrzej Sołtan Institute for Nuclear Studies, 2010-08-05 
 
Perspektywy Małych Reaktorów Jądrowychb) 
P. Mensz 
Warsaw, The Andrzej Sołtan Institute for Nuclear Studies, 2010-10-21 
 
The state of works in assignments NALRa) 
M. Słapa 
Świerk, The Andrzej Sołtan Institute for Nuclear Studies, 2010-10-28 
 
The state of works in assignments NALRa) 
M. Traczyk 
Świerk, The Andrzej Sołtan Institute for Nuclear Studies, 2010-10-28 
 
The review of available PSA and DSA software for nuclear facilities safety assesmenta) 
P. Prusiński 
Świerk, The Andrzej Sołtan Institute for Nuclear Studies, 2010-11-30 
 
 
a) in Polish 
b) in English 
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DIDACTIC ACTIVITY 

K. Dąbrowski - High School o Economics and Informatics,Warsaw 
Lectures on Data Bases (Basic and Advanced level) 
Lectures on Data Warehouses 
Seminars on DB and Internet Technology 
 
 

PARTICIPATION IN SCIENTIFIC COUNCILS, ASSOCIATIONS AND ORGANIZING 
COMMITTEES 

A. Gójska 
Polish Physical Society 
 
R. Kaczarowski 
Member of the American Physical Society 
 
T. Kozłowski 
Member of Scientific Council 
 
A. Polański 
Member of the Scientific-Technical Council of Laboratory of Information Technologes, JINR, Dubna, Russia 
 
S. Pszona 
Institute of Electrical and Electronics Engineers, Inc 
 
 
 
 
 

PERSONNEL 

Research scientists 
Jan Błocki, Professor 
Rościsław Kaczarowski, Assoc. Prof. 
Tadeusz Kozłowski, Dr. 
Piotr Mensz, Assoc. Prof. 
Aleksander Polański, Dr. 
Stanisław Pszona, Dr. 
Ewa Ruchowska, Dr. 
Jacek Rzadkiewicz, Dr. 

Jan Sernicki, Dr. 
Mieczysław Słapa, Assoc. Prof. 
Piotr Szymański, Assoc. Prof. on leave 
Janusz Wilczyński, Professor 
Krzysztof Wincel, MSc. 
Jolanta Wojtkowska, Dr.  
Barbara Zaręba, MSc. 
Izabella Zychor, Dr. 

 
 
Technical and administrative staff 
Aliaksandr Bantsar, MSc. 
Krzysztof Dąbrowski, Dr. 
Adam Dudziński, Tech. 
Stanisław Gębalski, MSc. 
Krzysztof Gomulski, Eng. 
Aneta Gójska, MSc. 
Krystian Grodzicki, MSc. 
Elżbieta Jaworska, Tech. 
Magdalena Kośla, MSc. 
Marek Kowalski, MSc. 
Alicja Kurdej 
Marek Lasiewicz, MSc. 
Marian Laskus, Tech. 

Maria Matul, MSc. 
Paweł Matuszczak, Techn. 
Piotr Mazerewicz, MSc. 
Stefan Mikołajewski, Tech. 
Rafał Możdżonek, Eng. 
Tomasz Pławski, Eng. on leave 
Piotr Prusiński, MSc. 
Kajetan Różycki, Eng. 
Kacper Samul, Eng. 
Mirosław Snopek, Tech. 
Mieczysław Sowiński, Assoc. Prof. 
Marek Traczyk, MSc. 
Halina Trzaskowska, Tech. 
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3. DEPARTMENT OF DETECTORS AND NUCLEAR ELECTRONICS 
 

Head of Department: Dr. Zbigniew Guzik 
phone: (22) 718-05-49 
e-mail: zbig@ipj.gov.pl 

Overview  
 

The basic activities of the Department of Nuclear Electronics in 2010 were concentrated in the following 
areas: 
• studies of new scintillation techniques and their application to nuclear medicine and border monitoring, 
• realization of the A&D project, 
• scientific contracts with European industry in respect of detection techniques 
• electronics for experiments in High Energy Physics, 
• development of γ-ray spectrometry apparatus and new generation State-of-the-Art multi-channel analysers, 
• development, investigation and production of silicon detectors 
• normalisation activities. 

Most of the scientific achievements of the Department were summarized in 20 reviewed publications, 
published mainly in IEEE Trans. Nucl. Sci. and in 1 non-reviewed publication. Besides that, our scientists 
presented 19 contributions at international conferences - 8 presentations at the IEEE Nuclear Science 
Symposium and Medical Imaging Conference 2010 in Knoxville, USA. Also normalization activities in 
preparation of the Polish versions of European Standards in the field of electronics were supported. 

Wide studies of silicon photomultipliers in gamma spectrometry and fast timing with scintillators were 
carried out in a quantitative way related to the measured number of photoelectrons. They showed that it is 
possible to get a comparable resolution to those measured with photomultipliers. The study of non-
proportionality of electron response and energy resolution of Compton electrons in scintillators in comparison to 
those measured with gamma rays confirmed finally that the scintillator contribution to the energy resolution is 
the effect of scattering of electrons produced in the scintillator by gamma rays.  

In the last year, the Department started development of the methods and apparatus for border monitoring 
against smuggling of explosive and radioactive materials within the A&D project supported by EU Structural 
Funds Project no POIG.01.01.02-14-012/08-00. A comparative study of 3”x3” NaI(Tl), BGO and LaBr3 
scintillators in the detection of gamma rays, up to 10 MeV energy, was carried out. A continuation of a study of 
new neutron detectors was addressed to the optimization of gamma ray suppression in liquid scintillators and the 
study of inorganic crystals like LiCaF. This study was of particular importance because of an urgent problem to 
find a replacement for He-3 detectors because of the diminishing supply of He-3 on the world market. Besides 
that a model of an X-radiation detector and a demonstrator prototype for X-radiography, part of the A&D 
project, are under development. Also, the first model of a DSP digital spectrometry channel was successfully 
developed and tested in gamma spectrometry. Advanced studies related to data visualization and presentation are 
being conducted.  

Moreover, collaboration with the IAEA in Vienna, supported by Research Contract No. 14360, concerning 
monitoring of State borders was continued. Several scientific contracts were realized for European industry. The 
Department was involved in scientific collaborations with a number of international centers, such as CERN, 
Royal Institute of Technology and Karolinska Institute in Stockholm, University of Tennessee, USA, University 
of Tohoku, Japan, GSI Darmstadt, and companies such as Saint-Gobain, Scionix in Holland, ICx (formerly 
Target) in Germany, Siemens (formerly CTI) in the USA, Hamamatsu Photonics K. K. and Furukawa Co. Ltd., 
Japan. 

Our work in the area of High Energy Physics was focused on the LHCb experiment in CERN, GSI 
(Darmstadt) - Panda and DESY (Hamburg) - XFEL. Complicated apparatus designed in our department is 
successfully running in the LHCb experiment at the LHC collider. We also continued the collaboration with the 
PANDA detector in GSI. Our work is concentrated on the DCS system for the experiment. 

Our activities concerning development of new generation State-of-the-Art multi-channel analysers are very 
advanced and fruitful. More the 100 copies 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 and Bluetooth) 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 
designing a new method concerning n-p junctions and ohmic contacts with use of Sputtering  for production of a 
new type of semiconductor radiation detectors. Also, designing of a platinum temperature sensor was started. 

Zbigniew Guzik 
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REPORTS 

Digital Spectrometry for AiD - White Book 
Z. Guzik 
IPJ- Świerk 
 
 

PARTICIPATION IN CONFERENCES AND WORKSHOPS 

Invited Talk 
 
Optimization of detectors for Time of Flight PET 
M. Moszyński, T. Szczęśniak 
Workshop on Timing Detectors (Poland, Cracow, 2010-11-29 - 2010-12-01) 
 
 
Oral Presentations 
 
Accelerators and Detectors for Homeland Security 
G. Wrochna, A. Syntfeld-Każuch, M. Moszyński, S. Wronka 
E-MRS 2010 Fall Meeting (Poland, Warsaw, 2010-09-13 - 2010-09-17) 
Internal Security Journal (2010)  
 
Status on super-thin Pt sensor for thermometry of PWO scintillators 
F. Feldbauer, P. Friedel, F.-H. Heiwsius, J. Schulza, W. Czarnacki, M. Jaskóła, A. Korman, D. Melnychuk, T. Sworobowicz, 
B. Zwięgliński 
XXXIV PANDA Collaboration Meeting (Netherlands, Groningen, 2010-08-30 - 2010-09-03) 
 
Beam based feedback at FLASH 
J. Szewiński 
First Annual Meeting of EuCARD WP10-SRF (United Kingdom, Daresbury, 2010-04-07 - 2010-04-09) 
 
Development of ultra thin PT-100 temperature sensors 
M. Albrecht, F. Feldbauer, P. Friedel, J. Schulza, W. Czarnacki, M. Jaskóła, A. Korman, D. Melnychuk, T. Sworobowicz, 
B. Zwięgliński 
XXXV PANDA Collaboration Meeting (Germany, Darmstadt, 2010-11-29 - 2010-12-03) 
 
Energy resolution of scintillation detectors with SiPM light readout 
M. Grodzicka, M. Moszyński, T. Szczęśniak, M. Kapusta, M. Szawłowski, D. Wolski 
2010 Nuclear Science Symposium and Medical Imaging Conference (USA, Knoxville, 2010-10-30 - 2010-11-06) 
 
Time Resolution of Scintillation Detectors Based on SiPM in Comparison to Photomultipliers  
T. Szczęśniak, M. Moszyński, M. Grodzicka, D. Wolski, M. Szawłowski, Ł. Świderski, M. Kapusta 
2010 Nuclear Science Symposium and Medical Imaging Conference (USA, Knoxville, 2010-10-30 - 2010-11-06) 
 
Energy Resolution and Nonlinearity of NaI(Tl), CaF2(Eu), and Plastic Scintillators Measured with the Wide-Angle Compton-
Coincidence Technique  
K. Roemer, G. Pausch, C.M. Herbach, M. Kapusta, Y. Kong, R. Lentering, C. Plettner, J. Stein, M. Moszyński, Ł. Świderski, 
T. Szczęśniak 
2010 Nuclear Science Symposium and Medical Imaging Conference (USA, Knoxville, 2010-10-30 - 2010-11-06) 
 
Further Study of Undoped NaI Scintillators with Different Purity 
P. Sibczyński, M. Moszyński, T. Szczęśniak, W. Czarnacki, A. Syntfeld-Każuch, P. Schotanus 
2010 Nuclear Science Symposium and Medical Imaging Conference (USA, Knoxville, 2010-10-30 - 2010-11-06) 
 
 
Posters 
 
Non-proportionality of Electron Response and Energy Resolution of Compton Electrons in Scintillators 
Ł. Świderski, R. Marcinkowski, M. Szawłowski, M. Moszyński, W. Czarnacki, A. Syntfeld-Każuch, T. Szczęśniak 
2010 Nuclear Science Symposium and Medical Imaging Conference (USA, Knoxville, 2010-10-30 - 2010-11-06) 
 
Linearity and Energy Resolution of Compton Electrons in CZT Measured by the Wide Angle Compton Coincidence 
Technique 
M. Szawłowski, Ł. Świderski, M. Moszyński, T. Szczęśniak, M. Grodzicka, M. Kapusta, D. Wolski, A. Celler, R. Marcinkowski 
2010 Nuclear Science Symposium and Medical Imaging Conference (USA, Knoxville, 2010-10-30 - 2010-11-06) 
 
Thermal neutron detection with Ce3+ doped LiCaAlF6 single crystals 
J. Iwanowska, Ł. Świderski, M. Moszyński 
2010 Symposium on Radiation Measurements and Applications (SORMA) (USA, Ann Arbor, 2010-05-24 - 2010-05-28) 
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The Comparison of Large Scintillators for High Energy Gamma-Rays Detection 
M. Gierlik, J. Iwanowska, T. Kozłowski, M. Moszyński, Ł. Świderski, T. Szczęśniak 
2010 Nuclear Science Symposium and Medical Imaging Conference (USA, Knoxville, 2010-10-30 - 2010-11-06) 
Nuclear Science Symposium Conference Record (NSS/MIC) (2010)  
 
Characterization of LFS-3 scintillator in comparison with LSO 
M. Grodzicka, M. Moszyński, T. Szczęśniak, A. Syntfeld-Każuch, Ł. Świderski, A.F. Zerrouk, J. Owczarczyk 
2010 Symposium on Radiation Measurements and Applications (SORMA) (USA, Ann Arbor, 2010-05-24 - 2010-05-28) 
 
CaF2(Eu): an Old Scintillator Revisited 
C. Plettner, G. Pausch, F. Scherwinski, C. Herbach, R. Lentering, Y. Kong, K. Roemer, J. Stein, T. Szczęśniak, M. Grodzicka, 
J. Iwanowska, M. Moszyński 
2010 Nuclear Science Symposium and Medical Imaging Conference (USA, Knoxville, 2010-10-30 - 2010-11-06) 
 
Suppression of gamma-ray sensitivity of liquid scintillators for neutron detection 
Ł. Świderski, M. Moszyński, D. Wolski, J. Iwanowska, T. Szczęśniak, P. Schotanus, C. Hurlbut 
2010 Symposium on Radiation Measurements and Applications (SORMA) (USA, Ann Arbor, 2010-05-24 - 2010-05-28) 

 
 

DIDACTIC ACTIVITY  

M. Moszyński – scientific supervision of A. Nassalski  
 
M. Moszyński – scientific supervision of J. Iwanowska 
 
M. Moszyński – scientific supervision of M. Grodzicka 
 
M. Moszyński – scientific supervision of P. Sibczyński 
 
 

PARTICIPATION IN SCIENTIFIC COUNCILS, ASSOCIATIONS AND ORGANIZING 
COMMITTEES 

Z. Guzik 
Member of Polish CAMAC Committee 
Polskie Normy, Polski Komitet Normalizacyjny 
 
M. Moszyński 
Session chairman on 2010 Nuclear Science Symposium and Medical Imaging Conference in Knoxville, USA 
Fellow of IEEE Nuclear and Plasama Science Society 
Member of TransNational Committee of IEEE Nuclear and Plasma Science Society  
Nuclear Instruments & Mrthods in Physics Research A, Elsevier 
Journal of Instrumentation, Institute of Physics Publishing 
Recent Patents on Engineering, Bentham Science Publishers 
 
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, The Andrzej Sołtan Institute for Nuclear Studies 
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PERSONNEL 

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

Ewa Krogulska, MSc. 
Ignacy Kudła 
Jakub Kuźbik, MSc.  
Krzysztof Leśniewski 
Antoni Nassalski, MSc.Eng. on leave 
Michał Płomiński, MSc. Eng. 
Dominika Rozmej-Stępień 
Paweł Sibczyński, MSc. 
Tadeusz Sworobowicz 
Marek Szawłowski, MSc. Eng. 
Anna Szubińska 
Tomasz Szczęśniak, MSc. 
Jarosław Szewiński, MSc. Eng. 
Krystyna Traczyk, MSc. 
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5. DEPARTMENT OF PLASMA PHYSICS AND MATERIAL 
ENGINEERING 

 
Head of Department: Dr. Marek Rabiński 

phone: (22) 718-05-36 
e-mail: rabiński@ipj.gov.pl 

 
 
Overview 

 
 

In 2010 the activities of the Department continued previous studies in the following fields of plasma physics, 
controlled nuclear fusion and plasma engineering: 
• Development of selected methods for high-temperature plasma diagnostics; 
• Studies of physical phenomena in pulsed discharges in the Plasma-Focus (PF), RPI-IBIS, and Impulse 
Plasma Deposition (IPD) facilities; 
• Research on plasma technologies; 
• Selected problems of plasma theory and computational modeling. 

In the frame of the EURATOM program, efforts were devoted to the development of diagnostics methods for 
tokamak-type facilities. In 2010 Cherenkov detectors were applied in the ISTTOK and TORE SUPRA facilities 
to detect energetic electrons (of energy > 60 keV), to determine their spatial and temporal behavior 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. The new data on fast electrons, collected within the TORE-SUPRA 
machine in 2010, confirmed the appearance of intense electron streams (possible ripple-born and runaway ones), 
which have a similar character to the electron signals recorded by means of other diagnostic techniques. Other 
fusion-oriented efforts are connected with the application of solid-state nuclear track detectors to detect fast 
alpha particles in tokamak experiments. 

As for 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 discharges were studied 
by means of nuclear track detector, corpuscular diagnostic techniques, and particularly of a miniature 
Thompson-type mass-spectrometer. 

A field of 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 surface of copper 
resonant cavities of accelerators. In 2010 several investigations of the specific structure and properties of layers 
synthesized by different plasma surface engineering methods like Impulse Plasma Deposition and Pulse 
Magnetron Sputtering were also performed. Other studies were connected with silicon implanted with 
manganese – material predicted for spintronic devices.  

Various physical phenomena were analysed theoretically, e.g. plasma dynamics in the coaxial Impulse 
Plasma Deposition accelerator. 
 

Marek Rabiński 
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PARTICIPATION IN CONFERENCES AND WORKSHOPS 

Invited Talks 
 
Highlights of dense magnetized plasma research in Poland 
M.J. Sadowski, M. Scholz 
Alushta-2010 International Conference and School on Plasma Physics and Controlled Fusion (Ukraine, Alushta (Crimea), 2010-09-
13 - 2010-09-18) 
 
Implanted manganese redistribution in Si after He+ irradiation and hydrogen pulse plasma treatment 
Z. Werner, C. Pochrybniak, M. Barlak, J. Piekoszewski, A. Korman, R. Heller, W. Szymczyk, K. Bocheńska 
VIII-th International Conference Ion Implantation and Other Applicationsof Ions and Electrons (ION 2010) (Poland, Kazimierz 
Dolny, 2010-06-14 - 2010-06-17) 
 
Diagnostics of charged particles emitted from DMP experiments 
M.J. Sadowski 
Joint ICTP/IAEA Workshop on Dense Magnetized Plasma and Plasma Diagnostics (Italy, Triest, 2010-11-15 - 2010-11-26) 
 
Megajoule Plasma-Focus experiment 
M. Scholz, M.J. Sadowski, P. Kubes, S. Krauz, K. Mitrofanov 
Joint ICTP/IAEA Workshop on Dense Magnetized Plasma and Plasma Diagnostics (Italy, Triest, 2010-11-15 - 2010-11-26) 
 
MJ Plasma-Focus diagnostic systems 
M. Scholz, L. Karpinski, M. Paduch, T. Pisarczyk, E. Zielinska, T. Chodukowski, M.J. Sadowski, E. Składnik-Sadowska, K. Czaus, 
R. Kwiatkowski, K. Malinowski, S. Krauz, K. Mitrofanov 
International Conference Plasma Diagnostics 2010 (France, Pont-a-Mousson, 2010-04-12 - 2010-04-16) 
 
Photoelectron spectroscopy in studies of the band structure of IV-VI spintronic materials 
B.J. Kowalski, M.A. Pietrzyk, W. Knoff, R. Nietubyć, K. Nowakowska-Langier, J. Sadowski, A. Łusakowski, T. Story 
10 th International School and Symposium on Synchrotron Radiation in Natural Science,  (Poland, Szklarska Poręba, 2010-06-06 - 
2010-06-12) 
 
Progress in development and applications of Cherenkov-type detectors for fast electron studies in tokamaks 
M. Rabiński 
Alushta-2010 International Conference and School on Plasma Physics and Controlled Fusion (Ukraine, Alushta (Crimea), 2010-09-
13 - 2010-09-18) 
 
Satus of a MJ Plasma-Focus Experiment 
M. Scholz, L. Karpinski, M. Paduch, T. Pisarczyk, E. Zielinska, T. Chodukowski, M.J. Sadowski, E. Składnik-Sadowska, K. Czaus, 
R. Kwiatkowski, K. Malinowski, P. Kubes, D. Klir, J. Kravarik, K. Rezac, S. Krauz, K. Mitrofanov 
24th Symposium on Plasma Physics and Technology (Czech Republic, Prague, 2010-06-14 - 2010-06-17) 
 
Przyszłość energetyki - synteza jądrowa 
M. Rabiński 
Nowoczesna Energetyka Jądrowa - Bezpieczeństwo (Poland, Lublin, 2010-04-20 - 2010-04-20) 
 
Generation and diagnostics of fast electrons within tokamak plasmas 
M.J. Sadowski 
9th Kudowa Summer School Towards Fusion Energy (Poland, Kudowa Zdroj, 2010-06-08 - 2010-06-12) 
 
Role of Cr in formation of austenite in Fe-Cr alloys treated by nitrogen plasma pulses 
J. Piekoszewski, L. Dąbrowski, B. Sartowska, C. Pochrybniak, M. Barlak, Z. Werner, L. Waliś, P. Stoch, K. Bocheńska, 
J. Żukrowski 
VIII-th International Conference Ion Implantation and Other Applicationsof Ions and Electrons (ION 2010) (Poland, Kazimierz 
Dolny, 2010-06-14 - 2010-06-17) 
 
 
Oral Presentations 
 
Wettability of carbon ceramics induced by their surface alloying with Ti, Zr and Cu elements using high intensity pulsed 
plasma beams 
M. Barlak, J. Piekoszewski, Z. Werner, B. Sartowska, L. Waliś, W. Starosta, A. Kolitsch, R. Heller, R. Gröetzchel, 
C. Pochrybniak, K. Bocheńska, B. Nycz 
VIII-th International Conference Ion Implantation and Other Applicationsof Ions and Electrons (ION 2010) (Poland, Kazimierz 
Dolny, 2010-06-14 - 2010-06-17) 
 
The changes of manganin thermoresistance properties induced by Nb, Ti, C low energy and then Kr high energy ion 
implantations 
T. Wilczyńska, M. Barlak, R. Wiśniewski, P. Konarski, K. Wieteska, B. Sartowska, W. Starosta, B. Nycz 
VIII-th International Conference Ion Implantation and Other Applicationsof Ions and Electrons (ION 2010) (Poland, Kazimierz 
Dolny, 2010-06-14 - 2010-06-17) 
Acta Phys. Pol. A (2010)  
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Progress in development and applications of Cherenkov-type detectors for fast electron studies in tokamaks 
M. Rabiński, L. Jakubowski, K. Malinowski, R. Mirowski, M.J. Sadowski, J. Żebrowski 
Alushta-2010 International Conference and School on Plasma Physics and Controlled Fusion (Ukraine, Alushta (Crimea), 2010-09-
13 - 2010-09-18) 
 
Spectroscopy of plasma surface interaction in experiments simulating ITER transient events 
M.S. Ladygina, I.E. Garkusha, A.K. Marchenko, V.A. Makhlay, M.J. Sadowski, E. Składnik-Sadowska, N.N. Aksenov, 
V.I. Tereshin 
The 1st International Youth Conference on Fusion Energy (Korea, Daejeon, 2010-10-09 - 2010-10-10) 
 
Optical spectroscopy of free-propagating plasma and its interaction with tungsten targets in PF-1000 facility 
E. Składnik-Sadowska, K. Malinowski, M.J. Sadowski, M. Kubkowska, K. Jakubowska, M. Paduch, M. Scholz, I.E. Garkusha, 
M. Ladygina, V.I. Tereshin 
International Conference Plasma Diagnostics 2010 (France, Pont-a-Mousson, 2010-04-12 - 2010-04-16) 
 
Powerful plasma streams interaction with PFMs in experiments simulating ITER transient events 
I.E. Garkusha, M.S. Ladygina, V.A. Makhlay, A.K. Marchenko, M.J. Sadowski, E. Składnik-Sadowska, I. Landman, N.N. Aksenov, 
V.I. Tereshin 
The 1st ITER-IAEA Technical Meeting (Monaco, Monaco, 2010-11-24 - 2010-11-25) 
 
Optical emission spectroscopy of plasma streams in PF-1000 experiments 
K. Jakubowska, M. Kubkowska, E. Składnik-Sadowska, K. Malinowski, M. Paduch, M.J. Sadowski, M. Scholz, A.K. Marchenko 
9th Kudowa Summer School Towards Fusion Energy (Poland, Kudowa Zdroj, 2010-06-08 - 2010-06-12) 
 
Spectroscopic investigation of PF-1000 discharges under different experimental conditions 
M. Kubkowska, K. Jakubowska, E. Składnik-Sadowska, K. Malinowski, M. Paduch, M.J. Sadowski, M. Scholz, A.K. Marchenko 
Alushta-2010 International Conference and School on Plasma Physics and Controlled Fusion (Ukraine, Alushta (Crimea), 2010-09-
13 - 2010-09-18) 
 
Thin film Pb photocathodes prepared with the cathodic arc 
R. Nietubyć, J. Sekutowicz, P. Kneisel 
4th International Workshop on Thin Films and New Ideas for Pushing the Limits of RF Superconductivity. (Italy, Padova, 2010-10-04 
- 2010-10-06) 
 
Deposition of Pb/Nb photocathodes 
R. Nietubyć, J. Sekutowicz 
First Annual Meeting of Eucard WP10-SRF (United Kingdom, Daresbury, 2010-04-07 - 2010-04-09) 
 
Growth of niobium film on sapphire (001) 
R. Nietubyć, E. Dynowska, R. Mirowski, K. Nowakowska-Langier, J. Pełka, P. Romanowski 
10 th International School and Symposium on Synchrotron Radiation in Natural Science, (Poland, Szklarska Poręba, 2010-06-06 - 
2010-06-12) 
 
Studies of electron- and ion-beams emitted from PF-1000 in the upstream and downstream directions 
R. Kwiatkowski, E. Składnik-Sadowska, M.J. Sadowski, K. Malinowski, K. Czaus, J. Żebrowski, L. Karpinski, M. Paduch, 
M. Scholz, P. Kubes 
9th Kudowa Summer School Towards Fusion Energy (Poland, Kudowa Zdrój, 2010-06-08 - 2010-06-12) 
 
Light emission from undulator 
R. Nietubyć 
POLFEL Seminar (Poland, Ryn, 2010-02-16 - 2010-02-17) 
 
Recent studies of the ion emission from high-current PF-1000 experiments 
E. Składnik-Sadowska, K. Czaus, R. Kwiatkowski, K. Malinowski, M.J. Sadowski, J. Żebrowski, M. Paduch, M. Scholz 
Alushta-2010 International Conference and School on Plasma Physics and Controlled Fusion (Ukraine, Alushta (Crimea), 2010-09-
13 - 2010-09-18) 
 
 
Posters 
 
Arc deposition and QE tests of the Pb/Nb 
R. Nietubyć, T. Rao, J. Sekutowicz, P. Kneisel 
International Particle Accelerator Conference IPAC’10 (Japan, Kyoto, 2010-05-23 - 2010-05-28) 
 
Cherenkov-type diagnostics of fast electron beams escaping from MCF facilities 
L. Jakubowski, K. Malinowski, R. Mirowski, M. Rabiński, M.J. Sadowski, J. Żebrowski 
International Conference Plasma Diagnostics 2010 (France, Pont-a-Mousson, 2010-04-12 - 2010-04-16) 
 
Experimental simulation of ITER ELMs impacts to the tungsten surfaces within QSPA Kh-50 
I.E. Garkusha, I. Landman, J. Linke, V.A. Makhlay, A.V. Medvedev, S.V. Malykhin, S. Peschanyi, A.T. Pugachev, M.J. Sadowski, 
E. Składnik-Sadowska, V.I. Tereshin 
23rd IAEA Fusion Energy Conference (Korea, Daejeon, 2010-10-11 - 2010-10-16) 
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Studies of run-away electron beams and hard X-ray emission in ISTTOK tokamak 
L. Jakubowski, V.V. Plyusnin, K. Malinowski, M.J. Sadowski, J. Żebrowski, M. Rabiński, H. Fernandes, C. Silva, P. Duarte, 
M. Jakubowski 
Alushta-2010 International Conference and School on Plasma Physics and Controlled Fusion (Ukraine, Alushta (Crimea), 2010-09-
13 - 2010-09-18) 
 
Structure and composition of scales formed on AISI 316 L steel alloyed with Ce/La using high intensity plasma pulses after 
oxidation in 1000oC 
B. Sartowska, J. Piekoszewski, L. Waliś, M. Barlak, W. Starosta, C. Pochrybniak, K. Bocheńska 
VIII-th International Conference Ion Implantation and Other Applicationsof Ions and Electrons (ION 2010) (Poland, Kazimierz 
Dolny, 2010-06-14 - 2010-06-17) 
Acta Phys. Pol. A (2010)  
 
Mass- and energy-analysis of fast ion beams in PF-1000 by means of a Thomson spectrometer 
K. Czaus, E. Składnik-Sadowska, K. Malinowski, R. Kwiatkowski, M.J. Sadowski, J. Żebrowski, L. Karpiński, M. Paduch, 
M. Scholz, E. Zielinska, I.E. Garkusha 
International Conference Plasma Diagnostics 2010 (France, Pont-a-Mousson, 2010-04-12 - 2010-04-16) 
 
Measurements of energy spectra of fast electrons from PF-1000 in the upstream and downstream directions 
R. Kwiatkowski, K. Czaus, E. Składnik-Sadowska, M.J. Sadowski, K. Malinowski, J. Żebrowski, L. Karpinski, M. Paduch, 
M. Scholz, P. Kubes 
International Conference Plasma Diagnostics 2010 (France, Pont-a-Mousson, 2010-04-12 - 2010-04-16) 
 
Optical spectroscopy of plasma beam interaction with tungsten target and temporal characteristics of spectral line emission in 
PF-1000 
K. Jakubowska, M. Kubkowska, E. Składnik-Sadowska, K. Malinowski, M. Paduch, M.J. Sadowski, M. Scholz, M. Ladygina 
24th Symposium on Plasma Physics and Technology (Czech Republic, Prague, 2010-06-14 - 2010-06-17) 
 
Features of plasma focus formation in different operation modes of gas-discharge magnetoplasma compressor 
A.K. Marchenko, I.E. Garkusha, V.V. Chebotarev, M.S. Ladygina, Yu.V. Petrov, D.G. Solyakov, V.I. Tereshin, N.N. Aksenov, 
A. Hassanein, E. Składnik-Sadowska 
24th Symposium on Plasma Physics and Technology (Czech Republic, Prague, 2010-06-14 - 2010-06-17) 
 
Investigation of the microstructure of ion beams emitted from PF-1000 at different angles to the z-axis 
E. Składnik-Sadowska, M.J. Sadowski, K. Czaus, K. Malinowski, R. Kwiatkowski, J. Żebrowski, M. Paduch, M. Scholz, 
P. Kubes, I.E. Garkusha, A. Talebitaher 
International Conference Plasma Diagnostics 2010 (France, Pont-a-Mousson, 2010-04-12 - 2010-04-16) 
 
Measurements of fusion-protons anisotropy around the pinch axis within high-current PF-1000 experiments 
M.J. Sadowski, A. Malinowska, K. Malinowski, K. Czaus, R. Kwiatkowski, E. Składnik-Sadowska, J. Żebrowski, L. Karpinski, 
M. Paduch, M. Scholz, W. Stepniewski 
International Conference Plasma Diagnostics 2010 (France, Pont-a-Mousson, 2010-04-12 - 2010-04-16) 
 
Structure of Fe-Cu coatings prepared by the magnetron sputtering method 
K. Nowakowska-Langier, R. Chodun, K. Zdunek, R. Minikayev, R. Nietubyć, R. Mirowski, J. Witkowski 
Alushta-2010 International Conference and School on Plasma Physics and Controlled Fusion (Ukraine, Alushta (Crimea), 2010-09-
13 - 2010-09-18) 
 
EXAFS and XRD structure analysis of ZnO nanoclusters formed via selective xygenation of organozinc compounds 
B. Mierzwa, K. Zelga, W. Bury, K. Sokołowski, J. Lewiński, R. Nietubyć, Z. Kaszkur 
10th International School and Symposium on Synchrotron Radiation in Natural Science, (Poland, Szklarska Poręba, 2010-06-06 - 
2010-06-12) 
 
Test results of components for CW and near-CW Operation of a Semiconducting linac 
J. Sekutowicz, M. Ebert, P. Kneisel, R. Nietubyć 
25th International Linear Accelerator Conference LINAC10 (Japan, Tsukuba, 2010-09-12 - 2010-09-17) 
 
Experimental studies of ion emission from RPI-IBIS facility and modeling of ion motions 
K. Malinowski, K. Czaus, M.J. Sadowski, E. Składnik-Sadowska, I.E. Garkusha, V.I. Tereshin 
Alushta-2010 International Conference and School on Plasma Physics and Controlled Fusion (Ukraine, Alushta (Crimea), 2010-09-
13 - 2010-09-18) 

 
 

LECTURES, COURSES AND EXTERNAL SEMINARS 

Thin film lead photocathodes deposited with the arc methodb) 
R. Nietubyć 
Berlin, Helmholtz Centre, 2010-06-07 
 
Cherenkov detectors for fast electron measurements in tokamak experimentsc) 
L. Jakubowski 
Moscov, Kurchatov Institute , 2010-09-23 
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PF-1000 - Status of diagnostics: Optical spectroscopy, Ion & electron measurementsb) 
M.J. Sadowski 
Warsaw, International Center for Dense Magnetized Plasmas at IPPLM, 2010-11-29 
 
 
b) in English 
c) in other language 
 
 

INTERNAL SEMINARS 

UHV cathodic arc deposition of thin metalic filmsa) 
R. Nietubyć 
Warsaw, The Andrzej Sołtan Institute for Nuclear Studies, 2010-06-22 
 
X-ray structural studies of Nb/sapphire(001) layers growtha) 
R. Nietubyć 
Warsaw, Institute of Experimental Physics, Warsaw University, 2010-11-24 
 
 
a) in Polish 
 
 

DIDACTIC ACTIVITY 

K. Nowakowska-Langier - Laboratory - Solid State Physics 
Faculty of Materials Science, Warsaw University of Technology 
 
M.J. Sadowski - Scientific supervision of studies and preparations of M.Sc R. Kwiatowski to write a Ph.D. thesis in a frame of Ph.D. 
Courses at IPJ 
 
M.J. Sadowski - Scientific supervision of the preparation of a Ph.D. thesis by M.Sc. K. Jakubowska from IPPLM in Warsaw 
 
M.J. Sadowski - Scientific supervision of the preparation of a Ph.D. thesis by M.Sc. W. Stepniewski from the IPPLM in Warsaw 
 
M.J. Sadowski - Scientific supervison of the preparation of a Ph.D. thesis by M.Sc. K. Malinowski from Dept. P-V at IPJ 
 
 

PARTICIPATION IN SCIENTIFIC COUNCILS, ASSOCIATIONS AND ORGANIZING 
COMMITTEES 

A. Malinowska 
International Nuclear Track Society, member 
 
R. Nietubyć 
Polish Synchrotron Radiation Society 
 
K. Nowakowska-Langier 
Polish Synchrotron Radiation Society (PSRS) 
 
J. Piekoszewski 
Member of International Committee, International Conference on Surface Modification of Materials by Ion Beams 
 
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 
 
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 
Journal of Advanced Materials, Member of the Editorial Board of the Journal of Advanced Materials, Cambridge International 
Science Publishing 
Vice-chairman of the Scientific Council at the Institute of Plasma Physics and Laser Microfusion 
Vice-chairman of the Scientific Council at the Andrzej Sołtan Institute for Nuclear Studies 
 



Annual Report 2010 
 
42

A. Szydłowski 
International Nuclear Track Society, member 
 
K. Zdunek 
European Joint Committee on Plasma and Ion Surface Engineering (EJC PISE) 
Faculty of Materials Science, Warsaw University of Technology 
 
 
 
 
 
 

PERSONNEL 

Research scientists 
Marek Barlak, Dr. 
Katarzyna Bocheńska, MSc. 
Jacek Jagielski, Professor 
Lech Jakubowski, Dr.  
Aneta Malinowska, Dr. 
Robert Nietubyć, Dr. 
Katarzyna Nowakowska-Langier, Dr. 
Jerzy Piekoszewski, Professor 
Cezary Pochrybniak, Dr. 

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

 
 
Technical and administrative staff 
Krzysztof Czaus, BSc.E.E.  
Krzysztof Gątarczyk 
Alicja Gawrońska  
Krzysztof Gniadek 
Marcin Jakubowski 
Marek Jędrzejczyk 
Paweł Karpiński 
Bernard Kołakowski 
Mirosław Kuk 
Karol Malinowski, MSc. 
Robert Mirowski, MSc.E.E. 
Barbara Nycz, MSc. 
Dominika Rozmej-Stępień 
Andrzej Trembicki 
Andrzej Wiraszka 
Jan Witkowski, BSc.E.E. 
Jerzy Zagórski 
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6. DEPARTMENT OF HIGH ENERGY PHYSICS  
 

Head of Department: Professor Helena Białkowska 
phone: (22) 621-28-04 
e-mail: Lena.Bialkowska@fuw.edu.pl 

 
Overview 

 

The main activities of the Department can be grouped into three parts: 
I. An ongoing analysis of data from large accelerator facilities. 
At CERN SPS: 
In the COMPASS experiment, the Warsaw team participated in the data taking and analysis related to the 

structure of the nucleon. 5 publications were prepared. The result concerning the polarization distribution of 
quarks and antiquarks in the nucleon with the flavour separation is new, important, and obtained with a 
significant contribution from the team. The collaboration is preparing for the next stage of the experiment, 
COMPASS , which will be realized in 2011. 

Two heavy ion experiments, WA98 and NA49, have finished data taking, but continue analysis. 4 
publications have been published and one submitted. 

The wide purpose NA61 experiment has taken data, and the IPJ team worked on the measurement of the 
production cross sections of pions and kaons, which are important for the neutrino program. 

At COSY: 
The WASA experiment is dedicated to the search for a signal of the  violations of basic chiral symmetries and 

testing perturbative theories  in the light mesons decays produced in proton-proton, proton-deuteron and 
deuteron-deuteron collisions at different energies. A new limit of the extremely rare decay eta→e+e- within MS is 
being searched for. The branching ratio of the pi0→e+e- decay should be determined with better precision. 3 
publications have been published and one submitted. 

II. Data taking and first analysis by the LHC experiments. 
Three teams work on LHC experiments: CMS, LHCb and ALICE. 
In 2010, the LHC accelerator provided proton-proton and Pb-Pb data and all LHC collaborations prepared 

dozens of publications on the detector performance and physics analysis, which have been published or 
submitted for publication. 

The CMS team worked on the muon trigger system, based on the resistive plate chamber RPC. The system 
was optimized and synchronized during data taking with high precision. The measured trigger efficiency was in 
agreement with expectations. The team is working on two analyses: the search for the Higgs boson in the 
H->2tau channel and heavy stable charged particles.  

The LHCb experiment team has maintained the system of the Inner Detector during data taking and worked 
on ageing in the LHCb outer tracker preparing for the production of new straw chamber modules. The 
measurment of CP violation in Bs→J/psi Phi decays is the main activity in analyzing the LHCb 2010 data. 

The ALICE team has commissioned the photon detector PHOS with the LHC data. In the first physical 
analysis, ALICE measured multiplicities and spectra of charged particles in pp and PbPb data, Bose-Einstein 
corelation  and the pbar/p fraction. 

III. Neutrino physics experiments. 
The neutrino team works in three experiments on the following subjects: neutrino oscilations in the T2K 

experiment, the Dark Matter search in Super-Kamionkande and ArDM, and analysis of the first data from the 
Icarus experiment. The work includes comissioning of detectors during the first data taking (T2K, Icarus), 
especially on the Side Muon Range Detector, part of the near detector ND280 in T2K. The PhD thesis: “A study 
of neutrino interactions constituting the background to electron neutrino appearance in the T2K experiment” was 
defended by a team member. 10 publications have been published. 

A future oriented project is an involvement in studies of the MAPS vertex detector, for the ILC collider. 
Memebers of the department are active in the “Pi of the sky” project. 
Several members actively participate in two large projects: AiD (Accelarators and Detectors) and CiŚ 

(Świerk Computing Center). 
10 PhD students work under the supervision of department members. 
 

 Prof. Helena Białkowska 
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REPORTS 

COMPASS-II Proposal 
F. Gautheron, ... , R. Gazda, K. Klimaszewski, K. Kurek, E. Rondio, A. Sandacz, P. Sznajder, W. Wiślicki, ... et al. 
CERN-SPSC-2010-014, SPSC-P-340, http://wwwcompass/compass/proposal/compass-II_proposal/compass-II_proposal.pdf 
 
Delta Delta Excitation in Proton-Proton Induced π0π0 Production 
T. Skorodko, ... , J. Stepaniak, J. Zabierowski, ... et al. 
e-Print arXiv:1007.0405[nucl-ex] 
 
Proposal for taking data with the KLOE-2 detector at DAPHNE collider with upgraded energy 
D. Babusci, ... , W. Wiślicki, ... et al. 
Frascati, LNF 
 
Status and further Analysis Plans of the NA49 Collaboration 
T. Anticic, ... , H. Białkowska, B. Boimska, ... et al. 
CERN-SPSC-2010-023 
 
Technical design report of the inner tracker for the KLOE-2 experiment 
F. Archili, W. Wiślicki 
Frascati, LNF 
 
The International Large Detector: Letter of Intent. 
M. Adamus, ... et al. 
FERMILAB-LOI-2010-03, FERMILAB-PUB-09-682-E, DESY-2009-87, KEK-REPORT-2009-6, Feb 2010. 189pp. 
 
The π0 background to DVCS 
E. Burtin, ... , A. Sandacz, ... et al. 
COMPASS Note 2010-14, http://wwwcompass.cern.ch/compass/notes/2010-14/2010-14.pdf 
 
 

PARTICIPATION IN CONFERENCES AND WORKSHOPS 

Invited Talks 
 
Dynamics of unstable QGP 
St. Mrówczyński 
INT Program (USA, Seattle, 2010-05-24 - 2010-07-16) 
 
Dynamics of Unstable Weakly Coupled Quark-Gluon Plasma 
St. Mrówczyński 
(USA, Asheville, 2010-10-24 - 2010-10-27) 
 
COMPASS projections for GPDs 
A. Sandacz 
International Workshop on Hadron Structure and Spectroscopy (Italy, San Servolo, 2010-03-17 - 2010-03-19) 
 
Review on exclusive meson production 
A. Sandacz 
GPD2010 workshop on hard photon and meson production (Italy, Trento, 2010-10-10 - 2010-10-15) 
 
KLOE-2 Experiment at DAPHNE upgraded in luminosity 
W. Wiślicki 
Heavy Quarks and Leptons (Italy, Frascati, 2010-10-11 - 2010-10-15) 
Proceedings of Science (in press) 
 
Minority Game: Mesoscopic Explanation of Macroscopic Observables in Herd Regime 
K. Wawrzyniak, W. Wiślicki 
The European Conference on Complex Systems - ECCS2010 (Portugal, Lisboa, 2010-09-13 - 2010-09-17) 
 
Phenomenlogy of minority games in efficient regime 
K. Wawrzyniak, W. Wiślicki 
5th EGEE User Forum 2010 (Sweden, Uppsala, 2010-04-05 - 2010-04-08) 
 
Search for Standard and Exotic Supersymmetry Signatures at CMS 
P. Zalewski 
Cracow Epiphany Conference on Physics in Underground Laboratories and its Connection with LHC (Poland, Cracow, 2010-01-05 - 
2010-01-08) 
Acta Phys. Pol. B Vol. 41 No 7 (2010) 1647 
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Exclusive ρ0 production off transversely polarized protons and deuterons 
P. Sznajder 
Symmetries and Spin, SPIN-Praha-2010 (Czech Republic, Prague, 2010-07-18 - 2010-07-24) 
Eur. Phys. J. Special Topics (2011)  
 
 
Posters 
 
Search for neutrinos from diffuse dark matter annihilation in Super-Kamiokande 
P. Mijakowski 
XXIV International Conference on Neutrino Physics and Astrophysics (NEUTRINO 2010) (Greece, Athens, 2010-06-14 - 2010-06-19) 
Nucl. Phys. B Proc. Sup. (2010)  
 
Dynamics of unstable QGP  
St. Mrówczyński 
Conference on Strong and Electroweak Matter (Canada, Montreal, 2010-06-29 - 2010-07-02) 
 
 

LECTURES, COURSES AND EXTERNAL SEMINARS 

Search for neutrinos from dark matter annihilation in Super-Kamiokandeb) 
P. Mijakowski 
Wrocław, Instytut Fizyki Teoretycznej, Uniwersytet Wrocławski, 2010-01-11 
 
Meson production and decays of eta meson : new results from WASA eksperymenta) 
J. Stepaniak 
Warsaw, University of Warsaw, 2010-01-22 
 
Search for neutrinos from diffuse dark matter annihilation in Super-Kamiokandea) 
P. Mijakowski 
Katowice, Instytut Fizyki, Uniwersytet Śląski, 2010-02-08 
 
The participation in the LHCb experimenta) 
A. Ukleja 
Warsaw, The Andrzej Sołtan Institute For Nuclear Studies, 2010-02-11 
 
T2K and NA61 for NA49b) 
P. Przewłocki 
Warsaw, Poland, Warsaw University of Technology, 2010-02-18 
 
Quark-Gluon Plasma at LHC - strongly or weakly coupledb) 
St. Mrówczyński 
Cracow, LHC workshop, Jagiellonian University, 2010-04-23 
 
Why do we need the T2K neutrino experiment?a) 
P. Przewłocki 
Warsaw, Warsaw University of Technology, 2010-04-28 
 
Studies of background to neutrino oscillation signal in T2K (Tokai2Kamioka) experimenta) 
P. Przewłocki 
Warsaw, Poland, Warsaw University, 2010-05-19 
 
Status of the RPC Muon System of the CMS experimentb) 
M. Kazana 
Wilga, Warsaw University of Technology, 2010-05-29 
 
The Ridge Effect at LHCb) 
H. Białkowska 
Warsaw, Warsaw - Cracow Workshop on LHC, 2010-10-29 
 
Long Range Correlations in pp Collisions Observed in the CMS experiment at LHCb) 
H. Białkowska 
Warsaw, 7th Polish Relativistic Ion Collisions Workshop, 2010-12-11 
 
Influence of SM2 calibration on observables in exclusive production of ρ0 mesonsb) 
P. Sznajder 
Geneva, CERN, 2010-01-13 
 
First results from CMSb) 
P. Zalewski 
Warsaw, Uniwersity of Warsaw, 2010-01-15 
 
Exclusive ρ0 and φ productionb) 
P. Sznajder 
Freiburg im Breisgau, University of Freiburg, 2010-02-18 
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Scaling in pion and kaon production from nuclear collisions at SPS: study within nucleon and quark participant frameworksb) 
B. Boimska 
Warsaw, Warsaw University of Technology, 2010-02-19 
 
Analyses of exclusive meson leptoproduction at COMPASSb) 
A. Sandacz 
Freiburg, Freiburg University, 2010-02-19 
 
Exclusive ρ0 production from transversely polarised proton and deuteronsb) 
A. Sandacz 
San Servolo, Venice International University, 2010-03-18 
 
WW scattering at the LHC.  Part 2 - simulationsb) 
M. Szleper 
Warsaw, University of Warsaw, 2010-03-26 
 
Effects of ECAL0 on acceptance of ρb) 
A. Sandacz 
Geneva, CERN, 2010-04-07 
 
Methodical studies of problems in 2004 and 2007 datab) 
P. Sznajder 
Geneva, CERN, 2010-04-08 
 
t-slope in exclusive ρ0 production with the future GPD setupb) 
A. Sandacz 
Freiburg, Freiburg University, 2010-05-03 
 
Roadmap towards the publication on exclusive ρ0 productionb) 
A. Sandacz 
Freiburg, Freiburg University, 2010-05-03 
 
Methodical studies of problems in 2004 and 2007 datab) 
P. Sznajder 
Freiburg im Breisgau, University of Freiburg, 2010-05-03 
 
LHCb Experiment - first resultsb) 
A. Ukleja 
Warsaw, University of Warsaw, 2010-05-21 
 
Influence of beam back propagation algorithm on 2007 datab) 
P. Sznajder 
Geneva, CERN, 2010-09-08 
 
Dilution factor for exclusive ρ0 production for COMPASS polarised targetsb) 
A. Sandacz 
Freiburg, Freiburg University, 2010-10-20 
 
Calculation of AUT asymmetry with non-exclusive background subtractionb) 
P. Sznajder 
Freiburg im Breisgau, University of Freiburg, 2010-10-20 
 
a) in Polish 
b) in English 
 
 

INTERNAL SEMINARS 

Search for neutrinos from diffuse dark matter annihilation in Super-Kamiokandeb) 
P. Mijakowski 
Warsaw, The Andrzej Sołtan Institute for Nuclear Studies, 2010-01-05 
 
News about experiments at LHCa) 
M. Kazana 
Warsaw, The Andrzej Sołtan Institute for Nuclear Studies, 2010-02-11 
 
Study of background to the oscillation signal in T2K experimenta) 
P. Przewłocki 
Warsaw, Poland, University of Warsaw / The Andrzej Sołtan Institute for Nuclear Studies, 2010-03-19 
 
Non-pointing photons in GMSBb) 
M. Kazana 
Geneve, CERN, 2010-03-23 
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Overview of dark matter searchesa) 
P. Mijakowski 
Warsaw, The Andrzej Sołtan Institute for Nuclear Studies / University of Warsaw, 2010-04-09 
 
RPC PAC Trigger Statusb) 
M. Kazana 
Geneve, CERN, 2010-06-15 
 
RPC PAC Trigger Statusb) 
M. Kazana 
Geneve, CERN, 2010-08-31 
 
Seach for HSCPs using timing measurmentsb) 
M. Kazana 
Geneve, CERN, 2010-10-19 
 
The NEUTRINO 2010 Conferencje - the most interesting results, part IIa) 
J. Łagoda 
Warsaw, University of Warsaw, Institute of Experimental Physics, 2010-11-05 
 
a) in Polish 
b) in English 
 
 

DIDACTIC ACTIVITY 

R. Gokieli - In the DELPHI experiment: consultancy and user support, done permanently and usually archived on WWW 
 
K. Nawrocki - Giving a seminar at ICM UW about using GRID computing using the gLite technology 
 
A. Sandacz - supervising PhD student Konrad Klimaszewski, the defence of the PhD thesis has been accomplished on Dec. 7, 2010 
 
A. Sandacz - supervising PhD student Paweł Sznajder 
 
T. Siemiarczuk – scientific supervision of the PhD thesis: 
"Direct photon production in pp interactions at LHC energies" 
 
T. Siemiarczuk - scientific supervision of the PhD thesis: 
"Production of pi-zero mesons in pp interactions at LHC energies" 
 
J. Stepaniak - Supervising of PhD student Marcin Berłowski 
 
J. Stepaniak - Supervisor of PhD student Tomasz Palczewski 
 
M. Szeptycka - Final version of PhD of Karol Jedrzejczak 
 
W. Wiślicki - Coaching MSc student Rafal Mozdzonek 
 
W. Wiślicki - Coaching PhD student Anna Kowalewska 
 
W. Wiślicki - Coaching PhD student Karol Wawrzyniak 
 
W. Wiślicki - Coaching PhD student Rafal Gazda 
 
W. Wiślicki - Numerical and computational methods in nuclear science and technologies 
 
 

PARTICIPATION IN SCIENTIFIC COUNCILS, ASSOCIATIONS AND ORGANIZING 
COMMITTEES 

H. Białkowska 
Member of the Scientific Council of the Institute of Experimental Physics, Warsaw University 
Member of the presidium of the Committe of Physics of the Polish Academy of Sciences 
Deputy President of the Scientific Council 
Member of the Experts Committee for Physics and Astronomy PAN 
 
St. Mrówczyński 
The Committee on Physics of Polish Academy of Science 
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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 
Member Scientific Council of the Institute of High Ptessure Polish Academy of Sciences 
Memeber Central Commission on Degrees and Titles 
President Scientific Council of the Institute for Nuclear Studies 
Commission for the prizes of the Prime Minister 
Scientific Council at Ministry of Science and High Education 
Vicepresident Council of Atomistics 
 
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 
 
 
 
 
 
 

PERSONNEL 

 Research scientists 
Marek Adamus, Dr. 
Helena Białkowska, Professor 
Michał Bluj, Dr. on leave 
Bożena Boimska, Dr. 
Andrzej Deloff, Assoc.Prof. 
Ryszard Gokieli, Dr. 
Maciej Górski, Dr. 
Julia Hoffman, Dr. on leave 
Małgorzata Kazana, Dr. 
Danuta Kiełczewska, Assoc.Prof. 
Konrad Klimaszewski, Dr. 
Katarzyna Kowalik, Dr. 
Andrzej Kupść, Dr. on leave 
Justyna Łagoda, Dr. 
Piotr Marciniewski, Dr. on leave 
Stanisław Mrówczyński, Professor 

Krzysztof Nawrocki, Dr. 
Adam Nawrot, Eng. 
Paweł Przewłocki, Dr. 
Ewa Rondio, Professor 
Andrzej Sandacz, Assoc.Prof. 
Teodor Siemiarczuk, Professor 
Ryszard Sosnowski, Professor 
Joanna Stepaniak, Professor 
Marek Szczekowski, Assoc.Prof. 
Maria Szeptycka, Professor 
Michał Szleper, Dr. 
Piotr Traczyk, Dr. on leave 
Artur Ukleja, Dr. 
Wojciech Wiślicki, Professor 
Piotr Zalewski, Dr. 
Joanna Zalipska, MSc. on leave 

 
 PhD students 

Marcin Berłowski, MSc. 
Katarzyna Deja, MSc. 
Tomasz Fruobes, MSc. 
Iryna Ilkiv, MSc. 
Karol Jędrzejczak, MSc. 
Podist Kurashvili, MSc. 
Piotr Mijakowski, MSc. 
Tomasz Palczewski, MSc. 
Katarzyna Romanowska-Rybińska, MSc. 
Paweł Sznajder, MSc. 

 
 Technical and administrative staff 

Piotr Gawor 
Tadeusz Marszał 
Wiesława Pojedyńska 
Teresa Świerczyńska 
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7. DEPARTMENT OF COSMIC RAY PHYSICS 
 

Head of Department: Dr. Jacek Szabelski 
phone: (042) 678-64-31 
e-mail: js@zpk.u.lodz.pl 

 
 

Overview 
 

The Department of Cosmic Ray Physics in Łódź is involved in basic research in the high energy Cosmic Ray 
field. Cosmic Rays are energetic particles from outside the Solar System. Most of the studies of Cosmic Rays 
address fundamental problems: 

‒ the nature of 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 
and Poznań workshops 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 way of studying experimentally very high 
energy Cosmic Rays: 
• The satellite experiment JEM-EUSO will observe EASs from the International Space Station. The main 
aim is to find Cosmic Ray Sources at 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 are participating in the preparation of the 
mission. 
• 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 the mass composition would contribute to 
the development of hadronic interaction models and the search for Cosmic Ray astrophysical sources. The 
interaction models in the simulation code CORSIKA play an essential role in the interpretation of data. These are 
studied experimentally using the KASCADE hadron calorimeter and by measuring EAS muon directions and 
their lateral distributions. The LOPES Collaboration in KIT – Karlsruhe develops radio techniques for EAS 
measurements in Karlsruhe. We have participated in both of these experiments since the beginning. 
• Locally in Łódź we concentrate on methodological studies of detection of neutrons and interpretation of 
multiple neutron registrations in an underground laboratory.  

Examining the EAS data it is possible to study some properties of very high energy interactions. Detectors at 
the recently started LHC will verify the models used in EAS simulations.  

In the area of high energy particle physics the Department participates in the ZEUS experiment at DESY 
(Hamburg, Germany), and in the WASA @ COSY Collaboration in Juelich, Germany. 

 
Jacek Szabelski 
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REPORTS 

Delta Delta Excitation in Proton-Proton Induced π0π0 Production 
T. Skorodko, ... , J. Stepaniak, J. Zabierowski, ... et al. 
e-Print arXiv:1007.0405[nucl-ex] 
 
Longitudinal EAS-Development Studies in the Air-Shower Experiment KASCADE-Grande 
P. Doll, ... , P. Łuczak, J. Zabierowski, ... et al. 
arXiv:1010.2702 [astro-ph.HE] 
 
On noise treatment in radio measurements of cosmic ray air showers 
F. Schroeder, ... , P. Łuczak, J. Zabierowski, ... et al. 
arXiv:1009.3444[astro-ph.IM] 
 
Sensitivity of KASCADE-Grande data to hadronic interaction models 
D. Kang, ... , P. Łuczak, J. Zabierowski, ... et al. 
arXiv:1009.4902 [astro-ph.HE] 
 
The KASCADE-Grande experiment: measurements of the all-particle energy spectrum of cosmic rays 
J.C. Arteaga-Velazquez, ... , P. Łuczak, J. Zabierowski, ... et al. 
arXiv:1009.4716 [astro-ph.HE] 
 
The LOPES experiment - recent results, status and perspectives 
T. Huege, ... , P. Łuczak, J. Zabierowski, ... et al. 
arXiv:1009.0345 [astro-ph.HE] 
 
 

PARTICIPATION IN CONFERENCES AND WORKSHOPS 

Invited Talks 
 
Latest Results and Perspectives of the KASCADE-Grande EAS Facility 
A. Haungs, P. Łuczak, J. Zabierowski 
ARENA 2010-Nantes, 4th International Workshop on Acoustic and Radio EeV Neutrino Detection Activities (France, Nantes, 2010-06-
29 - 2010-07-02) 
Nucl. Instr. Meth. A (in press) 
 
Composition of the Ankle 
T. Wibig, A.W. Wolfendale 
22nd European Cosmic Ray Symposium ECRC 2010 (Finland, Turku, 2010-08-03 - 2010-08-06) 
Astroph. Space Sci. (2010)  
 
The cosmic ray energy spectrum in the range 1016 -1018 eV measured by KASCADE-Grande 
M. Bertaina, P. Łuczak, J. Zabierowski 
22nd European Cosmic Ray Symposium ECRC 2010 (Finland, Turku, 2010-08-03 - 2010-08-06) 
ASTRA on-line journal (in press) 
 
The LOPES experiment 
K. Link, P. Łuczak, J. Zabierowski 
CRIS 2010: Cosmic Ray International Seminar (Italy, Catania, 2010-09-13 - 2010-09-17) 
Nucl. Phys. B Proc. Sup. (in press) 
 
The measurement of the cosmic ray  primary energy spectrum at 1016 -1018 eV with the KASCADE-Grande experiment 
E. Cantoni, P. Łuczak, J. Zabierowski 
CRIS 2010: Cosmic Ray International Seminar (Italy, Catania, 2010-09-13 - 2010-09-17) 
Nucl. Phys. B Proc. Sup. (in press) 
 
The LOPES experiment - recent results, status and perspectives 
T. Huege, P. Łuczak, J. Zabierowski 
ARENA 2010-Nantes, 4th International Workshop on Acoustic and Radio EeV Neutrino Detection Activities (France, Nantes, 2010-06-
29 - 2010-07-02) 
Nucl. Instr. Meth. A (in press) 
 
The KASCADE-Grande experiment: measuremens of theall-particle energy spectrum of cosmic rays 
J.C. Arteaga-Velasquez, W.D. Apel, P. Łuczak, J. Zabierowski 
ISVHECRI 2010, XVI Intern. Symposium on Very High Energy Cosmic Ray Interactions (USA, Batavia, 2010-06-28 - 2010-07-02) 
EConf (in press) 
 
 



DEPARTMENT OF COSMIC RAY PHYSICS 51

Oral Presentations 
 
Young Supernova Remnants and the Knee in the Cosmic Ray Spectrum 
A. Erlykin, T. Wibig, A.W. Wolfendale 
22nd European Cosmic Ray Symposium ECRC 2010 (Finland, Turku, 2010-08-03 - 2010-08-06) 
Astroph. Space Sci. (in press) 
 
The Non-extensivity Parameter of Thermodynamical Model of Hadronic Interactions at LHC Energies 
T. Wibig 
7th Polish Relativistic Heavy Ion Workshop (Poland, Warsaw, 2010-12-11 - 2010-12-12) 
 
Study of the longitudinal development of extensive air showers with the Muon Tracking Detector in KASCADE-Grande 
P. Łuczak, P. Doll, K. Daumiller, J. Zabierowski 
74. DPG Annual Meeting and DPG Spring Meeting - Bonn 10 (Germany, Bonn, 2010-03-15 - 2010-03-19) 
Verhandlungen der DPG Fruehjahrstagungen Vol. T 103 (2010) 2 
 
Sensitivity of KASCADE-Grande data to hadronic interaction models 
D. Kang, P. Łuczak, J. Zabierowski 
ISVHECRI 2010, XVI International Symposium on Very High Energy Cosmic Ray Interactions (USA, Batavia, 2010-06-28 - 2010-07-
02) 
EConf (in press) 
 
Muon Production Height and Longitudinal Shower Development in KASCADE-Grande 
P. Doll, K. Daumiller, P. Łuczak, J. Zabierowski 
74. DPG Annual Meeting and DPG Spring Meeting - Bonn 10 (Germany, Bonn, 2010-03-15 - 2010-03-19) 
Verhandlungen der DPG Fruehjahrstagungen Vol. T 103 (2010) 3 
 
Longitudinal EAS-Development Studies in the Air-Shower Experiment KASCADE-Grande 
P. Doll, P. Łuczak, J. Zabierowski 
ISVHECRI 2010, XVI Intern. Symposium on Very High Energy Cosmic Ray Interactions (USA, Batavia, 2010-06-28 - 2010-07-02) 
EConf (in press) 
 
Investigations of the radio signal of inclined showers with LOPES 
A. Saftoiu, P. Łuczak, J. Zabierowski 
ARENA 2010-Nantes, 4th International Workshop on Acoustic and Radio EeV Neutrino Detection Activities (France, Nantes, 2010-06-
29 - 2010-07-02) 
Nucl. Instr. Meth. A (in press) 
 
Restoring the azimuthal symmetry of charged particle lateral density in the range of KASCADE-Grande 
O. Sima, P. Łuczak, J. Zabierowski 
Carpatian Summer School of Physics -CSSP2010 (Romania, Sinaia, 2010-06-20 - 2010-07-03) 
AIP Conf. Proc. Vol. 1304 (2010) 225 
 
Primary energy resonstruction from the charged particle densities recorded with the KASCADE-Grande detector at 500 m 
distance from shower core 
G. Toma, P. Łuczak, J. Zabierowski 
Carpatian Summer School of Physics -CSSP2010 (Romania, Sinaia, 2010-06-20 - 2010-07-03) 
AIP Conf. Proc. Vol. 1304 (2010) 469 
 
The KASCADE-Grande experiment: cosmic ray energy spectrum and chemical composition at 1016 - 1018 eV 
E. Cantoni, P. Łuczak, J. Zabierowski 
54th Congress of the Italian Astronomical Society - SAIt (Italy, Neapol, 2010-05-04 - 2010-05-07) 
Journal of the Italian Astronomical Society Vol. 75 (2010) 282 
 
 
Posters 
 
Helium counters for low neutron flux measurements 
Z. Dębicki, K. Jędrzejczak, J. Karczmarczyk, M. Kasztelan, R. Lewandowski, J. Orzechowski, B. Szabelska, J. Szabelski, 
P. Tokarski, T. Wibig 
22nd European Cosmic Ray Symposium ECRC 2010 (Finland, Turku, 2010-08-03 - 2010-08-06) 
ASTRA on-line journal (2010)  
 
Study of the primary spectrum and composition around the knee at the Andyrchy-BUST experiment 
V. Petkov, J. Szabelski 
22nd European Cosmic Ray Symposium ECRC 2010 (Finland, Turku, 2010-08-03 - 2010-08-06) 
ASTRA on-line journal (2010)  
 
On noise treatment in radio measurements of cosmic ray air showers 
F.G. Schroeder, P. Łuczak, J. Zabierowski 
ARENA 2010-Nantes, 4th International Workshop on Acoustic and Radio EeV Neutrino Detection Activities (France, Nantes, 2010-06-
29 - 2010-07-02) 
Nucl. Instr. Meth. A (in press) 
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Primary energy reconstruction from the charged particle densities recorded with the KASCADE-Grande detector at 500 m 
distance from shower core 
G. Toma, P. Łuczak, J. Zabierowski 
22nd European Cosmic Ray Symposium ECRC 2010 (Finland, Turku, 2010-08-03 - 2010-08-06) 
ASTRA on-line journal (in press) 
 
Muon Tracking in Air Shower Experiment KASCADE-Grande 
P. Doll, K. Daumiller, P. Łuczak, J. Zabierowski 
Astroteilchenphysik in Deutschland, Status und Perspektiven 2010 (Germany, Zeuthen, 2010-02-25 - 2010-02-26) 
 
Measurements and interpretation of registration   of large number of neutrons generated in lead 
Z. Dębicki, K. Jędrzejczak, J. Karczmarczyk, M. Kasztelan, R. Lewandowski, J. Orzechowski, B. Szabelska, J. Szabelski, 
P. Tokarski, T. Wibig 
22nd European Cosmic Ray Symposium ECRC 2010 (Finland, Turku, 2010-08-03 - 2010-08-06) 
ASTRA on-line journal (2010) 
 
 

LECTURES, COURSES AND EXTERNAL SEMINARS 

JEM-EUSO - the scientific programme and the detection methodb) 
J. Szabelski 
Cracow, Astronomical Observatory of the Jagiellonian University, 2010-03-26 
 
The Highest Energy Cosmic Rays with JEM-EUSOb) 
J. Szabelski 
Warsaw, Nicolaus Copernicus Astronomical Center, 2010-04-14 
 
Some news from the investigations of charged cosmic rays above 1015 eVb) 
J. Zabierowski 
Warsaw, Warsaw University, Institute of Theoretical Physics, 2010-05-18 
 
Research at LHC (CERN) and cosmologya) 
J. Szabelski 
Częstochowa, Polish Association of Amateur Astronomers, 2010-05-26 
 
JEM-EUSO - studies of the highest energy cosmic raysa) 
J. Szabelski 
Kielce, Jan Kochanowski University, Department of Physics, 2010-05-26 
 
JEM-EUSO - studies of the highest energy cosmic raysa) 
J. Szabelski 
Warsaw, University of Warsaw, Department of Physics, and The Andzrej Sołtan Institute, 2010-05-28 
 
JEM-EUSO - studies of the highest energy cosmic raysa) 
J. Szabelski 
Wrocław, University of Wrocław, Institute of Astronomy, 2010-11-08 
 
The Highest Energy Cosmic Rays with JEM-EUSOb) 
J. Szabelski 
Jvaskyla, Finland, Jvaskyla University, 2010-07-28 
 
Neutron background measurements in the Gran Sasso National Laboratoryb) 
K. Jędrzejczak 
Pyhäjärvi, University of Jyväskylä, 2010-07-29 
 
Measurements and interpretation of registration of large number of neutrons generated in lead by the EAS coreb) 
M. Kasztelan 
Pyhäjärvi, University of Jyväskylä, 2010-07-29 
 
The Highest Energy Cosmic Rays with JEM-EUSOb) 
J. Szabelski 
Pyhasalmi, Finland, Centre for Underground Physics, 2010-07-29 
 
a) in Polish 
b) in English 
 
 

INTERNAL SEMINARS 

JEM-EUSO - studies of the highest energy cosmic raysa) 
J. Szabelski 
Świerk, The Andrzej Sołtan Institute for Nuclear Studies, 2010-09-23 
 
a) in Polish 
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DIDACTIC ACTIVITY 

T. Tymieniecka - Lectures on classical physics, on termodynamics, on statystical physics and on statistics; lab of classical physics, 
and lectures on radiation detectors 
 
T. Tymieniecka – Lectures on Scaled momentum distribution in deep inelstic scattering 
 
J. Zabierowski - Supervision of PhD thesis of Mr P. Łuczak, PhD student  
 
 

PARTICIPATION IN SCIENTIFIC COUNCILS, ASSOCIATIONS AND ORGANIZING 
COMMITTEES 

J. Karczmarczyk 
JEM-EUSO Collaboration member 
 
B. Szabelska 
JEM-EUSO Collaboration member 
 
J. Szabelski 
Polish representative in the European Particle Physics Outreach Group (EPPOG)  
Polish PI (Principal Investigator) 
 
T. Tymieniecka 
JEM-EUSO Collaboration member 
 
T. Wibig 
Polish Physical Society 
JEM-EUSO Collaboration member 
 
J. Zabierowski 
Member of the Polish Physical Society 
Member of the WAS@COSY Collaboration Board 
Chairman of the KASCADE-Grande Collaboration Board and Chairman of the KASCADE-Grande Steeering Committee 
 

 
 
 
 
PERSONNEL 

Research scientists 
Paweł Pluciński, Dr. on leave 
Barbara Szabelska, Dr. 
Jacek Szabelski, Dr. 
Teresa Tymieniecka. Assoc. Prof. 
Tadeusz Wibig, Assoc. Prof. 
Janusz Zabierowski, Professor 
 
PhD students 
Paweł Łuczak, MSc. 
 
Technical and administrative staff 
Zdzisław Dębicki 
Jadwiga Feder, Eng. 
Karol Jędrzejczak, MSc. 
Jacek Karczmarczyk 
Marcin Kasztelan 
Ryszard Lewandowski 
Jerzy Orzechowski, MSc. Eng. 
Przemysław Tokarski, MSc. Eng. 
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8. DEPARTMENT OF THEORETICAL PHYSICS 
 
 

Head of Department: Professor Grzegorz Wilk 
phone: (22) 621-60-85 
e-mail: wilk@fuw.edu.pl 

 
 
Overview 

 
 

The Theoretical Physics Department consists of 26 physicists and 4 PhD students working on different 
aspects of low energy, high energy, plasma and nonlinear physics as well as on general problems of quantization 
of particle dynamics, on astrophysics and cosmology. Close collaboration with experimental groups in CERN 
(COMPASS, CMS and ALICE) and in other laboratories (like, for example, GSI, Kamiokande or Frascatti) 
should also be mentioned. Results of our scientific activity in 2010 were presented in 49 publications (among 
them 27 were in journals bringing to SINS 42 points for each publication). It must be stressed that ca 27% of 
publications, which were counted in the process of the latest national evaluation of SINS (in which SINS 
received Ist), were from our Department. 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 2010 are the following: 
1) on oscillating solitons in a three-component Bose-Einstein condensate; 
2) on turning the big bang into the big bounce. 

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). 
 
 

Prof. Grzegorz Wilk 
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REPORTS 

COMPASS-II Proposal 
F. Gautheron, ... , R. Gazda, K. Klimaszewski, K. Kurek, E. Rondio, A. Sandacz, P. Sznajder, W. Wiślicki, ... et al. 
CERN-SPSC-2010-014, SPSC-P-340, http://wwwcompass/compass/proposal/compass-II_proposal/compass-II_proposal.pdf 
 
 

PARTICIPATION IN CONFERENCES AND WORKSHOPS 

Invited Talks 
 
Introduction to Tsallis Statistics 
G. Wilk, Z. Wlodarczyk 
Statistical Particle Production: Beyond the first moment (Germany, Bad Liebenzell, 2010-04-25 - 2010-04-28) 
 
First complete NLL BFKL calculation of Mueller Navelet jets at LHC 
D. Colferai, F. Schwennsen, L. Szymanowski, S. Wallon 
35th International Conference on High Energy Physics ICHEP2010 (France, Paris, 2010-07-22 - 2010-07-28) 
nie wiem No. (2010) 
 
A Complete NLL BFKL calculation of Mueller Navelet jets at LHC 
D. Colferai, F. Schwennsen, L. Szymanowski, S. Wallon 
18th International Workshop on Deep Inelastic Scattering and Related Subjects (Italy, Florence, 2010-04-19 - 2010-04-23) 
(2010) 
 
NLO QCD predictions for gluon polarization from open-charm D0 meson production at COMPASS 
K. Kurek 
18th International Workshop on Deep Inelastic Scattering and Related Subjects (Italy, Florence, 2010-04-19 - 2010-04-23) 
Proceedings of Science (2010) 160 
 
Photoproduction of a pi rho pair and transversity GPDs 
M. ElBeiyad, B. Pire, L. Szymanowski, S. Wallon 
4th Workshop on Exclusive Reactions at High Momentum Transfer (USA, Newport News, 2010-05-18 - 2010-05-21) 
(2010) 
 
Multiplicity Fluctuations and Temperature Fluctuations 
G. Wilk, Z. Wlodarczyk 
Statistical Particle Production: Beyond the first moment (Germany, Bad Liebenzell, 2010-04-25 - 2010-04-28) 
 
Quasilocal notions of horizons in the fluid/gravity duality 
M.P. Heller 
ESI Programme on AdS Holography and the Quark-Gluon Plasma (Austria, Viena, 2010-08-01 - 2010-08-16) 
 
COMPASS on spin 
K. Kurek 
Nucleon Spin PhysicsSummer Program at Brookhaven Laboratory, USA (USA, Brookhaven, 2010-07-14 - 2010-07-27) 
 
Hard exclusive electroproduction of rhoT at twist 3 
I.V. Anikin, D.Yu. Ivanov, B. Pire, L. Szymanowski, S. Wallon 
18th International Workshop on Deep Inelastic Scattering and Related Subjects (Italy, Florence, 2010-04-19 - 2010-04-23) 
(2010) 
 
Studies of  Lambda(1405) with K-mesic atoms 
S. Wycech 
Meson 2010 (Poland, Cracow, 2010-06-09 - 2010-06-14) 
Int. J. Mod. Phys. A (in press) 
 
Holographic approach to far-from-equilibrium dynamics of non-Abelian media 
M.P. Heller 
Dutch String Meeting: A String Theoretic Approach to Cosmology and Quantum Matter (Netherlands, Groningen, 2010-11-06 - 2010-
11-07) 
 
Drell-Yan with COMPASS 
K. Kurek 
Nucleon Spin PhysicsSummer Program at Brookhaven Laboratory, USA (USA, Brookhaven, 2010-07-14 - 2010-07-27) 
 
Chiral-odd transversity GPDs from a leading twist hard amplitude 
M. ElBeiyad, B. Pire, M. Segond, L. Szymanowski, S. Wallon 
18th International Workshop on Deep Inelastic Scattering and Related Subjects (Italy, Florence, 2010-04-19 - 2010-04-23) 
(2010) 
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K-mesic nuclei versus eta-mesic nuclei 
S. Wycech 
International Symposium on Mesic Nuclei (Poland, Cracow, 2010-06-16 - 2010-06-16) 
Acta Phys. Pol. B Vol. 41 No 10 (2010) 2201-2211 
 
NLO QCD result for the gluon polarizationfrom open-charm D0 meson productionat COMPASS 
K. Kurek 
Spin 2010 (Germany, Juelich, 2010-09-27 - 2010-10-02) 
 
New ways to access the transverse spin content of the nucleon 
M. ElBeiyad, B. Pire, L. Szymanowski, S. Wallon 
Spin 2010, 19th International Spin Physics Symposium (Germany, Julich, 2010-09-27 - 2010-10-02) 
Proceedings of Science (in press) 
 
Nuclear states of K mesons via (K,gamma) and (K,pi)reactions 
S. Wycech 
Symposium on Strangeness in Nuclei, European Center for Theoretical Studies (Italy, Trento, 2010-10-04 - 2010-10-08) 
 
Turning Big Bang into Big Bounce 
W. Piechocki 
Quantum Gravity in Cracow, Institute of Physics, Jagiellonian University (Poland, Cracow, 2010-04-24 - 2010-04-25) 
 
The nucleon's transversity and the photon's distribution amplitude probed in lepto pair photoproduction 
B. Pire, L. Szymanowski 
35th International Conference on High Energy Physics ICHEP2010 (France, Paris, 2010-07-22 - 2010-07-28) 
Proceedings of Science (in press) 
 
Bianchi I model in terms of loop geometry: Quantum dynamics 
P. Małkiewicz 
Quantum Gravity in Cracow, Institute of Physics, Jagiellonian University (Poland, Cracow, 2010-04-24 - 2010-04-25) 
 
Cosmological Big Bounce Transition 
W. Piechocki 
Eleventh International Symposium, Frontiers of Fundamental Physics (France, Paris, 2010-07-06 - 2010-07-09) 
AIP Conf. Proc. (2011)  
 
Exclusiveelectro accuracyproduction of rhoT meson with twist three 
I.V. Anikin, D.Yu. Ivanov, B. Pire, L. Szymanowski, S. Wallon 
35th International Conference on High Energy Physics ICHEP2010 (France, Paris, 2010-07-22 - 2010-07-28) 
Proceedings of Science (in press) 
 
Matrix models, Seiberg-Witten theory and topological strings 
P. Sułkowski 
Conference on Tropical Geometry and Mirror Symmetry (USA, San Diego, 2010-02-13 - 2010-02-17) 
 
Nonextensive critical effects in relativistic nuclear mean field models 
J. Rożynek, G. Wilk 
International Workshop on Hot and Cold Baryonic Matter - HCBM 2010 (Hungary, Budapest, 2010-08-15 - 2010-08-20) 
European Physical Journal Web of Conference (in press) 
 
Hard exclusive processes in the backward region 
J.P. Lansberg, B. Pire, L. Szymanowski 
35th International Conference on High Energy Physics ICHEP2010 (France, Paris, 2010-07-22 - 2010-07-28) 
Proceedings of Science (in press) 
 
AGT conjecture and matrix models 
P. Sułkowski 
Quantum Gravity in Cracow III (Poland, Cracow, 2010-04-24 - 2010-04-25) 
 
The Bjorken scaling and nucleon mass modifications in dense Nuclear Matter 
J. Rożynek 
International Workshop on Hot and Cold Baryonic Matter - HCBM 2010 (Hungary, Budapest, 2010-08-15 - 2010-08-20) 
European Physical Journal Web of Conference (2010)  
 
On chiral-odd generalized parton distributions 
M. ElBeiyad, B. Pire, M. Segond, L. Szymanowski, S. Wallon 
35th International Conference on High Energy Physics ICHEP2010 (France, Paris, 2010-07-22 - 2010-07-28) 
Proceedings of Science (in press) 
 
Wall-crossing, free fermions and matrix models 
P. Sułkowski 
Topological Strings, Modularity and non-perturbative Physics (Austria, Viena, 2010-07-19 - 2010-07-28) 
 
Single Transverse-Spi Asymmetry in Hard-Exclusive Meson Electroproduction in the Backward Region 
J.P. Lansberg, B. Pire, L. Szymanowski 
4th Workshop on Exclusive Reactions at High Momentum Transfer (USA, Newport News, 2010-05-18 - 2010-05-21) 
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Spin observables in transition-distribution-amplitude studies 
J.P. Lansberg, B. Pire, L. Szymanowski 
Spin 2010, 19th International Spin Physics Symposium (Germany, Julich, 2010-09-27 - 2010-10-02) 
Proceedings of Science (in press) 
 
Wall-crossing, free fermions and matrix models 
P. Sułkowski 
Summer Institute - String Theory (Japan, Fuji-yoshida, 2010-08-04 - 2010-08-09) 
 
Exclusive electroproduction of rhoT meson with twist three accuracy 
I.V. Anikin, D.Yu. Ivanov, B. Pire, L. Szymanowski, S. Wallon 
35th International Conference on High Energy Physics ICHEP2010 (France, Paris, 2010-07-22 - 2010-07-28) 
(2010) 
 
Baryon to meson transition distribution amplitudes and their spectral representations 
B. Pire, K. Semenov-Tian-Shansky, L. Szymanowski 
Workshop on diffraction in high-energy physics, DIFRACTION 2010 (Italy, Otranto, 2010-09-10 - 2010-09-15) 
Proceedings of Science (in press) 
 
Solitons in multicomponent BECs 
M. Trippenbach, E. Infeld, P. Szankowski 
Bose Einstein Condensate (Spain, Orince, 2010-04-10 - 2010-04-15) 
 
The nucleon's transversity and the photon's distribution amplitude probed in lepton pair photoproduction 
B. Pire, L. Szymanowski 
35th International Conference on High Energy Physics ICHEP2010 (France, Paris, 2010-07-22 - 2010-07-28) 
(2010) 
 
 
Oral Presentations 
 
Free Textbooks as a part of the Open Education Resources movement 
J. Wagner 
Computer Based Learning in Science (Poland, Warsaw, 2010-07-04 - 2010-07-07) 
 
Superdeformed Oblate Superheavy Nuclei? 
P. Jachimowicz, M. Kowal, J. Skalski 
17th Nuclear Physics Workshop (Poland, Kazimierz Dolny, 2010-09-22 - 2010-09-26) 
 
Power-law ensembles: fluctuations of volume or temperature? 
G. Wilk, Z. Wlodarczyk 
XL International Symposium on Multiparticle Dynamics (Belgium, Antwerp, 2010-09-21 - 2010-09-25) 
 
Gauge/gravity duality and dynamical properties of strongly coupled plasmas 
M.P. Heller 
Krakowsko-Warszawskie Warsztaty LHC (Poland, Cracow, 2010-04-23 - 2010-04-23) 
 
Phase portrait of a matter bounce in Horava-Lifshitz cosmology 
E. Czuchry 
Quantum Gravity in Cracow III (Poland, Cracow, 2010-04-24 - 2010-04-25) 
 
 
Posters 
 
Free Textbooks in practice 
J. Wagner 
Computer Based Learning in Science (Poland, Warsaw, 2010-07-04 - 2010-07-07) 
 
Low energy shape oscillations of negative parity in the main andshape-isomeric minima in actinides 
M. Kowal, J. Skalski 
Zakopane Conefernce on Nuclear Physics (Poland, Zakopane, 2010-08-30 - 2010-09-05) 
 
Not so hard probes --dynamical or statistical? 
G. Wilk, Z. Wlodarczyk 
The Fourth International Conference on Hard and Electromagnetic Probes of High Energy Nuclear Collisions (Hard Probes 2010) 
(Israel, Eilat, 2010-10-10 - 2010-10-15) 
 
 

LECTURES, COURSES AND EXTERNAL SEMINARS 

What is String Theory?a) 
M. Spaliński 
Białystok, Uniwersytet w Białymstoku, 2010-01-26 
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What is missing in the Standard Model? Part 2a) 
K. Kurek 
Warsaw, Warsaw University and Stefan Banach International Mathematical Center, 2010-02-06 
 
On alternative description method in projective differential geometry with an example of CP^{N-1} sigma modelsa) 
P. Goldstein 
Warsaw, Department of Mathematical Methods in Physics, Warsaw University, 2010-02-19 
 
Transport properties of holographic conformal field theories: beyond eta/s = 1/(4pi)b) 
M.P. Heller 
Cracow, Jagiellonian University, 2010-03-08 
 
Reduced phase space quantization applied to cosmologyb) 
P. Małkiewicz 
Warsaw, University of Warsaw, Faculty of Physics , 2010-03-12 
 
What was before the Big Bang?a) 
W. Piechocki 
Łódź, Faculty of Physics, University of Łódź , 2010-04-14 
 
Stosowana teoria strun - AdS/CFT i dynamika nieperturbacyjnych teorii cechowaniab) 
M.P. Heller 
Wrocław, University of Wrocław, 2010-04-30 
 
Applied String Theory - AdS/CFT correspondence and real-time dynamics at strong couplinga) 
M.P. Heller 
Warsaw, WF UW, 2010-05-11 
 
What is missing in the Standard Model? Part 1a) 
K. Kurek 
Warsaw, Warsaw University and Stefan Banach International Mathematical Center, 2010-05-26 
 
The Holographic Principlea) 
M. Spaliński 
Białystok, Uniwersytet w Białymstoku, 2010-10-19 
 
Turning Big Bang into Big Bounceb) 
W. Piechocki 
Warsaw, Institute of Mathematics of the Polish Academy of Sciences, 2010-10-22 
 
Understanding the proton's spin structureb) 
K. Kurek 
Warsaw, University of Warsaw, 2010-12-06 
 
Matrix models for beta-ensembles from Nekrasov partition functionsb) 
P. Sułkowski 
Pasadena, CA, Caltech, 2010-01-13 
 
Black brane entropy and hydrodynamics: the boost-invariant caseb) 
M.P. Heller 
Oxford, University of Oxford, 2010-01-21 
 
AdS/CFT, real-time dynamics at strong coupling and black holesb) 
M.P. Heller 
London, Imperial College, 2010-01-25 
 
AdS/CFT, real-time dynamics at strong coupling and black holesb) 
M.P. Heller 
Amsterdam, String Theory Group, 2010-02-26 
 
AGT conjecture, matrix models and topological stringsb) 
P. Sułkowski 
Edmonton, Canada, University of Alberta, 2010-04-08 
 
AGT conjecture, topological strings and matrix modelsb) 
P. Sułkowski 
Potsdam, Max-Planck Institute for Gravitation Physics (Albert Einstein Institute), 2010-04-28 
 
Matrix models, AGT conjecture and wall-crossingb) 
P. Sułkowski 
Berkeley, University of California, Berkeley, 2010-05-11 
 
Wall-crossing, free fermions and matrix modelsb) 
P. Sułkowski 
Pasadena, CA, Caltech, 2010-05-19 
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Big Bounce Cosmologyb) 
W. Piechocki 
Paris, Astroparticle and Cosmology Laboratory, 2010-07-13 
 
Understanding the proton's spin structureb) 
K. Kurek 
Berkeley, Lawrence Berkeley National Laboratory, 2010-08-03 
 
Black Brane Entropy and Hydrodynamicsb) 
M. Spaliński 
Amsterdam, University of Amsterdam, 2010-11-30 
 
a) in Polish 
b) in English 
 
 

INTERNAL SEMINARS 

Cosmology Seminara) 
E. Infeld 
Warsaw, The Andrzej Sołtan Institute for Nuclear Studies, 2010-01-01 
 
Plasma acceleratorsa) 
P. Goldstein 
Warsaw, Theoretical Physics Department and The Andrzej Sołtan Institute for Nuclear Studies, 2010-03-09 
 
Huge quantum fluctuations in a two component Bose gasa) 
P. Ziń 
Warsaw, Centre for Theoretical Physics of the Polish Academy of Sciences, 2010-03-10 
 
On Verlinde's paper on gravitya) 
M.P. Heller 
Warsaw, The Andrzej Sołtan Institute for Nuclear Studies, 2010-05-11 
 
Is the quantum Friedmann-Robertson-Walker Universe singular?a) 
P. Małkiewicz 
Warsaw, The Andrzej Sołtan Institute for Nuclear Studies, Theoretical Physics Department, 2010-06-01 
 
Free physics textbooksa) 
J. Wagner 
Warsaw, Division of Physics Education Institute of Experimental Physics Faculty of Physics, Warsaw University, 2010-11-10 
 
a) in Polish 
 
 

DIDACTIC ACTIVITY 

J. Dąbrowski - Co-organizer of the IPJ/UW seminar on Theory of Atomic Nuclei 
 
P. Goldstein - Lecture: "Review of Plasma Physics" 
 
K. Kurek – Lecture: Elements of Quantum Mechanics and Quantum Field Theory 
 
K. Kurek - Introductory lecture - Introduction to Particle Physics 
In the frame of special program for Polish teachers, organized togethere with CERN Laboratory at CERN 
 
K. Kurek - What is missing in the Stadard Model? 
Concepts and Ideas. 
lecture deidcated to Standard Model and its possible extension  
Lecture given in the frame od special program for Polish teachers organized in cooperation of CERN Laboratory at CERN 
 
M. Pawłowski - 2 lectures, CERN, Teachers program, September 2010 
 
W. Piechocki - Leader of the Cosmology Seminar (in collaboration with E. Infeld, A. Pollo, L. Szymanowski) 
 
W. Piechocki - PhD supervisor of Piotr Dzierżak 
 
M. Spaliński - Supervison of a Ph.D. Student - Grzegorz Plewa 
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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, Member of the Editorial Board of DELTA 
 
M.P. Heller 
Member of Organizing Committee on Quantum Gravity in Cracow, Institute of Physics, Jagiellonian University in Cracow, 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 
Wydawnictwa IPJ, Editor of the Andrzej Sołtan Institute for Nuclear Studies Publications 
 
M. Pawłowski 
member of the Scientific Council 
member of the Commission for Education and Scientific Communication of the Atomic Energy Council 
 
W. Piechocki 
Session chairman on Open problems in Loop Quantum Gravity in Zakopane, Poland 
 
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)  
 
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 
Philosophic Nature, Philosophic Nature; Excogitation and Innovation Laboratory (EIL) 
 
G. Wilk 
Member of Scientific Counsel of Andrzej Sołtan Institute for Nuclear Studies  
Member of the Scientific Council of the Institute of Theoretical Physics 
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PERSONNEL 

Research scientists 
Ewa Czuchry, Dr. 
Janusz Dąbrowski, Professor 
Piotr Goldstein, Dr. 
Eryk Infeld, Professor 
Michał Kowal, Dr. 
Krzysztof Kurek, Dr. 
Przemysław Małkiewicz, Dr. 
Oleksandr Parkhomenko, MSc. 
Zygmunt Patyk, Assoc. Prof. 
Marek Pawłowski, Dr. 
Włodzimierz Piechocki, Assoc.Prof. 
Leszek Roszkowski, Assoc. Prof.  
Jacek Rożynek, Dr. 

Andrzej Senatorski, Dr. 
Janusz Skalski, Assoc.Prof. Scientific Secretary 
Andrzej Skorupski, Dr. 
Robert Smolańczuk, Assoc. Prof. 
Adam Sobiczewski, Professor 
Michał Spaliński, Assoc.Prof. 
Piotr Sułkowski, Dr. on leave 
Lech Szymanowski, Assoc.Prof. 
Jakub Wagner, Dr. 
Grzegorz Wilk, Professor 
Sławomir Wycech, Professor 
Paweł Ziń, Dr. 

 
 
 
PhD students 
Piotr Dzierżak, MSc. 
Viet Hung, MSc. 
Grzegorz Plewa, MSc. 
Katarzyna Siegień-Iwaniuk, MSc. 
Adam Szabelski, MSc. 

Technical and administrative staff 
Michał Heller, MSc. 
Anna Sidor 
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9. DEPARTMENT OF ACCELERATOR PHYSICS AND 

TECHNOLOGY 
 

Head of Department: Dr. Sławomir Wronka  
phone: (22) 718-05-39 
e-mail: wronka@ipj.gov.pl 

 
Overview 
 

The activity of the P-10 department is focused on the development of new acceleration techniques and 
technology, as well as on applications of particle accelerators. Our team is able to perform all kind of 
calculations of research, medical and industrial accelerator components, including accelerating cavities, magnets, 
transfer lines, sources and targets, collimators and applicators.  

The main topic of the 2010 was the realization of the ‘Accelerators and Detectors’ project. All results of this 
work are included in detailed descriptions of the particular machines.  

The other tasks are summarized below:  
1) WP-06 Task in the European XFEL Project  
As part of the EXFEL preparatory phase, IPJ is developing HOM and Pickup output lines from 

superconducting cavities antennas, and Beam Line Absorbers of travelling HOM. This abridged WP-06 task is 
wholly realized by IPJ and belongs to WPG-1 (Work Package Group 1- Cold linac). 

The HOM couplers are used to extract and to dissipate Radio Frequency (“RF”) energy present in the cavity 
due to the excitation of the HOMs (Fig. 1) by the electron beam bunches. 

 
Fig. 1 Wakefield excited in 9 cell accelerating cavity by electron bunch.  
 

The low frequency part of the HOM spectrum (below the cut-off frequency of the beam tube) will be 
extracted by HOM couplers (Fig. 2) and transmitted via coax lines to external loads. Each 9-cell cavity is 
equipped with two HOM couplers placed close to the end cells and working in a 2K environment. 

 
Fig. 2 Niobium HOM coupler antenna. 
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Fig. 3 Ceramic AlN ring Hom absorber. 
 

The propagating HOM power will be ca. 5.4 W/cryomodule for operation with 40000 bunches/s of a nominal 
charge of 1 nCoulomb. Power dissipated in BLA will be transferred to the 70 K environment by a copper stub 
brazed directly to the absorbing ceramic ring. The stub holds the ring in a stainless steel vacuum chamber 
thermally isolated from the 2K region by a flexible bellows. 

In 2010 the wakefields excited by beam bunches down to 40 microns were calculated, and the related wake 
potential and frequency spectrum of HOMs evaluated. 

The absorbing material (CA137 of Ceradyne Enterprice) complex permittivity was measured as a function of 
RF frequency up to 8 GHz before and after vacuum heating to 1100ºC. 

The design of the absorber vacuum chamber and absorbing ring and copper holder removing the heat  was 
finalized. The technological aspects (stainless steel to be used safely at a temperature of 2K) are still under 
discussion. 

The final realization of WP-06 (Work Package 06 as In Kind Contribution) consists of production and 
delivery to the XFEL site of the total number of 1648 HOM transmission lines and 108 BLAs. Installation and 
technical commissioning should be completed by the end of 2013. 

2) TiN coating vacuum stand for RF components.  
Studies of TiN anti-multipactor film deposition on ceramic and metallic surfaces were continued in 2010, 

particularly the impact of ionization phenomena on the transport of Ti vapors. Further measurements of 
discharge plasma parameters were performed using cylindrical Langmuir probes. The development of the 
discharge was modeled theoretically. Precise formulas were derived for exposure calculation of the deposited 
TiN surface films.    

3) Participation in the ESS (European Spallation Source) project. 
In 2010 IPJ continued to participate in the ESS project. Thanks to this cooperation three science theses have 

been written and defended in the Faculty of Electronics and Information Technology of Warsaw University of 
Technology. These theses were as follows:  

The Bead-pull RF measurement system for the Linac 4 prototype 
This thesis contains a specification of a bead-pull measurement system for drift tube linear accelerator 

structures such as Linac 4. It consists of the physical basis for the measurement method and the general concept 
of such systems, as well as a specification of its complete (both hardware and software) implementation for the 
Linac 4 prototype. It also contains the results of the measurements gained using this system. These results 
confirmed the validity of the system and allowed conclusions regarding the examined structure to be obtained. 
The extreme susceptibility of the structure to the operating conditions was revealed and the influence of the 
couplers on the electromagnetic field inside the structure was examined and described. 

Parameter analysis and beam dynamics of Linac4 
The following studies concerned the beam dynamics of Linac4 being built at the European Organization for 

Nuclear Research, CERN. Two ways of calculating the acceptance were worked out and tested on different 
configurations of the accelerating structure. Error studies basing on quadrupole misalignments were performed 
based on calculating the acceptance using the methods compared in the first step of research. 
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Studies of Linac4 were useful for beam dynamics studies of the ESSLinac – acceptance calculations of Spoke 
Cavities, Lowβ and Highβ sections. 

Testing the possibility of achieving an asymmetric power splitter based on a magic Tee 
The aim of these studies was to obtain an asymmetric power splitter from a symmetric magic Tee power 

splitter design. In order to complete the work, simulations using CST Microwave Studio software were made. 
The result of the work was a set of propositions concerning changes of the height and position of elements inside 
the structure, which would provide assumed an asymmetrical 55:45 power division. 
 
 Sławomir Wronka 
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PARTICIPATION IN CONFERENCES AND WORKSHOPS 

Invited Talks 
 
Detektor obrazujący oparty o folie typu GEM dedykowany do radiograficznych badań nieniszczących 
W. Dziewiecki, S. Wronka 
Krajowa Konferencja Badań Radiograficznych (Poland, Popów, 2010-08-23 - 2010-08-25) 
 
Cyfrowy detektor obrazujący oparty o folie GEM dedykowany do radiografii przemysłowej 
P. Bielówka, W. Dziewiecki, S. Wronka 
39 Krajowa Konferencja Badań Nieniszczących (Poland, Szczyrk, 2010-10-25 - 2010-10-28) 
 
 
Oral Presentation 
 
Accelerators and Detectors for Homeland Security 
G. Wrochna, A. Syntfeld-Każuch, M. Moszyński, S. Wronka 
E-MRS 2010 Fall Meeting (Poland, Warsaw, 2010-09-13 - 2010-09-17) 
Internal Security Journal (2010)  
 
 
Posters 
 
Shielding assessment of a new mobile electron accelerator for Intra Operative Radiation Therapy (IORT) 
A. Wysocka-Rabin, P. Adrich, A. Wasilewski 
ESTRO 29 (Spain, Barcelona, 2010-09-11 - 2010-09-16) 
 
Modeling of the treatment head of a new mobile electron accelerator for IORT 
P. Adrich, A. Wysocka-Rabin, A. Wasilewski 
ESTRO 29 (Spain, Barcelona, 2010-09-11 - 2010-09-16) 
 
Monte Carlo Study of a new Mobile Electron Accelerator Head for Intra Operative Radiation Therapy (IORT) 
A. Wysocka-Rabin, P. Adrich, A. Wasilewski 
SNA+MC (Japan, Tokyo, 2010-10-17 - 2010-10-21) 
 
Monte Carlo study of a new mobile electron accelerator treatment head for IORT 
P. Adrich, A. Wysocka-Rabin, A. Wasilewski, A. Nieciecka 
Physics for health in Europe (Switzerland, Genewa, 2010-02-02 - 2010-02-04) 
 
Wytwarzanie cienkich warstw antyemisyjnych TiN na powierzchniach elementów mocy mikrofalowej i ich charakterystyka 
J. Lorkiewicz, J. Kula, M. Klimasz, S. Pszona, J. Sobczak 
Nowe Technologie w Inzynierii Powierzchni (Poland, Spała, 2010-09-27 - 2010-09-30) 
Inżynieria Materiałowa Vol. XXXI (2010) 1068 
 
 

LECTURES, COURSES AND EXTERNAL SEMINARS 

Structure of atom and nucleusa) 
A. Wysocka-Rabin 
Bydgoszcz, Oncology and Brachytherapy Clinic of Collegium Medicum in Bydgoszcz, 2010-11-16 
 
Development of hadrontherapy in the worlda) 
A. Wysocka-Rabin 
Bydgoszcz, Oncology and Brachytherapy Clinic of Collegium Medicum in Bydgoszcz, 2010-11-16 
 
The applications of High Energy Physicsa) 
S. Wronka 
Warsaw, Warsaw University of Technology, 2010-12-09 
 
A New Mobile Electron Accelerator  Head for Intra Operative Radiation Therapy (IORT)b) 
A. Wysocka-Rabin 
Tokyo, Tokyo Metropolitan University, Graduate School of Human Health Sciences , 2010-10-20 
 
Treatment Head Design for a Prototype of the Mobile Acceleratorb) 
A. Wysocka-Rabin 
Warsaw, The Andrzej Sołtan Institute for Nuclear Sciences, 2010-11-19 
 
a) in Polish 
b) in English 
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INTERNAL SEMINARS 

Leaks of radiation - in a bunker with walls 10 cm thicka) 
A. Wasilewski 
Świerk, The Andrzej Sołtan Institute for Nuclear Studies, 2010-01-13 
 
IORT- Expert pannel (3-4 December 2009), pannel preparing and conclusionsa) 
A. Wysocka-Rabin 
Świerk, The Andrzej Sołtan Institute for Nuclear Studies, 2010-01-13 
 
Monte Carlo simulations of intraoperative accelerator' heada) 
P. Adrich 
Świerk, The Andrzej Sołtan Institute for Nuclear Studies, 2010-01-28 
 
Plastic Head - a large-diameter applicatorsa) 
A. Wasilewski 
Świerk, The Andrzej Sołtan Institute for Nuclear Studies, 2010-02-10 
 
Estimation of radiation leakage through the accelerating structure and head in IORTa) 
A. Wasilewski 
Świerk, The Andrzej Sołtan Institute for Nuclear Studies, 2010-02-20 
 
Participation in the measurements of electron beam parameters of Mobetron accelerator in WCO in Poznańa) 
A. Wysocka-Rabin 
Świerk, The Andrzej Sołtan Institute for Nuclear Studies, 2010-02-23 
 
Treatment head of the IORT accelerator-work progressa) 
A. Wysocka-Rabin 
Świerk, The Andrzej Sołtan Institute for Nuclear Studies, 2010-03-01 
 
Modeling of the foil system of the highly specialized accelerator - principlesa) 
P. Adrich 
Świerk, The Andrzej Sołtan Institute for Nuclear Studies, 2010-03-02 
 
X-ray TIRa) 
A. Wasilewski 
Świerk, The Andrzej Sołtan Institute for Nuclear Studies, 2010-03-10 
 
Modeling of the scattering-flattening foil system - fundamentals of computational modela) 
P. Adrich 
Świerk, The Andrzej Sołtan Institute for Nuclear Studies, 2010-03-11 
 
Influence of the beam dot size on quantity and spectrum of radiation scattered from colimator system of highly specialized 
acceleratora) 
P. Adrich 
Świerk, The Andrzej Sołtan Institute for Nuclear Studies, 2010-03-23 
 
Estimation of the contribution of neutron radiation doses generated during IORT - plastic head and applicatorsa) 
A. Wasilewski 
Świerk, The Andrzej Sołtan Institute for Nuclear Studies, 2010-03-24 
 
X-ray photons - convertion of photons into electrons for GEMa) 
A. Wasilewski 
Świerk, The Andrzej Sołtan Institute for Nuclear Studies, 2010-04-07 
 
IORT accelerator - status of worksa) 
A. Wysocka-Rabin 
Świerk, The Andrzej Sołtan Institute for Nuclear Studies, 2010-04-12 
 
Preparing work for the MC simulations of a high specilistic akcelerator treatment heada) 
A. Wysocka-Rabin 
Świerk, The Andrzej Sołtan Institute for Nuclear Studies, 2010-04-12 
 
Generation of particles on the target natPb, 235U, 238U - electron beam 600MeV FWHM 50MeVa) 
A. Wasilewski 
Świerk, The Andrzej Sołtan Institute for Nuclear Studies, 2010-04-28 
 
First models of applicators for the intraoperative acceleratora) 
P. Adrich 
Świerk, The Andrzej Sołtan Institute for Nuclear Studies, 2010-05-11 
 
Modeling of the system of scattering and flattening foilsa) 
P. Adrich 
Świerk, The Andrzej Sołtan Institute for Nuclear Studies, 2010-05-17 
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State of work- IORT acceleratora) 
A. Wysocka-Rabin 
Świerk, The Andrzej Sołtan Institute for Nuclear Studies, 2010-05-17 
 
Identification of the material on the basis of X-ray beams at two different photon energiesa) 
A. Wasilewski 
Świerk, The Andrzej Sołtan Institute for Nuclear Studies, 2010-06-16 
 
6 MeV electron accelerator; measurements of dose ratea) 
A. Wysocka-Rabin 
Świerk, The Andrzej Sołtan Institute for Nuclear Studies, 2010-07-14 
 
Transmission of the collimatora) 
A. Wasilewski 
Świerk, The Andrzej Sołtan Institute for Nuclear Studies, 2010-09-01 
 
TIR overexposure - the results of X-raysa) 
A. Wasilewski 
Świerk, The Andrzej Sołtan Institute for Nuclear Studies, 2010-09-01 
 
Estimation of the contribution of neutron radiation doses generated during IORT - metal head and applicatorsa) 
A. Wasilewski 
Świerk, The Andrzej Sołtan Institute for Nuclear Studies, 2010-09-15 
 
Applicators of large diameter - shieldinga) 
A. Wasilewski 
Świerk, The Andrzej Sołtan Institute for Nuclear Studies, 2010-09-15 
 
Identification of materials - on the basis of X-ray beams at two different photon energiesa) 
A. Wasilewski 
Świerk, The Andrzej Sołtan Institute for Nuclear Studies, 2010-09-29 
 
IORT accelerator-works performed in the 3 quater of the year 2010a) 
A. Wysocka-Rabin 
Świerk, The Andrzej Sołtan Institute for Nuclear Studies, 2010-09-29 
 
Intraoperative accelerator - new developmentsa) 
P. Adrich 
Świerk, The Andrzej Sołtan Institute for Nuclear Studies, 2010-10-06 
 
After ESTRO29 - what news in hadrontherapya) 
A. Wysocka-Rabin 
Świerk, The Andrzej Sołtan Institute for Nuclear Studies, 2010-10-06 
 
Applicators of large diameter steela) 
A. Wasilewski 
Świerk, The Andrzej Sołtan Institute for Nuclear Studies, 2010-10-13 
 
The search for energy applicator 6x6cm 6MeV with highly specialized accelerator - the calculations in the program FLUKAa) 
A. Wasilewski 
Świerk, The Andrzej Sołtan Institute for Nuclear Studies, 2010-10-27 
 
Therapeutic head - review of worksa) 
P. Adrich 
Świerk, The Andrzej Sołtan Institute for Nuclear Studies, 2010-10-28 
 
Applicators for highly specialized treatment - field of irradiation 6cm x 6cma) 
A. Wasilewski 
Świerk, The Andrzej Sołtan Institute for Nuclear Studies, 2010-11-10 
 
Transmission of the collimator - beam currenta) 
A. Wasilewski 
Świerk, The Andrzej Sołtan Institute for Nuclear Studies, 2010-11-10 
 
IORT accelerator - differnt types of applicators and methods of attachment them to a treatment head of acceleratora) 
A. Wysocka-Rabin 
Świerk, The Andrzej Sołtan Institute for Nuclear Studies, 2010-12-08 
 
a) in Polish 
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DIDACTIC ACTIVITY 

P. Adrich – supervising Engineer Diploma Thesis: Agnieszka Nieciecka "The project of intraoperative electron accelerator head 
elements 
on the basis of Monte-Carlo method simulations", Warsaw University of Technology, 2010 
 
W. Drabik - Didactics at PJWSTK (lectures and laboratories) on the following subjects: 
Algebra and geometry, Analysis, Fundamentals of Programming in Java, Object Oriented Programming in Java, 
Fundamentals of Informatics and Programming, Programming of Enterprise Aplications 
 
S. Wronka - Lectures on "Biomedical accelerators", Warsaw University of Technology 
 
S. Wronka - Tutor of engineering theses at Warsaw University of Technology: 
M.Jarosz: The Bead-pull RF measurement system for the Linac 4 prototype. 
 
J.Świniarski: Parameter analysis and beam dynamics of Linac4 
 
J.Borkowski: Testing possibility of achieving asymmetric power splitter based on magic Tee 
 
A. Wysocka-Rabin - Lecture for the students of Medical University in Warsaw:"Current developments in Hadrontherapy"  
 
A. Wysocka-Rabin - Lectures in postgraduate courses for medical doctors organised by the Medical Centre of Postgraduate 
Education in Warsaw 
 
A. Wysocka-Rabin - Mentoring of student from Warsaw University Department of Physics- M.Bogowicz, for a one-month practicum 
analysing: " Measurements of dose distibutions from electron accelerator with applicators" 
 
A. Wysocka-Rabin - Scientific supervisor of the eng. work of student P.Szabelski from the Warsaw Technical University , 
Department of Physics. Title of the work: "Study of the influence of different materials of flattening filter on the energy spectra of 
photon beam in the medical accelerator 
 
 

PARTICIPATION IN SCIENTIFIC COUNCILS, ASSOCIATIONS AND ORGANIZING 
COMMITTEES 

J. Borkowski 
European Spallation Source Scandinavia; member of Accelerator group 
 
J. Świniarski 
Member of Accelerator Division - Beam Physics group in ESS 
 
S. Wronka 
Polish Society of Medical Physics 
Vice-president, Sołtan Institute for Nuclear Studies 
 
A. Wysocka-Rabin 
Polish Society of Medical Physics 
ESTRO 
PTCOG 

 
PERSONNEL 

Research scientists 
Przemysław Adrich, Dr. 
Eugeniusz Pławski, Dr. 
Adam Wasilewski, Dr. 

Sławomir Wronka, Dr. 
Anna Wysocka-Rabin, Dr. 

 
 
Technical and administrative staff 
Jerzy Bigolas, MSc.  
Krzysztof Bigolas 
Józef Bogowicz 
Jacek Borkowski 
Piotr Chabecki, MSc.   
Wojciech Drabik, MSc. 
Wojciech Dziewiecki, MSc. 
Michał Jarosz  
Marian Klimasz, MSc. 

Konrad Kosiński, MSc. 
Jerzy Lorkiewicz, MSc. 
Andrzej Łubian 
Marcin Staszczak, MSc. 
Michał Świniarski  
Marcin Wojciechowski, MSc. 
Henryk Wojnarowski 
Alicja Zielińska  
Maria Zielińska 
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10. LABORATORY OF ASTROPHYSICAL APPARATUS 
 

Head of Laboratory: Dr. Tadeusz Batsch 
phone: (22) 718-05-47 
e-mail: tadek@ipj.gov.pl 

 
Overview 
 
In 2009 the Laboratory of Astrophysical Apparatus (LAA) continued work on three main scientific projects: 
1. The “π of the Sky” experiment (http://grb.fuw.edu.pl) has been carried out in our institute for many years 

in collaboration with several national and foreign institutes with the aim of detecting short optical 
counterparts (so called afterglows) of Gamma-Ray Bursts (GRBs) and other short time scale (of the order 
of a few seconds) optical astrophysical phenomena. The continuous observations are carried out with the 
use of robotised equipment remotely controlled over the Internet. The new and archival data are 
systematically analysed. The work done in 2010 allowed for: 

• Improvement of photometric measurement accuracy from the original precision of 0.05m  to 0.015m, 
• Implementation of a procedure for improving the precision of light curves from the “Pi of the Sky” star 

catalogue, 
• Estimation of the usefulness of “Pi of the Sky” apparatus for the detection of space debris. 

The instrumentation used in the project is systematically developed. In 2010:  
• In cooperation with Warsaw University, Centre of Cosmic Research and the CREOTECH firm the 

production and testing of 24 cameras, 6 robots and Ethernet controlled power supply systems was continued,  
• The new observation site at the Instituto Nacional de Tecnica Aerospacial (INTA) station, in southern Spain 

was put into operation (http://grb.fuw.edu.pl/pi/index.html#piinta_site.htm) 
• The removal of the apparatus localized in Chile from Las Campanas to San Pedro de Atacama was initiated 

(http://grb.fuw.edu.pl/pi/index.html#spda_site.htm), 
• In order to improve the system reliability the data acquisition software was modified and improved. 

2. The LAA is involved in a series of international observational projects aiming to understand the evolution 
of the Large Scale Structure of the Universe and its relation to the evolution of galaxies.  

• The VIMOS-VLT Deep Survey (VVDS, http://www.oamp.fr/virmos/) is an extensive imaging and 
spectroscopic survey of the deep universe, covering a redshift range between 0 and 5. The observations are 
already finished and most of the data (more than 50 000 redshifts) have already been made public 
(http://cencosnew.oamp.fr/). The detailed analysis of these data is still on-going. In 2010 we published, 
among other work, a catalog of groups of galaxies in the VVDS (Cucciati et al. 2010) and an analysis of the 
evolution in the halo occupation number in a range of z between 1 and 0 (Abbas et al. 2010). 

• In 2010 the spectroscopic observations of the new, yet larger, galaxy survey VIPERS (VIMOS Public 
Extragalactic Redshift Survey) were continued. This survey is aims to map the Universe at z~1 in an 
unprecedented volume, measuring redshifts of ~ 100 000 galaxies over an area of 24 square degrees. With 
these figures, the VIPERS data sets will be the z~1 equivalent of current state-of-the-art "local"surveys such 
as the 2dFGRS, allowing us to compare measurements at these two different epochs on an equal statistical 
footing. The VIPERS scientific investigations will focus on measurements of large-scale structure and 
cosmological parameters at an epoch when the Universe was about half its current age. In 2010 the 
observations and measurements of the "first-epoch" data sample, with ~20 000 redshifts, were finished. The 
next observations are on-going, and the scientific results from the "first epoch" data are expected soon.  

• Yet another important collaboration is that with the AKARI project (http://www.ir.isas.jaxa.jp/ASTRO-
F/http://www.ir.isas.jaxa.jp/ASTRO-F/Outreach/index_e.html<http://www.ir.isas.jaxa.jp/ASTRO-
F/Outreach/index_e.html>), a satellite performing a sky survey in the infrared. In 2010, the first catalogues 
of AKARI point sources from all the sky, from the near to far infrared, were released to the scientific 
community. The release of the data was accompanied by a number of international and local press releases 
(e.g. http://www.ipj.gov.pl/pl/news/97.htm; http://www.ipj.gov.pl/pl/news/88.htm). The first scientific 
results from the project appeared in a dedicated issue of Astronomy & Astrophysics (A&A 2010, 514): 
among others, a new method to separate galaxies from stars in far-infrared color-color diagrams (Pollo, 
Rybka & Takeuchi 2010).  
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3. The LAA takes part in the POLAR international project (http://isdc.unige.ch/polar/). POLAR is a space 
instrument devoted to the measurement of the polarization of gamma rays. It is optimised for 
measurements of the polarization of gamma photons coming from GRBs. Within the project  in 2010: 

• the optical properties of scintillator bars manufactured with the use of injection technology were examined, 
• a new series of plastic scintillator bars was manufactured, tested and delivered to PDI Zurich, 
• the development of a demo model of control electronics constructed for the polarimeter was continued in 

Swierk and at Geneva University. 
In parallel to its scientific activity in 2010 the LAA participated in two other R&D projects: 

• Partially supported by EU project  POIG01.01.02-14—12/08-00 “Development of  specialized systems 
using accelerators and detectors of ionizing radiation for medical therapy and detection of dangerous 
materials and toxic wastes”, where LAA took part in work on fast neutron activation, radiographic imaging 
and electronic design. 

• 7 FP European project EuCard with LAA contribution to the development of accelerator control equipment. 
 
 

Tadeusz Batsch 
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PARTICIPATION IN CONFERENCES AND WORKSHOPS 

Invited Talk 
 
Status of the Virgo project 
A. Królak 
19th International Conference on general Relativity and Gravitation (Mexico, Mexico City, 2010-07-05 - 2010-12-10) 
Class. Quantum Grav. (2010)  
 
 
Oral Presentations 
 
Searching for space debris elements with the Pi of the Sky system 
M. Sokołowski, M. Należyty, A. Majczyna, R. Wawrzaszek, P. Wajer 
7th INTEGRAL/BART workshop (Czech Republic, Karlovy Vary, 2010-04-14 - 2010-04-18) 
Acta Polytechnica (2011)  
 
Accelerators and Detectors for Homeland Security 
G. Wrochna, A. Syntfeld-Każuch, M. Moszyński, S. Wronka 
E-MRS 2010 Fall Meeting (Poland, Warsaw, 2010-09-13 - 2010-09-17) 
Internal Security Journal (2010)  
 
Electronics development for space-based photons polarymeter POLAR 
D. Rybka 
XXVIth IEEE-SPIE Joint Symposium on Photonics, Web Engineering,Electronics for Astronomy and High Energy Physics 
Experiments (Poland, Wilga, 2010-05-24 - 2010-05-30) 
 
 
Posters 
 
Physical parameters of the DA white dwarfs from ESO SN Ia Progenitor Survey data 
M. Należyty, A. Majczyna, J. Madej 
17th European White Dwarf Workshop (Germany, Tubingen, 2010-08-16 - 2010-08-20) 
AIP Conf. Proc. (in press) 
 
Linearity and Energy Resolution of Compton Electrons in CZT Measured by the Wide Angle Compton Coincidence 
Technique 
M. Szawłowski, Ł. Świderski, M. Moszyński, T. Szczęśniak, M. Grodzicka, M. Kapusta, D. Wolski, A. Celler, R. Marcinkowski 
2010 Nuclear Science Symposium and Medical Imaging Conference (USA, Knoxville, 2010-10-30 - 2010-11-06) 
 
Non-proportionality of Electron Response and Energy Resolution of Compton Electrons in Scintillators 
Ł. Świderski, R. Marcinkowski, M. Szawłowski, M. Moszyński, W. Czarnacki, A. Syntfeld-Każuch, T. Szczęśniak 
2010 Nuclear Science Symposium and Medical Imaging Conference (USA, Knoxville, 2010-10-30 - 2010-11-06) 
 
POLAR: A space-borne X-ray polarimeter for transient sources 
S. Orsi, R. Marcinkowski, D. Rybka, Etal.  
22nd European Cosmic Ray Symposium ECRC 2010 (Finland, Turku, 2010-08-03 - 2010-08-06) 
Astrophysics and Space Sciences Transactions (2010)  
 
AKARI All-Sky Survey - Contribution from AGB Stars to the Far Infrared flux of Milky Way 
A. Pollo, P. Rybka, T.T. Takeuchi 
Why Galaxies Care AboutAGB Stars II Shining Examples and Common Inhabitants (Austria, Viena, 2010-08-16 - 2010-08-20) 
ASP Conference Series (2010)  
 
AGB stars in the AKARI NEP-Deep field 
A. Solarz, A. Pollo, T.T. Takeuchi, A. Pępiak 
Why Galaxies Care AboutAGB Stars II Shining Examples and Common Inhabitants (Austria, Viena, 2010-08-16 - 2010-08-20) 
ASP Conference Series (2010)  
 
AKARI All Sky Far Infrared Survey - where to look for AGB stars? 
P. Rybka, A. Pollo, T.T. Takeuchi 
Why Galaxies Care AboutAGB Stars II Shining Examples and Common Inhabitants (Austria, Viena, 2010-08-16 - 2010-08-20) 
ASP Conference Series (2010)  
 
The Comparison of Large Scintillators for High Energy Gamma-Rays Detection 
M. Gierlik, J. Iwanowska, T. Kozłowski, M. Moszyński, Ł. Świderski, T. Szczęśniak 
2010 Nuclear Science Symposium and Medical Imaging Conference (USA, Knoxville, 2010-10-30 - 2010-11-06) 
Nuclear Science Symposium Conference Record (NSS/MIC) (2010) 
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LECTURES, COURSES AND EXTERNAL SEMINARS 

Search for gravitational wavesa) 
A. Królak 
Warsaw, Faculty of Physics, Warsaw University, 2010-02-23 
 
History of the large scale structure of the Universe - from the VVDS to VIPERSa) 
A. Pollo 
Warsaw, Center for Theoretical Physics of Polish Academy of Sciences, 2010-04-14 
 
Indentification of optical transients in Pi of the Sky experimenta) 
M. Sokołowski 
Warsaw, Instytut Matematyczny Polskiej Akademii Nauk, 2010-04-30 
 
The VIMOS-VLT Survey: Data and Researchb) 
A. Pollo 
Nagoya, Nagoya University, 2010-07-12 
 
a) in Polish 
b) in English 
 
 

INTERNAL SEMINARS 

All sky in the far infrared lightb) 
A. Pollo 
Warsaw, The Andrzej Sołtan Instutute for Nuclear Studies, 2010-05-12 
 
b) in English 
 
 

DIDACTIC ACTIVITY 

A. Królak - Supervision of PhD thesis of Mr Adam Zadrożny. Subject: Coincidences in the data of Pi of the Sky and detectors 
LIGO/Virgo 
 
A. Pollo - Jagiellonian University, Aleksandra Solarz, defence of the PhD thesis 2010-07-30 
 
A. Pollo - Jagiellonian University, Piotr Rybka, defence of the PhD thesis 2010-09-28 
 
A. Pollo - lecture "Elements of obsevational cosmology" (in English), 2nd semester of academic year 2009/2010, Astronomical 
Observatory of the Jagiellonian University 
 
A. Pollo - lecture "Stellar and extragalactic astronomy II", 2nd semester of academic year 2009/10, Astronomical Observatory of the 
Jagiellonian University 
 
 

PARTICIPATION IN SCIENTIFIC COUNCILS, ASSOCIATIONS AND ORGANIZING 
COMMITTEES 

A. Majcher 
member of the board of the Warsaw Division of the Polish Amateur Astronomers Association 
 
A. Majczyna 
member Polskie Towarzystwo Astronomiczne 
member of Polish Fireball Network 
 
D. Rybka 
Member of Organizing Committee on XXVIth IEEE-SPIE Joint Symposium on Photonics, Web Engineering,Electronics for 
Astronomy and High Energy Physics Experiments in Wilga, Poland 
Member of Organizing Committee on International Workshop on X-Ray Diagnostics and Scientific Application of the European 
XFEL in Ryn, Poland 
 
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 
Tadeusz Batsch, Dr. 
Michał Gierlik, Dr. 
Andrzej Królak, Professor 
Agnieszka Majczyna, Dr. 

Agnieszka Pollo, Dr. 
Marcin Sokołowski, Dr. 
Grzegorz Wrochna, Professor 
 Director of the Institute 

 
 
 
Technical and administrative staff 
Ariel Majcher 
Radosław Marcinkowski, MSc. 
Piotr Pucyk  
Dominik Rybka, MSc. Eng. 
Aleksandra Rutczyńska 
Janusz Użycki 
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11. DEPARTMENT OF TRAINING AND CONSULTING 
 
 

Head of Department: Professor Ludwik Dobrzyński 
phone: (22) 718-06-12 
e-mail: ludwik@ipj.gov.pl 

 
 
Overview 

 
The Department of Training and Consulting regularly serves secondary schools pupils and teachers, 

university students and the public. As usual we have been visited by over 6400 visitors, mainly students from 
secondary schools in Poland. In the opinion of the teachers the outcome of all visits was very positive. In 
addition, special courses on radioactivity and nuclear energy dedicated to teachers were organized. Many 
lectures have been delivered outside of the Department, in schools, universities and institutes.  

The Department is constantly developing experiments that can be conducted by students of secondary 
schools and universities, as well as by professionals.  At the moment there are about 28 experiments available for 
the guests of the Department. The list of experiments and their descriptions can be found on our home page 
http://dsid.ipj.gov.pl. They cover the measurement of lifetimes, essential elements of radioprotection, absorption 
of radiation in various materials, excitation of fluorescence radiation, influence of magnetic fields on beta 
radiation as well as on electrons emitted from a typical electron gun, Compton scattering and elements of gamma 
spectroscopy, the search for radioactive pollution, the basics of the wave-particle dualism of matter, and the 
recently added Frank-Hertz experiment and radioactive decay of toron. 

For the fifth time the Department has organized (together with the Institute of Physics of the Polish Academy 
of Sciences, Warsaw) “The Physical Pathways” competition for students of secondary schools. The students 
could choose one of three possibilities (even all of them): either to submit a scientific paper, to present a 
demonstration of a physical phenomena, or to write an essay on the connection between physics and the 
development of civilization. They could also submit work prepared by a team of up to 3 persons. The level of the 
competition turned out to be very high. The competition apparently attracts more and more talented youth. 

The Department participates actively in Science Festivals and Picnics for the general public. In 2010, our 
team was present during the Science Festivals in Warsaw and Rzeszów. In all these events, in addition to the 
series of lectures, many simple demonstrations of the properties of nuclear radiation as well as a simulator of a 
nuclear reactor control were presented. The Department also took part and gave demonstrations during the 
annual Science Picnic in Warsaw.  

In addition to outreach activity, physicists in the Department are involved in investigations of  solid-state 
properties, and in the influence of ionizing radiation on humans. 
 

Prof. Ludwik Dobrzyński 
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LECTURES, COURSES AND EXTERNAL SEMINARS 

Nuclear Reactor Functioning in the Context of Polish Energy Problemsa) 
L. Dobrzyński 
Warsaw, University of Warsaw: All-Poland Seminar of the Didactics of Physics, 2010-04-17 
 
a) in Polish 
 

INTERNAL SEMINARS 

Structure and Spin Dynamics in DO3-type Alloys Based on Fe3Si and Fe3Alb) 
L. Dobrzyński 
Graz, Austria, Technical University of Graz, 2010-10-12 
 
Static and dynamic properties of alloys originating from Fe3Si and Fe3Ala) 
L. Dobrzyński 
Białystok, Faculty of Physics, University of Białystok, 2010-11-02 
 
a) in Polish 
b) in English 
 

DIDACTIC ACTIVITY 

Ł. Adamowski - Lectures for visitors in SINS Training & Consulting Department. 
 
L. Dobrzyński - Basic course in physics for students of the 1st semester (Faculty of Physics, University of Bialystok)  
 
L. Dobrzyński - Lecture in old Nucleonic Technical School (Otwock) on Nuclear energy in Poland, its future and safety 
 
E. Droste - Participation in educational activity (lectures, classes) in Department of Training and Consulting 
 
T. Ostrowski - Participation in educational activity (lectures, classes) in Department of Training and Consulting 
 
R. Wołkiewicz - Participation in educational activity (lectures, classes) in Department of Training and Consulting 
 
 

PARTICIPATION IN SCIENTIFIC COUNCILS, ASSOCIATIONS AND ORGANIZING 
COMMITTEES 

Ł. Adamowski 
Member of Organizing Committee on 23rd General Conference of Condensed Matter Division of the European Physical Society in 
Warsaw, Poland 
 
L. Dobrzyński 
Member of Organizing Committee on 23rd General Conference of Condensed Matter Division of the European Physical Society in 
Warsaw, Poland 
member 
Physica Scripta, Institute of Physics 
Chairman of the Scientific Council of the Institute of Experimental Physics fo the University of Białystok 
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 
 
R. Wołkiewicz 
Member of Organizing Committee on 23rd General Conference of Condensed Matter Division of the European Physical Society in 
Warsaw, Poland 

 
 

PERSONNEL 

Research scientists 
Łukasz Adamowski, MSc Eng 
Ludwik Dobrzyński, Professor, Director of the Department 
Ewa Droste, MSc. 
 
PhD student 
Krzysztof Wojciech Fornalski, MSc Eng. 
Maciej Pylak, MSc Eng. 
 

Technical and administrative staff 
Tadeusz Ostrowski 
Robert Wołkiewicz 
Urszula Kalińska, MSc 
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12. DEPARTMENT OF NUCLEAR EQUIPMENT 
“HIGH TECHNOLOGY CENTER – HITEC” 

 
 

Head of  Department: Dr. Paweł Krawczyk 
phone: (22) 718-05-00, 718-05-02 
e-mail: p.krawczyk@ipj.gov.pl 

 
Overview 
 

The Department of Nuclear Equipment, also known under the brand “HITEC” plays a unique role in the 
Institute. It combines research and development with manufacturing activities in the area of accelerator 
technology applications in medicine and industrial radiography.  

In 2010, the Department continued intense development efforts in the framework of Project No. POIG.01.01-
14-012/08-00 (known under the short name of “Accelerators and Detectors”) funded by EU Structural Funds. As 
described in detail elsewhere in this Report, these efforts resulted in substantial progress in the design and 
manufacture of the first model of a medical multi-energy accelerator for advanced radiotherapy. This model is an 
important testbed for a number of technologies and solutions that will be implemented in the final accelerator. 
Also, design and manufacture of the elements for an intra-surgery accelerator was carried out. 

It is worth noting that participation in the “Accelerators and Detectors” Project allowed HITEC to modernize 
significantly its manufacturing and testing capabilities. In 2010, the new equipment was successfully 
implemented for use in a manufacturing regime.  

The year 2010 also saw the completion of two R&D projects co-financed by the Polish Ministry of Science 
and Higher Education: 
• Multileaf Collimator as a Precision Device for Irradiation Field Delimiting in Medical Accelerators; 
• 4π Recessed Ionization Chamber with Internal Power Supply. 

In both cases, full scale prototypes of the respective devices were manufactured. 
In response to market interest HITEC started in 2010 a concept study of a compact low energy industrial 

radiography accelerator. Subsequently, HITEC received an order to develop and manufacture such a device and 
the development work was started. On completion the new device will extend the range of commercially 
available accelerators. 

In parallel to the above, HITEC continued to extend its engagement in scientific collaborations. A prominent 
example of this activity was the manufacture of a buncher cavity for the Linac 4 accelerator which will be 
installed at CERN. Successful delivery of the buncher triggered interest in further and more extensive 
collaboration: it is planned that starting from 2011 HITEC will manufacture the accelerating cavities for Linac 4. 
 

Paweł Krawczyk 
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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 
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The LOPES Experiment – Recent Results, Status and Perspectives 
by P. Łuczak and J. Zabierowski for the LOPES Collaboration 
 

We give here a brief overview of the status and 
results of LOPES, reported in a series of recent 
publications [1-5]. 

The main goal of the investigations in the frame of 
LOPES is the understanding of shower radio emission 
in the primary energy range of 1016 eV to 1018 eV. Of 
particular interest is the investigation of the correlation 
of the measured field strength with main shower 
parameters. Various experimental configurations of 
antennas have been employed to study aspects such as 
energy scaling, geomagnetic dependence, lateral 
distribution and polarization of radio emission from 
cosmic rays, as well as the signals from air showers 
during thunderstorms. 

Among recent achievements in the development of 
the experimental technique of this investigation is 
finding a method for the proper treatment of the noise 
in the measurements of radio emission by cosmic ray 
air showers [4]. It was shown that a correct treatment 
of noise is especially important at low signal-to-noise 
ratios: noise can be the dominant source of uncertainty 
for pulse height and time measurements, and it can 
systematically flatten the slope of lateral distributions 
(Fig. 1). 

 
Fig. 1 Example lateral distribution from a typical selection with 
and without correction of the influence of noise.  

Polarization effects in the radio signal and their 
sensitivity to the type of emission mechanism were 
found with 2D measurements with antennas oriented 
in east-west and south-north directions [1, 3, 5] and in 
spring 2010 LOPES was reconfigured to a 3D setup 
[3].  

In contrast to a 2D measurement, the complete 
radio signal is sampled, which leads to an increased 
signal-to-noise ratio for events with a significant 
fraction of vertical polarization, in particular highly 
inclined air showers.  

As electromagnetic waves in the atmosphere are 
transverse waves, the determination of the complete 
electric field vector provides information on the 
propagation direction of the emission already using a 

single antenna. This information can be used for cross-
checks with the arrival direction determined by the 
time distribution. 

It has been shown before [6] that during 
thunderstorms  one observes, depending on the 
direction of the electric field in the atmosphere, an 
amplification or reduction of the radio emission of air 
showers. To obtain reliable information about such air 
showers from observations of radio emission requires 
the electric field in the atmosphere to be monitored 
and the signatures of thunderstorms to be recorded. 
Such studies are under way to detect a possible 
distortion of the polarization characteristics directly 
from the data. The idea is to find a possible deviation 
of these characteristics from the theoretically expected 
behavior. Such an indication would point towards a 
change in the emission process [1]. 

The LOPES experiment continues to be very 
successful in studying the physics of radio emission 
from cosmic ray air showers. It has made key 
contributions to this field and confirmed theoretical 
expectations, such as the predominantly geomagnetic 
origin of the emission, the coherence of the radiation 
in the frequency band up to 80 MHz, the high angular 
resolution achievable with the radio technique, and the 
reliability of radio measurements in all but the most 
extreme weather conditions.  

Furthermore, the absolute calibration of LOPES 
facilitates quantitative comparisons with the 
predictions of modern radio emission models, such as 
e.g. REAS3. 

Today, cosmic ray radio detection is in a transition 
phase from first-generation, small-scale experiments 
to a fully-fledged, stand-alone detection technique for 
cosmic ray air showers. Major challenges involved 
with this transition are a reliable and efficient self-
triggering of radio signals, a precise determination of 
the primary energy from radio measurements, and the 
verification of the predicted composition sensitivity.  
 
[1] J. R. Hoerandel et al., (LOPES Coll.), NIM A 630 

(2011) 171 
[2] F. G. Schroeder et al., (LOPES Coll.), NIM A 

617 (2010) 515 
[3] T. Huege et al., (LOPES Coll.),   NIM A (2010) 

doi:10.1016/j.nima.2010.11.081 
[4] F. G. Schroeder et al., (LOPESColl.), NIM A 

(2010) doi:10.1016/j.nima.2010.11.009 
[5] A. Saftoiu et al., (LOPES Coll.), NIM A (2010) 

doi:10.1016/j.nima.2010.11.141 
[6] S. Buitink et al., (LOPES Coll.), Astron. & 

Astrophys. 467 (2007) 385 
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Muon Production Height Studies with the Air Shower Experiment KASCADE-Grande 
by P. Łuczak and J. Zabierowski 
 

Ultra High Energy (UHE) astrophysics includes, as 
one of its topics, the investigation of UHE Cosmic 
Ray (CR) particles interacting with the nuclei of the 
atmosphere and creating Extensive Air Showers 
(EAS) which are studied by means of ground based 
experiments of large detection area. To understand the 
nature of UHE particles it is necessary to measure as 
many components of the EAS cascade as possible. 
Particularly important is the measurement of the muon 
component, because muons carry information about 
hadron interactions to the observation level. In turn, 
knowledge of UHE hadronic interactions is a 
necessary condition for answering many questions 
formulated in CR research. The angular correlation 
information on EAS muons measured with a tracking 
detector is especially closely correlated to the 
parameters of the interactions in question. 

The KASCADE-Grande air-shower experiment 
[1], set-up in Karlsruhe, Germany provides 
information on EAS up to a primary energy of 
1018 eV. Complex analyses of KASCADE data [2] 
resulted in CR flux spectra for five groups of primary 
masses over the 'Knee' region. However, these spectra 
exhibit a strong dependence on the hadronic 
interaction models used in the data analysis. 
Therefore, an independent investigation of additional  
shower observables like muon angular correlations 
with respect to the shower  direction is of a great 
importance. To address this task a Muon Tracking 
Detector (MTD) [3] was constructed providing 
additional information on muons in EAS.  

In this report we present briefly the results, 
published recently in Ref. [4], of experimental 
investigations, to which we made a  significant 
contribution, of the hadronic cascades in EAS using 
tracks of muons measured by the MTD. Precise 
angular information on these tracks was used to 
determine the muon production heights. 

 
Fig. 1 Experimental values of the mean muon production height 
along the shower axis vs. a parameter related to primary energy, for 
light and heavy the primary mass enriched showers. 

The sensitivity of this quantity to the mass and 
energy of CR primary particles has been shown 
(Fig. 1). Due to the energy dependence of the muon 
production height a transformation to muon 
production depth was used to investigate, in a model 
independent way, the CR composition. An estimate of 
the composition covering two decades of primary 
energy around the 'Knee' was given. It was shown that 
certain muon production Hµ regions create bands in 
the two parameter lg(Ne) vs. lg(Nµ) space, which can 
be transformed into CR energy spectra (Fig. 2). These 
spectra have features similar to the energy spectra of 
primary mass groups from Ref. [2]. One can state that 
the behavior of larger production depths Hµ describes 
the 'lighter' masses and the smaller production  depths 
correspond to 'heavier' ones.  

 
Fig. 2 Energy spectra for primaries which produce muons at 
different effective muon production depth Hµ

A. The dashed line 
reproduces the CR spectrum as measured by KASCADE [2]. 

The results obtained in this work are to some 
extent based on the QGSJet01 model (used for energy 
conversion formula) and confirm the effect seen in the 
spectra in Ref. [2], namely, that the lightest masses 
(here the largest atmospheric depths) have a break in 
the spectrum at lower energies compared to the 
heavier (smaller depths) ones. However, the obtained 
relative abundances of various production depth 
ranges (Fig. 2) obtained are model independent. 

The discrepancy in the muon production height 
distributions between QGSJet simulations and 
measurements, shown in this work, points to the 
necessity of further investigation of high energy 
interaction models. 
 
[1] W. D. Apel et al., (KASCADE-Grande Coll.), 

Nucl. Instr. Meth. A 620 (2010), 202 
[2] T. Antoni et al., KASCADE Coll., Astropart. 

Phys. 24 (2005) 1 
[3] P. Doll et al., Nucl. Instr. Meth. A 488 (2002) 517 
[4] W. D. Apel et al., (KASCADE-Grande Coll.), 

Astropart/Phys. 24 (2011) 476 
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JEM-EUSO – Polish Contribution 
by T. Batsch, J. Karczmarczyk, B. Szabelska, J. Szabelski, T. Tymieniecka, T. Wibig 
 

The JEM-EUSO is a satellite experiment with 
measurement of the highest energy cosmic rays as its a 
main purpose. The JEM is for Japan Experiment 
Module – the last part of the JEM module was 
successfully sent to the International Space Station 
(ISS) in the middle of 2009. The Japanese Space 
Agency JAXA offered that JEM-EUSO might dock 
with this module in 2016. The EUSO is for Extreme 
Universe Space Observatory. Currently about 235 
scientists from 13 countries and 74 institutions are 
participating in the preparations for the mission. The 
Polish group has 13 participants from 5 institutes 
(http://jemeuso.riken.jp). 

The year 2010 was our second year as a 
Collaboration member. At the present stage our main 
contributions are design and laboratory prototypes of 
high voltage power supplies for multianode 
photomultipliers (MAPMT) and fast high voltage 
switches. We have improved our high voltage supplier 
(HVPS) for the JEM-EUSO MAPMTs. In the area of 
the focal surface our HVPS prototype was the first 
laboratory solution ready for further development to 
meet space requirements. We have also designed and 
made the laboratory prototype for the fast high voltage 
switches. They will be used to change the MAPMT 
high voltage in the case of rapid excess of external 
light (eg. during lightning in the PMT field of view) to 
protect the MAPMTs. Measurements showed that use 
of our switch can change the MAPMT gain in less 
than 2 micro-sec. The circuit has galvanic isolation 
between high and low voltage.  

We participated in meetings and teleconferences 
where we discussed problems with data reconstruction 
and hardware problems. 

 
Fig. 1 A schematic view of the principle of the high energy 
Extensive Air Shower measurements in JEM-EUSO. 

The JEM-EUSO is a telescope, which will observe 
the Earths 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 light of bandwidth 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 isotropically blue/UV light (Fig. 1). The 
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 a simulated 
time profile of signal intensity. These observed 
characteristics allow the direction of primary Cosmic 
Ray particle and its energy to be determined. The EAS 
energy threshold for JEM-EUSO observations will be 
about 5E19eV. 

 
Fig. 2 Simulated time profile of observed EAS as a sum of the 
number of photons detected in 2.5µs – the JEM-EUSO camera time 
unit. “All” is the sum of fluorescent and Cherenkov light. 

The main scientific goal of the experiment is to 
search for the highest energy Cosmic Ray sources. 
Trajectories 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. Experiments made so far are ground based 
observations of the high energy Cosmic Rays, and 
have reported several potential source directions. 
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 that time. These 
should be sufficient to find the 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 be monitored. 
 
[1] T. Ebisuzaki, J. Szabelski et al., “The JEM-EUSO 

Mission”, (contribution to the 16th ISVHECRI 
2010, Batavia, IL, USA (28 June - 2 July 2010), 
arxiv.org/abs/1101.1909 
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Turning the Big Bang into the Big Bounce: II. Quantum Dynamics 
by P. Małkiewicz and W. Piechocki 
 

It is commonly expected that the cosmological 
singularity (CS) problem may be resolved in a theory 
which unifies gravity and quantum physics. It seems 
that recent developments concerning the quantization 
of cosmological models by making use of loop 
geometry may bring a solution to the problem. It 
consists in turning the classical big bang singularity 
into a big bounce, BB, transition. There exist two 
methods to address the issue: standard loop quantum 
cosmology (LQC) and nonstandard LQC. The 
standard LQC means basically the Dirac method of 
quantization. In the nonstandard LQC (our method) 
one first solves all the constraints at the classical level 
to identify the physical phase space. Next, one 
identifies the algebra of the elementary observables (in 
the physical phase space) and finds its representation. 
Then, composite observables are expressed in terms of 
elementary ones and quantized. The final goal is 
finding spectra of composite observables which are 
used to examine the nature of the BB phase in the 
evolution of the universe.  

Turning the big bang into the big bounce (BB) in 
the FRW universe is due to the modification of the 
model at the classical level by making use of the loop 
geometry. The modification is parameterized by a 
continuous parameter λ. Each value of λ specifies the 
critical energy density of the scalar field 
corresponding to the BB. The spectrum of the energy 
density operator is bounded and continuous. Classical 
and quantum expressions for the minimum of the 
energy density coincide. The spectrum of the volume 
operator, parameterized by λ, is bounded from below 
and discrete. The expectation value of the volume 
operator coincides with the classical expression. The 
results concerning the volume operator may be ex-
tended to the area and the length operators [1, 2].  

An evolution parameter, φ, does not belong to the 
physical phase space of our nonstandard LQC. Thus, it 
stays classical during the quantization process. In the 
standard LQC, contrary to our method, φ is a phase 
space variable so it must be quantized. Being a quan-
tum variable it may fluctuate so its use as an evolution 
parameter at the quantum level has poor interpretation.  

The Hamiltonin constraints are treated differently 
in the standard and nonstandard LQC at the classical 
level. In the former case the Gauss and 
diffeomorphism constraints are turned into zero by a 
suitable choice of gauges; the scalar constraint is 
solved only at the quantum level. In the latter case all 
the constraints are classically solved leading to the 
physical phase space. Thus, the considered 
observables are not kinematical, but physical. This is 
why an evolution of geometrical functions like the 
volume may be used for testing the singularity aspects 
of a given cosmological model. The standard and our 

LQC methods give similar results in the sense that 
they lead to the Big Bounce transition.  

There are existing results concerning the spectrum 
of the volume operator obtained within LQG, but they 
cannot be compared easily with our results due to the 
lack of a direct correspondence between LQG and 
LQC models.  

As there is no specific choice of λ, the BB may 
occur at any low and high densities. Finding a specific 
value of the parameter λ (and the energy scale specific 
to the BB) is an open problem. It may happen, that the 
value of the parameter λ cannot be determined, for 
some reason, theoretically. Fortunately, there is a 
rapidly growing number of data coming from 
observational cosmology that may be useful in this 
context. In particular, the detection of the primordial 
gravitational waves created at the BB phase may bring 
valuable information about this phase. There exists 
speculation that the foamy structure of spacetime may 
lead to the dependence of the velocity of a photon on 
its energy. Such dependence is weak, but may sum up 
to give a measurable effect in the case of photons 
travelling over cosmological distances across the 
Universe. Currently, the available data suggest that 
such dispersion effects do not occur up to the energy 
scale 5 x

 
1017 

GeV [3] so such effects may be present, 
but at higher energies.  

Various forms of discreteness of spacetime underly 
many approaches in fundamental physics. Just to 
name a few: noncommutative geometry, causal sets 
approach, gravitational Wilson loops, Regge calculus, 
path integral over geometries, spin foam model, and 
categories. The discreteness may translate at the semi-
classical level into a foamy structure of space. Such an 
expected property of spacetime has created a large 
activity in observational astrophysics and cosmology 
(see, e.g. Lorentz and CPT violation, dispersion of 
cosmic photons, electrons and neutrinos, birefringence 
effects). Our results concerning the physics of 
geometry at short distances give some support to these 
approaches and expectations.  
 

[1] P. Dzierzak, P. Malkiewicz and W. Piechocki, 
“Turning big bang into big bounce. 1. Classical 
dynamics,” Phys. Rev. D 80, 104001 (2009). 
[arXiv:0907.3436 [gr-qc]] 

[2] P. Malkiewicz and W. Piechocki, “Turning big 
bang into big bounce: II. Quantum dynamics,” 
Class. Quant. Grav. 27 (2010) 225018 
[arXiv:0908.4029 [gr-qc]] 

[3] F. Aharonian et al., “Limits on an Energy 
Dependence of the Speed of Light from a Flare of 
the Active Galaxy PKS 2155-304”, Phys. Rev. 
Lett. 101, 170402 (2008). [arXiv:0810.3475 
[astro-ph]] 
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Results on the Nucleon Spin Structure from the COMPASS Experiment 
by R. Gazda, K. Klimaszewski, K. Kurek, E. Rondio, A. Sandacz, P. Sznajder and W. Wiślicki 
 

The purpose of the COMPASS experiment at 
CERN is the study of hadron structure and hadron 
spectroscopy with high intensity muon and hadron 
beams. The main objectives of the program with the 
muon beam are the estimation of gluon polarization in 
the nucleon and the precise determination of the 
longitudinal and transverse quark spin distributions. 
This program is being accomplished using a high 
energy polarized muon beam and polarized deuteron 
and proton targets. Both transverse and longitudinal 
target polarizations are used. Furthermore, there is 
also an extensive program of hadron spectroscopy 
realized with hadron beams and unpolarised proton or 
nuclear targets. 

In 2010 the COMPASS experiment collected data 
with transversally polarized protons. Analyses of data 
taken earlier resulted in several new results during 
2010, most of which have been published [1-5]. 

 
Fig. 1 Compilation of the ‹∆g/g›xg measurements from open 
charm and high - pT hadron pair production by COMPASS, SMC 
and HERMES as a function of xg. The horizontal bars mark the 
range in xg for each measurement, the vertical ones give the 
statistical precision and the total error (if available). The open charm 
measurement is at a scale of about 13 (GeV/c)2, other measurements 
at ≈ 3 (GeV/c)2. The curves display two parameterisations from the 
COMPASS QCD analysis at NLO, with ∆G>0 (dashed line) and 
∆G<0 (dotted line). 

There are two new preliminary results on the gluon 
polarization in the nucleon based on the photon-gluon 
fusion process (PGF) tagged via charm meson 
production or by deep inelastic production of pairs of 
hadrons with large pT. The results, obtained in a 
Leading Order (LO) QCD analysis, are shown as the 
star and full squares, respectively, in Fig. 1 and are 
compared to other determinations of ∆g/g. One should 
mention that the results for high pT hadron pairs at 
large Q2 are obtained for the first time at several 
values of xg, where xg is the fraction of the nucleon 
momentum carried by the gluon. The curves represent 
the results of the COMPASS NLO QCD fits to the 
world data on the spin-dependent structure functions 
g1 for the proton, the deuteron and the neutron. When 
combined with the results from the perturbative QCD 

fits, the results from the ‘direct’ measurements 
presented here suggest that either |∆G| is small, where 

∫∆=∆
1

0

)( gg dxxgG , or ∆g(xg) has a node around 

xg ≈ 0.1. A Next-to-Leading Order QCD analysis of 
the PGF process tagged by charm meson production 
has also been performed and its result will be included 
in a forthcoming publication. 

Another important COMPASS result relates to the 
helicity distributions for the three lightest quark and 
antiquark flavors [1]. These distributions are obtained 
using measured double-spin asymmetries for 
production of charged pions and kaons in semi-
inclusive deep-inelastic muon scattering on 
longitudinally polarized protons and deuterons: A1,p

π+, 
A1,p

π-, A1,p
K+, A1,p

K-, A1,d
π+, A1,d

π-, A1,d
K+, A1,d

K-. A 
leading order evaluation of the helicity distributions 
using these asymmetries as well as the published 
inclusive double-spin asymmetries for protons and 
deuterons, A1,p

 and A1,d, is shown in Fig. 2.  

 
Fig. 2 The quark helicity distributions x∆u , x∆ d , x∆u , x∆ d  
and x∆s at Q0

2 = 3 (GeV/c)2 as a function of x. The values for x<0.3 
(black dots) are derived at LO from the COMPASS spin 
asymmetries using the DSS fragmentation functions. Those at x>0.3 
(open squares) are derived from the values of the polarized structure 
functions g1(x) assuming ∆ q =0. The bands at the bottom of each 
plot show the systematic errors. The curves show the predictions of 
the DSSV fit calculated at NLO. 

The resulting ∆u and ∆d distributions are dominant 
at medium and high x. The values of the sea quark 
distibutions are small and do not show any significant 
dependence on x in the range covered by the 
experiment, 0.004< x <0.7. The integrated value of the 
flavor asymmetry of the helicity distributions of the 
light-quark sea, du ∆−∆ , is found to be slightly 
positive, about 1.5 standard deviations away from 
zero. This result is at variance with a significant 
flavour asymmetry for the unpolarised distributions, 

du − , which is large and negative resulting in a 
large violation of the Gottfried sum rule. No 
significant difference is observed [1] between the 
strange and anti-strange helicity distributions, both 
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compatible with zero. These distributions are of 
special interest due to an apparent contradiction 
between the semi-inclusive results and the negative 
first moment of ∆s derived from the spin structure 
function g1. The DSSV NLO fit to g1, shown in Fig. 2, 
includes a negative contribution to ∆s for x<0.03, 
which may reconcile the inclusive and semi-inclusive 
results. 

Several other novel results on the nucleon spin 
structure have been published recently. First, precise 
measurements of the spin-dependent structure function 
of the proton g1,p in a wide range of x covered by the 
experiment, and a test of the Bjorken sum rule [2]. 
Second, measurements of the Collins and Sivers 
asymmetries on transversely polarized protons [3]. 
The former gives access to the transversity (transverse 
spin distributions of quarks in the transversely 
polarized nucleon), while the latter relates to the 
orbital angular momentum of the quarks in the 
nucleon. And the last, studies of various transverse-
momentum-dependent parton distributions and 
fragmentation functions via azimuthal asymmetries of 

charged hadrons produced on longitudinally polarized 
deuterons [4]. 

The first result of the extensive COMPASS 
program of hadron spectroscopy has also been 
published [5]. It reports an observation of an exotic 
resonance of JPC=1─ + produced in diffractive 
dissociation of 190 GeV π- into π-π-π+. 

The three afore mentioned results: the gluon 
polarization from open charm production, the gluon 
polarization  from events with high pT hadron pairs 
and the quark helicity distributions have been obtained 
with significant contributions from the members of the 
SINS group. 

 
[1] M. G. Alekseev et al., Phys. Lett. B 693 

(2010) 227 
[2] M. G. Alekseev et al., Phys. Lett. B 690 

(2010) 466 
[3] M. G.Alekseev et al., Phys. Lett. B 692 

(2010) 240 
[4] M. G. Alekseev et al., Eur. Phys. J. C70 

(2010) 39 
[5] M. G. Alekseev et al., Phys. Rev. Lett. 104 

(2010) 241803 
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Performance of the CMS Resistive Plate Chambers and the L1 Trigger 
by T. Fruboes, R. Gokieli, M. Górski, M. Kazana, K. Nawrocki, K. Romanowska-Rybińska, M. Szleper, 
G. Wrochna, P. Zalewski (for the CMS Collaboration) 
 

The year of 2010 was the first year of pp and Pb-
Pb collisions at the LHC. The CMS experiment ran 
smoothly with above 95% data recording efficiency 
with various triggers, where one of the important 
components was a trigger designed and built by the 
Warsaw team. This system is based on Resistive Plate 
Chambers (RPC) which are part of the muon detection 
system of the CMS experiment. RPCs have been 
chosen because of their good time resolution (about 2 
ns) and high granularity, which permit a fast and 
efficient triggering of muons at the first hardware 
level (L1) of triggering.  

The performance of the RPC readout system and 
triggering have been commisioned during runs with 
cosmic muons and collision data [Ref. 1,2].  

The most important parameter defining the RPC 
performance is the detection efficiency. The efficiency 
distribution is shown in Fig 1 for a typical run, taken 
at the operating voltage of 9.4 kV. The peak of the 
distribution is about 95%, while the tail at lower 
efficiency values is due to known problems, e.g. strips 
which have been masked from the readout. 

 
Fig. 1 RPC chamber efficiency during pp collisions. The 
efficiency is calculated for the barrel part of the system per detector 
unit, called a roll.  

An important issue of the properly working system 
is the synchronization of the system. Muon signals 
detected by the RPC chambers and transmitted by the 
readout electronics must arrive at dedicated electronic 
boards at a specified time, in order to correctly 
contribute to the trigger decisions. In addition, RPC 
data sent to the CMS Data Acquisition system and 
RPC trigger information must be associated to the 
right LHC bunch crossing (BX: 25 ns time interval). 
As an illustration of the RPC synchronization during 
pp collisions, Fig 2 presents a typical example of the 
time distribution of the data coming from individual 
RPCs. The time is counted with respect to the bunch 
crossing assigned by the RPC Level-1 global trigger 
logic, based on the coincidence of at least 3 chambers 

along a muon trajectory. The peak in the central bin 
corresponds to data which are synchronous with the 
RPC Level-1 trigger. The synchonization of the RPCs 
was at the best level, compared to other muon systems 
of the CMS detector.  

 
Fig. 2 Typical time distribution (in bunch crossing units of 25 ns) 
of the data coming from individual RPCs with respect to the RPC 
global trigger time.  

The performance of the RPC trigger was estimated 
including detector geometrical acceptance and hit 
efficiency and is presented in Fig 3. The average L1 
RPC efficiency is 84% and it is in agreement with 
expected values for the applied trigger algorithm. The 
transverse momentum cut causes a small decrease of 
the efficiency plateau due to miss-assignment of pT at 
the level of the logic. 

 
Fig. 3 L1 RPC Trigger Efficiency including detector geometrical 
acceptance and hit efficiency as a function of the muon transverse 
momentum. 
 
[1] CMS Coll., J. of Instr. Vol. 5 (2010) T03017 
[2] CMS Coll., J. of Instr. Vol. 5 (2010) T03002 
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Transverse-momentum and Pseudorapidity Distributions of Charged Hadrons in pp 
Collisions 
by T. Fruboes, R. Gokieli, M. Górski, M. Kazana, K. Nawrocki, K. Romanowska-Rybińska, M. Szleper, 
G. Wrochna, P. Zalewski (for the CMS Collaboration)  
 

One of the first measurements of the CMS 
collaboration during proton-proton collisions at the 
LHC was the measurement of the multiplicity of the 
charged hadrons at center-of-mass energies of 0.9, 
2.36 and 7 TeV [1, 2]. New results at 7 TeV are higher 
than predicted by know theoretical models. 

Measurements of particle yields and kinematic 
distributions are an essential first step in exploring a 
new energy regime of particle collisions. Such studies 
contribute to our understanding of the physics of 
hadron production, including the relative roles of soft 
and hard scattering contributions, and help construct a 
solid foundation for other investigations. 

The bulk of the particles produced in pp collisions 
arise from soft interactions, which are modeled only 
phenomenologically. Soft collisions are commonly 
classified as elastic scattering, inelastic single-
diffractive (SD) dissociation, double-diffractive (DD) 
dissociation, and inelastic non-diffractive (ND) 
scattering. All results presented here refer to inelastic 
non-single-diffractive (NSD) interactions, and are 
based on an event selection that retains a large fraction 
of the ND and DD events, while disfavouring SD 
events.  

 
Fig. 1 Distributions of dNch/dη, averaged over the three 
measurement methods and compared with data from other 
experiments. The shaded band shows systematic uncertainties of the 
CMS data. 

The dNch/dη distributions were obtained with three 
methods, based on counting the following quantities: 
(i) reconstructed clusters in the barrel part of the pixel 
detector; (ii) pixel tracklets composed of pairs of 

clusters in different pixel barrel layers; and (iii) tracks 
reconstructed in the full tracker volume. The results 
from the three different measurement methods were 
averaged. The final dNch/dη distributions are shown in 
Fig. 1. 

 
Fig. 2 Average value of dNch/dη in the central region as a function 
of center-of-mass energy in pp and pp collisions. The curves are 
second-order polynomial fits for the inelastic (solid) and NSD event 
selections (dashed). Data points at 0.9 and 2.36 TeV are slightly 
displaced horizontally for visibility.  

The combined result for the central pseudorapidity 
density, from three mutually consistent methods of 
measurement, is dNch⁄dη||η|<0.5 = 5.78± 0.01 (stat.) ± 
0.23 (syst.) for non-single-diffractive events, as 
presented in Fig. 2. The relative increase in charged-
particle multiplicity from √s = 0.9 to 7 TeV is 66.1% ± 
1.0% (stat.) ± 4.2% (syst.). This value is higher than 
most predictions and provides new information to 
constrain ongoing improvements of soft particle 
production models and event generators.  

The mean transverse momentum has been 
measured to be 5.45 ± 0.005 (stat.) ± 0.015 (syst.). 
These studies are the first steps in the exploration of 
particle production at the new center-of-mass energy 
frontier, and contribute to an understanding of the 
dynamics in soft hadronic interactions.  
 
[1] CMS Collaboration, Phys. Rev. Lett. Vol. 105 

(2010) 022002 
[2] CMS Collaboration, JHEP 1002:041, 2010 
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Observation of Long-range, Near-side Angular Correlations in Proton-proton Collisions 
at the LHC 
by T. Fruboes, R. Gokieli, M. Górski, M. Kazana, K. Nawrocki, K. Romanowska-Rybińska, M. Szleper, 
G. Wrochna, P. Zalewski (for the CMS Collaboration) 
 

The CMS Collaboration observed unexpected 
signs of a new phenomenon in proton interactions. 
The analysis of high multiplicity collisions has 
revealed indications that some particles are associated 
together when they were created at the point of 
collision. Similar effects have already been seen in 
high-energy collisions of nuclei and are called a ridge 
effect. 

The CMS detector was able to measure 
correlations thanks to a special trigger devised fot this 
purpose. The CMS had measured angular correlations 
between two charged particles up to |∆η| ≤ 5 and over 
the full range of η in pp collisions at √s = 0.9, 2.36, 
and 7 TeV [Ref. 1] 

The extracted 2-D correlation functions exhibit a 
variety of  features shown in Fig. 1. In minimum bias 
collisions they are dominated by a maximum at ∆η = 0 
extending over the full range in ∆φ, with a width 
which tends to increase with increasing ∆η. A simple 
cluster model parametrization was fit to these short-
range correlations in order to quantify their strength 
(the effective cluster size) and their extent in relative 
pseudorapidity (the cluster decay width). The cluster 
size is observed to increase slowly with beam energy, 
while the cluster width is essentially constant. The 
PYTHIA event generator with a dedicated tune 
correctly describes the cluster widths and the energy 
dependence of the cluster size but systematically 
underestimates the cluster size. 

Long-range azimuthal correlations for 
2.0 < |∆η| < 4.8 have been studied for 7 TeV data, 
leading to the first observation of a long-range ridge-
like structure at the near-side (∆φ ~ 0) in pp collisions, 
as shown on Fig. 2d. This striking feature is clearly 
seen for large rapidity differences |∆η| > 2 in events 
with an observed charged particle multiplicity of 
N ≥ 110. The enhancement in the near-side correlation 
function is most evident in the intermediate transverse 
momentum range, 1 < pT < 3 GeV/c. In the 
2.0 < |∆η| < 4.8 range, a steep increase of the near-side 
associated yield with multiplicity has been found in 
the data. An identical analysis of high multiplicity 
events in PYTHIA results in correlation functions 
which do not exhibit the extended ridge at ∆φ~0, 
while all other structures of the correlation function 
are qualitatively reproduced. Several other PYTHIA 
tunes, HERWIG and Madgraph events were also 
investigated. No evidence for near-side correlations 
corresponding to those seen in the data was found. 

The novel structure resembles similar features 
observe in heavy ion experiments. However, the 
physical origin of our observation is not yet 
understood. Additional characteristics of the high 
multiplicity pp events displaying this novel feature 
deserve further detailed study. 
 

[1] CMS Collaboration, J. High Energy Phys. Vol. 
1009 No 9 (2010) 09 

 
Fig. 1 Two-particle correlation functions versus ∆η and ∆φ in pp collisions at √s= (a) 0.9, (b) 2.36, and (c) 7TeV. 

 
Fig. 2 Two-particle correlation functions for 7 TeV pp (c) high multiplicity events with pT>0.1 GeV/c and (d) high multiplicity events 
with 1<pT<3 GeV/c. 
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Proton-proton Collisions at √sNN= 0.9 and 2.36 TeV Studied with ALICE at the LHC 
by A. Deloff, I. Ilkiv, P. Kurashvili, T. Marszał, T. Siemiarczuk, G. Wilk for the ALICE Collaboration 
 

On 23rd November 2009, during the early 
commissioning of the CERN Large Hadron Collider 
(LHC), two counter-rotating proton bunches were 
circulated for the first time concurrently in the 
machine, at an LHC injection energy of 450 GeV per 
beam. Although the proton intensity was very low, 
with only one pilot bunch per beam, and no systematic 
attempt was made to optimize the collision optics, all 
LHC experiments reported a number of collision 
candidates. In the ALICE experiment, the collision 
region was centered very well in both the longitudinal 
and transverse directions and 248 events were 
recorded in coincidence with the two passing proton 
bunches. The events were immediately reconstructed 
and analyzed both online and offline. We have used 
these events to measure the pseudorapidity density of 
charged primary particles in the central region. In the 
range |η|<0.5, we obtain dNch/dη = 3.10 ± 0.13 (stat.) 
0.22 (syst.) for non-single diffractive interactions [1]. 
These results are consistent with previous 
measurements in proton-antiproton interactions at the 
same center-of-mass energy at the CERN SppS

_
 

collider. They also illustrate the excellent functioning 
and rapid progress of the LHC accelerator, and of both 
the hardware and software of the ALICE experiment, 
in this early start-up phase. 

A brief report on further proton-proton 
measurements at different energies is presented below.  

(i) Charged-particle production was studied in 
proton-proton collisions collected at the LHC with the 
ALICE detector at center-of-mass energies 0.9 TeV 
and 2.36 TeV in the pseudorapidity range |η| < 1.4 [2]. 
In the central region (|η| < 0.5), at 0.9 TeV, we 
measure charged-particle pseudorapidity density 
dNch/dη = 3.02 ± 0.01(stat.) 08.0

05.0
+
− (syst.) for inelastic 

interactions, and dNch/dη = 3.58±0.01(stat.) 12.0
12.0

+
− (syst.) 

for non-single-diffractive interactions. At 2.36 TeV, 
we find dNch/dη = 3.77 ± 0.01(stat.) 25.0

12.0
+
− (syst.) for 

inelastic, and dNch/dη = 4.43 ± 0.01(stat.) 17.0
12.0

+
− (syst.) 

for non-single-diffractive collisions. The relative 
increase in charged-particle multiplicity from 
the lower to higher energy is 24.7% ± 0.5% 
(stat.) 7.5

8.2
+
− % (syst.) for inelastic and 23.7% ± 0.5% 

(stat.) 6.4
1.1

+
− % (syst.) for non-single-diffractive 

interactions. This increase is consistent with that 
reported by the CMS collaboration for non-single-
diffractive events and larger than that found by a 
number of commonly used models. The multiplicity 
distribution was measured in different pseudorapidity 
intervals and studied in terms of KNO variables at 

both energies. The results are compared to proton 
antiproton data and to model predictions.  

(ii) The pseudorapidity density and 
multiplicity distribution of charged particles produced 
in proton-proton collisions at the LHC, at a center-of-
mass energy s = 7 TeV, were measured in the 
central pseudorapidity region |η| < 1 [3]. Comparisons 
are made with previous measurements at 

s = 0.9 TeV and 2.36 TeV. At s = 7 TeV, for 
events with at least one charged particle in |η|<1, we 
obtain dNch/dη = 6.01 ± 0.01(stat.) 20.0

12.0
+
− (syst.). This 

corresponds to an increase of 57.6% ± 4% 
(stat.) 6.3

8.1
+
− %(syst.) relative to collisions at 0.9 TeV, 

significantly higher than calculations from commonly 
used models. The multiplicity distribution at 7 TeV is 
described fairly well by the negative binomial 
distribution.  

(iii) The inclusive charged particle transverse 
momentum distribution is measured in proton-proton 
collisions at s = 900 GeV at the LHC using the 
ALICE detector [4]. The measurement is performed in 
the central pseudorapidity region (|η|<0.8) over the 
transverse momentum range 0.15<pT<10 GeV/c. The 
correlation between transverse momentum and particle 
multiplicity is also studied. Results are presented for 
inelastic (INEL) and non-single-diffractive (NSD) 
events. The average transverse momentum for |η|<0.8 
is <pT>INEL = 0.483 ± 0.001(stat.) ± 0.007(syst.) GeV/c 
and <pT>NSD = 0.489 ± 0.001(stat.) ± 0.007(syst.) 
GeV/c, respectively. The data exhibit a slightly larger 
<pT> than measurements in wider pseudorapidity 
intervals. The results are compared to simulations with 
the Monte Carlo event generators PYTHIA and 
PHOJET.  

(iv) The ratio of the yields of antiprotons to 
protons in pp collisions was measured by the ALICE 
experiment at s = 0.9 and 7 TeV during the initial 
running periods of the Large Hadron Collider [5]. The 
measurement covers the transverse momentum 
interval 0.45<pt<1.05 GeV/c and rapidity |y|<0.5. The 
ratio is measured to be R|y|<0.5 = 0.957 ± 0.006 (stat) 
± 0.014 (syst) at 0.9 TeV and R|y|<0.5 = 0.991 
± 0.005 (stat) ± 0.014 (syst) at 7 TeV and it is 
independent of both rapidity and transverse 
momentum. The results are consistent with the 
conventional model of baryon-number transport and 
set stringent limits on any additional contributions to 
baryon-number transfer over very large rapidity 
intervals in pp collisions.  
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(v) We report on the measurement of two-pion 
correlation functions from pp collisions at 

s = 900 GeV performed by the ALICE experiment 
at the Large Hadron Collider [6]. Our analysis shows 
an increase of the Hanbury Brown Twiss radius with 
increasing event multiplicity, in line with other 
measurements made in particle and nuclear collisions. 
Conversely, the strong decrease of the radius with 
increasing transverse momentum, as observed at the 
Relativistic Heavy Ion Collider and at the Tevatron, is 
not manifested in our data.  
 

[1] K. Aamodt et al., (ALICE Collaboration), Eur. 
Phys. J. C 65 (2010) 111 

[2] K. Aamodt et al., (ALICE Collaboration), Eur. 
Phys. J. C 68 (2010) 89 

[3] K. Aamodt et al., (ALICE Collaboration), Eur. 
Phys. J. C 68 (2010) 345 

[4] K. Aamodt et al., (ALICE Collaboration), Phys. 
Lett. B 693 (2010) 53 

[5] K. Aamodt et al., (ALICE Collaboration), Phys. 
Rev. Lett. 105 (2011) 072002 

[6] K. Aamodt et al., (ALICE Collaboration), Phys. 
Rev. D 82 (2010) 052001 
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Effects of Transversity in Deep-inelastic Scattering by Polarized Protons*) 
by W. Augustyniak, B. Mariański, A. Trzciński, P. Żuprański 
 

The dominant process in deep-inelastic scattering 
(DIS) of charged leptons by nucleons is the exchange 
of a single space-like photon with a squared four-
momentum -Q2 squared. The polarized inclusive DIS 
on nucleons, l N→l’ X (where X denotes the 
undetected final state) can be described by four 
structure functions. Three of the structure functions 
contain contributions at leading order in an expansion 
in M/Q (twist expansion). These contributions include 
the leading twist (twist-2) quark distribution functions 
f1

q(x) and g1
q(x). The variable x represents the fraction 

of the nucleon momentum carried by the parton in a 
frame where the nucleon moves with infinite 
momentum in the direction opposite to the probe. The 
hard probe defines a specific direction (q in Fig. 1), 
usually denoted as longitudinal, and the transverse 
plane perpendicular to it. 

 
Fig. 1 The definition of the azimuthal angles Φ and ΦS relative to 
the lepton scattering plane defined by incoming and outgoing lepton 
momenta k and k’. ST denotes the polarization vector of the target, 
Ph is the momentum of the produced hadron. 

In a parton-model picture, f1
q(x) describes the 

number density of quarks of flavor q in a fast moving 
nucleon without regard to their polarization. The 
g1

q(x) describes the difference between the number 
densities of quarks with helicities equal and opposite 
to that of the nucleon if the nucleon is longitudinally 
polarized. 

There is a third leading-twist PDF, the function 
h1

q(x), called the transversity which describes the 
distribution of transversely polarized quarks in a 
transversely polarized nucleon. Its integral over x is 
related to the tensor charge of the nucleon. 

Due to helicity conservation there exists no gluon 
analog of h1

q(x) in the case of spin ½ targets. 
The transversity distribution does not appear in 

any structure function in inclusive DIS because it is 
odd under inversion of the quark chirality. It must be 
combined with another chiral-odd partner to appear in 
a cross section for hard processes involving only QED 
or QCD, as such interactions preserve chirality. In 
lepton-nucleon scattering, the transversity distribution 
can be accessed experimentally only in semi-inclusive 
DIS with a transversely polarized target, where it can 
appear in combination with, e.g., the chiral-odd 
Collins fragmentation function. It provides the 
necessary sensitivity to transverse quark polarization 

via the left-right asymmetry in the momentum 
distribution of the outgoing hadron. This structure 
function manifests itself as a sin(Φ+ΦS) modulation in 
the semi-inclusive DIS cross section with a 
transversely polarized target. Its Fourier amplitude is 
denoted as 2{sin(Φ+ΦS)}UT where Φ (ΦS) represents 
the azimuthal angle of the hadron momentum (of the 
transverse component of the target spin) with respect 
to the lepton scattering plane and about the virtual-
photon direction q. The subscript UT denotes 
unpolarized beam and polarized target. 

The data reported here were recorded during the 
2002-2005 running period of the HERMES 
experiment with a transversely nuclear-polarized 
hydrogen target stored in a target cell internal to the 
27.6 GeV HERA polarized positron/electron storage 
ring at DESY. They are presented in Fig. 2. 

 
Fig. 2 Collins amplitudes for pions and charged kaons as 
functions of fractional parton momentum, x, the fraction of the 
virtual-photon energy carried by the detected hadron, z, and the 
hadron’s momentum component transverse to the direction of the 
virtual photon, Ph┴. 

In general, the non-vanishing amplitudes increase 
in magnitude with x. This is consistent with the 
expectation that transversity mainly receives 
contributions from the valence quarks. The results also 
show that the π- amplitude is of opposite sign to that of 
π+. A possible explanation is the dominance of the u 
flavor among struck quarks, in conjuction with a 
substantial magnitude with opposite sign of the 
disfavored fragmentation function describing, e.g., the 
fragmentation of u quark into π- meson. 
 
*) The Hermes Collaboration Reports 
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Leading-order Determination of the Gluon Polarization from High-PT Hadron 
Electroproduction*) 
by W. Augustyniak, B. Mariański, A. Trzciński, P. Żuprański 
 

In recent years a major goal in the study of 
Quantum Chromo-Dynamics (QCD) has been the 
detailed investigation of the spin structure of the 
nucleon and the determination of the partonic 
composition of its spin projection: 

1/2 =Sz =1/2*∆Σ + ∆G +Lq + LG 

Here ∆Σ is the contribution of the quark and 
antiquark helicities, ∆G is the contribution of the 
gluon helicity, and Lq and LG are the quark and gluon 
orbital angular momenta. The individual terms in the 
sum depend on the scale µ2 and the renormalization 
scheme. In contrast to the quark helicity distributions, 
knowledge of the gluon helicity distribution function 
is still limited. Most of the existing knowledge about 
∆G(µ2) comes from next-to-leading order perturbative 
QCD (pQCD) fits to helicity-dependent structure 
functions g1(xB,Q2) of the nucleon, where xB is the 
Bjorken scaling variable, which is in the leading-order 
(LO) identified with the longitudinal parton 
momentum fraction x in the nucleon. As the virtual 
photon does not couple directly to gluons, g1(xB,Q2) is 
only weakly sensitive to gluons. 

In order to increase the sensitivity to ∆G(x,µ2) in 
lepton-nucleon scattering, other observables besides 
the inclusive helicity-dependent structure function 
have been studied. For example, in hadron lepto 
production this gluonic contribution can be relatively 
enhanced by detecting charmed hadrons or hadron 
pairs at high transverse momenta PT. The selection of 
hadrons with high PT enhances the relative 
contribution of the gluon subprocesses and the 
relevant transverse momenta provide the scale. 

This paper presents the leading-order (LO) 
extraction of the gluon polarization ∆g/g from 
longitudinal double-spin asymmetries of charged 
inclusive hadrons measured in electroproduction using 
deuterium target by HERMES at HERA. 

The ratio ∆g/g as a function of (x,µ2) of helicity-
dependent to helicity-averaged gluon distributions, i.e. 
the gluon polarization, is determined by measuring the 
double-spin cross section asymmetry of one or two 
high-PT inclusive hadrons in the scattering of 

longitudinally polarized positrons on a longitudinally 
polarized target. The data for this analysis were 
collected in 1996, 1997 and 2000. 

Positrons of momentum 27.6 GeV were stored in 
the HERA lepton ring at Desy. The initially 
unpolarized beam was transversely polarized by an 
asymmetry in the emission of synchrotron radiation 
associated with a spin-flip. 

The positron polarization was rotated to the 
longitudinal direction for a passage through a gaseous 
internal fixed target of longitudinally nuclear-
polarized atoms. The average beam polarization 
amounted to 53% and that of the target nuclei to 80%. 

Results are presented in Fig. 1. 

 
Fig. 1 The gluon polarization from HERMES extracted with fct.1 
(<x>=0.22,<µ2>=1.35 GeV2) compared to those from the 
COMPASS and SMC collaborations, including statistical 
uncertainties (inner error bars) and total uncertainties (outer error 
bars).The x region of the data is indicated by horizontal bars. Also 
shown are curves from NLO pQCD fits DSSV and BB-09 at µ2 =1.5 
GeV2. 

The HERMES result is shown together with a 
predicted functional dependence: fct.1=x(1+p(1-x)2. 
 
 
*)

 The Hermes Collaboration Reports 
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A Spectral Representation for Baryon to Meson Transition Distribution Amplitudes 
by B. Pire,1) K. Semenov-Tian-Shansky1) and L. Szymanowski 
 

The concept of generalized parton distributions 
(GPDs), which in the simplest (leading twist) case are 
non-diagonal matrix elements of quark-antiquark or 
gluon-gluon non local operators on the light cone, has 
recently been extended to baryon to meson (and 
baryon to photon) transition distribution amplitudes 
(TDAs), non diagonal matrix elements of three quark 
operators between two hadronic states of different 
baryon number (or between a baryon state and a 
photon). Nucleon to meson TDAs are conceptually 
much related to meson-nucleon generalized 
distribution amplitudes since they involve the same 
non-local operators. These objects are useful for the 
description of exclusive processes characterized by a 
baryonic exchange such as backward electro-
production of mesons or proton-antiproton hard 
exclusive annihilation processes. Nucleon to meson 
TDAs are also considered to be a useful tool to 
quantify the pion cloud in baryons.  

Nucleon to meson transition distribution 
amplitudes, also called in the literature skewed DAs 
[1] and superskewed parton distributions [2], which 
extend the concept of the usual generalized parton 
distributions, arise e.g., in the description of meson 
electroproduction on a nucleon target. For definiteness 
below we consider the case of nucleon to pion 
transition distribution amplitudes (N TDAs for 
brevity) although our analysis is general enough to be 
applied to other baryon-meson and also baryon to 
photon TDAs. N TDAs arise in the description of 
backward pion electroproduction (see Fig. 1)  

γ*(q) + N(p1)→N′(p2) + π (pπ),  (1) 
in the generalized Bjorken regime (–q2–large and 

q2/(2p1·q) kept fixed –q2 >> –t). The factorization 
theorem was assumed for the process (1) in [1, 2].  

Up to now TDAs between states of unequal baryon 
number lacked any suitable phenomenological 
parametrization in the whole domain of their 
definition. The complete parametrization should 
properly take into account the fundamental 
requirement of Lorentz covariance which is manifest 
as the polynomiality property of the Mellin moments 
in the relevant light-cone momentum fraction on the 
complete domain of their definition. For the case of 
the GPDs an elegant way to fulfill this requirement 
consists in employing the spectral representation. The 
corresponding spectral properties were established 
with the help of the alpha-representation techniques.  

A. Radyushkin’s double distribution Ansatz based 
on the double distribution representation for GPDs 
became the basis for various successful 
phenomenological GPD models.  

 

 
Fig. 1 The factorization of the process + P  P 

_ 
+ . The lower blob 

is the pion-nucleon transition distribution amplitude, Mh denotes 
the hard subprocess amplitude, DA is the nucleon distribution 
amplitude.  

In the paper [3] we address the problem of 
construction of a spectral representation of baryon to 
meson transition distribution amplitudes. We 
introduced the notion of quadruple distributions and 
generalized Radyushkin’s factorized Ansatz for this 
issue. This allows these results to be applied to the 
modeling of baryon to meson TDAs in the complete 
domain of their definition and quantitative rate 
estimates in various hard exclusive reactions to be 
made.  

Similarly, as the nucleon to meson TDAs factorize 
in backward meson electroproduction, nucleon to 
photon TDAs may factorize in backward virtual 
Compton scattering. The main part of the analysis 
performed in paper [3] can be directly applied to the 
nucleon to photon TDAs. But the modeling of the 
quadruple distribution has to account for the 
anomalous nature of the photon. Studies of the 
anomalous photon structure functions and of the 
photon GPDs show that taking it into account is a 
nontrivial task which deserves separate studies.  
 
[1] L. L. Frankfurt, P. V. Pobylitsa, M. V. Polyakov 

and M. Strikman, Phys. Rev. D 60, 014010 (1999) 
[arXiv:hep-ph/9901429] 

[2] L. Frankfurt, M. V. Polyakov, M. Strikman, 
D. Zhalov and M. Zhalov, arXiv:hep-ph/0211263 

[3] B. Pire, K. Semenov-Tian-Shansky and 
L. Szymanowski, Phys. Rev. D 82 (2010) 094030 
[arXiv:1008.0721 [hep-ph]] 
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BPS States, Crystals and Matrices 
by P. Sułkowski 
 

Recently several distinct fields of research in the 
area of high energy physics and mathematics have 
been related to each other in a fascinating chain of 
dualities. These fields include counting and wall-
crossing phenomena of BPS states of D-branes, 
topological strings, statistical models of crystal 
melting, free fermions and matrix models. These 
connections are particularly important to understand 
for exactly solvable models, which arise in the string 
theory context on local, toric Calabi-Yau manifolds. 
Several important problems in this area of research 
have been solved and elucidated in our work [1, 2]. 

From a physical point of view the main problem is 
to determine the generating functions of BPS states in 
four space-time dimensions, which arise from bound 
states of D0 and D2 branes wrapping cycles of a toric 
Calabi-Yau manifold, and bound to a single D6-brane. 
It turns out that the multiplicities of such BPS states 
depend on the values of Kähler moduli of this Calabi-
Yau manifold, and they change discontinuously when 
special values of those moduli are crossed. Therefore, 
the moduli space is divided into distinct chambers, and 
jumps in BPS multiplicities upon changing a chamber 
are determined by the famous Kontsevich-Soibelman 
wall-crossing formulas.  

In [1] fermionic representations of such generating 
functions were found. Firstly, to a given toric 
manifold a state |Ω±> in a free fermion Hilbert space H 
was associated. Secondly, so-called wall-crossing 
operators W  were found. These states and operators 
are constructed in such a way that the BPS generating 
function in a chamber labeled by n can be written in a 
very compact form: 

−+ ΩΩ=
nBPS

n WZ . 

Moreover, it has been shown that the above 
correlator represents a statistical crystal model, and 
the value of BPS

nZ  is reproduced as the generating 
function of such a crystal. For example, in the case of 
a conifold there is an infinite number of chambers 
labeled by integer numbers n, and corresponding 

crystal models are given by two-colored pyramids (or 
prisms) with the top being a row of length n; the case 
of n=3 is shown in the figure below.  

 
Fig. 1 Crystal model representing counting of BPS states of D6-
D2-D0 branes on a conifold. 

In a related line of development in [2], it has been 
shown that the above generating functions can be 
encoded in matrix models, i.e. integrals over unitary 
matrices M of the form 

)(MV
M

BPS
n

neDMZ −∫= , 

where DM is a relevant integration measure and 
Vn(M) is a potential. In the case of BPS counting we 
determined the relevant potentials Vn(M) for a 
chamber labeled by n. In particular in the n→∞ limit 
the BPS counting function reduces to the topological 
string partition function, and therefore this 
construction provides an explicit realization of the 
remodeling conjecture (which relates topological 
strings to recursion relations of matrix models). We 
believe this achievement will prove important in the 
full proof of the remodeling conjecture, and will also 
extend it beyond the realm of topological string 
theory. 
 
[1] P. Sułkowski, “Wall-crossing, free fermions and 

crystal melting”, Commun. Math. Phys. 301 
(2011) 517, arXiv: 0910.5485 [hep-th] 

[2] H. Ooguri, P. Sułkowski, M. Yamazaki, „Wall 
Crossing As Seen by Matrix Models”, arXiv: 
1005.1293 [hep-th] 
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Pb + Pb Collisions at √sNN= 2.76 TeV Studied with ALICE at the LHC 
by A. Deloff, I. Ilkiv, P. Kurashvili, T. Marszał, T. Siemiarczuk, G. Wilk (for the ALICE Collaboration) 

 
In November 2010 the Large Hadron Collider 

(LHC) at CERN produced the first Pb+Pb collisions at 
a center-of-mass energy per nucleon pair 
√sNN = 2.76 TeV. The latter result means that the 
highest energy of a nuclear collision obtained so far in 
the laboratory has been increased by more than one 
order of magnitude. Here, we report on the first data 
on Pb + Pb collisions at √sNN = 2.76 TeV measured by 
the ALICE Collaboration. All the details and figures 
illustrating these findings are given in the original 
publications [1–4]. These references cover the 
following subjects:  

(i) The first measurement of the charged-particle 
multiplicity density at midrapidity in Pb-Pb collisions 
at a center-of-mass energy per nucleon pair 
√sNN = 2.76 TeV reveals that for an event sample 
corresponding to the most central 5% of the hadronic 
cross section, the pseudorapidity density of primary 
charged particles at midrapidity is 1584 ± 4 (stat) ± 76 
(syst), which corresponds to 8.3 ± 0.4 (syst) per 
participating nucleon pair. This represents an increase 
of about a factor of 1.9 relative to pp collisions at 
similar collision energies, and about a factor of 2.2 to 
central Au-Au collisions at √sNN = 0.2 TeV. This 
measurement provides the first experimental 
constraint for models of nucleus-nucleus collisions at 
LHC energies.  

(ii) The centrality dependence of the charged-
particle multiplicity density at midrapidity in Pb-Pb 
collisions at √sNN =2.76 demonstrates that 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 centrality 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 production in nuclear 
collisions.  

(iii) The first measurement of charged particle 
elliptic flow in Pb-Pb collisions at √sNN = 2.76 TeV 
with the ALICE detector at the CERN Large Hadron 
Collider was performed. The central pseudorapidity 
region (|η|<0.8) and transverse momentum range 
0.2<pt<5.0 GeV/c was examined. The elliptic flow 
signal v2, measured using the 4-particle correlation 
method, averaged over transverse momentum and 
pseudorapidity is 0.087 ± 0.002 (stat) ± 0.003 (syst) in 
the 40% – 50% centrality class. The differential 
elliptic flow v2(pt) reaches a maximum of 0.2 near 
pt=3 GeV/c. Compared to RHIC Au-Au collisions at 
√sNN = 200 GeV, the elliptic flow increases by about 
30%. Some hydrodynamic model predictions which 
include viscous corrections are in agreement with the 
observed increase.  

(iv) The first measurement of two-pion Bose-
Einstein correlations in central Pb.Pb collisions at 
√sNN = 2.76 TeV at the Large Hadron Collider reveals 
a growing trend with energy now not only for the 
longitudinal and the outward but also for the sideward 
pion source radius. The pion homogeneity volume and 
the decoupling time are significantly larger than those 
measured at RHIC.  
 
 
[1] K. Aamodt et al., (ALICE Collaboration), Phys. 

Rev. Lett. 105 (2010) 252301  
[2] K. Aamodt et al., (ALICE Collaboration), Phys. 

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

Rev. Lett. 105 (2010) 252302  
[4] K. Aamodt et al., (ALICE Collaboration), Phys. 

Lett. B 696 (2010) 328 
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Isotopic Effects in the Emission of Intermediate Mass Fragments in the 124Sn + 64Ni 
Reaction at 35 MeV/nucleon 
by I. Skwira-Chalot,1) T. Cap,1) K. Siwek-Wilczyńska,1) J. Wilczyński and the REVERSE-ISOSPIN 
Collaboration 
 

Nucleus-nucleus collisions at the domain of Fermi 
energies have revealed an interesting mechanism of 
neck fragmentation in which so-called intermediate 
mass fragments (IMF), i.e. light fragments of Z ≥ 3, 
are abundantly produced with velocities intermediate 
between those of the projectile-like fragment (PLF) 
and the target-like fragment (TLF). Angular 
correlations of the IMFs with respect to PLFs and 
TLFs allow those IMFs which originate from the neck 
zone formed between PLF and TLF during the 
reseparation of the colliding system to be selected. 
The determination of the isotopic composition of these 
selected IMFs, if possible, may then provide important 
information on the isospin dynamics during the 
collision.  

In experiments carried out at the Laboratori 
Nazionali del Sud (LNS) in Catania, the 124Sn + 64Ni 
reaction was studied at a bombarding energy of 35 
MeV/nucleon. Fragments from this reaction were 
detected and identified with the multi-detector 
CHIMERA by using the standard ∆E-E method 
combined with time-of-flight measurements. This 
experimental technique allowed the  mass numbers of 
light IMFs up to A≈15 to be identified. In a recent 
work [1], the isotopic composition of IMFs of Z = 4, 5 
and 6 (Be, B and C isotopes) originating from the neck 
region, was studied and compared with those 
corresponding to the IMFs emitted from other 
locations. In an event-by-event analysis, angular 
distributions of IMFs in the center-of-mass reference 
frame of the PLF+IMF sub-system were deduced from 
the data. The angle φ of the IMF emission covers the 
range from φ=0o to φ=360o where φ=0o denotes the 
direction of the separation of the (PLF+IMF) + TLF 
system. Thus the angles around φ=180o correspond to 
the emission of IMFs from the region between PLF 
and TLF, i.e. from the neck. 

Figures 1 and 2 show two examples of the deduced 
angular distributions of the isotopic ratio of beryllium 
and carbon IMFs. The ratios of 10Be/7Be and 14C/12C 
are shown as a function of the angle φ defined above. 
It is clearly seen that both  IMF isotopic ratios are 
rather flat over the whole range of forward angles φ 
(for -90o<φ<90o), but they strongly rise at backward 
angles approaching a maximum around φ≈180o. 
Unfortunately the region of the most backward angles 
is unavailable for unambiguous A and Z determination 
of IMFs due to the thickness of the ∆E detectors and 
the resulting energy threshold for IMF identification. 
Nevertheless, the presence of the maxima of the 
measured isotopic ratios in the vicinity of φ≈180o, 
corresponding to the location of the neck, is 
unquestionable. This result is a direct experimental 

proof that the isotopic composition of IMFs emitted 
from the neck region is significantly enriched in 
neutrons compared to IMFs emitted from other 
locations of the colliding system. 

Quantitative analysis of the observed effect of 
neutron enrichment of matter in the neck region in 
terms of microscopic dynamical models (see e.g. [2]) 
may provide essential information on the symmetry 
term in the nuclear equation of state.    

 
Fig. 1 Angular distribution of the IMF isotopic ratio 10Be/7Be in 
the rest frame of the PLF+IMF sub-system.  

 
Fig. 2 Angular distribution of the IMF isotopic ratio 14C/12C in the 
rest frame of the PLF+IMF sub-system.  
 
[1] I. Skwira-Chalot, T. Cap, K. Siwek-Wilczyńska, 

J. Wilczyński, Int. J. Mod. Phys. E (in press) 
[2] V. Baran, M. Colonna, V. Greco, M. Di Toro, 

Phys. Rep. 410 (2005) 335  
 
1) Institute of Experimental Physics, University of 

Warsaw, Poland 
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Dynamic Polarization Potential for 6He+206Pb 
by Ł. Standyło,1) L. Acosta,2) C. Angulo,3) R. Berjillos,2) J. A. Duenas,2) M. S. Golovkov,1) T. Keutgen,3) 
I. Martel,2) M. Mazzocco,4) F. Perez-Bernal,2) A. M. Sanchez-Benitez,2) C. Signorini,4) M. Romoli,5) K. Rusek 

and R. Wolski1) 
 

The elastic scattering of 6He nuclei from a 206Pb 
target was measured at an energy of 18 MeV, well 
below the Coulomb barrier. This is a part of a study 
dedicated to the interactions of exotic nuclei at sub-
barrier energies. The experimental data are plotted in 
Fig. 1 as the full dots. 

 
Fig. 1 Angular distribution of 6He+206Pb elastic scattering at 
18 MeV. The curves correspond to different Optical Model 
calculations (see text for details). 

The elastic scattering data were analyzed by 
means of the Optical Model (OM). The real part of the 
OM potential was derived from the densities of the 
colliding nuclei by means of the double-folding 
technique. The imaginary part was assumed to have 
the same form as the real, multiplied by a 
normalization factor N: 

VOM = (1+ i N) VDF. 
An automatic search routine was used to optimize 

the x2 obtained by comparison of the calculations and 
the data. The fit routine searched on the N parameter. 
The results are plotted in Fig. 1 by the green dotted 
curve. The value of the parameter found in the search 
was N = 1.712. This calculation showed that the data 
could not be described using such a standard form of 
the OM potential. In the next step, a dynamic 
polarization potential (DPP), simulating the effects of 
channel couplings, was added to the standard form of 
the optical potential.  

The DPP was adopted from a continuum – 
discretized coupled-channel analysis of 6He + 208Pb 
elastic scattering data at 22 MeV [1]. Namely, the 
DPP found in ref. [1] was parameterized in the 
following way: 

VDPP = V1 df(R)/dR - V2 g(R), f(R) = [1+exp[(R-R0,i)/a1]]-1 
 

WDPP = W1 df(R)/Dr - W2 g(R), g(R) = [1+exp[(R-R0,i)/a2]]-1. 

Again, a search on the N parameter was performed 
leading to a much better reproduction of the 
experimental data (blue dot-dashed curve in Fig. 1). 

 
Fig. 2 Real and imaginary parts of the DPP. Their large 
diffuseness reflects strong couplings with the direct reaction 
channels (breakup and neutron transfers). 

However, the best fit (x2/point = 0.26) was 
obtained with a three-parameters search: N, a2 for the 
real part and a2 for the imaginary part, with the final 
value of N = 0.61 (solid black curve in Fig. 1). The 
DPP parameters of the best fit are listed in Table 1 and 
the corresponding real and imaginary parts of the DPP 
are plotted in Fig. 2. The total reaction cross section 
corresponding to this fit was found to be 413.16 mb. 
Table 1  
Parameters of the DPP found from the fit to the experimental data. 

 V1/W1 
[MeV] 

V2/W2 
[MeV] 

R0,i 
[fm] 

a1 
[fm] 

a2 
[fm] 

VDPP -2.03 0.2 10.3 0.8 3.02 

WDPP -2.03 0.35 9.8 0.55 2.66 

In summary, we have shown that the 6He + 206Pb 
elastic scattering at 18 MeV could be described by a 
standard optical model potential of the form 
VOM = (1+ i 0.61) VDF + VDPP+ iWDPP, with a DPP of 
very diffuse real and imaginary parts, reflecting strong 
couplings with the direct reaction channels. 
 
[1] K. Rusek, EPJ A41 (2009) 399 
 
1) JINR Dubna, Russia 
2) UHU Huelva, Spain 
3) CRC Louvain-la-Neuve, Belgium 
4) INFN-LNL Legnaro, Italy 
5) INFN Napoli, Italy 
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Discovery of New Isotopes 
by K. Siegień-Iwaniuk and Z. Patyk 
 

Recently, at GSI-Darmstadt five new isotopes in 
the element range from thallium to actinium have been 
discovered [1]. The nuclei were created as fragments 
of the 238U projectile at the entrance of the fragment 
separator FRS. Next, accurate new mass values and 
lifetimes were achieved at the ESR facility. Using 
Schottky spectrometry and well known masses as a 
calibration, their atomic masses were determined with 
a precision of around 60 keV. The mass values and 
half-lives are listed in Table 1. 
Table 1 
Atomic mass values and half-lives for five newly discovered nuclei 
[1]. The half-lives were determined with asymmetric  errors. 

Isotope Mass excess 
[keV] 

T1/2 
[s] 

236Ac 51267  ± 68 72 (+345)(-33) 
224At 27706  ± 59 76 (+138)(-23) 
222Po 22476  ± 67 145 (+694)(-66) 
221Po 19783  ± 58 112 (+58)(-28) 
213Tl 1763    ± 61 101 (+484)(-46) 

Additionally, we excluded the possibility that an 
ion could be misidentified as a new isotope. In the 
interpretation of the frequency spectra, ions of 
possible charge states with less than six bound 
electrons were considered. In this way very rare 
charge states were excluded and we can state that our 
identification down to the appearance of single ions is 
without ambiguity. 

The newly discovered nuclei are situated relatively 
far from the valley of stability. The positions of the 
isotopes on the chart of the nuclei are presented in Fig. 
1 and denoted by stars. 

 
Fig. 1 The five newly discovered nuclei are situated in the 
element range from thallium to actinium and are indicated by stars 
[1]. 

All the newly discovered nuclei are unstable and 
decay by the beta minus channel. Their half-lives are 
approximately equal to 100 seconds and were 
determined with large asymmetric errors .  

 
Fig. 2 A comparison of the nuclear mass values with the 
experimental data for three theoretical models is plotted [1]. 

Fig. 2 shows a comparison of the experimental 
mass values with the macroscopic–microscopic model 
FRDM [2], the semi-empirical mass formula of Duflo 
and Zuker [3], and a microscopic Hartree–Fock–
Bogoliubov HFB-14 theory [4]. One can see the 
deficits of the models presented. The deviations 
between theoretical and experimental data 
systematically increase with increasing neutron 
number, i.e., with the distance from the valley of 
stability and previously known mass values.  

The measured mass and half-life values  will 
contribute to a  knowledge of the decay products from 
the r-process appearing in stars.  Additionally, they 
could be a crucial test of the predictive power of 
modern nuclear mass and half-life models. 

More details on mass measurements at GSI  will 
be published  in a forthcoming paper. 
 
[1] L. Chen, et al., Phys. Lett. B 691, 234  (2010)  
[2] P. Moller, et al., At. Data Nucl. Data Tables 59 

185 (1995). 
[3] J. Duflo, A. P. Zuker, Phys. Rev. C 52 R23 

(1995). 
[4] S. Goriely, M. Samyn, J. M. Pearson, Phys. Rev. 

C 75 064312 (2007), and references therein 
http://www- astro.ulb.ac.be/Nucdata/Masses/ 
hfb14-plain 
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Interpretation of the Si Kα -ray Spectra Accompanying the Stopping of Swift Ca Ions in 
Low-density SiO2 Aerogel  
by J. Rzadkiewicz, A. Gójska, O. Rosmej,1) M. Polasik,2) K. Słabkowska2) 
 

The interaction of 11.4 MeV/u Ca ions with SiO2 
was studied at the linear accelerator UNILAC at GSI-
Darmstadt. The Si Kα spectra were measured along 
the 80% ion beam stopping path by means of high-
resolution spectroscopy [1]. The measurements with a 
high-energy resolution spectrometer [2], FSSR 
(∆E = 0.4 eV, ∆x = 30 µm) provided precise 
experimental data concerning the intensities and 
energies of the KαLN -ray satellite transitions 
occurring in a Si atom situated in the chemical oxygen 
environment (SiO2) [2]. 

The experimental energy shifts of the KαLN 
satellites measured for three different energies of the 
Ca ions slowing down in the low density aerogel were 
compared with the theoretical energy shifts obtained 
by means of MCDF calculations (Fig. 1). The 
experimental values are significantly lower than the 
theoretical ones for a fully ionized M shell. The 
experimental data are also lower than the calculations 
for the ground-state valence (3s23p2) configuration 
M0. The low-energy shifts of the KαLN satellites 
observed in the experiment were attributed to the 
chemical effect that decreases the KαLN satellite 
transition energies due to the enrichment of the 
valence-electron fraction. It was found that this effect 
is prominent for higher-order KαLN satellites where 
the L shell of a Si atom is highly ionized [2]. 

 
Fig. 1 Comparison of the experimental KαLN satellites energy 
shifts obtained in the present work for three different Ca-projectile 
energies with MCDF predictions performed for various valence 
configurations: full valence shell (M0), fully ionized one (M4) and 
chemical enriched valence configuration (Mchem).  

The primary L-shell vacancy distributions were 
corrected for rearrangement processes which modify 
the number of L-shell vacancies during the time 
between the collision and photon emission. The 
rearrangement factors and Kα -ray emission depend 
on the Si valence charge fraction which is governed by 
the M-shell ionization and the chemical environment 
of a Si. The primary L-shell vacancy distributions can 
be determined when the KαLN satellite intensities and 
rearrangement factors are known. Assuming that the 
L-shell vacancies can be produced independently by 

direct ionization and/or electron capture the L-shell 
vacancy production can be described by binomial 
distributions. The populations of the highly ionized 
KLN states appearing just after interaction were found 
to undergo a significant reduction due to the very 
intense rearrangement processes. As a consequence, 
the highest ionized states of Si produced in the ion-
atom collisions cannot be directly observed in the Kα 
satellite -ray spectra. The high intensity of the 
rearrangement processes was attributed to the 
electron-rich chemical environment which modifies 
the valence shell of Si being in the highly ionized KLN 
states [2]. The primary distribution shows that the 
highest degree of L-shell ionization is present in the 
latest stage of the stopping process. 

 
Fig. 2 The KαLN satellite intensities (squares and dashed lines) 
measured in the Kα -ray spectra induced in Si by Ca ions with an 
initial energy of 11 MeV/u at early (top), mid- (middle) and later 
stages of the stopping processes (bottom) and corresponding 
primary L-shell vacancy distributions (circles and solid lines) 
obtained by means of the “chemical” rearrangement procedure. 
 
 
[1] J. Rzadkiewicz, A. Gójska, O. Rosmej, 

M. Polasik, K. Słabkowska, Phys. Rev. A82 
(2010) 012703 

[2] O. N. Rosmej et al., Rev. Sci. Instrum. 74 (2003) 
5039  
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Nonextensive Critical Effects in Relativistic Nuclear Mean Field Models 
by J. Rożynek and G. Wilk 
 

We have developed an extension of the usual 
relativistic nuclear mean field (MF) models used to 
describe nuclear matter, which  accounts for the 
influence of any possible intrinsic fluctuations and/or 
correlations caused by the environment [1, 2]. This 
was done by replacing the usual Boltzman-Gibbs (BG) 
extensive statistics used in such models by its 
nonextensive counterpart taken in the form proposed 
by Tsallis. The dimensionless parameter q 
(nonextensivity parameter) occurring now represents 
for q≠1 summarily the action of all the above 
mentioned effects; for q → 1 one recovers the usual 
BG case. This was done following the example of the 
QCD-based Nambu -Jona-Lasinio (NJL) model of 
many-body field theory by formulating its 
nonextensive version, the q-NJL model [1].  

To justify our investigations let us recall that the 
usual mean field models use statistical input based on 
non BG ststistics. This is, strictly speaking, correct 
only for the infinite and homogeneous heat baths 
involved. Because such conditions are not met in 
realistic situations in which one investigates nuclear 
matter, one inevitably encounters inherent problems 
arising from the smallness of the collision system and 
from its rapid evolution when one investigates it by 
means of collision processes. These render the spatial 
configuration of the system far from uniform and 
prevent global equilibrium from being established. As 
a result, some quantities become nonextensive and 
develop power-law tailed rather than exponential 
distributions. This is precisely the region when 
nonextensive Tsallis statistics applies. In it the quark  
and antiquark occupation numbers with flavour i 
presented in the expression for internal energy and 
entropy are given by [1]: 

q
qin = 1/(eq(xi) ± 1), xi = β(Ei − µi) (1) 

where the q-exponent  
eq=[1 + |(q − 1)x|] |x|/|(q-1)x| (2) 
It must be realized that both the quark masses, Mqi, 

and quark energies, Eqi= 22 pM qi + , depend on the 

parameter q. Notice also the power q in the definition 
of the distribution nqi which breaks the symmetry 
between the cases q>1 and q<1. For q->1 (1) 
becomes the usual BG quark (+) antiquark (-) 
distributions, ni=1/(exp[β (Ei − µi)] ± 1). 

This approach is subjected to a rather hot debate as 
to whether it is consistent with equilibrium. It should 
be therefore noted that it was demonstrated on general 
grounds [3] that fluctuation phenomena can be 
incorporated into a traditional presentation of ther-

modynamics and the Tsallis distribution (2) belongs to 
the class of generaly admissible distributions which 
satisfy thermodynamical consistency conditions and is 
a legitimate extension of the usual BG canonical 
distribution. 

Our q-NJL model allowed us to discuss the q-
dependence of the chiral phase transition in quark 
matter, quark condensates and the effective quark 
masses, their influence on the masses of π and σ 
mesons and on the spinodal decomposition [1]. It also 
applies to critical phenomena in strongly interacting 
matter (which are of great interest, but were so far not 
investigated only in the usual MF approach), in 
particular, to the critical end point (CEP) and to 
susceptibilities of different types, cf., example shown 
in Fig. 1 (for details see [2]).  

 
Fig. 1 The µB dependence of the baryon number susceptibility, 
χB=Σ∂ρi/∂µB (sum over quark flavours) in the vicinity of the critical 
region, for different non-extensivity nonextensive parameters, q = 
0.99, 1.0 and 1.01. 

To summarize our results, for q < 1 (connected 
with correlations or with the fractal character of the 
phase space) we observe decreasing of pressure, 
which reaches negative values for a broad (q- -
dependent) range of temperatures and increasing of 
the critical temperature, Tcrit. For the q > 1 case 
(connected with nonstatistical fluctuations in the 
system) we observe a decreasing of Tcrit, and therefore 
in the limit of large q we do not have a mixed phase 
but rather a quark gas in the de-confined phase above 
the critical line (however, the compression at Tcrit does 
not depend on q).  
 
[1] J. Rożynek and G. Wilk, J. Phys. G 36 (2009) 

125108 
[2] J. Rożynek and G. Wilk, Acta Phys. Pol. B 41 

(2010) 351 
[3] O. J. E. Maroney, Phys. Rev. E 80 (2009) 061141 
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Synthesis of Super-Heavy Nuclei in Cold Fusion Reactions Analyzed with the 
l-dependent "Fusion by Diffusion Model" 
by T. Cap,1) K. Siwek-Wilczyńska,1) J. Wilczyński 
 

In a recent paper [1] we presented an extended 
version of the "Fusion by Diffusion" (FBD) model [2] 
aimed at describing the synthesis of super-heavy 
nuclei in cold fusion reactions, in which many heavy 
nuclei of 104 ≤ Z ≤ 113 have been produced by 
bombarding strongly bound target nuclei, 208Pb and 
209Bi, with a variety of projectiles ranging from 48,50Ti 
to 70Zn. The energy threshold for fusion of these 
selected systems is almost as high as the entrance 
channel Coulomb barrier. Therefore, only one neutron 
is evaporated from the compound nucleus. 

While the original version of the FBD model [3] 
was restricted to central collisions only, the new 
model is formulated in a general l-dependent form.  
The compound-residue cross section σCR for formation 
of the final nucleus in its ground state is given by the 
sum of partial-wave contributions: 

σCR  = ∑ σcap(l)·Pfus(l)·Psurv(l), 
where σcap(l) is the partial capture cross section 

(for overcoming the Coulomb barrier and achieving 
nuclear contact), Pfus(l) is the probability that the 
colliding system, after reaching the capture 
configuration, will eventually fuse (avoiding 
reseparation), and Psurv(l) is the survival probability for 
the compound nucleus to decay to the ground state of 
the final residual nucleus via evaporation of light 
particles and γ rays thus avoiding fission.  

Contrary to lighter systems, for very heavy system, 
Pfus(l) is strongly hindered due to the fact that after 
capture the system remains outside the saddle point of 
the compound nucleus. Therefore, to overcome the 
saddle point and 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 solution of the Smoluchowski diffusion equation.  

The survival probability Psurv(l) is calculated in 
terms of the statistical model with shell-effect 
dependent level densities, and fission widths given by 
the transition state theory.  

The new l-dependent FBD model was applied in 
an analysis of a complete set of 27 excitation functions 
for production of super-heavy nuclei in cold fusion 
reactions, studied in experiments at GSI Darmstadt, 
RIKEN Tokyo and LBNL Berkeley.   

In Fig. 1 we present the compilation of the 
measured cross sections (at the maximum of the 
excitation function) for all 27 cold fusion reactions. 
The experimental cross sections are plotted as a 
function of the Coulomb interaction parameter 
z = Z1Z2/(A1

1/3+A2
1/3) and compared with predictions 

of the l-dependent FBD model (dotted line). The 
calculated cross sections agree quite well with the 
experimental values over a wide range of cross 
sections varying over six orders of magnitude – from 
several tens of nanobarns to tens of femtobarns. The 
theoretical cross sections, when plotted as a function 
of z, show structure effects characterizing individual 
combinations of the target and projectile. The 
measured cross sections evidently follow these 
entrance-channel effects.   

Based on the good agreement of the model 
predictions with experimental data, one can use the 
FBD model for planning future experiments in 
attempts to produce new super-heavy nuclides. 
Specifically, the model is suitable to choose the best 
combinations of target and projectile to produce a 
given nuclide, and to predict the optimum bombarding 
energy and the expected production cross section. 

 
Fig. 1 Cross sections (at the maximum of the excitation function) 
for cold fusion reactions (1n), measured in experiments carried out 
at GSI Darmstadt, RIKEN Tokyo and LBNL Berkeley, in which 
super-heavy nuclei of atomic numbers Z in the range from 104 to 
113 were synthesized in bombardment of strongly bound nuclei, 
208Pb and 209Bi, with projectiles ranging from 48,50Ti to 70Zn. The 
cross sections are plotted as a function of the Coulomb interaction 
parameter z = Z1Z2/(A1

1/3+A2
1/3), and compared with predictions of 

the l-dependent FBD model (dotted line).     
 
[1] T. Cap, K. Siwek-Wilczyńska, J. Wilczyński, Int. 

J. Mod. Phys. E, in press 
[2] W. J. Świątecki, K. Siwek-Wilczyńska, 

J. Wilczyński, Phys. Rev. C71 (2005) 014602 
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Order vs Chaos in Nuclei 
by J. P. Błocki, A. G. Magner1) and I. S. Yatsyshyn1) 

 
The order-to-chaos transition in the dynamics of 

independent particles in a classical and quantal gas 
was studied by means of computer simulations within 
a nuclear model based on the time-dependent mean-
field approach. The excitation of the classical gas for 
containers whose surfaces are rippled according to the 
Legendre polynomials P2 and P3 was followed for 
twenty periods of oscillations. For different 
frequencies at small amplitude vibrations around the 
spherical equilibrium shape of such containers we 
obtained for the classical gas much smaller excitation 
energies than those predicted by the wall formula. 
With increasing equilibrium deformation excitations 
become significantly larger and for P3 vibrations they 
are close to the wall formula limit (Fig. 1). This can be 
well understood looking at the signatures of chaos of 
the system (Poincaré sections, Lyapunov exponents). 
One can see that the chaotic behaviour of the system is 
increasing with the increased deformation. 

In Fig. 2 Poincaré sections for six shapes 
(spheroid, P2,  P3 , P4 , P5 , P6 ) are presented. The 
sections are presented for the projection of the angular 
momentum on the symmetry axis equal to 0.5 of the 
maximum value. This maximum value in the units we 
use (radius of the nucleus R0=1 and Fermi velocity 
vF=1) is equal to ρmax. In each picture there are ten 
initial conditions considered corresponding to initial ρ 
values spread uniformly between ρmin = 0.5 and ρmax 
corresponding to the shape boundary at the equatorial 
plane. The sections are presented for the small 
deformation α = 0.05 which corresponds to the mean 
value for oscillations around a sphere with amplitude 
equal to 0.1 (lower two rows). The two upper rows 
correspond to the deformation α = 0.4. For lower 
value of the deformation α = 0.05 the spheroid and P2 

shapes are fully ordered and P5 and P6 shapes are fully 
chaotic. For the P3 and P4 shapes the situation is 
somewhere in between. It reflects the fact that for 
η = 0.1 the excitation for P3 and P4 vibrations is much 
smaller than that obtained with the wall formula, 
whereas for P5 and P6 vibrations the calculated 
excitations follow very nicely the wall formula. 

For bigger deformation the situation is ordered 
only for a spheroid and all other shapes are chaotic. 
However surprisingly the P4 shape shows a sign of 
order. 

Notable shell effects were found in the excitation 
energies of the quantal gas in the Woods-Saxon 
potential with the corresponding relatively sharp 
(diffuseness equal to 0.1 fm) moving surface at small 
amplitude slow vibrations. 

In Fig. 3 one can see the correlation of the gaps 
between the single particle energy levels  and the 
excitation of the system. In the left part of Fig.3 
energies of the single particle levels are shown and 
one can notice a big gap between the first and the 
second levels and also between the third and the 
fourth. Therefore, once the Fermi level is between the 
first and the second levels or the third and the fourth 
the excitation at a slow motion is almost zero (right 
part of Fig. 3). 
 
[1] J. Blocki, Y. Boneh, J. R. Nix, J. Randrup, 

M. Robel, A.J. Sierk, and W. J. Swiatecki, Ann. 
Phys. (N.Y.) 113 (1978) 330. 

[2] J. P. Blocki, A. G. Magner, and I. S. Yatsyshyn, 
Nuclear Physics and Atomic Energy 11 

 
1) Institute of Nuclear Research, Kiev, Ukraine 

 
 

 
Fig. 1 The classical P3 dynamical simulations of the excitation energy ∆E in units of the wall formula value ∆Ewf(t=20T) as functions of 
time t in units of the time period T for vibrations around the spherical shape αst = 0 (left) and the deformed equilibrium shape αst = 0.3 (right). 
The amplitude of vibrations α = 0.05 and the adiabaticity parameters are η = 0.01, 0.02, and 0.05. 
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Fig. 2 Poincare sections for six shapes at deformation α = 0.05 (lower two rows) and deformation α = 0.4 (upper two rows) for projections 
of the angular momentum on the symmetry axis K = 0.5 with respect to the maximum value. 
 

 
Fig. 3 In the left part of the Figure the spectrum of the single-particle levels εi  as a function of the deformation α for the P4 shape of the 
WS potential is shown. The levels correspond to the projection of the angular momentum K = 1 and positive parity. The right part of the 
Figure shows the dependence of the energy excitation per particle as a function of occupied levels after one period of oscillations with an 
adiabaticity parameter η = 0.1 around αst  = 0. 
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Properties of Heavy and Superheavy Nuclei 
by A. Sobiczewski 
 

Part of our research time in the last year was 
devoted to the study of the (static) fission-barrier 
height Bf of the heaviest nuclei. The study was 
motivated by the importance of Bf in calculations of 
the cross sections σ for the synthesis of these nuclei. 
The height is a decisive quantity in the competition 
between neutron evaporation and fission of a 
compound nucleus in the process of its cooling. The 
heights of more than 300 even-even nuclei with proton 
number 92 ≤ Z ≤ 126 and neutron number 
134 ≤ N ≤ 192 were calculated within a macroscopic-
microscopic approach. A ten-dimensional deformation 
space was used. The results were presented in Ref. [1]. 

Much attention has been given to the analysis of 
other properties of the heaviest nuclei, in particular the 
α-decay energy and half-life. A particular case was to 
predict the properties of isotopes of element 117 not 
yet observed. These are the nuclei 293117 and 294117 
planned to be obtained in Dubna in the reaction 
48Ca+249Bk (4n and 3n channels). The α-decay 
properties of these nuclei and their decay products 
have been calculated according to a model [2] based 
on the assumption that the most probable transition 
occurs between states with the same structure (the 
same quantum numbers). As the ground states of 
parent and daughter nuclei usually differ, the required 
condition results in the decay of the parent nucleus to 
an excited state of the daughter, decreasing the 
transition energy and, consequently, increasing the 
half-life. 

Results of the prediction were presented in Ref. 
[3], showing that at least three α particles should be 
observed in the decay chains of both nuclei: 293117 
and 294117. An interesting part of the predictions was a 
large half-life for the nucleus 286113. This would be 

the first isotope of element 113 which would allow  
for the chemical study of this element. This is 
illustrated in Fig. 1. 

 
Fig. 1 Dependence of the logarithm of the α-decay half-life Tα 
(given in seconds) on neutron number N for elements with proton 
number Z=107, 109, 111,113, 115, and one value for Z=117. Full 
circles represent experimental values and empty ones correspond to 
calculated values. 

The predictions have been confirmed by 
experiment [4]. In Ref. [4], the results of both 
experiment and predictions are given, for comparison.  
 
 
[1] M. Kowal, P. Jachimowicz and A. Sobiczewski, 

Phys. Rev. C 82, 014303 (2010) 
[2] A. Parkhomenko and A. Sobiczewski, Acta Phys. 

Pol. B 36, 3095 (2005) 
[3] A. Sobiczewski, Acta Phys. Pol. B 41, 157 (2010) 
[4] Yu. Ts. Oganessian et al., Phys. Rev. Lett 104, 

142502 (2010) 
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Fission Barriers for Even-even Superheavy Nuclei 
by M. Kowal, P. Jachimowicz1) and A. Sobiczewski 
 

One of the most important ingredients used to 
calculate the survival probability of superheavy 
elements synthesized in heavy-ion reactions is the 
fission barrier height: Bf = EA(B) –

 
EI i.e. the difference 

between the total ground state EI and the highest 
saddle point energy EA(B). This barrier allows the 
competition between the fission process and particle 
emission to be estimated. This is why knowledge of 
the shape of the fission barrier of the considered 
nucleus, i.e. its height and width, is of the greatest 
importance for planning any new synthesis 
experiment. We have studied this quantity in a series 
of recent papers, see e.g. [1–4]. A quantitative model 
for the evaluation of the heights of static fission 
barriers is formulated within the framework of the 
macroscopic-microscopic approach. In order to 
describe the main properties of superheavy nuclei, a 
high-dimensional deformation space is used. In Ref. 
[1] we systematically calculated the fission-barrier 
heights Bf for even-even heavy and superheavy nuclei 
for proton numbers range 92 ≤ Z ≤ 126 and neutron 
numbers 134 ≤ N ≤ 192. Comparisons with 
experimental data and different theoretical 
calculations were also shown. The dependence on Bf 
of fully incorporated, non-axiallity and reflection-
asymmetric degrees of freedom was discussed. In Fig. 
1 we display the obtained height of the fission barriers 
Bf. It can be seen that in the whole region considered 
the barriers are smaller than 7 MeV. The highest 
values are obtained for the nuclei 270108162, 292114178 
and around the nucleus Z ≈ 100, N ≈ 150.  

 
Fig. 1 Contour map of calculated fission barrier heights Bf for 
even-even superheavy nuclei.  

One can recognize that the quite high barrier for 
296118178 rapidly decreases, reaching a value of 1.43 
MeV for the 312126186 nucleus. Obviously such a 
compound system does not have any chance to survive 

against fission in our model. This is in contradiction to 
self-consistent models, according to which the fission 
barrier for neighboring nucleus is about 12 MeV.  

The model presented above which contains no ad-
justable parameters has been applied to even-even 
isotopes of 18 elements with Z ≥ 92, where the first 
fission barriers are experimentally known. The largest 
discrepancy with experiment is only about 1.0 MeV, 
i.e. of the order of magnitude of the discrepancy 
between the various data, while the average 
discrepancy is of about 0.4 MeV and the root mean 
square deviation has a value 0.5 MeV [1]. We believe 
that these results are quite spectacular with an r.m.s. 
deviation from experimental results which is only half 
of that of other models, and average and maximum 
differences which are much smaller.  

Taking into account triaxial deformations has been 
shown to significantly reduce the fission barrier 
heights by up to 2.5 MeV [1, 3].  

It has been demonstrated that the inclusion of 
higher multipolarities can lead to a significant change 
in the fission path in the multidimensional 
deformation space and can consequently cause a 
considerable change in the fission half-lives [1].  

Our calculations indicate that, in contrast to self-
consistent mean-field calculations of fission barriers, 
the barrier height, which is still quite substantial for 
nuclei with Z = 118 becomes lower than 4.5 MeV for 
nuclei with Z = 126 [1].  

Theoretical evaluations of fission barrier heights 
based on various models differ between each other 
significantly. It is obvious that future experiments on 
superheavy nuclei will constitute a natural benchmark 
for all theoretical models describing these nuclei.  
 
 
[1] M. Kowal, P. Jachimowicz, A. Sobiczewski, 

Phys. Rev. C 82, 014303 (2010) 
[2] P. Jachimowicz, M. Kowal, A. Sobiczewski Acta. 

Phys. Pol. B 41, 8 (2010) 
[3] A. Sobiczewski, P. Jachimowicz, M. Kowal, Int. 

J. Mod. Phys. E19, 4, 1055 (2010) 
[4] A. Sobiczewski, P. Jachimowicz, M. Kowal, Int. 

J. Mod. Phys. E19, 4, 493 (2010) 
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Shape Oscillations of Negative Parity in Actinides 
by M. Kowal, J. Skalski 
 

Recently, a considerable amount of data has been 
gathered on the nuclear states in the second well in the 
actinide region, especially in 240Pu, see [1] and 
references cited therein. Various rotational bands, 
most of them of negative parity, have been identified 
in this nucleus with moments of inertia characteristic 
of superdeformation (SD). Negative-parity shape 
oscillations are natural candidates for the observed 
low energy band-heads at the SD. We have studied 
them [2] within the much-used microscopic-
macroscopic model based on a deformed Woods-
Saxon potential and a Yukawa plus exponential 
macroscopic energy. The method was tested by 
applying it to more abundant negative-parity 
excitations in the first minima in actinides.  

The treatment of negative-parity shape oscillations 
in the collective model is based on the collective 
Hamiltonian  
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Here V(βk) is the microscopic-macroscopic energy 
and Bij(βk) is the mass tensor with indices 
corresponding to deformations βλK, λ = 3, 5, 7. In the 
present work we use cranking mass parameters. 
Oscillations for each K = 0, 1, 2, 3 are considered 
separately.  

One might expect that negative-parity shape 
vibrations are mostly octupole. However, there are at 
least two reasons to consider admixtures of higher 
order odd multipolarity modes, i.e. λ =5 and 7: 1) The 
equilibrium shapes are spheroidal, hence the multipole 
components of different λ are not the normal modes 
(not even being orthogonal) and may couple with each 
other, 2) Deformation parameters βλµ of the 
microscopic-macroscopic model define the s.p. 
potential, not the density. Therefore, the octupole part 
of the latter may be produced by various odd-λ 
deformations of the potential. As a consequence, one 
should account for a possible mode coupling when 
looking for low lying excitations of negative parity.  

Since our study is confined to nuclei with 
sufficiently deep, nearly parabolic minima, we can use 
the approximation of small oscillation amplitudes. 
This formalism follows from the one above if we 
replace V by the quadratic form (1/2) ΣijCijβiβj, 
approximately valid around the potential minimum, 
with the stiffness coefficients Cij, and fix the mass 

parameters at the values calculated at this minimum. 
Then the Hamiltonian becomes  
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The model (1) was used only for selected cases, as 
it requires time-consuming calculations of the mass 
parameters, especially for K ≠ 0. The results are not 
very different from those of the much simpler version 
with constant mass parameters (2).  

Considering that we have no adjustable 
parameters, the data on negative-parity excitations in 
the first minima are reproduced quite well for the 
K
π 
= 0¯ and 1¯phonons; energies of the 2¯phonons are 

significantly overestimated. The model predicts 
K
π 
= 0¯ energies in the second well in 240Pu and 236U 

that are three and more times larger than the claimed 
experimental values. For the K = 1, 2 phonons, the 
agreement with the data is better, but still the 
calculated energies are still too high.  

Low-lying negative-parity oscillations show small 
admixtures of the multipolarities λ = 5, 7 to the 
octupole mode at the first minima, and equal or 
dominant contribution of the λ = 5 multipole at the 
second minimum. Hence the coupling of various 
multipolarities is important in the description of the 
“octupole” vibrations, especially in the second 
minimum.  

Taking into account the multipoles λ = 3, 5, 7 in 
the phonon structure and the exact macroscopic 
contribution to the dipole moment, we predict large 
dipole transition moments from the “octupole” band to 
the g.s. band in the lighter actinides at the first 
minima, and for all investigated nuclei at the isomeric 
minima.  

We do not see any way to reconcile our model 
with the reported data on the energies of the 
K
π 
= 0

−
mode in the second well. Either our model is 

completely unreliable there, or, perhaps, the 
experimental K

π 
= 0¯assignments in the shape isomeric 

minima in 236U and 240Pu are not related to the 
collective shape vibrations.  

 
[1] P. G. Thirolf and D. Habs, Prog. Part. Nucl. Phys. 

49, 325(2002); P. Thirolf, D. Dc. Thesis, Ludwig-
Maximilians-Universitat Munchen (2003) 

[2] M. Kowal and J. Skalski, Phys. Rev. C82, 054303 
(2010) 
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Studies of Run-away Electron Beams and Hard X-ray Emission in Tokamaks*) 
by L. Jakubowski, M. J. Sadowski, J. Żebrowski, K. Malinowski, M. Rabiński, M. J. Jakubowski and 
R. Mirowski 
 

In tokamaks a discharge current within a ring-
shaped experimental chamber is driven initially by an 
externally induced electrical field. Such a field can 
also lead to the generation of so-called “run-away 
electrons”. The runaway electrons have been studied 
in different tokamaks for many years with various 
techniques.  

To measure the fast run-away (and ripple-born) 
electrons the IPJ team developed detectors using a 
technique based on the Cherenkov effect (i.e. the 
emission of intense radiation by fast electrons 
penetrating radiators with velocity higher than the 
phase velocity of light). Such diagnostic techniques 
ensure direct, spatially well-defined and instantane-
ous (with a rise time below 1 ns) measurements of fast 
electron beams. In 2010 an IPJ team applied the 
Cherenkov detectors in the ISTTOK and TORE 
SUPRA facilities to detect energetic electrons (of 
energy > 60 keV), to determine their spatial and 
temporal behavior 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.  

In the new detecting head applied in 2010 within 
the ISTTOK tokamak use was made of four AlN 
crystals of 10 mm diameter and 2.5mm thickness. 
During this experiment the detection of the Cherenkov 
signals was performed by means of new 
photomultipliers of the XP2010Q type (with increased 
sensitivity and improved stability). The 4-channel 
detecting head demonstrated good sensitivity due to an 
extended collecting surface and better characteristics 
of the photomultipliers. The changes described made 
it possible to obtain electron-induced signals which 
were about 2 orders of magnitude higher than those in 
the previous measurements in 2009. The 5cm-thick 
lead shield applied to the photomultiplier box and the 
use of a common grounding system enabled a 
substantial decrease in the noise/signal ratio to be 
achieved. Although the thin Mo-filters on the 
Cherenkov radiators were partly destroyed during the 
long series of ISTTOK shots in 2009, qualitative 
estimations of the measurements seem to be 
reasonable.  

To record hard X rays (HXR) outside the ISTTOK 
chamber use was made of two measuring heads 
equipped with NE102A-plastic scintillators of 2.0 cm 
diameter and 1.5 cm length. The HXR detectors were 
placed near the ISTTOK limiter, at a distance of 20 
cm behind the 20-mm-thick copper-chamber wall. 
One measuring head was additionally shielded by a 
copper plate of 10 mm thickness. An analysis of 
differences in X-ray-induced signals from both 
detectors made it possible to estimate the HXR 
energies. 

Investigation of the run-away electrons within 
ISTTOK [1] was performed by means of the new 
Cherenkov measuring head at different positions along 
the minor radius of the tokomak experimental 
chamber. Examples of the results from those 
measurements, carried out under different 
experimental conditions, are shown in Fig. 1. 

 
Fig. 1 Fluency of fast electrons (CH1) and X rays (two channels) 
determined as a function of the Cherenkov probe position. For a 
comparison changes in X-ray energies (X-ray-en) are shown. 

The diagram shows a maximum electron fluency at 
r = 60–65 mm, but it should be mentioned that the 
deeper insertion of the probe disturbed the plasma 
column. The HXR1 and HXR2 signals became weaker 
when the probe was shifted into the plasma region. In 
contrast, changes in the HXR energy value showed a 
weak dependence on the Cherenkov probe position. In 
the case presented the computed HXR energy changed 
from about 300 keV to about 400 keV. It should be 
added that the maximum fast-electron fluency, which 
was investigated as a function of the initial pressure p0 
at a constant probe position at r = 65 mm, was 
observed of p0 = 1.0 x 10-4 mbar. The same referred to 
the HXR emission. 

Simultaneously with new experimental studies in 
2010 the IPJ team was involved in the elaboration of 
results obtained during the preliminary Cherenkov 
measurements performed within the ISTTOK facility. 
The Cherenkov signals, which were recorded by 
means of a single channel Cherenkov detector head 
during the ISTTOK 2008-session were shown and 
discussed in [2] and signals recorded by means of a 
prototype multi-channel Cherenkov detector head 
during the ISTTOK 2009-session were presented and 
analyzed in [3-4]. In those papers the data obtained 
were also compared with results of numerical 
simulations.  

According to the EURATOM programme, in 2010 
preliminary measurements of fast electrons by means 
of modified Cherenkov-type diamond detectors were 
performed within the TORE-SUPRA facility. In 
comparison with the first prototype probe designed for 
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TORE-SUPRA experiments, the main difference was 
the placement of the Cherenkov radiators at the top of 
the probe (and not on the side surface) in order to 
eliminate any shadowing. The front surfaces of the 
Cherenkov radiators were coated by molybdenum 
layers of different thicknesses. It made possible a 
rough energy analysis of the fast electrons recorded by 
different measuring channels to be performed. Before 
the installation of the new probe at the CEA-
Cadarache the measuring head was tested at IPJ in 
Swierk, Poland, with the use of fast electrons 
delivered by a 6-MeV accelerator.  

The modified measuring head was installed upon a 
reciprocating probe within the TORE-SUPRA facility 
and used for measurements of fast electrons during 
two campaigns performed in March and October 
2010. Other parts of the diagnostic system constituted 
4 long optical cables, a set of 4 fast photo-multipliers 
of the XP2020Q type, and a digital oscilloscope, 
similar to previous studies. During the two 
experimental campaigns about 120 procedures of 
plunging the measuring head into the plasma down to 
the deepest position, which was at a distance of about 
3.7 cm from the LCFS, were perofrmed. The shapes of 
the electron-induced signals obtained were quite 
different in comparison with the those obtained during 
the first session at the end of 2008 (when the radiators 
were placed on the side surface of the probe). The 
other difference was a considerable increase in the 
intensities of the signals from the Cherenkov radiators. 

Examples of the signals from the Cherenkov 
measuring head, which were obtained during the 
TORE-SUPRA experiments in October 2010 and 
showed the saturation effect, are presented in Fig. 2. 
The observed effect could be explained by the 
immersion of the Cherenkov radiators into a region of 
a quasi-stationary electron flux.  

The new data concerning fast electrons, as 
collected within the TORE-SUPRA machine in 2010, 
confirmed the appearance of intense electron streams 
(possible ripple-born and runaway ones), which had a 
similar character to the electron signals recorded by 
means of other diagnostic techniques.  

It seems reasonable to introduce further changes in 
the Cherenkov measuring head construction, which 
could make 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. A 
100keV/10mA electron gun designed especially for 
calibration purposes was under construction at IPJ in 
2010.  

 
Fig. 2 Signals obtained from the Cherenkov detectors for shot 
TS46189 at chosen instant t = 6 seconds. 

Reference [5], which presented the data obtained 
during the preliminary Cherenkov measurements 
performed within the TORE-SUPRA facility and 
which was prepared in 2009, was finally published in 
2010. 
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Investigation of Fast Ion- and Electron-beams Emitted from High-current Plasma 
Discharges in PF and RPI Facilities*) 
by E. Składnik-Sadowska, K. Czaus, R. Kwiatkowski, K. Malinowski, M. J. Sadowski, J. Żebrowski, 
M. Paduch,1) M. Scholz,1) P. Kubes,2) and I. E. Garkusha3) 
 

In 2010 the authors continued experimental studies 
of fast ion beams emitted from high-current discharges 
in the PF-1000 facility. The main aim was to measure 
characteristics of the ion beams along the z-axis in the 
downstream and upstream directions. Some examples 
of the ion images obtained by means of a pinhole 
camera and nuclear track detectors (NTD) are shown 
in Fig. 1. 

 
Fig. 1 Ion pinhole camera and images of ion beams from PF-
1000, as recorded along the z-axis on the 1st and 2nd detector 
irradiated by two 290-kJ shots with a total yield Yn = 6. x 1010. 

These measurements showed that the fast ion 
beams evidently consist of many micro-beams emitted 
possibly from different micro-sources. Based on the 
NDT calibration and using thin absorption foils it was 
also possible to perform a rough energy analysis of 
these micro-beams. These results were presented at 
international conferences (in France and Ukraine) and 
published [1-2]. The most interesting result was 
experimental evidence that some fast ions are emitted 
also in the upstream direction, as shown in Fig. 2. 

 
Fig. 2 Ion pinhole image taken from a camera placed at z = -74 
cm, behind the axial channel in the inner electrode during shot # 
8408 with neutron yield Yn = 1.5 x 1011. 

From the recorded tracks it was found that at 
z = -74 cm the fluxes of deuterons of energy 
> 30 keV, > 380 keV and > 700 keV amounted to 
1.4 x 108 cm-2, 9.2 x 107 cm-2 and 2.2 x 106 cm-2, 
respectively, i.e. they were about two orders of 
magnitude lower that those emitted along the z-axis 
[2].  

Energy analysis of the emitted ions was also 
performed by means of a miniature Thomson 
spectrometer [2-3].  

Other studies concerned fast electron beams in the 
PF-1000 experiment. Electron energy spectra were 

measured by means of a magnetic analyzer placed 
behind the axial channel in the central electrode (in the 
upstream direction) and along the z-axis in the 
downstream direction [4], as shown in Figs. 3 and 4. 

 

 
Fig. 3 Color-enhanced iso-density contours of the electron images 
and the corresponding energy spectrum of electrons emitted in the 
upstream direction.  

The most interesting result was experimental 
evidence that some electron beams are emitted in the 
downstream direction [5], as shown in Fig. 4. 

 
Fig. 4 Energy spectrum of electrons emitted along the z-axis of 
the PF-1000 facility.  

In order to explain the emission of fast ions from 
the RPI-IBIS facility computer modeling of ion 
trajectories was carried out, and the results obtained 
were presented at conferences and published [6]. 

[1] E. Skladnik-Sadowska, M. J. Sadowski, et al., 
Proc. PLASMA-2010, Pont-a-Mousson, P.53 

[2] E. Skladnik-Sadowska, K. Czaus, et al., Proc. 
Alushta-2010, Oral 9-2, and Probl. Atom. Sci. & 
Technol., Ser. Plasma Phys. 16 (2010) 199-201 

[3] K. Czaus, E. Skladnik-Sadowska, et al., Proc. 
PLASMA-2010, Pont-a-Mousson, P.14 

[4] R. Kwiatkowski, K. Czaus, et al., Proc. 
PLASMA-2010, Pont-a-Mousson, P. 47. 

[5] R. Kwiatkowski, E. Składnik-Sadowska, et al., 
Proc. Kudowa School, Nukleonika 56 – in print 

[6] K. Malinowski, K. Czaus, et al., Proc. Alushta-
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Optical Emission Spectroscopy of Intense Plasma Streams and Their Interactions  with 
Solid Targets*) 
by E. Składnik-Sadowska, K. Malinowski, M. J. Sadowski, M. Scholz,1) M. Kubkowska,1) K. Jakubowska,1) 
A. K. Marchenko,2) and M. Ladygina3) 
 

In 2010 optical spectroscopy methods were applied 
to detailed studies of intense plasma streams and 
plasma formed from solid targets. Results obtained 
from previous experiments performed with a 
deuterized-titanium target irradiated by a laser beam 
were summarized and published [1]. Detailed 
spectroscopic measurements were carried out for 
plasma streams generated in the PF-1000 facility, and 
their results were also published [2]. Particular 
attention was paid to spectroscopic measurements of 
plasma produced from a tungsten target [3]. Other 
efforts concerned spectroscopic investigation of PF-
1000 discharges under different experimental 
conditions. A time-integrated picture of a plasma 
stream in the PF-1000 facility is presented in Fig. 1. 

 
Fig. 1 Time-integrated picture of a PF-1000 discharge (taken 
side-on behind a color filter), which shows the fine structure of the 
emitted plasma stream. 

The results of the described spectroscopic studies 
were presented at four international conferences (in 
France, Poland, Czech Rep., and Ukraine) and after 
that published [4-5]. The most valuable result was the 
determination of temporal changes in the emission of 
the Dα and Dβ lines as well as those originating from 
impurities, as shown in Fig. 2. 

 
Fig. 2 Spectral lines of deuterium and impurities, as recorded  in 
PF-1000 discharges as a function of time after the current 
peculiarity. Measurements were performed at a distance of 30 cm 
from the electrode outlets, with the exposition time equal to 0.1 µs. 

A detailed analysis of the collected experimental 
data enabled temporal changes in the profiles of the 
observed spectral lines to be determined. On the basis 
of these profiles and known physical models it was 

possible to estimate an average electron concentration 
at different instants of the investigated plasma 
discharges. Some sample results are presented in Figs. 
3 and 4. 

 
Fig. 3 Profile of the Dα line emitted from PF-1000 discharges, as 
measured for different instants after the current peculiarity. 

 
Fig. 4 Temporal changes of the average electron density in the 
PF-1000 experiment at a distance of 30 cm from the electrode 
outlets. 

The reported results are of importance for plasma 
physics and for application-oriented studies, e.g. for 
research on plasma technology.  

[1] E.Skladnik-Sadowska, K.Malinowski, et al., Rad. 
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[2] K. Jakubowska, M. Kubkowska, et al., Proc. 
Kudowa School, and Nukleonika 56 – in print 

[3] K. Jakubowska, M. Kubkowska, et al., Proc. 
SPPT-2011, and Acta Technica CSAV – in print 
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Feasibility Study of the Application of Nuclear Track Detectors to the Detection of fast 
Alpha Particles 
by A. Szydłowski, A. Malinowska, M. Jaskóła, A. Korman, K. Malinowski, M. Kuk, M. Rabiński 
 

Solid-State Nuclear Track Detectors (SSNTDs) 
and especially the CR-39/PM-355 type appear to be a 
relevant diagnostic tool for studies of fast ions emitted 
from high-temperature plasmas. Due to their specific 
properties these detectors have been readily used in 
many high temperature plasma experiments and 
various characteristics of fast ions were determined. 
Up to now we have used CR-39/PM-355 detectors in: 
• TEXTOR experiments to study fusion reaction 

protons;  
• Plasma Focus experiments to equip different ion 

diagnostic instruments with such detectors;  
• Laser produced plasma to measure fast ions 

generated from a solid target illuminated with 
intense laser beams. 

In order to produce detectors more useful for 
plasma experiments, and also to find their 
spectroscopic properties, detailed calibration studies 
have been made for each new batch of the CR-39/PM-
355 detector. Last year we performed such studies for 
three batches of PM-355 detectors, manufactured in 
2007, 2009, and 2010, respectively. Selected samples 
of the detectors were irradiated with H+-, D+-, and 
4He-ions of energy ranging from 0.5 to 5 MeV. After 
that the samples were elaborated chemically under 
typical etching conditions, i.e. they were etched in 
steps and the track diameters were measured after 
each 2 hour etching period. Typical diagrams 
presenting track diameter evolution in the 
aforementioned detectors, which were irradiated with 
monoenergetic protons, are demonstrated in Fig. 1. 
One can see that the detectors bought recently reveal 
bigger craters than those purchased earlier. This could 
result from different technological procedures used by 
the manufacturer to produce the detectors.  

Some of the irradiated samples were heated in an 
oven under a controlled temperature for different time 
periods and possible crater deformations were 
investigated as a function of the temperature and the 
heating time. These studies were motivated by the fact 
that in tokamak experiments the detectors could 
operate under harsh conditions of high temperatures 
and heat impacts. In Fig. 2 diagrams showing track 
diameters are presented: A) 5 MeV α-particles and B) 
1.5 MeV α-particles; as a function of the temperature 
and heating time as measured for the tested detectors. 
One can conclude that the detectors can be located in a 
high-temperature environment (e.g. inside a tokamak 
vacuum vessel) provided that the temperature does not 

exceede 120°C. Otherwise, a special detector cooling 
system is needed.  
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Fig. 1 Evolution of track diameters as a function of incident 
proton energy and etching time as measured for the batches of 
PM-355 track detectors bought in 2007, 2009, 2010. Etching 
time-16h. 

100 110 120 130 140 150 160 170 180 190

10

20

30

40

 

 30 minutes
 60 minutes
 90 minutes

Tr
ac

k 
di

am
et

er
, u

m

Temperature, C 

2009

5 MeV α-particles

100 110 120 130 140 150 160 170 180 190

10

20

30

40

50

60
 

 30 minutes
 60 minutes
 90 minutes

Tr
ac

k 
di

am
et

er
, u

m

Temperature, C 

2009

1.5 MeV α-particles

 
Fig. 2 Evolution of track diameters as a function of temperature 
for A) 5 MeV α-particles; B) 1.5 MeV α-particles. Etching time–6h. 
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Spontaneous Four-wave Mixing of de Broglie Waves: Beyond Optics 
by V. Krachmalnicoff,1) J. C. Jaskula,1) M. Bonneau,1) V. Leung,1) G. B. Partridge,1) D. Boiron,1) 
C. I. Westbrook,1) P. Deuar,2) P. Ziń, M. Trippenbach3), and K. V. Kheruntsyan4) 
 

The field of atom optics has developed to the point 
that one can now speak of the beginning of “quantum 
atom optics” in which atoms are manipulated in ways 
similar to photons and in which quantum fluctuations 
and entanglement play an important role. The demon-
stration of atom pair production from collisions of 
Bose Einstein condensates (BECs), analogous to four-
wave mixing (FWM), holds considerable promise for 
generating atomic squeezed states and demonstrating 
nonlocal Einstein-Podolsky-Rosen (EPR) correlations. 
In both these systems, atom-atom interactions play the 
role of the nonlinear medium that allows conversion 
processes. Atoms are not, however, exactly like 
photons, and in spite of their formal similarity, the 
processes of pair production of photons and of atoms 
exhibit some interesting and even surprising 
differences that must be understood in order for the 
quantum atom optics field to advance. In this work, 
we discuss one such effect.  

In optical FWM or parametric down conversion, 
energy conservation requires that the sum of the 
energies of the outgoing photons be fixed by the 
energy of the input photon(s). Phase matching 
requirements impose constraints on the directions and 
values of the individual photon momenta. A simple 
case is degenerate, spontaneous FWM (i.e. two input 
photons of equal energy) in an isotropic medium, for 
which energy conservation and phase matching 
require that the momenta of the output photons lie on 
a spherical shell whose radius is that of the momenta 
of the input photons.  

We have performed [1] the atom optical analog of 
degenerate FWM in colliding BECs while paying 
careful attention to the momenta of the outgoing 
atoms. The colliding BECs are cigar shaped like with 
the X axis being the long one and the Y and Z axes the 
short ones. The collision takes place along the Z 
direction. We measure the momenta of the scattered 
atoms in the XY plane. We find that unlike the optical 
case, the output momenta do not lie on a sphere, but 
rather on an ellipsoid with short radius (along the X 
axis) smaller than the input momentum. This behavior 
is due to a subtle combination of atom-atom 
interactions, which impose an energy cost for pair 
production, and the anisotropy of the condensates, 
which affects the scattered atoms as they leave the 
interaction region.  

To understand this result qualitatively, we first 
consider the energy balance for pair production in a 
homogeneous BEC. Removing an atom from the 
condensate liberates an energy corresponding to the 
chemical potential, gρ, where g = 4πaħ2/m, a is the s-
wave scattering length, and ρ the density. Here, we 
have two counterpropagating condensates (each 

having density ρ/2), which for simplicity we model as 
plane waves. In the presence of the spatial modulation 
due to their interference, the energy liberated by 
removing one atom changes to 3gρ/2. On the other 
hand, placing an atom in a scattering mode requires an 
energy 2gρ since the scattered atom is distinguishable 
from those in the condensate. Energy conservation, 
including the mean-field contributions, gives  

ρρ g
m
kg

m
k s 2

22
3

2

222
0

2

+=+
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where k0 is the wave vector of the colliding 
condensate and ks that for the scattered atom. Thus, 
the initial scattered momentum is smaller than the 
ingoing momentum, ks < k0. Using plane waves to 
model the BECs is of course a crude approximation, 
but if we replace ρ by the central density of an 
inhomogeneous BEC, we find ks = 0.96 k0 for the 
experimental parameters.  

In addition to this initial energy balance analysis, a 
second effect must be taken into account. Once 
created, the scattered atoms escape from the 
condensate region and gain energy from the mean-
field interaction potential. If the source BEC were 
stationary, atoms would gain a kinetic energy 2gρ as 
they roll-off the mean-field potential. In our system 
however, the potential also evolves in time and goes to 
zero in the XY plane on a timescale corresponding to 
the time for the two condensates to separate (~ 70 µs). 
The rapid vanishing of the potential on the equatorial 
plane has a very different effect on scattered atoms 
moving in the X and Y directions. Atoms moving 
along Y, the small dimension of the trap, escape the 
condensate overlap region on a timescale of ~ 40 µs, 
faster than the condensates can separate. As a result, 
these atoms are accelerated by a steep potential gradi-
ent and regain part of the energy 2gρ (part – because 
the potential itself is reduced during the separation). 
On the other hand, atoms moving along X, the long 
axis of the trap, do not escape before the condensates 
separate and thus experience much less acceleration. 
Accordingly, the observed momentum along the X 
direction is smaller than along Y, and much closer to 
the shifted value predicted by Eq. (1).  
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A Class of Compact Entities in Three Component Bose-Einstein Condensates 
by P. Szankowski1), M. Trippenbach1), E. Infeld and G. Rowlands2) 
 

In a series of papers, we introduced a class of 
soliton-like entities in spinor three component Bose-
Einstein condensates. These entities generalize known 
solitons. As is well known, for very special, rather 
artificial values of the coupling constants, the system 
is completely integrable and supports N soliton 
solutions. The one soliton solutions can even be 
generalized to systems with arbitrary values of the 
coupling constants, assuming attractions. However, 
they no longer interact elastically. When two such 
solitons collide, two entities with spin component 
oscillations emerge. We propose to call these entities 
oscillatons. They propagate without dispersion and 
retain their character after further collisions. An exact 

mathematical model for oscillatons is derived. (Exact 
modulo two ordinary differential equations.) [1, 2].  
 
[1] P. Szankowski, M. Trippenbach, E. Infeld and 
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(2010); Phys. Rev. A, 83, 013626 (2011) 
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Collisions of Circular and Linear Vortices in Bose-Einstein Condensates 
by E. Infeld, A. Senatorski and A. Skorupski 
 

The discovery of superfluidity in helium II aroused 
interest in boson liquids. This was recently renewed 
and intensified due to the experimental obtaining of 
Bose-Einstein condensates (BECs) in alkali metals. 
Especially interesting is the formation and time 
evolution of both curved and straight vortices which 
appear in these media. 

We examined the interaction of circular vortices 
with either linear ones, or else with other circular 
vortices of different radii [1]. 

A one-component BEC was described by a single 
particle wavefunction of N bosons that obeys the 
nonlinear Schroedinger (NLS) type equation as 
formulated by Gross and Pitaevski. 

An initial condition for a circular vortex was 
modeled conveniently by using the model developed 
earlier by the first two authors, see [2] and [3], 
representing two oppositely polarized rectilinear 
vortices parallel to the xz plane and moving along the 
y axis. 

The nonlinear Schroedinger equation in three 
dimensions was numerically solved by using a discrete 
fast Fourier transform in x, y, and z to calculate the 
space derivatives (pseudospectral algorithm), along 
with the leapfrog timestep. Calculations were 
performed in a box of dimensions 2Lx, 2Ly, 2Lz, with 
number of mesh points Nx = Nz = 24-72, and Ny = 
96-192. Periodic boundary conditions were assumed, 
and the timestep was determined from the numerical 
stability condition. 

Collisions of a circular vortex (of radius r) parallel 
to the xz plane and moving along the y axis with an 
arc of another such vortex of much larger radius R 
were examined. This arc, along with its periodic 

continuations to neighboring periodicity boxes, 
modeled a linear vortex.  

Two situations were analyzed, where the 
polarization vectors for the linear vortex and the 
neighboring part of the circular one during collision 
were either the same or opposite. The result of the 
collision in both cases turned out to be topologically 
the same, i.e. a (distorted) circular vortex and a linear 
vortex. This meant that two reconnections (at each of 
the crossing points) were observed.  

This was in contradiction to the description of the 
two above mentioned collisions given by Schwarz (but 
within a very simple phenomenological model of the 
BEC), where the reconnection occurred at only one of 
the crossing points. 

In two earlier papers [2] and [3], several examples 
were given of how circular vortices can be created 
from pairs of oppositely polarized rectilinear vortices 
perturbed sinusoidally in space. In [1] we 
demonstrated that similar circular vortices can be 
created, if a circular vortex passes by another, 
oppositely polarized coaxial circular vortex of 
somewhat larger radius. If the simulation box was not 
too large, we observed either four, eight or twelve 
circular vortices created after collision, see Fig. 1. 
This effect was due to the interaction of the colliding 
vortices with their neighboring periodic images. 
 
[1] E. Infeld, A. Senatorski and A. Skorupski, 

J. Phys.: Condens. Matter, 22, 505601 (2010); 
arXiv: 1009.1574v2  
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Matter, 16, 6589 (2004) 

 

 
Fig. 1 Coaxial collision of two oppositely polarized circular vortices with similar radii, R = 18, r = 14 (R/r = 1.3). 
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Time Resolution of Scintillation Detectors Based on SiPM in Comparison to 
Photomultipliers*) 
by T. Szczęśniak, M. Moszyński, M. Grodzicka, D. Wolski, Ł. Świderski, M. Szawłowski, M. Kapusta1) 
 

Experiments requiring good time resolution are 
one of the areas of interest for application of silicon 
photomultipliers (SiPMs). However, in the case of a 
detector with a scintillation crystal like LSO, the high 
capacitance of SiPMs deteriorates the rise time of the 
output pulse. In consequence, the timing resolution 
measured with the slow pulses from SiPMs could be 
worse than results obtained with photomultipliers 
(PMTs). In this work detailed studies of the time 
resolution with scintillation detectors based on LSO or 
LFS-3 crystals and a 3x3 mm2 SiPM, trade marked by 
Hamamatsu as a Multi Pixel Photon Counter (MPPC) 
are presented. All the measurements were made using 
a detector with a pixel size of 50 µm (S10362-33-
050C). The results of coincidence experiments with a 
22Na gamma source are analyzed in terms of number 
of photoelectrons, time jitter, excess noise factor 
(ENF) and output pulse characteristics. 

Fig. 1 presents an example of the timing spectrum 
recorded with the optimized experimental setup, i.e. 
HV = 69.2 V, CFD shaping delay of 2 ns and 
threshold set at about 8% of signal amplitude. The 
time resolution of the single MPPC + LFS-3 detector 
is slightly worse than the best results, below 170 ps, 
obtained with fast photomultipliers like Photonis 
XP20D0 and LFS-3 or LSO crystals. 

The time jitter of 826 ps (time resolution for 1 
photoelectron) for a 3x3mm2 MPPC at a bias voltage 
of 69.2V (2.3V over breakdown) is 2 times larger 
compared to modern fast PMTs (see Fig. 2). The time 
jitter is also dependent on the HV and deteriorated at 
lower bias voltages. 

The plot of the normalized time resolution versus 
the time jitter obtained for a 10x10x5 mm3 LSO 
crystal for various types of photomultipliers together 
with the data for the tested MPPC + LFS-3 detector 
are presented in Fig. 3. 

ENF is a result of crosstalk and afterpulses. Since 
the probability of these two effects rises with bias 
voltage the ENF also strongly depends on theHV and 
can be higher than 2 in the case of conditions 
optimized for timing measurements. 

The high potential of MPPCs in timing 
applications is due to their high quantum efficiency. 
The other MPPC properties such as time jitter, excess 
noise factor and signal rise time differ significantly 
from the characteristics of PMTs. 

Presented at the 2010 IEEE Nuclear Science 
Symposium and Medical Imaging Conference, 
Knoxville, Tennessee, USA, Oct. 30 – Nov. 6, 
submitted for publication to IEEE Trans Nucl. Sci. 

 

 
Fig. 1 Example of a timing spectrum recorded with a 3x3x3 mm3 
LFS-3 crystal coupled to 3x3 mm2 MPPC (S10362-33-050C SN22). 

 
Fig. 2 The time resolution and noise contribution measured for 
various numbers of photoelectrons detected in a 3x3 mm2 MPPC 
(S10362-33-050C SN22). The open points represent the 
experimental data, while the solid points are normalized to the 
number of incident photons. 

 
Fig. 3 Normalized time resolution versus time jitter for various 
photomultipliers and MPPC 33-050C SN22. Measurements were 
performed for a 10x10x5 mm3 LSO crystal (PMTs) and 3x3x3 mm3 
LFS-3 crystal (MPPC). 
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Further Study of Undoped NaI Scintillators with Different Purity*) 
by P. Sibczyński, M. Moszyński, T. Szczęśniak, W. Czarnacki, A. Syntfeld-Każuch, P. Schotanus1) 
 

Several undoped NaI crystals of scintillation grade 
purity, selected for their different light emission under 
UV excitation at room temperature, were studied by 
gamma-ray spectrometry methods at liquid nitrogen 
(LN2) temperature using an avalanche photodiode. 
The measured quantities covered the light output 
expressed in the e-h pair number, non-proportionality 
characteristics, energy resolution and finally the 
intrinsic resolution of the studied crystals. The 
measurements performed confirmed previous 
observations that the performance of the tested 
crystals in gamma spectrometry depends on accidental 
doping by traces of impurities. To define them, 
characterization of the NaI crystals themselves by 
different analytical methods is used, such as testing 
the emission spectra at room and liquid nitrogen 
temperatures, X-ray fluorescence analysis and the 
inspection of light pulse shapes at LN2 temperature.  

 
Fig. 1 Emission spectra of four NaI crystals at LN2 temperature. 
Dashed lines indicate UV intraband transition at 303 nm. A 
significant difference of emission intensities at range ~420 nm for 
each crystal is shown. 

Significant differences between properties of these 
crystals were observed. Results are shown in Table 1. 
To find an explanation for the various performances of 
NaI scintillators, a measurements of emission spectra 
both at LN2 and room temperature was performed. 

Three structures in the emission spectra were 
observed. A peak at 303 nm at LN2 temperature is 
related to an intraband transition, when the whole 
excitation energy is transformed to UV light in a direct 
process. The structure observed at ~ 430 nm can be 
related to either defects of the crystal lattice, such as 
Iodine vacancies, or ppm doping of Thallium. Small 
peaks at 600 nm are, in fact, very intense, if corrected 
by a monochromator grating and the quantum 
efficiency of the photomultiplier (Photonis XP2020Q). 

It is supposed that the existence of these peaks is 
related to slow components of the crystal decay. 
TABLE I.  
Light output and energy resolution for all NaI samples at LN2 
temperature. 

Sample e-h number 
(e-h/MeV) 

Energy resolution 
at 662 keV (%) 

NaI-1 18400 ± 900 6.6 ± 0.2 

NaI-2 26200 ± 1300 4.4 ± 0.1 

NaI-3 18400 ± 900 4.7 ± 0.1 

NaI-4 19200 ± 1000 6.7 ± 0.2 

NaI-2-SGa) 19000 ± 1000 7.8 ± 0.3 
a) the previously measured 7N grade purity NaI crystal, see [1]. 

In the Fig. 2 a significant difference between non 
proportionality curves is shown. A crystal with the 
highest emission intensity at 430 nm has the worst 
proportionality. It can be related to defect in the 
crystal lattice or additional impurities. To determine, 
what kind of defects or impurities are responsible for 
the different crystal performances, further study 
should cover a measurement of the scintillation decay 
time and absorption spectra. 

 
Fig. 2 Non-proportionality of the four tested NaI scintillators at 
LN2 temperatures. 
 

Presented at the IEEE NSS-MIC Conference, 
Knoxville, USA, October 2010, submitted to IEEE 
Trans. Nucl. Sci. 
*) This work was supported in part by the EU 
Structural Funds Project no POIG.01.01.02-14-
012/08-00. 
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Thermal Neutron Detection Properties of Cerium Doped LiCaAlF6 Single Crystals 
by J. Iwanowska, Ł. Świderski, M. Moszyński, T. Yanagida,1) Y. Yokota,1) A. Yoshikawa,1) K. Fukuda,2) 
N. Kawaguchi,2) S. Ishizu2) 
 

Neutron detection techniques are essential in the 
case of border monitoring against illegal smuggling of 
nuclear materials. Commonly used helium detectors 
have to be replaced in the near future due to the lack 
of 3He on the world market. Therefore, the research 
community is looking for new thermal neutron 
detectors, based on scintillation crystals. Ce:LiCAF 
crystals are sensitive to thermal neutron detection 
because of the presence of 6Li, which has a  high 
thermal neutron capture cross–section of 940 b. This 
fact makes Ce:LiCAF an attractive proposal for border 
monitoring. Generally, a neutron scintillator should be 
characterized by a low stopping power for γ rays in 
order to discriminate thermal neutrons from the γ–ray 
background. For this reason, the host lattice of the 
neutron scintillator should be constituted from light 
elements. LiCAF meets these requirements as it has a 
density of below 3 g/cm3. The main aim of the present 
work was to study γ-ray discrimination and to estimate 
the efficiency of thermal neutron detection for various 
Ce:LiCAF samples. Results are compared to Li–6 
glass GS20 (Ø50mm x 2mm) with 95% content of 6Li. 
TABLE I 
Basic properties of Ce:LiCAF and GS20 lithium glass 

scintillator 

Wavelength 
of emission 
maximum 

[nm] 

Decay 
time 
[ns] 

Density 
[g/cm3] 

Number of 
phe/MeV 

Low-doping 
Ce:LiCaF 
10×10×2 

300 ~ 40 2.94 191±10* 

High-doping 
Ce:LiCaF 
10×10×2 

300 ~ 40 2,94 225±11* 

High-doping 
Ce:LiCaF 
∅50.8×2 

300 ~ 40 2,94 254±13* 

GS20  
lithium glass 

∅50×2 
395 ~ 75 2,5 1296±65* 

Ce:LiCAF scintillators are designed for thermal 
neutron detection; therefore, for neutron 
measurements we used a paraffin moderated 238PuBe 
source, shielded by 5 cm of lead to reduce the flux of 
4.4 MeV gamma rays. A further test was performed to 
demonstrate the tested crystals in γ rays from a 60Co 
source. The results are presented in Fig. 1 for 
Ce:LiCAF crystals and for the reference GS20. The 
continuous spectrum to the left of the neutron peak 
corresponds to the γ–ray background. For Ce:LiCAF 
samples neutron peaks appear at a Gamma Equivalent 
Energy (GEE) of 2 MeV for low–doping Ce:LiCAF 
10x10x2, 2.5 MeV for high-doping Ce:LiCAF 
10x10x2 and 1.9 MeV high-doping Ce:LiCAF 
Ø50.8x2.  

 
Fig. 1 Neutron response of Ce:LiCAF samples: high-doping 
Ce:LiCAF 10x10x2 (upper spectrum), low-doping Ce:LiCAF 
10x10x2 (middle spectrum) and high-doping Ce:LiCAF 
Ø50.8mmx2mm (lower spectrum).  

The intrinsic neutron efficiency for Ce:LiCAF 
samples was also estimated. A moderated 238PuBe 
source was placed at a distance of 66 cm from the face 
of the center of the detector. The results for the 
Ce:LiCAF crystals are normalized to the reference 
GS20 lithium glass.  
TABLE II 
Intrinsic neutron detection efficiency for tested scintillators 

Scintillator Number of 6Li 
atoms per cm3 

Intrinsic thermal 
neutron efficiency 

GS20 ∅50mm×2mm ~1,58×1022 100% 

High–doping 
Ce:LiCAF 10×10×2 ~0,5×1022 35%±5% 

Low–doping 
Ce:LiCAF 10×10×2 ~0,5×1022 32%±5% 

High–doping 
Ce:LiCAF ∅50.8×2 ~1×1022 82%±5% 

Measurements with an intense 137Cs radionuclide 
source were also performed. Using the γ-rays source 
we increased the ambient background to 10mR/h 
(according to ANSI standards) and we checked how 
many events from gamma rays occur in the neutron 
window (gamma-neutron intrinsic efficiency εγn). The 
gamma–neutron intrinsic efficiency measures the 
response of a neutron detector to the γ-ray field when 
no neutron source is present. This is a very important 
requirement for neutron detectors, specifying their 
sensitivity to γ rays. The value of εγn, should be very 
small, typically εγn ≤ 10-6. The laboratory background 
was subtracted from all the spectra. In these 
conditions, the gamma-neutron intrinsic efficiency for 
all tested scintillators is kept below 10-7. 
1) IMRAM, Tohoku University, 2-1-1 Katahira, 

Aoba-ku, Sendai, Miyagi, Japan 
2) Tokuyama corporation, 6-6-3, Minamiyoshinari, 

Aoba-ku, Sendai, Miyagi, Japan 
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Energy Resolution of Scintillation Detectors with SiPM Light Readout*) 
by M. Grodzicka, M. Moszyński, T. Szczęśniak, M. Kapusta,1) M. Szawłowski, D. Wolski 
 

Development of silicon photomultipliers (SiPM), 
with a large number of micro-pixels and improved 
linearity of the pulse height response, prompted 
interest in their application to gamma spectrometry 
with scintillators. Hamamatsu MPPC sensors 
equipped with 3600 pixels (MPPC 33-050C) and 
14400 pixels (MPPC 33-025C) were chosen in our 
study because of their well-pronounced single 
photoelectron spectra. This allowed precise 
measurement of the photoelectron number (PHE) or 
fired pixels and then discussion in a quantitative 
manner of the obtainable energy resolution. The 
studied detectors were characterized first in direct 
detection of laser light pulses and then in gamma 
spectroscopy with LFS and CsI(Tl) crystals. In the 
study with the laser light pulses the linearity of the 
MPPC response versus light pulse intensity monitored 
by a PMT was measured. 

The measurements of the linearity range were 
made for two types of MPPCs and two configurations 
of width of the laser light pulses: 40 and 1000 ns. 
Only when illuminated by a 1000 ns wide laser light 
pulse did a 14 400 pixels 025C MPPC show linear 
behavior over the whole measured range up to 7 000 
phe, corresponding approximately to 1332.5 keV 
energy gamma rays detected in the CsI(Tl) crystal 
with 60Co radiation source illumination. The next 
measurements were done only with the MPPC 025 
device because of its large linear dynamic range. 

Two different methods were used for evaluation of 
the MPPC response expressed as the number of 
photoelectrons (PHE) generated by light illumination. 
The direct method (PHEdir) based on a comparison of 
the light peak position to that of the single 
photoelectron peak determined the upper limit of the 
PHE. The lower limit of the PHE was derived form an 
analysis of the measured pulse height resolution 
assuming Poisson statistics and an MPPC excess noise 
factor (ENF) of 1 (see Fig. 1).  

 
Fig. 1 The photoelectron number measured by the direct and PHR 
methods for a 1000 ns wide laser light pulse with the intensity 
corresponding to the 662 keV gamma peak in a CsI(Tl) crystal.  

In the performance study of the MPPC in 
scintillation detection, LFS and CsI(Tl) crystals of 

3×3×3 mm3 size were used. Both the crystals were 
polished on all surfaces, wrapped in Teflon tape and 
coupled to the MPPC with silicone grease. The 
measurements covered tests of the energy resolution 
and non-proportionality of the crystals with the MPPC 
readout. The MPPC 025 device readout was used in 
this study because of its large linear dynamic range.  

Fig 2. presents the energy spectrum of gamma rays 
from a 137Cs source. The 662 keV photopeak energy 
resolution of 7.1±0.2% reflects a good performance of 
the MPPC 025C at 70V bias voltage. The measured 
energy resolution is comparable to that recorded with 
the XP2020Q PMT of 6.7 ± 0.2 % 

 
Fig. 2 The energy spectrum of 662 keV gamma rays from a 137Cs 
source, as measured with a CsI(Tl) crystals of 3×3×3 mm3 
dimensions coupled  to the MPPC 025C MPPC (at 70V). 

Non-proportionality characteristics of the CsI(Tl) 
crystal measured with light readout by the MPPC 
025C and XP2020Q are shown in Fig. 3.  

 
Fig. 3 The non-proportionality functions measured with the 
CsI(Tl) crystal coupled to the 025C MPPC and XP2020Q PMT. 

Presented at 2010 IEEE Nuclear Science 
Symposium and Medical Imaging Conference, 
Knoxville, Tennessee, USA, Oct. 30 – Nov. 6, 
submitted for publication to IEEE Trans Nucl. Sci. 
*) This work was supported in part by the EU 
Structural Funds Project no POIG.01.01.02-14-
012/08-00. 
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Characterization of LFS-3 Scintillator in Comparison with LSO*) 
by M. Grodzicka, M. Moszyński, T. Szczęśniak, A. Syntfeld-Każuch, Ł. Świderski, A. F. Zerrouk,1) 
J. Owczarczyk2) 
 

The performance of Lutetium Fine Silicate LFS-3) 
scintillator in gamma-ray spectrometry has been 
investigated in comparison with the well known LSO 
crystal. The LFS-3 has been developed by Zecotek 
Photonics Inc and its composition is covered by 
patents worldwide (US patent no. 7,132,060). 
Measurements were made for three samples of LFS-3, 
and one sample of selected LSO crystal with a size of 
10x10x5mm3. Two of the LFS-3 samples had a size of 
10x10x5mm3 (LFS-3 no. 1 and no. 2) and one sample, 
a finger-like pixel, had a size of 3x3x10 mm3 (LFS-3 
no. 3).All the tested crystals were polished on all 
surfaces and coated with Teflon tape. The 
measurements were made with a Photonis XP20D0 
no. 2025 photomultiplier characterized by a high blue 
sensitivity of 13.2 mA/lmF. The tests covered 
measurements of light output in terms of the number 
of photoelectrons, energy resolution and non-
proportionality. Time resolution was measured in 
coincidence experiments with 511 keV annihilation 
quanta from a 22Na gamma source. Decay  time 
constants of the light pulse were calculated on the 
basis of timing spectra obtained using the Thomas–
Bollinger single photon method. Afterglow was 
measured about 30 ms after the crystal was irradiated 
by a strong 13.9 GBq 241Am source. 

The results of the measured number of 
photoelectrons (see Table I) and non- proportionality 
curves (see Fig. 1) did not show differences between 
LFS-3 and LSO. 
Table I 
The PHE number of the tested crystals for 662 keV γ rays, measured 
with the XP 20D0 PMT and the light output calculated in relation to 
the LSO 2005. 

Crystal Size 
[mm3] ⎥⎦

⎤
⎢⎣
⎡

MeV
phe

MeV
Nphe

 
Light output 

[ph/MeV] 
LSO 

(selected) 10x10x5 7760 ±230 28800±1500a) 

LFS-3 no.1 10x10x5 7720 ±230 28700±1500 
LFS-3 no.2 10x10x5 7850 ±230 29100±1500 
LFS-3 no.3 3x3x10 8160 ±230 20300±1500 

 
Fig. 1 A comparison of non-proportionality characteristics of the 
tested crystals. 

Improvement in the energy resolution for high 
energy γ rays (see Fig. 2), shorter decay time constants 
and better time resolution were observed in the case of 

LFS-3, when compared with LSO. For LFS-3 the 
energy resolution for 662 keV from 137Cs, decay time 
and time resolution were equal to about 7.66±0.23%, 
40.5±1.2 ns and 161±5 ps, respectively, whereas for 
LSO the same parameters were equal to 8.13±0.23%, 
43.9±1.3 ns and 173±5 ps, respectively. 

 
Fig. 2 Measured (∆E/E) energy resolution of the tested crystal of 
about 10x10x5 mm3 versus γ-ray energy. Error bars are within the 
size of the points.  

 

Fig. 3 Afterglow of the tested scintillators measured for dwell 
time = 5s in the MCS. Background level was subtracted for all the 
spectra presented.   

The study showed that LFS-3 crystal is an 
excellent substitute for LSO crystal. Its light output, 
energy resolution and time resolution are 
systematically slightly better than those measured with 
the LSO crystal. The largest differences between the 
measured crystals were observed on the level of 
afterglow. The smallest afterglow was observed in 
case of the LSO crystal (see Fig. 3). 

Presented at 2010 Symposium on Radiation 
Measurements and Applications, Ann Arbor, 
Michigan, USA, May 24-28 submitted for publication 
in Nuclear Instruments and Methods in Physics 
Research A.  
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Structural Funds Project no POIG.01.01.02-14-
012/08-00. 
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Optimisation of Pb/Nb Deposition in Terms of Quantum Efficiency 
by R. Nietubyć, J. Sekutowicz, J. Witkowski, R. Mirowski, B. Kołakowski, A. Trembicki, M. Kuk 
 

After the successful quantum efficiency (QE) and 
RF resonant quality (Q) tests with Pb/Nb films 
deposited in the unfiltered arc process in 2009, a Pb 
coating and diagnostics of a 1.6 cell Tesla-like cavity 
based electron injector was undertaken. That however 
needed preceding studies and optimisation of the 
system. 

Eight niobium samples were manufactured at 
TJNAF, four were made of the poly-crystalline and 
four of mono-crystalline material. All samples were 
chemically cleaned with Buffered Chemical Polishing 
(BCP), similar to the procedure used for 
superconducting niobium cavities. The samples were 
coated applying various conditions. In order to find 
the influence of the length of the plasma arc, we 
positioned samples at two locations, which correspond 
to the coating distance for the half-cell and 1.6-cell 
injector cavity. Both types of cavities were built and 
are used extensively for our R&D program devoted to 
the SRF injector. We used both a straight and a 90° 
bend setup, and two types of vacuum pump. The 
measured QE dependence versus the photon energy 
for these samples, prior to the laser cleaning were in 
the range of 10-4 for 6.5 eV. The laser cleaning 
procedure was performed with a per-pulse energy 
density of 0.2 mJ/mm2 in three steps, each of 1500 
pulses. After each cleaning step, QE increased, and 
reached 2.1 10-4 for the best case of sample no. 5. 
Although the increase was by factor of 20, QE was 
still lower by a factor of 2 compared to the best 
cathode we measured in 2006, coated at a very short 
distance and without filtering. The SEM picture of 
sample no 5 in Fig. 1. indicates that the cleaning 
procedure, though it increased significantly QE, led to 
strong modification of the Pb coating by the melting 
and re-crystallisation processes.  

We think that a big fraction of the missing factor 
of 2 in QE is due to the uncoated area. 

At that stage we concluded that a thicker and 
gentler laser cleaning procedure is necessary to avoid 
the damage. To increase the efficiency of ion transport 
towards the target, and thus the film thickness we put 
a new 30°-bend, which should be sufficient for 
filtering the droplets. The new coating setup combines 
the advantages of the two previously used setups. 

The these recently coated samples were laser 
cleaned for 30 minutes with low energy density 
(0.01mJ/mm2) pulses at 300 Hz rep. rate. This 
cleaning was gentle enough to leave the surface 
morphology unchanged (Fig. 3). The final QE was 
0.33% at 190 nm (Fig. 4); this is superior to the 
cathodes discussed earlier yet still ~30% below the 
best cathode measured in 2006. 

 
Fig. 1 SEM picture of sample No 5 after laser cleaning. 
 

 
Fig. 2 New setup with 30°-bend. 
 

 
Fig. 3 SEM images of cathode deposited with the 30°-bend, laser 
cleaning. 
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Fig. 4 Spectral dependence of QE before and after laser cleaning. 
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The above results led us to the conclusion that the 
lead films we are able to prepare are good enough for 
emittance and beam diagnostics measurements at the 
electron injector test facility Hobicat at the Helmholtz 
Zentrum Berlin (HZB). We have launched Tesla 
cavity coating tests in which 5 1.6-cell cavities have 
been successfully coated with 100 nm thick lead film 
and subsequently tested in terms of RF properties in 
cryogenic conditions at TJNAL. The best cavity 
showed Q>109 for the range of an accelerating 
gradient up to 39 MVm-1. We consider that a 
reproducible coating procedure has thus been 
established. Finally, a lead film was deposited onto the 
single-crystal back wall of an HZB cavity (Fig. 5) RF 
and QE tests of that cavity are scheduled in the first 
half of 2011.  

Structural studies of niobium and lead films were 
continued. They concentrated on X-ray diffraction 
(XRD) studies of the degradation of Pb/Nb films 
exposed to various environments: air N2, Ar and 
water. X-ray reflectometry (XRR) measurements 
performed for Nb/sapphire(001) films allowed the 
film thickness to be determined and showed the 
complex structure of the Nb films (Fig. 6).   
 
[1] R. Nietubyć, T. Rao, J. Sekutowicz, P. Kneisel, 

Proc of IPAC10, Kyoto, Japan (THPEC020) 
[2] J. Sekutowicz, M. Ebert, P. Kneisel, R. Nietubyć, 

to be published in the Proceedings of XXV Linear 
Accelerator Conference, Tsukuba, Japan 

 

  
Fig. 5 HZB Tesla-like 1,6 cell cavity with lead coated onto back 
wall 
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Fig. 6  XRR interference patterns for Nb/sapphire(001) samples 
1–6 deposited in times 10 s, 6 s, 4 s, 2 s, 1 s and less than 1s. 
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Specific Structure and Properties of the Layers Synthesized by Different Plasma Surface 
Engineering Methods: IPD and PMS 
by K. Nowakowska-Langier and K. Zdunek 
 

In the Plasma Surface Engineering laboratory 
layers of different materials (Fe-Cu, TiN, AlN) are 
synthesized using different plasma surface engineering 
methods – Impulse Plasma Deposition (IPD) and 
Pulse Magnetron Sputtering (PMS). In 2010 several 
investigations of different magnetic, mechanical and 
electrical properties of the layers obtained were 
carried out [1-5]. 

The IPD method is a well-known original Polish 
idea in the area of plasma surface engineering. This 
method utilizes the impulse plasma generated and then 
accelerated in a coaxial generator by the Ampere 
force. The layers are formed during condensation of 
consecutive portions of plasma. The cluster growth 
mechanism characteristic of the IPD method makes 
this method particularly suitable for the fabrication of 
nanocrystalline layers. We show that the frequency of 
impulse plasma generation plays a very important role 
in the determination of the final structure of the layers 
produced [1, 3] and their properties [1] (magnetic 
properties and nanohardness). The morphology of the 
TiN coatings obtained by the IPD method with two 
frequencies of impulse plasma generation is show in 
Fig. 1. 

 
Fig. 1 Morphology and phase composition of TiN coating 
material obtained during the IPD process. 

Experiments proved that increase of the plasma 
generation frequency from 0,25 Hz to 4 Hz influenced 
the more intensive agglomeration of nanoparticles and 
the crystallization process of the amorphous fraction 
and finally the nanocrystalline structure of the deposit 
material (Fig.1). Therefore, the frequency of plasma 
generation should be treated as a new significant 
technological parameter during IPD, which plays a 
very important role in the determination of the final 
nanocrystalline structure of the layers produced. 
During the standard IPD method processes the 
working gas is supplied in a continuous way and 
ignited by spark ignitron. In the modified IPD 
apparatus [2] we decided to use an impulse valve for 
gas injection to the accelerator as well as for triggering 
the capacitor discharges during the impulse plasma 
deposition. The lack of spark ignitron in the electric 
circuit could also influence the plasma processes.  

Our experiments showed that application of the 
pulse valve results in a significant change of the IPD 
layer morphology. Studies proved that for TiN layers 
deposited by the modified IPD method the structure 
was nanocrystalline with equiaxial, almost 
unidimensional angular crystallites. Wear-resistance 
examinations of the TiN layers deposited in the 
modified IPD apparatus showed surprisingly good 
properties [2]. 

 
Fig. 2 Morphology and phase composition of TiN coating 
material obtained during the standard IPD process, and deposited in 
the modified IPD apparatus (top). Comparison of the indicator of 
the edge blunting (VBC) as a function of turning time of the three 
materials tested (bottom). 

In the case of the PMS method we studied the 
structure of the Fe-Cu metallic layers synthesized 
during two modes: standard pulsed mode (SPM) and 
low-frequency pulsed mode (LFPM). In our 
experiment the pulsed magnetron power supply 
generated a series of pulses gated at 1kHz – standard 
pulsed mode (SPM) and 2 Hz – low frequency pulsed 
mode (LFPM). The analysis of the microstructure by 
means of SEM, TEM and X-ray measurements shows 
that the layers obtained are characterized by a 
nanocrystalline structure. The results obtained during 
the experiments proved that the low-frequency pulsed 
mode (2 Hz) of magnetron sputtering leads to a flat 
smooth surface and more uniform structure than the 
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layers produced under the standard pulsed mode 
(1 kHz). Additionally, in the case of Cu layers the 
LFPM mode of magnetron sputtering increases the 
sputtering efficiency. The optical emission spectra 
(OES) during the copper and iron sputtering were also 
measured [4]. 

 
Fig. 3 Morphology and phase composition of Fe-Cu layers 
material obtained with the Magnetron Sputtering Method. 

 
Fig. 4 Structure (SEM images) and results of XRD investigations 
of AlN film deposited at pressure: a. 1 Pa, b. 5 Pa, c. 10 Pa; Current-
voltage characteristics of MIS structures with AlN film as an 
insulator. 

Our preliminary investigation of the dielectric 
layers shows that application of DMS magnetron 
sputtering operating in Gemini mode allows effective 
deposition on thin AlN films at room-temperature. 
The crystallographic structure of the films and good 
electric Al properties (Fig.4.) makes the deposited 
material suitable for application in novel 
microelectronic devices. The films obtained, growing 
in <002> crystallographic orientation, have an ultra-
fine crystallographic structure of hexagonal AlN. The 
AlN films demonstrate also good electrical properties, 
i.e. high resistivity, low leakage current and high value 
of electric strength. Good electrical insulating and 
thermal properties suggest that this material could be 
very promising for novel electronic applications, 
especially in silicon-carbide-based technology [5]. 
 
[1] K. Nowakowska-Langier, K. Zdunek, 

E. Wierzbinski, „Structure of Fe–Cu alloy layers 
deposited by IPD method with different 
frequencies of plasma impulse generation”, 
Surface & Coatings Technology 204 (2010) 
2564–2569 

[2] K. Zdunek, K. Nowakowska-Langier, R. Chodun, 
M. Kupczyk, P. Siwak, „Properties of TiN 
coatings deposited by the modified IPD method”, 
Vacuum 85 (2010) 514-517 

[3] R. Chodun, K. Nowakowska-Langier, K. Zdunek 
„Morphology of the TiN coatings obtained by the 
IPD method with two frequencies of impulse 
plasma generation”, Surface & Coatings 
Technology 205 (2010) S28–S31 

[4] K. Nowakowska-Langier, K. Zdunek, R. Chodun, 
R. Nietubyc, R. Mirowski, J. Witkowski, 
„Structure of Fe-Cu coatings prepared by the 
magnetron sputtering method”, Problems of 
atomic science and technology. 2010. 6. 159 
Series: Plasma Physics (16), p. 159-161 
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„Electrical properties of thin AlN films deposited 
by magnetron sputteringmethod on silicon 
substrates”-Twelfth International Conference on 
Plasma Surface Engineering, September 13 - 17, 
2010, in Garmisch-Partenkirchen, Germany 
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Single Track Nanodosimetry with JetCounter - Progress Report 
by A. Bantsar and S. Pszona 
 

The interaction of ionizing radiation with 
nanometric targets is a field of interest for many 
branches of science such as: radiology, oncology, 
radiation protection and nanoelectronics. A new 
experimental technique known as nanodosimetry has 
been developed for the qualitative as well as 
quantitative description of these types of interaction. 

The work presented here is a contribution to this 
development, namely by further improvement of the 
new experimental technique called the Jet Counter, 
originally developed at the Andrzej Sołtan Institute for 
Nuclear Studies. The Jet Counter is a unique device 
for studying the interaction of low energy electrons 
with nanometer targets in the range 2-10 nm (in unit 
density). 

The PhD Thesis by A. Bantsar [1] was presented 
in 2010 with a detailed description of the Jet Counter, 
namely:  
• The basic characteristics of the experimental 
device called the Jet Counter with the emphasis on the 
latest improvements, namely the piezoelectric valve, 
single ion counting efficiencies and automation of the 
acquisition system. 
• The basic experimental result is the frequency 
distribution of ionization cluster size produced by 
ionizing particles in a gaseous (nitrogen or propane) 
nanometric track segment. 
• The measurements were performed at the Jet 
Counter facility using the single-ion-counting method. 
The frequencies were measured based on counting 
the number of ionizations in coincidence with the 
ionizing particle after passing through the simulated 
nanometric volume (see Figure 1). 
• The first experimental data on the frequency 
distribution of ionization cluster size produced by low 
energy “single” electrons (100 eV – 2000 eV) in target 
cylinders of nitrogen (N2) 0.34 µg/cm2. in diameter 
were presented. 
• New experimental data on the frequency 
distribution of ionization cluster size produced by 
3.8 MeV particles in a target cylinder of nitrogen (N2) 
and propane gas (C3H8), ranging from 0.1 to 0.5 
µg/cm2 in diameter were presented. 
• Experimental results were compared with Monte 
Carlo simulations. A Bayesian analysis is applied for 
convoluting the measured spectra to the true cluster 
size distributions.  

• New quantities characterizing the interaction of 
ionizing radiation with the nanometre level were 
proposed. 

Summarizing, the Jet Counter is the first and 
unique measuring facility based on single-ion 
counting which can be used to investigate ionization-
cluster formation in nanometer target volumes (up to a 
few µg/cm2) for single ionizing particles. 

New quantities characterizing the interaction of 
ionizing radiation with the nanometre level are 
proposed, namely – P1 (the probability of forming a 
cluster size ), M1 (mean cluster size – the first moment 
of the distribution), F2 (the sum distribution function 
of forming an ionization cluster size ). It has been 
shown that these quantities may substitute for the 
traditional (macro) dosimetric quantities. 

Also, new nanometric radiation quantities were 
proposed in the hope that they will be of use 
in the practice of targeted radiotherapy. 

 
Fig. 1 Schematic diagram of the Jet Counter configured for single 
track measurements. 
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Defect Transformations in Ion Bombarded InGaAsP 
by R. Ratajczak, A. Turos1), A. Stonert, L. Nowicki, W. Strupiński1) 
 

Damage buildup and defect transformations at 
temperatures ranging from 15 K (LT) to 300 K (RT) 
in ion bombarded InGaAsP epitaxial layers on InP 
were studied by in situ RBS/channeling measurements 
using 1.4 MeV 4He ions. Ion bombardment was 
performed using 150 keV N ions and 580 keV As ions 
to fluences ranging from 5×1012 to 6×1014 at/cm2. 
Damage distributions were determined using the 
McChasy Monte Carlo simulation code assuming that 
they consist of randomly displaced lattice atoms 
(RDA) and extended defects (BC) producing bending 
of atomic planes. Steep damage buildup up to 
amorphisation with increasing ion fluency was 
observed. Defect production rate increases with the 
ion mass and decreases with the implantation 
temperature. The parameters of damage buildup were 
evaluated within the frame work of the Multi-Step 
Damage Accumulation model [1, 2]. In the case of 
InGaAsP a two step process has been revealed. This is 
especially clear for the BC type of defects. Our 
previous research has indicated that ion bombardment 
of InP [3] as well as InGaAs [4] induces decrease of 
the lattice parameter leading to a compressive stress. 
The same effect should also be effective in the case of 
InGaAsP. Hence, in the first step the defect 
accumulation leads to the formation of defects that, in 
spite of the fact that they produce biaxial stress along 
(100), are hardly visible by RBS/c. Such defects can 
be (100) stacking faults. Once the critical value of 
stress has been attained the crystalline layer collapses 
to a structure containing large concentrations of a 
variety of extended defects and defect clusters. 

Following ion bombardment at LT defect 
transformations upon warming up to RT were also 
studied. InGaAsP samples were implanted with 
580 keV As ions to a fluence of 1x1012 at/cm2 and 
with 150 keV N ions to a fluence of 1.8×1013 at/cm2. 
RBS/channeling spectra were measured for selected 
temperatures during warming up to RT. Figs. 1a and 
1b show the calculated damage recovery curves for 
RDA and BC defects, respectively. The broad 
recovery stage begins at approximately 150 K for 
RDA and above 200 K for BC defects. The solid line 
presents the fit to the Arrhenius equation, 

⎟
⎠
⎞

⎜
⎝
⎛−

−= kT
Ea

ean *1 , where n is defect normalized content, 
Ea is the activation energy and is a normalization 
factor. Activation energies estimated from plots in Fig. 
1 are listed in Table I.  
 

 
Fig. 1 Damage recovery curves calculated for RDA (a) and BC 
(b) defects in N- and As-ion implanted InGaAsP epitaxial layers  
during warming from 15 K to 300 K. Solid lines show the fit to the 
Arrhenius equation. 
 
TABLE I. 
Activation energies for defect recovery in InGaAsP. 

Ea [eV] 

RDA_N RDA_As BC_N BC_As 

0.103 0.115 0.130 0.160 

 
[1] J. Jagielski and L. Thome, Appl. Phys. A 
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R. Groetzschel, Nucl. Instr. and Meth. in Phys. 
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Lattice Location of Manganese Atoms Implanted into Silicon and Plasma-pulse 
Annealed 
by A. Z. Werner, C. Pochrybniak, M. Barlak, J. Piekoszewski, A. Korman, R. Heller1), W. Szymczyk, 
K. Bocheńska 
 

Silicon implanted with manganese is a potential 
candidate for a diluted magnetic semiconductor 
(DMS) - a material predicted for application in 
spintronic devices. Attempts to obtain material with 
room temperature ferromagnetism using thermal 
annealing were unsuccessful thus far due to incorrect 
location of the manganese atoms (interstitial instead 
substitutional). 

Plasma pulse annealing has been utilized in our 
institute and shown to transform implantation 
damaged amorphous layers into single crystals aligned 
with the substrate [1]. 

In this report [2] silicon (100) wafers were 
implanted with 2E+16 cm-2 of 190 keV Mn+ ions and 
then annealed with hydrogen plasma pulses of 
duration of about 1µs and energy density up to 
4 J cm-2. Next, the samples were RBS analyzed using 
a 1.7 MeV He+ beam. 

Another set of samples was prepared by treating 
them with plasma pulses of similar parameters as 
before but containing manganese ions originating 
from erosion of the Mn- electroplated electrodes of the 
plasma pulse generator. The results of RBS 
measurements in aligned arrangement are presented in 
Figs 1 and 2. 

 
Fig. 1 

Fig. 1 shows the aligned spectra of the virgin 
sample (virgin), manganese implanted (Mn), 
manganese implanted and pulse treated (Mn+pulse) 
and pulse treated (pulse) samples. The following 
qualitative conclusions can be drawn from an 
inspection of the spectra: 

1. The virgin sample is a perfect single crystal up to 
the surface, as manifested by the strong fall of the 
spectrum in the surface region (Ch#550). 
2. Implantation produces an amorphous region 
extending to a depth of about 200 nm, as manifested 
by a rise of the Mn spectrum in the region of Ch#450-
Ch#550. 
3. Plasma pulse annealing leads to a recovery of 
crystallinity in the amorphous region with marked 
influence of the implanted impurity (compare spectra 
“virgin” and “Mn+pulse”). 
4. Plasma pulse treatment of the unimplanted crystal 
retains its perfection as manifested by the  coincidence 
of the “virgin” and “pulse” spectra. 

An expanded part of the spectrum originating from 
He+ particles backscattered by the implanted Mn ions 
is shown in Fig. 2. This is the “aligned” arrangement 
but the “random” case produces spectra identical with 
those displayed in the Figure. 

 
Fig. 2 

The “as implanted” spectrum shows a typical 
implantation profile centered at around 200 nm depth. 
It is remarkable that after the plasma pulse there is a 
characteristic shift of the spectrum to the surface and 
the profile becomes “binomial”. This shift is 
interpreted as resulting from impurity segregation at 
the solid-liquid boundary as this boundary retracts to 
the surface during pulse melting and crystallization. 

The green spectrum corresponds to a sample 
treated with Mn containing plasma pulse. It is 
identical with the pulse treated implanted sample and 
shows an additional peak at Ch#630 which might be 
interpreted as Mn concentration remaining in the 
sample after the region corresponding to Ch#620-
Ch#720 has been melted by the pulse and the Mn 
content has diffused over the molten region. 
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Simulation of the spectra by the SIMNRA code 
reveals that the Mn content in the implanted region is 
close to 2.5%, whereas the surface peak corresponds 
to over 5% content. Similar surface concentration is 
obtained by the Mn pulse treatment. 

The coincidence of the random and the aligned 
spectra indicates that the Mn location in the Si single 
crystal is not substitutional. 

Financial support of O-23 SPIRIT project and 
4731/B/T02/2009/37 Grant are gratefully 
acknowledged. 
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Nuclear Reactor Safety Simulations*) 
by I. Zychor 
 

Some of the main tasks for the Nuclear Reactor 
Analysis Group (ZAR – Zespół Analiz Reaktorowych) 
established in 2010 at IPJ within the framework of 
"Świerk Computing Centre: Infrastructure and service 
for power-engineering" are as follows: assessing 
computer models and codes for nuclear power plants 
(NPPs), understanding thermal hydraulic processes 
observed in light water reactors and investigating 
severe accident phenomena in NPPs. 

For these purposes, the RELAP5 code is currently 
used by us. RELAP5 [1] is a "best estimate" system 
code suitable for the safety analysis of transients and 
postulated accidents in light water reactor systems, 
including both large- and small-break loss-of-coolant 
accidents (LOCAs) as well as the full range of 
operational transients. 

RELAP5 (Reactor Excursion and Leak Analysis 
Program) uses multidimensional thermal-hydraulic, 
heat transfer, generic and special components, control 
systems, and other models to describe the behavior of 
complex fluid-filled systems under single and two-
phase conditions. The hydrodynamic models track the 
flow of liquid, vapor, and non-condensible gases 
including air, hydrogen, and nitrogen. The energy 
flow paths in solid heat conductors are approximated 
by either one- or two-dimensional heat conduction 
models; the two-dimensional model is used for 
reflood. 

The RELAP5 code contains system component 
models applicable to light water reactors (LWR). In 
particular, pumps, turbines, generator, valves, 
separator, and controls are included. The code also 
contains a jet pump component and an ecc 
( Emergency Core Cooling ) mixer component. 
Control system models include arithmetic functions, 
integrating and differentiating functions, proportional-
integral, lead, and lead-lag controllers, and trip logic. 

A typical NPP consists of so many complicated 
parts that it is a natural demand to be able to visualise 
them. A graphical representation of the input data 
should give support to the examination and 
documentation of the system. A simple and reliable 
program would be a big advantage in the analysis and 
presentation of results. Furthermore, the input graphs 
can be used as a basis for the dynamic visualization of  
simulation results. Such an input graphics interface 
written in a universal way may be then used not only 
for simulations with RELAP5 code. 

The analysis of thermal-hydraulic code results has 
shown that nodalization has a big effect on the 
predicted scenario of the postulated events. Therefore, 
great care should be taken during the nodalization of 

the reactor, especially when the available experimental 
or measured data are insufficient for making 
a complete qualification of the nodalization. 

As a first step, we have started to prepare a 
program which would use the ROOT [2] environment 
for graphical presentation and visualizations of a NPP 
geometry. 

As a test case Welander's problem [3] is 
considered: the motion of a fluid contained in a tube 
forming a closed loop that is heated from below and 
cooled from above. In a nuclear reactor such a natural 
circulation can be a design criterion. 

In Fig. 1 (left) a "real" system is compared to the 
RELAP5 code nodalization for the analysis of 
Welander's problem. In a graphical representation of 
the system (right in Fig. 1) any dimension and/or 
positions could be interactively changed allowing for 
an immediate evaluation of included replacements. 

 
Fig. 1 Left: A schematic view of the natural circulation loop. 
Right: RELAP5 code nodalization: 100 and 130 = branch (with heat 
structure); 110 and 120 = pipe. 

A full analysis of Pierre Welander's problem is in 
progress. Simulations with the IAEA-ViSA-RELAP5 
code will be then compared to theoretical results and 
other considerations [4]. 

 
[1] http://www.relap.com 
[2] http://root.cern.ch 
[3] P. Welander, "On the Oscillatory Instability of a 

Differentially Heated Fluid Loop", Journal of 
Fluid Mechanics 29, 17 (1967) 

[4] J. C. Ferreri and W. Ambrosini, "Verification of 
Relap5/Mod3 with theoretical and Numerical 
Stability Results on Single-Phase, Natural 
Circulation in a Simple Loop" 
http://200.0.198.11/MenoriaT/Pi62.pdf 
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Non-intrusive Beam Current Measurement at the C-30 and Maintenance of the 
Cyclotron 
by M. Kisieliński, M. Kowalski, J. Wojtkowska 
 

Beam current measurement is needed during 
sample irradiation with a predefined dose e.g. in 
applications described in [1]. A Faraday cup cannot be 
used because of beam absorption by the sample. The 
operation of the time of flight device constructed 
earlier [2] was so encouraging that with this purpose a 
non-intrusive proton beam current measuring device 
for the C-30 cyclotron of IPJ in Świerk has been 
constructed and tested. 

The principle of operation of the device is shown 
in Fig. 1. It consists of an ionization chamber 
operating in atmospheric air and a charge integrator. 

 
Fig. 1 Principle of operation of the beam current measuring 
device installed at the C-30. (FC stands for Faraday cup). 

The device collects electrons and ions produced in 
the air by the proton beam on polarized plates. The 
charge collected is proportional to the beam pulse 
charge. A polarization voltage is applied between an 
earthed screen and one of the plates connected to the 
negative pole. It collects positive ions whereas 
electrons are repelled to the other plate, connected to a 
charge integrator. Independently, the beam charge is 
measured for calibration by a Faraday cup with a 
charge integrator. 

An example of the device voltage response 
oscillogram compared to the beam current measured 
by the Faraday cup is shown in Fig. 2. 

Because the device operates in atmospheric air, 
whose parameters change, it needs to be calibrated 
each time before a sample irradiation. 

Several methods of calibration may be applied and 
one of them is beam pulse duration variation from 
0.125ms to 1.0ms. 

An example of a calibration curve approximated 
by a straight line is shown in Fig. 3. The line 
coefficients shown in the figure are fitted to the 
experimental data by the least-squares method. 

 
Fig. 2 Beam current measuring device response compared to the 
beam current measured by a Faraday cup. 

 
Fig. 3 Calibration curve of the device obtained by variation of 
beam pulse duration; beam current of FC (1000imp=1µC) vs. values 
proportional to ionization charge in arbitrary units within 100s. 

Development of the device is being continued to 
optimize its parameters. 

During the last year the group was also concerned 
with cyclotron maintenance and the main problem was 
the stripper mechanism. One stepper motor and two 
flexible shafts were broken and after replacement the 
stripper vacuum-tight carriage driving-shafts moved 
improperly causing leaks to the cyclotron vacuum 
chamber. To avoid their longitudinal instability, 
limiters were installed. Tests aimed to fix the radial 
instability are being performed. Other devices and 
systems of the C-30 were serviced. 

 
[1] M. Matul et al., IPJ Ann. Rep. 2006, p. 49 
[2] M. Kisieliński, J. Wojtkowska, “The proton beam 

energy measurement by time of flight method”, 
Nukleonika Vol. 52 (2007) 3 
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The Ultra Low Energy Calibration X-ray Source 
by M. Słapa, W. Czarnacki, A. Gójska, M. Kisieliński, M. Laskus, P. Mazerewicz, J. Rzadkiewicz, M. Traczyk 
 

X-ray calibration measurements below 5 keV are 
hardly possible since γ or X-ray isotopic sources at 
this energy regime do not exist. This absence of 
natural X-ray sources can be filled with special X-ray 
tubes. An X-ray source with special X-ray tubes can 
overcome this problem. 

Simulations of the X-ray spectra of the X-ray tube 
were carried out for different anode voltages and 
different configurations (target - window - correction 
filter) using the XRFWin software. 

We have two possible solutions for calibration 
sources using X-ray tubes: the correction filter method 
and the secondary target method. 

The Laboratory of Medical Physics a project for a 
low energy X-ray tube, is working on a control unit 
and a complete head. The first transmission X-ray 
tubes with Ag target and Be window dedicated to the 
study of electron beam optics and the control 
characteristics of the X-ray tube were completed. 

Measurements of the X-ray spectra of the above 
mentioned X-ray tubes for the two solutions of 
calibration sources were carried out. 

Fig. 1 shows the measured X-ray spectra of the 
transmission X-ray tube with a 300 µm beryllium 
window which is the correction filter, and Figure 2 
shows the relevant spectra obtained by using the 
secondary target method. 

In the method of correction filters we have a 
purely apparatus source, where the energy peak is 
determined by the anode voltage and correction filters, 
while the stream of photons is determined by the 
anode current of the X-ray tube. In this method we can 
get calibration peaks with energies below 2 keV. 

In the secondary target method the energy peak is 
determined by the discrete fluorescent line of the 
secondary target material and the photon flux intensity 
is determined by the voltage and anode current  of the 
X-ray tube. In this method we can get sources with 
two or more calibration peaks. 

Optimization of these sources due to their 
application to the GEM detector [1] calibration and 
Gafchromic films is being cariied out. 
 

 
Fig. 1 Experimental spectra obtained using the X-ray tube with 
300 µm Be filter. 

 
Fig. 2 Experimental spectra obtained using the secondary target 
method. 
[1] J. Rzadkiewicz, W. Dominik, M. Scholz et al., to 

be published in Proc. of the 39th EPS Conference 
on Plasma Physics 
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On Some Relations Between Characteristic Voltage Ranges of the PPAC Detectors 
Spectrometric Mode at Moderate Specific Ionization 
by J. Sernicki 
 

At present, there are generally insufficient data 
available on the complex spectrometric properties of 
avalanche counters. In turn, the spectrometric 
properties of Parallel-Plate Avalanche Counters 
(PPAC) may be evaluated based upon only partial data 
on the detector energy resolution [1]. 

In general, the properties of avalanche counters 
depend upon the electrical field intensity and gas 
pressure. It should be fully realized, however, that the 
counter’s spectrometric properties depend upon not 
only the statistical fluctuations of the charge generated 
in the interelectrode space, which are affected by the 
basic ionization processes, but also upon additional 
factors. 

When the radiation initiating the discharge growth 
within the avalanche counter interelectrode gas space 
generates a sufficiently large number of charge 
carriers during the primary ionization process, 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. Then a voltage of Usch 
determines the beginning of the space charge effect in 
the detector. 

It has been found [1] that empirical curves of 
PPAC energy resolution (ER) have some plateau 
range that extends with the increase in both n-heptane 
vapour pressure and interelectrode gap. This plateau 
range ((∆U)p

ER) falls within that section ((∆U)l
M) of 

gas gain curve (M) which has a strictly linear course 
in semilogarithmic coordinate system. 

The purpose of this investigation is to determine 
the relations between characteristic ranges of the 
PPAC supply voltages at moderate specific ionization 
in n-heptane (Fig. 1). The investigation has been 
performed under measurement conditions being 
generally typical for the majority of physical 
experiments in which the detectors are used [2]. 

Fig. 2 shows variability of the PPAC supply 
voltage interval width within which the detector 
logM=ƒ(U)-characteristic have a strictly linear course 
at different values of n-heptane vapour pressure (p) 
and electrode spacing (d). In turn, the empirical curves 
of the PPAC certain voltage relations are shown in 
Fig. 3-5. The elongation of the plateau with the rise of 
p and d (see Fig. 3) results in a value of M at the end 
of the plateau approaching the critical value. As 
shown in the plots a PPAC having d = 0.3 cm is 
characterized by the best voltage properties. 
 
[1] J. Sernicki, NIM A572 (2007) 817 
[2] J. Sernicki, NIM A288 (1990) 555 

 
Fig. 1 Mean effective energy E of alpha particles and the 
corresponding particle energy loss in the PPAC interelectrode gas 
space, determined for actual measurement conditions. The plots 
apply to those alpha particles which follow paths perpendicular to 
the counter electrodes. 

 
Fig. 2 Widths of the PAC supply voltage intervals corresponding 
to linear course of the detector gas gain characteristics, logM=ƒ(U); 
(∆U)l

M=Usch − Umin , where Umin is the minimal supply voltage, and 
the Usch voltage determines the beginning of space charge effect in 
PPAC. 

 
Fig. 3 Ratios of the PPAC energy resolution (ER) plateau width 
to range of voltages corresponding to linear course of the detector 
logM-characteristic (see fig.2). 



Annual Report 2010 
 

 

144

 
Fig. 4 Ratios of the ER plateau width to range of voltages 
corresponding to maximum course of the PPAC M-characteristic; 
(∆U)M=Umax − Umin , where Umax is the maximum supply voltage. 

 
Fig. 5 Ratios of the range of voltages corresponding to linear 
course of the PPAC logM-characteristic to the range of voltages 
corresponding to the characteristic maximum course. 
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Tools to Aid Air Quality Management at Local Level Using Emission Data and Artificial 
Inelligence Methods 
by M. Sowiński, J. Szlachciak, M. Lasiewicz, M. Kośla, M. Matul, H. Trzaskowska, M. Laskus, S. Mikołajewski 
 

According to a European Commission 
announcement, the majority of Member States have 
not yet reached the allowed level values for PM10. The 
Commission estimates that over 40% of the zones and 
agglomerations have exceeded the 50 µg/m3 level for 
more than 35 times a year and in more than 15% 
exceeded the annual level value for PM10 of 40 µg/m3.  

In Poland, despite much progress in the protection 
of ambient air in the last 5-10 years, the concentration 
of particulate matter is still too high to meet the 
European and Polish standards (Directive 
2008/50/EC). This particularly concerns the daily 
permissible level of PM10. 

Local sources are responsible for the high level of 
emission PM10, but in particular the so-called low 
emission and widely understood communication, 
including secondary emission (secondary take away 
dust) and numerous small technological sources[1]. 

Below are the results of testing short-term 
predictions of the concentration of PM10 and PM2.5, 
based on artificial neural networks, wavelet analysis 
and blind signal separation techniques [2]. 

The developed system may be used as a tool to aid 
local programs for improving air quality. 

The system for calculating the prediction 
A pilot system (predictor) to predict concentrations 

of particulate matter was developed and tested, using 
daily emission data to predict the concentration of 
PM10 and /or PM2,5 (Fig. 1) [3, 4]. 

The developed methods use:  
- neural network MLP (multilayer perception) and 

SVM (support vector machine), wavelet analysis and 

multi-dimensional signal decomposition BSS (blind 
signal separation) [4] 

- forecasted meteorological data (temperature, 
humidity, wind speed and wind direction) accessed 
from ICM (Interdisciplinary Centre for Mathematical 
and Computational Modelling, Warsaw University) 

- databases: ARMAAG Foundation (Agency of 
Regional Air Quality Monitoring in the Gdańsk 
Metropolitan Area) - learning and testing neural 
networks of archival data, VIEP (Voivodship 
Inspectorate for Environmental Protection) - learning 
neuron networks on archival data in real time and 
created its own database. 

Prediction is carried out in Matlab installed on a 
computer using Windows XP.  

 
Fig. 1 Scheme of a predictor used to warn against the possibility 
exceeding the daily maximum level of particulate matter PM10 
and/or PM2.5. 

The scheme shows the exemplary results of short-
term prediction of PM10, measured in real time at the 
VIEP station Warsaw - Ursynów in July 2010 (Fig. 2). 

 

 
Fig. 2 Preliminary results in real time suspended dust  PM10 
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The prediction system (predictor) working in real 
time, enables the assessment of air-pollution control of 
PM10 and PM2.5 the next day, on the basis of the 
emissions of the previous day and the meteorological 
parameters forecast for the next day.  

It allows the accuracy of prediction depending on 
the model assumptions, the way of teaching the neural 
networks and database used to be compared. 

Air quality at the local level 
Parallel to the work associated with the system for 

calculating the prediction measurements of the 
concentration of particulate matter (gravimetric 
method) were carried out. In particular, measurements 
were made of fine-grained fractions of PM2.5 (the most 
harmful fraction for health and even human life) on a 
pilot monitoring station, located at the District Fire 
Department in Otwock [5].  

Dust concentrations of PM2.5 measured at the 
station in Otwock were compared with dust 
concentrations of PM10 and PM2.5 measured at VIEP 
stations in Warsaw. The level and number of 
exceedances of the limit concentration at the stations 
in Otwock is comparable to or greater than the level 
and number of exceedances of the limit concentration 
at the stations in Warsaw. 
 

[1] M. Sowiński et al., Suspended Dust Predictor as a 
Tool of Air Protection Management. VI 
International Scientific Conference “Air 
Protection In Theory and Practice” Zakopane, 
Poland, Oct. 16-18, 2008 

[2] K. Siwek, S. Osowski, M. Sowiński, Neural 
Predictor ensemble for accurate forecasting of 
MP10 pollution, Intern. Joint Conference on 
Neural Networks, Barcelona, 2010 

[3] M. Sowiński, J. Szlachciak, M. Lasiewicz, 
Predictor and Methods of Prediction for 
Forecasting the PM10 and PM2.5 Pollution, IPJ 
Ann. Rep. 2009, p. 166 – 167 

[4] M. Lasiewicz, M. Sowiński, J. Szlachciak, Aid 
Tools for Air Quality Management of Local Level 
Using Immision Data and Artificial Inelligence 
Methods. VII International Scientific Conference 
“Air Protection In Theory and Practice” 
Zakopane, Poland, Oct. 15-18, 2010 

[5] S. Osowski, Sieci neuronowe do przetwarzania 
informacji, Oficyna Wydawnicza Politechniki 
Warszawskiej, Warszawa 2006 

[6] M. Sowiński, M. Laskus, M. Lasiewicz, 
M. Matul, M. Kośla, H. Trzaskowska, Possibility 
of Reducing the Concentration of Suspended Dust 
Taking into Account Local Conditions, IPJ Ann. 
Rep. 2009, p. 164 – 165 
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Multi-energy Electron Accelerator for Advanced Radiotherapy*) 
by P. Adrich, M. Andrasiak, A. Baczewski, W. Drabik, E. Jankowski, P. Kamiński, J. Kopeć, L. Kotulski, 
R. Kozioł, P. Kraszewski, E. Kulczycka, A. Masternak, A. Misiarz, J. Olszewski, K. Swat, A. Polak, 
A. Wasilewski, M. Wójtowicz, J. Wysokiński, A. Wysocka-Rabin, A. Zając 
 

In 2010, the design and development of the first 
model of multi energy accelerator for advanced 
radiotherapy was finalized. In parallel, calculations 
and simulations of the accelerating structure, 
deflection magnets and electron applicators for the 
target accelerator were carried out. 

A detailed study of the methodology for modeling 
the electron beam shaping system of the final 
demonstrator was undertaken. As a result, algorithms 
for unambiguous selection of all important parameters 
of the system were formulated and tested. The 
algorithms employ Monte Carlo and analytical 
Gaussian beam approximation calculations and allow 
for a step-by-step approach to the design of scattering 
and flattening foils, optimization of collimator jaw 
position as a function of the beam energy and field 
size, as well as, for the selection of materials and 
construction details of the applicator trimmers. 

The algorithms were successfully applied to build 
a complete computational model of the entire 
therapeutic head including a range of applicators. 
According to the results of Monte Carlo simulations, 
the model should deliver therapeutic beams that fulfill 
all quality and radiation protection requirements of 
national and international standards. 

Figure 1 shows an example of a Monte Carlo 
simulated electron beam transported through an 
applicator. Here, the BEAMnrc system was used for 
MC simulation and visualization. 

 
Fig. 1 Electron beam transported through an applicator. 

The current design status of the first model of the 
multi energy accelerator is shown in Fig. 2.  

As a result of the tests performed, the previously 
designed accelerating structure for 6 MV photons was 
modified and a new concept of the power and RF 
supply system based on “solid state” technology was 
applied and tested. 

The mechanical design of the carrying structure 
was verified by finite-element method analysis. A 
beam limiting device consisting of two pairs of jaws 
independently driven and traveling across the beam 

axis was designed and tested. Also, a multileaf 
collimator with a newly invented double positioning 
control system was integrated into the first model of 
the accelerator. 

A first node of an electronic portal imaging system 
was tested. According to the results of the tests, a final 
design was prepared and manufactured. An important 
part of the electronic portal imaging system is 
proprietary software, designed and developed in order 
to aid users in image comparison and analysis. The 
application combines a modern, easy to use interface 
with powerful tools. Streamlined design benefits from 
high speed parallel processing allowing users to 
perform image analysis easier and faster. 

A test stand for the examination of an amorphous 
silicon detector was prepared. First tests with photon 
beams were successfully carried out.  

Functional principles for an accelerator control 
system were worked out. These principles concern 
both individual components: accelerator, therapeutic 
table, portal imaging system, collimators, user 
interface, record and verify system as well as their 
integration into a unique, complete system. 

 Design of a system panel, electronic cabinet, 
control cassette, control desk, user interface and 
control software was finalized. Functional tests of the 
record and verify system and the communication 
interface between RVS and the accelerator control 
system were successfully carried out.  

Dosimetric test procedures according to IEC 977, 
IEC 60976, EN 60601-2-1 standards and international 
and domestic recommendations were established. 

The complete first model of the accelerator was 
manufactured and at the time of this report it is being 
assembled on the research stand. 

 
Fig. 2 First model of the electron accelerator. 
 
*) This work was supported by EU Structural 
Funds, Project No. POIG.01.01-14-012/08-00 
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Medium-energy Mobile Electron Accelerator for Intra Operative Radiation Therapy 
(IORT)*) 
by E. Pławski, E. Kulczycka, P. Adrich, M. Baran, R. Hanke, K. Kosiński, R. Kozioł, A. Wasilewski, 
M. Wojciechowski, M. Wójtowicz, S. Wronka, A. Wysocka-Rabin 
 

Intra Operative Electron Radiation Therapy 
(IORT) is a relatively new technique where a single 
dose of electron radiation is delivered to the surgical 
field to treat unresected tumors, partial resection or 
adjacent tissue containing microscopic tumor cells. In 
this technique a mobile electron accelerator (linac) is 
used directly in the surgical treatment room. The 
fundamental techniques of IORT, including radiation 
protection issues, acceptance testing and 
commissioning, and a recommended quality assurance 
program for mobile systems were published in the 
AAPM Radiation Therapy Committee Task Group 
No.72 report [1]. 

The only two manufacturers of mobile linacs are 
Intraop Medical Incorporated of Santa Clara, 
California, which produces the Mobetron, and Hitesys 
of Aprilia, Italy, which manufactures the Novac7. 

In the Institute for Nuclear Studies the project of a 
mobile electron linac for IORT was begun at the end 
of 2009. This will be a machine delivering electron 
beams of energies 5 to 12 MeV (in several chosen 
steps) and a single radiation dose of 10-20 Gy. The 
accelerating head will consists of an 18 cell, 3 GHz, 
graded β accelerating structure and soft or hard 
docked treatment head delivering electron radiation to 
the patient placed on the treatment table. The whole 
system including the RF high power supply, RF 
waveguides, vacuum and cooling system is to be 
mounted on a movable base (trolley) in such a way 
that the accelerating head can be set to any necessary 
position above the operating table. 

The mechanical design of the linac was preceded 
by RF calculations optimizing the shapes of cavities at 
fixed frequency and a thermal calculation establishing 
the necessary outer dimensions of the cavities. 
Extensive study of electron beam dynamics allowed 
such basic parameters as the  injection energy, the 
length of the initial 4 cavities and the beam aperture in 
whole linac structure to be fixed. The simulation codes 
SUPERFISH, CST/MWS, ANSYS, ELIN and  GPT 
were used for study and design of the linac structure. 

The Monte Carlo code, BEAMnrc/EGSnrc, was 
used to study two models of a treatment head with 
plastic and metal applicators (see Fig. 1). The FLUKA 
code was used for beam-stopper and shielding 
estimations. Both models fulfill basic requirements for 
the quality of the therapeutic beam, as well as for 
radiation protection against stray and leakage 
radiation. The effects of different materials and 
geometries of electron treatment head components 
(scattering foils, collimator, applicator) on such 
critical beam properties as flatness, X-ray and neutron 
contamination, and the amount of dose delivered 

outside the treatment field were studied. Based on 
these studies, a treatment head and applicators for the 
new mobile electron accelerator are now being 
designed (see Fig. 2). 

 
Fig. 1 The “plastic” (left) and “metal” (right) models of treatment 
heads and applicators. 
 

 

 
Fig. 2 Dose profiles at dmax for an IORT metal model with the 
applicator diameters of (a) 10 cm and (b) 5 cm, for energies ranging 
from 4 to 12 MeV. 

Three kinematic models of the accelerator with 
different configurations and type of joints were 
considered. All joints were initially predesigned to 
find information about weight, dimensions, necessary 
moments and realistic range of movements. To choose 
the best kinematic model, 3-D simulations were made 
using the CAD-Inventor program. 

The range of movements and dimensions of 
commonly used operating tables were taken into 
account. In Fig. 3 the best, i.e. fulfilling the 
assumptions in the most complete way and the easiest 
to produce, is presented. This model consists of a 
motorized trolley and four rotational articulated joints. 



DETECTORS, ACCELERATORS, PHYSICS OF MATERIALS & APPLICATIONS 

 

149

Figure 4 presents all elements of the mechanical 
system designed up to the end of 2010. 

 
Fig. 3 Layout of mobile accelerator principal components 
1. trolley 2. column 3. gantry (waveguide inside) 4.operating head 
(electron gun, accelerating structure, ion pump, RF window, 
scatterer, collimator, applicators, etc.), 5 microwave equipment box 
(magnetron, RF power divider, etc.) 6. operating table. 

The parameters of most auxiliary equipment such 
as the high power magnetron, RF power divider for 
linac energy regulation, HV pulsed modulators for the 
magnetron and electron gun as well as minor RF 
components have been recognized, partly selected and 
some already ordered. A plastic model of the 
applicator made of Polymethyl methacrylate (PMMA) 

underwent a test on the 6 MeV accelerator bench in 
the P-10 Department. 

 
Fig. 4 Layout of the mechanical system - elements designed up to 
the end of 2010. 
 
[1] A. S. Beddar et al., “Intraoperative radiation 

therapy using mobile electron linear accelerators: 
Report of AAPM Radiation Therapy Committee 
Task Group No.72” Med. Phys. 33, 1476-1489 
(2006) 

 
*) This work was supported by EU Structural 
Funds, Project No. POIG.01.01-14-012/08-00 
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Work Performed in the Subject Line of Low-energy Accelerator X-ray Tube (NALR) in 
2010*) 
by M. Słapa, A. K. Grodzicki, A. Gójska, Ł. Korczak, A. Kurdej, M. Laskus, P. Mazerewicz, P. Matuszczak, 
S. Mikołajewski, J. Sernicki, M. Snopek, M. Traczyk, K. Wincel, B. Zaręba, A. Zawada 
 

In 2010, the substantive work of the NALR team 
focused on developing the concept and components of 
a demonstrator IF (photon needle).  

As part of this work:  
• Monte Carlo calculations for different variants of 

the geometry of the active part of IF have been 
performed and the optimum geometry has been 
determined, 

• work on the technology of type IF-K X-ray tubes 
which will operate stably at an anode voltage and 
current of 50 kV and 40 µA, respectively, has 
been performed and a series of tests of the above 
tubes have been carried out, 

• a project of an X-ray tube with inner detector has 
been elaborated and two models of type IF X-ray 
tube with internal detector chambers have been 
constructed, 

• work on the selection of the internal detector in 
the type IF X-ray tube has been started, 

• power control of the X-ray tube has been 
designed and two units have been constructed, 

• studies of the work stability of the X-ray tubes, 
power supplies and complete X-ray tube heads 
produced have been carried out, 

• work on developing a system for imaging soft X-
ray flux has been started, 

• based on a dental Global tripod the concept of an 
XYZ manipulator for the type IF demonstrator 
has been demonstrated. 

An important achievement this year was to 
assemble the technology and measuring equipment 
necessary to implement the NALR project. Therefore: 
• a vacuum furnace for precision soldering of small 

components has been designed and built, 
• a multi-purpose vacuum system for the study of 

the electronic optics of X-ray tubes has been 
developed and constructed, 

• "clean technology" work stations have been built, 
• a technology line for manufacturing type IF X-ray 

tubes has been developed and built, 
• work stations for diagnostics and studies of X-ray 

tubes and manufactured generators have been 
developed and built. 

In the reporting year exploratory actions on type 
LM X-ray tube design have been started. 

In 2011 it is planned to finalize the construction of 
the first NALR type IF demonstrator (see Fig. 1) and 
start a series of tests. On the developed device studies 
of stability, reliability and compliance with regulations 
in medicine application standards will be carried out. 

Simultaneously, work on the construction of the 
first model of a miniature lamp will be conducted. The 
continuation of numerical calculations is planned and 
construcion work will be executed.   
 
*) This work was supported by EU Structural 
Funds, Project No. POIG.01.01-14-012/08-00 

 
Fig. 1 Scheme of NALR demonstrator. 
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An X-ray Radiography-based Inspection System for Cargo Containers*) 
by A. Chłopik, M. Staszczak, A. Wasilewski 
 

The outline of an advanced X-ray inspection 
system based on a dual-energy linac accelerator (X-
ray transmission radiography) is presented in Fig. 1. 
The dual-energy accelerator sends about every 3ms an 
X-ray beam for approximately 5µs. It is first a beam 
with a lower energy and one with a higher energy. The 
X-ray beam goes through the unit under inspection 
which is in motion and then it is detected and 
registered. One of our aims is to build a detector 
system which consists of a detector line, electronics 
and software for controlling the system and presenting 
the collected pictures. 

 
Fig. 1 Inspection system based on dual-energy accelerator. 

At first we made a detector model which has 128-
channels. Each channel corresponds to one pixel of the 
collected picture. It consists of 5 PCBs and a metal 
frame and is shown in Fig. 2. 

 
Fig. 2 PCBs of X-ray Detector System. 

The particular functions fulfilled by each part are 
as follows: 
1 In the metal frame are fixed 128 scintillator 

detectors (CsI(Tl) with 5mm x 5mm x 15mm 
dimensions each) and p-i-n diodes. All this is 
mounted on two PCBs – Analog1 and Analog2 – 
and altogether is called the Detector Line. 

2 The main task of the DAQ board is to integrate 
analog signals, to sample them and hold. It 
consists of an ASIC chip. Then integrated signals 
are put onto 16-bit ADCs to make a digital 
representation of the analog signals. The ASIC is 
controlled by an microcontroller. This 
microcontroller also collects the data and sends 
them to the TRANSMISSION board. 

3 The TRANSMISSION board is responsible for 
communication with the DAQ board, the 

accelerator and PC computer. It forms the frames 
from data collected by the DAQ board and sends 
them to the computer using the USB connection. 
It can also measure the velocity of the moving 
unit under test. The board also receives an analog 
signal which provides information about the 
radiation dose of each accelerator beam. 

4 The POWER SUPPLY unit produces all the 
necessary power for the whole system. There are -
5V and +5V of analog power and -5V and +5V of 
digital power. All other voltages are produced 
from these above on individual boards. 

The software for the Detector System consists of 
two parts. One is for setting the measurement 
parameters and starting the data acquisition cycle. The 
second is for data processing and presenting the data 
on the screen (see Fig. 3). 

In 2010 we produced and assembled all the boards, 
made the 128-channel Detector Line and made 
POWER SUPPLY and DAQ board run. Consequently 
measurements were started. At first we measured the 
Detector Line itself with a spectroscopy analyzer and 
then we connected it to the DAQ board. We started by 
putting a defined current for the analog inputs so we 
could calibrate the ASIC. Next we made a few 
measurements with light. And finally we started to 
prepare the laboratory stand for making measurements 
with a 40 keV X-ray tube. 

 
Fig. 3 Main program window for visualization. 

The software part which is responsible for picture 
reconstruction, data processing and visualization is 
much advanced. It is written in C++ language using Qt 
libraries. The pictures are in 16-bit TIFF format. 

The second aim of our project is to build the dual-
energy accelerator. Most of our activity was focused 
on the first stage of the accelerator design i.e. 
simulations and calculations of accelerating structure 
and the photon beam. 

Calculations of the accelerating structure and the 
focusing solenoid were performed. The twelve-cell 
structure was optimized to accelerate electrons of 
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energies 4 and 6 MeV. Figure 4 shows the electron 
energy distribution for optimum values of two 
interlaced energies. 

 
Fig. 4 Electron energy distribution for designed 4/6 MeV 
accelerating structure. 

The spatial distributions of electrons leaving the 
accelerating structure for different magnetic fields are 
shown in Fig. 5. 

B1 = 0 B2 > B1 B3 > B2 B4 > B3 

 
4MeV 

 
4MeV 
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Fig. 5 Beam spot size distribution as a function of solenoid 
magnetic field for 4/6 MeV electrons. 

Electron beams are converted into photon beams 
using material with a high Z number. Then the photon 
beam is collimated in order to have a proper shape for 
inspection of cargo. Monte-Carlo calculations of the 
transport of the photon beam through a tungsten 

collimator of 10 cm thickness and 70 cm diameter 
with a slit of 34 cm length have been performed using 
the FLUKA code [1, 2]. The calculations assume that 
the distance of the photon source from the collimator 
is 21.8 cm and the distance from the source to the 
screen is 6 m. A slit width ranging from 2 cm to 
0.2 mm has been decreasing to obtain half-width of 
the image of the slit on the screen. The necessary 
beam current on the target has also been calculated to 
obtain an assummed the dose rate of 5cGy/min at a 
distance of 1 m from the photon source. Each run has 
been calculated for the primary beam 108e. The results 
of calculations with the smallest used gaps are shown 
in Table 1. 
TABLE 1 
The results of Monte-Carlo calculations for a photon beam passing 
through the collimator with the smallest used gaps. 

Slot width [mm] 
1.5 0.8 0.4 0.2 

FWHM of the image of slit [mm] 
47 39 28 18 

Average beam current on target [µA] 
4.7(3) 8.2(5) 22.2(11) 48(2) 

 
 
[1] G. Battistoni, S. Muraro, P. R. Sala, F. Cerutti, 

A. Ferrari, S. Roesler, A. Fasso`, J. Ranft, "The 
FLUKA code: Description and benchmarking" 
Proceedings of the Hadronic Shower Simulation 
Workshop 2006, Fermilab 6-8 Sept. 2006, 
M. Albrow, R. Raja eds., AIP Conference 
Proceeding 896, 31-49, (2007) 

[2] A. Fasso`, A. Ferrari, J. Ranft, and P. R. Sala 
"FLUKA: a multi-particle transport code", CERN-
2005-10 (2005), INFN/TC_05/11, SLAC-R-773 

 
*) This work was supported by EU Structural 
Funds, Project No. POIG.01.01-14-012/08-00 
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Development of a System Based on the Neutron Aanalysis Technique for Explosives 
Detection*) 
by M. Gierlik, J. Iwanowska, Ł. Kaźmierczak, T. Kozłowski, R. Marcinkowski, M. Moszyński, Ł. Świderski, 
J. Szewiński, T. Szczęśniak 
 

The quest to find a suitable detector for application 
in neutron activation analysis (NAA) [1], [2] triggered 
us to investigate the properties of three 3" × 3" 
cylindrical scintillation detectors. The emphasis was 
put on the detectors’ properties in the multi-MeV 
energy region as well as their response to neutron 
radiation. We compared BGO, LaBr3 and NaI(Tl) 
scintillation detectors coupled to Photonis 
spectrometric photomultiplier tubes. Various tests 
unambiguously pointed to the lanthanum bromide 
(LaBr3) detector as the most suitable for the task. 
Figure 1 illustrates the performance of the detectors in 
the energy region typical for NAA. 

3000 3600 4200 4800 5400
0

5000

10000

15000

20000

  

 

BGO

3000 3600 4200 4800 5400
0

1000

2000

3000

4000

energy (keV)

 

 

NaI

3000 3600 4200 4800 5400
0

2000

4000

6000

8000

co
un

ts

 

LaBr3

44
38

 k
eV

3200 4000 4800 5600 6400 7200 8000
0

120

240

360

480

600
  

BGO

3200 4000 4800 5600 6400 7200 8000
0

30

60

90

120

 

 

NaI

3200 4000 4800 5600 6400 7200 8000
0

50

100

150

200

71
15

 k
eV

61
29

 k
eV

  

LaBr3

 
Fig. 1 A comparison of the detectors response to the 4438 keV γ-
line from carbon (left panels) and, mainly, the 6129 keV γ-line from 
oxygen (right panels). The intensity of the 7115 keV line in oxygen, 
which is clearly visible only by the lanthanum bromide detector, is 
only 7.25% of the stronger line. 

The chosen detector was extensively tested in 
various geometries along with the accompanying 
neutron emission module (NEM) and the necessary 
shielding. The set-up, visible in Fig. 2 gives an idea of 
the process of testing and possible geometry variations 
that had to be investigated. 

The goal of a functional final instrument is being 
approached simultaneously from two sides. One is to 
achieve the best physical conditions by proper choice 
of detectors, shielding, and their relative position. The 
second involves creation of intelligent software that is 

able to distinguish the desired elements in the noise of 
neutron activated gamma radiation. 

 
Fig. 2 The setup is an example of numerous geometries tested 
during optimization of the system. 

Currently the potential of two, essentially different 
methods for distinguishing elements, is being 
investigated. The first one, the ‘algebraic’ method, is 
related to a global spectrum deconvolution. The 
second, the ‘peak’ method involves identification of 
distinctive γ-lines for a given element. Both methods 
have their weak and strong points, but may be applied 
simultaneously. In controlled, experimental conditions 
both yield correct results, see Fig. 3. In real 
measurement the control software should be able to 
chose appropriate weights for the outcome of each 
method, and give the final result along with its level of 
confidence. 
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Fig. 3 Comparison of two analysis methods. Detection of various 
amounts of table salt by means of ‘algebraic’ and ‘peak’ methods. 
 
[1] D. R. Brown, and T. Gozani, “Cargo inspection 

system based on pulsed fast neutron analysis,” 
NIM, vol. B99, pp. 753, 1995 

[2] B. Perot, M. Moszyński, T. Batsch, M. Gierlik, 
D. Wolski et al., “Development of the 
EURITRACK Tagged Neutron Inspection 
System,” NIM, vol. B261, pp. 295, 2007 

 
*) This work was supported by EU Structural Funds, 
Project No. POIG.01.01-14-012/08-00 
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IV. OBITUARIES 
 
 
Jerzy Piekoszewski (1934 -2010) 
 

In memory of Professor Jerzy Piekoszewski – 
a scientist, a personality and a patriot 

 
Prof. dr hab. Jerzy Piekoszewski, an eminent 

physicist, honest person and our friend died suddenly 
on 15-th of June 2010 during a scientific conference in 
Kazimierz upon Wisla. For over half a century he was 
associated with the Atomic Energy Establishment at 
Świerk. He was the author of a long series of scientific 
papers devoted to the properties of semiconductors, 
recoiless emission and absorption of gamma rays, 
photovoltaic effects, the effect of radiation on solids, 
ion implantation and peculiar forms of 
superconductivity. 

He was a person with a rich internal life, a keen 
researcher responsible for new generations of solid 
state physics students and a man of  hard facts, who 
always searched for application of his scientific 
research. 

Jerzy Piekoszewski graduated in 1956 from the 
Physics Departament of Poznań University being a 
student of such masters of Polish science as Prof. 
Arkadiusz Piekara. In 1957 he started his career in the 
Solid State Physics Department of the Institute of 
Nuclear Research at Świerk. He served for a number 
of years as the head of the Semiconductor Detector 
Department and later as the head of the Material 
Modification Department at the Institute for Nuclear 
Studies. From 1995 he was additionally employed as a 
staff member of the Institute of Chemistry and 
Nuclear Technology. In 1970 he was granted the Ph.D 
degree and in 1977 the D. Sci. degree. In recognition 
of his scientific achievements the President of Poland 
awarded him the title of professor. 

Professor Jerzy Piekoszowski published over 150 
scientific papers. He is a co-author of 6 patents. He 
supervised 4 M.Sci dissertations and 3 Ph.D 
dissertations. 

It is difficult to summarize shortly the rich course 
of his achievements as a scientist and an inventor and 
the list given below is of necessity incomplete.  

In the years 1958-1962  he started with a series of 
papers on radiation damage in semiconductors 
irradiated with fast neutrons from the EWA reactor at 
Świerk using the minority carrier lifetime method. 

In 1965, on return from scholarship at the Ecole 
Normale Superieure in France and following the 
advice of prof. Bronisław Buras he undertook work on 
the recently discovered Mossbauer effect. He 
constructed an innovatory at that time spectrometer 
registration of the effect and contributed enormously 
to further improving this equipment. The instrument 
was exploited at Świerk and provided important data 
on the hyperfine structure of internal fields in 
numerous materials, especially in magnetic systems. 
The equipment has found a number of applications, 
among others in non-destructive testing of steel 
corrosion, in the car industry and carbide phase 
transformations in steel vessels in power plants. The 
unique research carried out in cooperation with the 
Institute of Energetics on carbide phase 
transformations in steel vessels after many years (tens) 
of operation in power installations  is particularly 
remarkable.  

The construction of an industrial installation for 
SO2 and NOx removal from flue gases in the 
Pomorzany power plant inclined Professor 
Piekoszowski to initiate research on increasing the 
endurance and corrosion resistance  of titanium foils 
used in industrial electron accelerators. Next, he 
developed a unique concept of eliminating post-
implantation defects in silicon carbide with the use of 
electron beams. His idea allowed for tight cooperation 
with the Institute of Electronic Material Technology 
on SiC substrates for semiconductor devices. 

In 1976 Prof. Joseph Loferski, a great enthusiast of 
exploiting photovoltaic solar cells in power systems, 
came to Poland for his one-year sabbatical leave. Prof. 
Piekoszowski got interested in this subject and 
proposed an original. low-cost approach to forming 
large area silicon surfaces using a plasma stove. To 
develop this method he joined Brown University in 
Providence RI (USA) where he worked for two years. 

On return to Poland Prof. Piekoszowski continued 
the interest in photovoltaic cells using new methods 
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available at Świerk. The application of the equipment 
for generation of short plasma pulses designed by Dr. 
Michał Gryziński in the Plasma Physics Department 
of the Institute for Nuclear Studies appeared to be a 
far-sighted and fruitful idea. 

Throughout the following years Prof. Jerzy 
Piekoszowski became a leader in studying solid 
surfaces. He became well known as a specialist in 
alloying surface layers with foreign atoms  using 
pulsed plasma beams. It is worthwhile to mention the 
research on modification of the surface properties of 
steel – an improvement of tribological and corrosion 
properties. His recent research concentrated on 
modification of steel surfaces with rare earth elements. 

Professor Piekoszowski died suddenly during the 
VIII-th International Conference on Ion Implantation 
and Other Applications of Ions and Electrons, which 
he organized in cooperation with the Physics 
Department of the Maria Skłodowska –Curie 
University in Lublin and in which he presented papers 

created with his contribution. He died as he had lived 
– in action and with good will in mind. 

We part with a person which we will miss very 
much. We admired not only his knowledge and 
professional skill in evaluating physical matters and 
phenomena but also his highbrow openness to the 
problems of the contemporary world and his will to 
contribute to his Country. He was a sincere Polish 
patriot – his intention was to make Świerk a leading 
scientific establishment for modifying the material 
properties in the word-wide dimension. It is his great 
last will. We, his friends and colleagues, part with him 
with deep regret and we shall never forget him 
 

Andrzej Czachor 
Institute of Atomic Energy POLATOM, Świerk 

Lech Waliś, IChTJ, Warszawa 
Institute of Nuclear Chemistry and Technology, Warsaw 

Zbigniew Werner 
The Andrzej Sołtan Institute for Nuclear Studies, Świerk 
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