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EXECUTIVE  SUMMARY

I.   Our mission

Th e Henryk Niewodniczański Institute of Nuclear Physics (Instytut Fizyki 
Jądrowej im. Henryka Niewodniczańskiego, IFJ PAN) is currently the largest 
research institution of the Polish Academy of Sciences (Polska Akademia Nauk). 
Th e research activity of the Academy is fi nanced mainly from the State budget via 
the Ministry of Science and Higher Education. Th e mission of IFJ PAN is stated 
in its Charter.

According to Paragraphs 5, 6, and 7 of the 2004 Charter, the Institute’s duty is to 
carry out research activities in the following areas:

High energy and elementary particle physics (including astrophysics),
Nuclear physics and strong interaction,
Condensed matter physics,
Interdisciplinary research, in particular: in radiation and environmental 
biology, environmental physics, medical physics, dosimetry, nuclear 
geophysics, radiochemistry and material engineering.

Th e main tasks of the Institute are:

To perform research in the above disciplines,
To promote the development of scientists and of specialists qualifi ed to carry 
out research in these disciplines,
To organize a Post-Graduate Study Course,
To permit, through agreements with national and foreign research 
institutions, external scholars to train and gain academic qualifi cations in the 
Institute’s laboratories,
To collaborate with national and local authorities in providing them with 
expertise in the Institute’s research topics, especially concerning radiation 
protection.

Th ese tasks are fulfi lled by:

Performing individual and coordinated research through individual and 
collective research grant projects,
Initiating and maintaining cooperation with laboratories, organizations and 
institutions performing similar activities, in Poland and abroad,
Conferring scientifi c degrees and titles,
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Distributing research results obtained, through peer-reviewed publications 
and other public media,
Organizing scientifi c meetings, conferences, symposia, training workshops, 
etc.,
Providing expertise and analytic reports to government institutions and local 
authorities,
Carrying out other duties, within the statutory mandate of the Institute.

In November 2004 the president of the Polish Academy of Sciences, Prof. 
A. Legocki, constituted the Scientifi c Advisory Board, SAB,  to review the scientifi c 
activities of the Institute.  Th e Board was asked to assess the present state of IFJ 
PAN, in particular the quality of its research as measured on an international 
scale and to provide recommendations in order for the Institute to strengthen 
its position and future research goals. Th e fi rst review took place in February 
2005 and in March 2005 SAB formulated its recommendations.  SAB stressed  
the need to maintain and strengthen the role of fundamental research  and to 
cultivate its strong links with the international scientifi c community, particularly 
with large laboratories such as CERN, DESY, GANIL, GSI, and ILL.  In applied 
sciences IFJ PAN should remain attractive for Polish scientists, particularly to 
continue to make use of some of its unique facilities and laboratories.  SAB also 
recommended to maintain the funding of the high level engineering and technical 
support, which gives a unique opportunity to support the new experiments in 
physics.  It was also underlined that the role of young people in leading positions 
should be strengthened.

II.   Overview

Our Institute, with a personnel of 477 (195 research staff ) and 71 Ph.D. students, 
is presently the largest institute of the Polish Academy of Sciences and one of the 
largest research institutes in Poland.  Th e scientifi c staff  consists of 129 post-
doctoral researchers, 26 Associated Professors (doktor habilitowany) and 40 
State - Nominated Professors (see Annex B).

Th e IFJ PAN is fi nanced mainly from the State budget of the Ministry of 
Science and Higher Education.  In 2006 this core fi nancing was about 4.8 M€, 
constituting less than 45 % of the Institute’s total budget.  Th e total budget of 
the Institute for the year 2005 was about 7.0 M€ but in 2006 increased to over 
10.7 M€.  Th is rapid increase was mainly caused by the quickly growing income 
from the international projects, which in 2006 brought a total of more than 2.2 
M€.  In addition, IFJ PAN received substantial support from the grants towards 
local infrastructure and local equipment, which in 2006 amounted to almost 2.4 
M€.  For further budget information, see Annex C.
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2.4 M€ obtained in 2006 via the structural funds of European Union enableded 
IFJ PAN the largest purchases of the laboratory equipment in last two decades, 
especially in the fi eld of materials engineering, ion implantation techniques, 
surface physics and advanced dosimetric equipment.  In addition, the medical 
equipment for the proton radiotherapy of eye melanoma has been funded by the 
Ministry of Health and the X-ray microbeam facility by the Polish Foundation 
of Science.  Th ese successes were  possible also due to the reorganization of the 
administration, which elaborated the threefold increased number of tenders.   
Th e increasing activity of IFJ PAN at the European level has been awarded by 
Prof. Seweryński, the Ministry of Science and High Education  by the Prize of 
the Crystal Brussels in the categories of the Institutes of the Polish Academy of 
Sciences.  Th e recruitment of the personnel has been signifi cantly modifi ed.  All 
new post-doc and administration positions are now opened, announced at IFJ 
web page and at the local recruitment offi  ces.  Special commission prepares the 
recommendations for the Director to accept or reject the candidates.

According to the current requirements of the Ministry of Science and Higher 
Education, the quality of scientifi c output of Poland’s research establishments is 
currently measured chiefl y by the number of ISI-listed publications.  Over the 
two-year period (2005 and 2006) our research staff  had published 700 papers 
in international journals listed in the Philadelphia ISI Master List, and 607  
other publications, in the form of books, reviews, chapters in scholarly textbooks, 
papers and reports.  Th e entire list of IFJ PAN publications for the years 2005 
and 2006 is given in Annex F.  Every 4 years all scientifi c institutions in Poland are 
submitted to the process of categorization.  In 2002 IFJ was ranked in the second 
category but  in the 2006 ranking we were scored  fi rst  category.  

Th e Scientifi c Council of the Institute, which consists of 41 elected staff  members 
and 4 external members (elected representatives from other Polish institutes 
and universities), is authorized to confer Ph.D. degrees in physics and related 
disciplines, and to initiate and conduct habilitation and professorship procedures. 
In 2005–2006 24 Ph.D. degrees were conferred and 6 habilitation procedures 
were completed. Following their review procedures, 7 Associate Professors at 
the IFJ PAN became state-nominated Professors, receiving their nominations 
from Poland’s Presidents, Mr. Aleksander Kwaśniewski (2005) and Mr. Lech 
Kaczyński (2006).  

Following the recommendations of the Scientifi c Advisory Board the Institute  
structure has been signifi cantly reorganized.  25 scientifi c departments have 
been consolidated into 5 divisions (see Chart on page A–4.)  to improve the 
management and the effi  ciency of work. A summary of our main scientifi c 
achievements in the years 2005–2006, is presented below. Th e scientifi c activities 
of the Institute in 2006 are structured into 7 main topics and sub-divided into 48 
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tasks. More detailed reports on these activities, including the project title, name 
of task leader, main objectives, budget, involvement in national and international 
projects, technical infrastructure, related publications, main achievements, plans 
for the incoming years and long term plans, are presented in Annex E. 

Apart from scientifi c departments, the Institute has three technical sections (Annex 
A–6). Th e main accelerator facilities at IFJ PAN are the AIC-144 isochronous 
cyclotron, the 2.5 MeV proton Van de Graaff  accelerator and a 14 MeV neutron 
generator. A list of our major research facilities and of their general specifi cations, 
is given in Annex D.

Th ree EU-accredited Dosimetry Laboratories, providing individual and 
environmental dosimetry, calibration of radiation protection instruments operate 
at the Institute.  A radiation monitoring station at IFJ provides continuous data 
acquisition of ambient dose rate and on the radioactive contamination of air for 
the Polish National Atomic Agency.  Th e Institute is able to provide regional 
authorities with radiation emergency support, should such need arise.  

Advanced post-graduate courses in specialized physics topics are given to 71 
students of the International Post-Graduate Study Course at the IFJ PAN. Th ese 
courses are attended by students from universities of several countries. (Annex 
A–6).

A noteworthy research achievement was recognized by Poland’s scientifi c 
community: in 2005 Polish Academy of Sciences awarded Professor Krzysztof 
Parliński the prestigious Maria Curie-Skłodowska prize in physics for his 
theoretical investigations in solid state physics.



RESEARCH  HIGHLIGHTS
2005  —  2006
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I. DIVISION OF PARTICLE  PHYSICS 
AND  ASTROPHYSICS

Th e experimental teams of the Division of Particle Physics and Astrophysics of our Institute are 
active in all phases of construction and exploitation of many  experiments, participating in large in-
ternational collaborations: ATLAS and LHCb at Large Hadron Collider at CERN, Belle at KEK in 
Tsukuba,  PHOBOS at RHIC in Brookhaven National Laboratory, H1 and ZEUS at HERA in Ham-
burg,  ICARUS  and WARP at Gran Sasso, T2K in JPARC, as well as in the Pierre Auger Observatory 
and the FCAL project for International Linear Collider.

Recent work of our teams refl ects all stages of about 20 years long lifetime of a modern HEP ex-
periment, from the design phase and the construction of the detectors to the fi nal data analyses. Th e 
DELPHI (LEP) terminates with concluding analyses and publications. HERA H1 and ZEUS collabo-
rations have settled the physics program and refi ned the understanding of their detector systems. Th ey 
multiply the number of collected events of electron-proton interactions. Outstanding performances of 
HERA machine allow for extended research program with intensive positron and electron polarized 
beams. H1 and ZEUS also prepare  for common analyses of their combined data. PHOBOS, after 
participating in the historic RHIC fi nding of the “perfect” liquid, a new state of hot, dense matter made 
of quarks and gluons, continues analyses of the collected data. Th e Belle experiment at KEK b-factory, 
which permanently beats its own luminosity records, is at the apogee of its research program and proves 
to be a “high precision” experiment. 

ATLAS and LHCb underground experimental halls are changing every day now. Most of sub-
systems tested on the surface have been assembled in their fi nal positions. Similarly, the Monte Carlo 
modelling of physics program has been refi ned and the software for the off -line data analysis has been 
developed. Very precise and tight installation is carried out with an enormous eff ort of participating 
laboratories. 

Since HEP experiments last many years, parts damaged by radiation have to be replaced, technical 
improvements and upgrades worked out, or new, faster trigger/DAQ systems designed. We are already 
working on this. We are also participating in another long-term project: in the design of forward calor-
imetry for the detector system for ILC, the next machine to be build after LHC.

HEP experiments require huge computing power and capacious storage for petabytes of Monte 
Carlo modelling and measurements. Our division plays an important role in GRID activities, stimulat-
ing, organizing and leading large projects, which bear also an interdisciplinary character.

Th e main achievements of the Kraków groups within large international collaborations in the last 
two years are:

(i) e+e- interactions:  measurements of  the Bose-Einstein correlations in WW events and the 
study of the single intermediate vector boson production at LEP energies within the DELPHI col-
laboration, observation of new charmed particles including a new vector meson DsJ(2715) by the Belle 
experiment at KEKB collider;

(ii) Electron-proton interactions at HERA: measurements of the Bose-Einstein correlations be-
tween neutral and charged kaons produced in deep inelastic scattering, evidence for the BFKL dynamics 
in the diff ractive photoproduction of J/Ψ meson at large momentum transfer (within ZEUS collabora-
tion), study of QCD dynamics in deep inelastic scattering at low values of Bjorken-x (within H1 col-
laboration);

(iii) High energy nuclear interactions: co-discovery of a new state of strongly interacting matter 
made of quarks and gluons (within PHOBOS collaboration at RHIC); 

(iv) Cosmic ray research: study of ultra high energy cosmic rays within the Pierre Auger Project 
– development of the algorithm  for the identifi cation of photon air showers;
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(v) Neutrino and dark matter studies: signifi cant participation in dark matter searches with the 
prototype WARP detector, very promising initial results for the location of the underground laboratory 
SUNLAB (Sieroszowice UNderground Laboratory); 

(vi) Proton-proton collisions at LHC: assembly, installation, debugging and testing of the SCT 
and TRT detectors, preparation of the scientifi c program for the new physics search based on hadroni-
cally decaying tau leptons (within ATLAS collaboration), contribution to the construction of the Outer 
Tracker and the development of the vertex reconstruction algorithm for the High Level Trigger (within  
LHCb collaboration);

(vii) International Linear Collider:  research and development work for the LumiCal detector
(viii) Development of the Grid Computing Infrastructure;
(ix) Detector Construction Laboratory for HEP: signifi cant contribution to the LHC machine 

and the installation of the ATLAS and LHCb detectors.

Precise studies of the intermediate bosons Z, W and searches for phenomena beyond the Standard 
Model of elementary particles were among the main purposes for the DELPHI experiment [101], 
which fi nished data taking in the year 2000. Now this experiment is in the last phase of publishing fi nal 
results of several analyses.

Th e most important results, published in the period 2005–2006 and obtained through the partici-
pation of physicists from  IFJ PAN, concerned the study of Bose-Einstein correlations in WW events 
and the production of single intermediate vector boson in electron-positron collisions. In addition, 
the measurement and interpretation of fermion pairs at energies above the Z resonance were done.

Other studies, performed entirely at IFJ PAN and concerning Bose-Einstein and Fermi-Dirac 
correlations of pairs of identical hadrons are now in the fi nal stage of internal review inside the Col-
laboration. Th e analysis of correlations of pairs of charged pions in the diff erence of their azimuthal 
angle (a method unique at LEP) yielded the observation of Bose-Einstein interference enhancement  in 
the two-particle correlation function. Th e spatial transverse radius of the source was determined to be 
0.591±0.015±0.034 fm. Th e Fermi-Dirac correlations were studied using correlations in the four-mo-
mentum diff erence of antiproton pairs, yielding the source radius of 0.16±0.04±0.03 fm.

Th e operation at the ϒ(4S) peak was continued in 2005–2006 by the Belle experiment [104] at 
the KEKB asymmetric e+e– collider (Tsukuba, Japan). Th e excellent performance of the KEKB collider, 
with a peak luminosity exceeding 1.7∗1034 cm–2s–1, enables currently more than 1 million B meson pairs 
to be recorded per day. Th is brings (as of Dec 1st, 2006) the total 

−
BB sample to a level of  more than 700 

million events. 
Several interim improvements to the Belle detector have been worked out to accommodate the 

high luminosity data taking conditions. Th e Kraków group contributed to the design of a new readout 
scheme of the new two innermost layers of the silicon vertex detector, which will be installed in 2007. 

Th e large 
−
BB sample allows for the most stringent tests of the Kobayashi-Maskawa CP violation 

mechanism in B0,+ mesons decays ever performed. Th e most important results of the last two years include 
the measurement of the CP violating phase with a precision approaching  1°  20 1.3 ,1 !c c{ b =_` i j  
the fi rst observation of  rare B decays with b " d transition (B " K+K–, tc, ~c), and the fi rst evi-
dence for a purely leptonic decay B+ " x+o .

Short runs performed at the ϒ(5S) peak (yielding a data sample of 21.7 fb–1) demonstrated very 
good potential for Bs studies.  Th e analysis of this data set continues, with the primary aim of the DC/C 
measurement which will be very competitive to the Tevatron determination.

Th e large data sample accumulated in Belle resulted also in many interesting observations in charm 
spectroscopy. Particles with charm are accessible at a B-Factory  via several production mechanisms: 
in B meson decays, in a continuum e e cc"+ -  production, in cc collisions and in a radiative return 
process. Th e new fi ndings of the last two years include:

the observation of a new vector meson DsJ(2715) " D0K+, a candidate for the fi rst radial 
excitation state of a c‒s multiplet or possibly a chiral doubler to the Ds1(2536). Th is result  has 
been obtained in a comprehensive analysis of B D D K

(*) (*)
"  decays, performed entirely in 

the Kraków Belle group,

•
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the observation of new charmed baryons: 2800 ,
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the observation of  new charmonium-like mesons: X(3940) " D D* , Y(3940) " ~J/}, 
Z(3930) " 

–
D D; properties of some of these states do not easily fi t a c‒c multiplet expecta-

tions.  

Th e aim of the ZEUS experiment [102] at HERA collider is the verifi cation of the Standard 
Model of the fundamental interactions and the search for new physics beyond it, investigating e p in-
teractions at the highest energies (~300 GeV in the centre of mass). An important task of the IFJ 
PAN group in the ZEUS experiment is the continuous measurement of the luminosity delivered by 
HERA using our luminosity monitor. In the years 2005 – 2006 it was running smoothly and we opti-
mized the procedures for luminosity evaluation, which resulted in a decrease of  the measurement error 
to ~2%.  Additionally, our monitor provided  HERA operators with the valuable information about 
beam parameters via so called “lumi display” (see photo). 

Our physicists contributed also 
strongly to the ZEUS data analysis. 
Th is contribution included studies of 
particle correlations in hadronic fi nal 
states produced in deep inelastic scat-
tering; in particular, for the fi rst time we 
have measured  the Bose-Einstein cor-
relations between neutral and charged 
kaons. We have also investigated  the 
diff ractive photoproduction of J/ψ 
meson at large momentum transfer: 
interpreting the experimental results 
in terms of the perturbative  Quantum 
Chromodynamics we found the most 
convincing evidence for the BFKL dy-
namics at HERA.

High luminosity data taking was also continued in the H1 experiment [103]. Last October was the 
best period of HERA operation as it resulted in  the collecting ~20pb–1 of integrated luminosity with 
the detector HV on.

Th e QCD evolution mechanism in deep 
inelastic scattering at low values of Bjorken-
x is one of the important issues studied in the 
H1 experiment. Th is fi eld of research was 
stimulated by the discovery of the strong rise 
of the proton structure function F2  at low x at 
HERA. In this kinematic region which is char-
acterized by high quark and gluon densities 
novel QCD dynamic eff ects may appear.Th e 
H1 IFJ PAN group carries out studies on the 

•

•

Th e dependence of the e+p charged current cross 
section on the lepton beam polarisation Pe.  Th e 
data are compared to the Standard Model predic-
tion (dark shaded band). Th e light shaded band 
corresponds to the resulting one-sigma contour of 
linear fi t to the data (the central line). eP
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forward jet production which is particularly sensitive to the nature of low x parton radiation. Th ese in-
vestigations indicate that processes breaking the transverse momentum ordering, characteristic also for 
the BFKL dynamics, are important in the description of the data. Other research activities are related 
to the strangeness production mechanism involving KS

0  in the fi nal states and to the search of QCD in-
stantons eff ects in the deep inelastic scattering. Moreover, the group is responsible for the coordination 
and supervising the mass production of the Monte Carlo events at PC-farm at DESY and GRID.

Th e important H1 result was the fi rst measurement of charged current cross sections with longi-
tudinally polarised positrons. Th e  polarisation dependence of the charged current cross section has 
been established at HERA (see fi gure). Th e results are consistent  with the absence of the right handed 
charge currents as it is predicted in the Standard Model. Th e possibility of measuring deep inelastic 
scattering with polarised leptons on protons opens up new opportunities of the research at HERA: the 
parton distribution functions of proton  can be further constrained and specifi c tests of the electroweak 
parts of Standard Model can be performed.

Year 2004 marked the discovery of a new state of matter in Au-Au collisions [205] at the Rela-
tivistic Heavy Ion Collider (RHIC) in Brookhaven National Laboratory. Th is RHIC discovery headed 
the American Institute of Physics list of top physics stories for 2005 and it still remains a hotly debated 
topic. Th e four experimental groups working at RHIC agreed on a consensus interpretation that the 
matter created in high-energy ion collisions was not a gas of weakly interacting quarks and gluons as 
earlier expected, but was more like a liquid of strongly coupled quarks and gluons. Th e fi gure below 
shows an artistic view of the expected gaseous state and the observed strongly coupled system.

Th e PHOBOS experiment signifi cantly contributed to this discovery, providing evidence for the 
extremely high energy density achieved in the collision, the suppression of particle production at very 
high transverse momenta due to the radiation energy loss in a dense medium, as well as strong coupling 
between the constituents measured via the anisotropies in the fi nal momentum distributions, which are 
well reproduced by ideal hydrodynamic calculations. Additionally, although indirect, evidence for the 
strongly coupled system was uniquely provided by the PHOBOS measurements of particle produc-
tion at very low momenta, the analysis exclusively carried out by the Kraków PHOBOS group.  In 
2005–2006  most of the work concentrated on the comparative analysis of data collected for Au-Au 
and Cu-Cu collisions. Th e obtained results show that these very complex ion-ion collisions, infl uenced 
by a broad suite of physics processes, display a surprising range of simple dependencies, like energy and 
centrality factorization and longitudinal scaling in global charged particle production. Furthermore, 
the details of the geometry of the initial interaction appears to drive the subsequent  system evolution. 
Particularly interesting results were obtained from the analysis of momentum anisotropies, the so called 
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elliptic fl ow measurements. Th e notion of the participant eccentricity, introduced by PHOBOS to ac-
count for the diff erence in the initial geometric asymmetry for Au-Au and Cu-Cu systems, allows to 
unify the elliptic fl ow results for diff erent collision systems. Th ese results provide valuable input data to 
the hydrodynamic description of the system evolution.

Th e Pierre Auger Project is aimed at the study of ultra high energy cosmic rays [105], i.e. those 
with energies exceeding 1019 eV, using a giant hybrid cosmic ray detection system. Th e Pierre Auger Ob-
servatory will consist of two parts located in the Southern and Northern hemispheres. Th e construction 
of the Southern Pierre Auger Observatory in Argentina is progressing, with 3/4 of the surface array and 
3 out of 4 fl uorescence telescope buildings completed so far. Th e Auger Observatory is already the larg-
est cosmic ray detector system in the world. Completion of the Southern site is planned for 2007.

Th e IFJ PAN group contributed to the construction of the fl uorescence telescopes and is now en-
gaged in preparing algorithms for Auger data analysis. In particular, in the years 2005 – 2006, our 
procedure to determine the fraction of photons among the ultra high energy cosmic rays has been 
applied to the available Auger data which has led to the determination of the most restrictive upper 
limit of the photon fraction in the energy range above 1019 eV. Th is is one of the fi rst scientifi c results of 
the Auger Collaboration published in a refereed journal. Other algorithms developed at IFJ PAN, the 
analysis of the shower optical image and the method of using the accurate atmospheric density profi les  
have been incorporated as standard options in the event reconstruction software developed and used by 
the Pierre Auger Collaboration.

Th e physicists from IFJ PAN participate in two experiments at Gran Sasso: ICARUS and WARP 
[106].  Both experiments use argon as a detector medium. Th e ICARUS T600 detector consists of four 
Time Projection Chambers placed inside two large cryostats, fi lled with 600 tons of liquid argon (LAr). 
Th e detector is in the installation phase and the data taking should start in 2007. Th e main purpose 
of the T600 detector is to demonstrate the high sensitivity of this experimental technique for studies 
of such rare phenomena as neutrino interactions and oscillations, as well as the proton decay, on the 
way towards a much bigger LAr detector. Th e WARP experiment is dedicated to the searches for dark 
matter based on the detection of nuclear recoils due to the interactions of WIMPs with nuclei. Th e 
interactions take place in liquid argon, recoiling nuclei produce primary scintillations and ionize argon 
atoms. Ionization electrons are transported towards a gaseous argon where their signal is multiplied and 
secondary scintillations are produced. Both scintillation signals are registered by photomultipliers and 
analysed. Th e small prototype WARP detector (2.3 l of liquid argon) has been taking data since 
2004 and has reached the sensitivity comparable with the DAMA experiment at Gran Sasso. A 
bigger detector (100 l of LAr) is under construction and will start data taking in 2007.

Th e other two activities of the neutrino group concern the T2K experiment and the LAGUNA 
project. In October 2006 the group from IFJ PAN (together with other four Polish groups) was ac-

Upper limits on cosmic-ray photon fraction 
derived by the Pierre Auger Collaboration 
(Auger) and obtained previously from 
the data collected in other experiments: 
AGASA (A1, A2) and Haverah Park 
(HP). Th e limits are compared to some 
predictions from the scenarios of cosmic-
ray origin based on decays of hypothetic 
supermassive particles (ZB: Z-bursts, 
SHDM: Super Heavy Dark Matter, TD: 
Topological Defects).
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cepted to join the T2K collaboration. Th e T2K accelerator long baseline neutrino experiment will start 
in Japan in 2009. Its main physics goal is the measurement of the mixing angle θ13  or at least a better 
determination of its upper limit. Th is measurement is essential for defi ning further steps in studies of 
neutrino oscillations. Th e LAGUNA project, being prepared as a design study in the European 7th FP, 
is dedicated to the R&D studies of future huge detectors aimed at neutrino astrophysics and searches 
for proton decay. Th e Polish groups will concentrate on the feasibility study for the SUNLab (Si-
eroszowice UNderground Laboratory) as one of possible locations of the future LAr detector. Ini-
tial geo-mechanical simulations give promising results. Th e measurements performed in the years 
2004-2006 by physicists from IFJ PAN and the University of Silesia in a large salt chamber of the 
Sieroszowice mine showed that an advantage of this location would be its exceptionally low level of 
natural radioactivity as compared to the existing European underground laboratories.

Th e ATLAS experiment at LHC [107] will 
start taking data in fall 2007 with a short run at 900 
GeV, followed in spring 2008 by the physics run at 
14 TeV centre-of-mass energy of colliding proton 
beams. IFJ PAN, together with the Faculty of Phys-
ics and Applied Computer Science at AGH Univer-
sity of Science and Technology, contributes to the 
construction and operation of the Semiconductor 
Tracker (SCT) and Transition Radiation Tracker 
(TRT) of the ATLAS Inner Detector, being re-
sponsible for the design of the radiation hard read-

out electronics (VLSI ASIC), forward module hybrid testing (700 boards), design and production of 
SCT detector bias power supplies (about 5000 channels), design of TRT power supply system, design 
and implementation of  TRT detector control system. A majority of the work has been completed 
and both detectors were assembled at CERN on the surface and tested with cosmic rays (see fi gure). 
Recently, the barrel parts of both detectors have been placed inside the ATLAS spectrometer in the 
underground cavern and the installation of services, power cables and cooling lines, as well as optical 
readout fi bers, is taking place.  Similarly, the control systems of both detectors are being implemented.  
Th e ATLAS collaboration profi ted from the contribution from our physicists, engineers, technicians 
and PhD students. Th e Kraków team also works on the design, simulation and verifi cation of the AT-
LAS Trigger/ Data Acquisition system.

Hadronically decaying tau leptons will 
be one of the key probes for searching for 
the new physics: Higgs, Supersymmetry, 
Extra Dimmensions… In preparation of 
high pT physics program for hadroni-
cally decaying taus the Kraków group is 

Effi  ciency and rejection for identifying 
hadronically decaying tau leptons with 
ATLAS detector at LHC in low transverse 
energy range below 70 GeV (preliminary).Efficiency
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In 2006 sectors of SCT and TRT detectors successfully 
recorded cosmic ray tracks
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developing off -line reconstruction  track-based algorithm  to identify this decay mode. For the last two 
years this algorithm has been fully implemented and integrated into offi  cial software release and will 
be used for coming massive production of simulated data production, the base-lines for performance 
and physics analyses in spring 2007. In the coming months the Kraków group plans to be involved in 
analyses of W and Z bosons decaying into tau leptons as fi rst benchmark processes to access detector 
performance for signal reconstruction and background rejections in search for the new physics at LHC. 
Besides studies of p-p interaction the Kraków group is actively participating in the ATLAS heavy-ion 
program.

Th e LHCb experiment [108] has entered the fi nal phase of the detector assembly. Most of the 
detector subsystems have been  installed on the spot in the underground cavern. 

Th e Kraków LHCb group contributed to the construction of the Outer Tracker (OT). Th e ultra 
light technology of walls of the OT modules based on the combination of carbon composites and Ro-
hacel has been worked out entirely in Kraków, and all walls (1000 m2) have been produced at IFJ PAN. 
Th e IFJ PAN engineers were also the fi rst to propose the mechanical support of the OT.  A large part 
of the modules was equipped with the on-board electronics and mounted in experimental area (see 
photo).  

Th e development of the algorithms for both on-line and off -line phases of data processing is well 
advanced. In preparation of the data analysis our physicists are  responsible for vertexing and short track 
reconstruction. In particular, an improved vertex reconstruction for the High Level Trigger resulted 
in increased purity of the events expected to come from  the on-line computing farm (see fi gure). A new 
method to study the systematic eff ects introduced by trigger system  has also been developed and tested. 
Understanding of the systematics is crucial in high statistics experiments since systematic uncertainty is 
a dominant limitation to reach the required measurement precision. 

Th e Kraków group carries out the study of physics potential for the measurement of CP symme-
try violation. Th e study is based on simulated data and concerns two decay channels: Bd " D*a1 and 
B " DK. 

Th e very forward region of the future detector at the International Linear Collider (ILC) [109] 
is a particularly challenging area. Th e purpose of the special R&D program is to develop technologies 
suitable for instrumentation in this region. In the case of Large Detector Concept (LDC), three calo-
rimeters: LumiCal (luminosity measurement), BeamCal (measurements of the beam parameters) and 
PhotoCal (complementary in beam diagnostic to BeamCal) are planned.

Th e illustration of the improvement of the primary 
vertex reconstruction. Th e diff erence between solid 
and dashed lines indicates the increase of recon-
struction effi  ciency for the events with multiple in-
teraction vertices.

A view of the experimental area where the Outer 
Tracker modules are mounted into the supporting 
frames.
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In the years 2005 – 2006 the group from IFJ PAN continued R&D eff ort related to the LumiCal, 
the calorimeter with Silicon-Tungsten structure as a preferred technology. 

Such detector will allow for a high precision O(10–4) luminosity measurement using the Bhabha 
scattering process. To fulfi ll this task, very high precision in the construction of the mechanical frame 
and of the detector internal structure is required. Highly integrated silicon sensors readout electronics 
should be created. In addition, also the actual position of the calorimeter relative to the beam interaction 
area should be known with the accuracy of a few micrometers. 

Th e extended Monte Carlo simulation of the LumiCal detector including background from beam-
strahlung and other than Bhabha scattering physics processes allowed for the detailed comparison of 
the two versions of the calorimeter with silicon strips and pads, in order to optimize the sensor structure 
(granulation) and to lower the number of 
readout channels. Th e output information 
from MC simulation (like charge deposit 
in cells, dynamical range of signals or de-
tector occupancy) was used in ongoing 
work on projects for the silicon sensor 

structure and the front-end readout electronics for LumiCal prototype. In the simulation the beam 
crossing angles of 2, 14 and 20 mrad as proposed in the baseline design of the ILC were used.

Th e advanced studies on the mechanical structure of the detector (minimalization of the infl uence 
from the gravitational sag due to the tungsten weight, high precision sensor layers positioning and cool-
ing system) have just started.

Th e R&D LumiCal program is carried out within the frame of the International Forward Calorim-
eter Collaboration (FCAL) and the European Research program EUDET (Detector R&D towards the 
ILC), in collaboration with the Faculty of Physics and Applied Computer Science of the AGH Univer-
sity of Science and Technology, the Jagiellonian University, DESY Zeuthen, Minsk University, Tel Aviv 
University and the Institute of Physics Academy of Science in Prague.

Activities of the Detector Construction Laboratory for HEP [109] are either directly connected 
with work for experiments or concern  applications which benefi t from techniques used in the develop-
ment of detectors. A signifi cant contribution to the LHC machine and the installation of the AT-
LAS and LHCb detectors has been done. In addition, our engineers have  participated in the design 
of the CASTOR calorimeter, originally foreseen for the ALICE experiment and later on placed in the 
CMS detector, preparing the 3D model and workshop drawings and making the strength and thermal 
calculations. 

For the LHC machine, the main activities include the inspection and control of the assembly proc-
ess in the LHC tunnel and the coordination and supervision of the mechanical phase of cold tests of 
all LHC superconducting magnets.  Th e preparation of  the precise cold tests required the design,  
manufacturing and maintenance of the special test equipment, elaboration of procedures for magnet 
assembly, alignment of magnets on the test benches and installation of electrical and hydraulic connec-
tions. Th e installation work at the ATLAS detector has been performed  for the Inner Detector and for 
the gas and cooling systems of the whole experiment. We have also completed the production of about 
1000 m2 of ultra light panels for the Outer Tracker of the LHCb experiment, based on the  technology  
of carbon composites and Rohacel foam developed in Kraków. 

Th e technology of carbon-carbon composites has been applied to medicine in the construction of 
artifi cial heart valve discs [505]. Th is project is developed in collaboration with  the Department of 

Laboratory setup used in tests of the optical 
laser method proposed for the LumiCal posi-
tion measurement.
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Biomaterials at Faculty of Materials, Engineering and Ceramics of the AGH University of Science and 
Technology. A few months long test of discs from composite materials based on millions of open-close 
cycles has been performed using the special equipment manufactured at  IFJ PAN,  but for fi nal con-
clusion further investigations are needed. To compare, about one year of human heart work consists of  
approximately 15 million open-close cycles.

Th e development of Grid 
infrastructure for physics 
[601] continued within the 
framework of the Worldwide 
LHC Computing Grid and the 
EC project called Baltic Grid. 
Th e Kraków cluster of about 
200 processors and about 20 
TB of storage, located at ACC 
Cyfronet AGH, has become 
available for physics – it is 
mainly used by ATLAS and 
LHCb, but also by ALICE, 
BELLE and ZEUS experi-
ments. Th is cluster, together 
with similar clusters at ICM 
Warsaw and PSNC Poznan, is 
connected via 1 Gbps VLAN 
network and form the Polish 
distributed Tier2. It is con-

nected to Tier1 at FZK Karlsruhe via GEANT2 and DFN networks, each having  the total bandwidth 
of 10 Gbps. Th e Memorandum of Understanding on WLCG has been submitted to the Polish Minis-
try of Science and Higher Education and  is expected to be signed early 2007.

Th e EC  “CrossGrid” project, which laid the ground for Polish Grid computing, has terminated suc-
cessfully in 2005. Since fall 2005 IFJ PAN is engaged in another EC Grid project called “Baltic Grid”, 
in which it shares its experience with partners from the Baltic States (see map). Th is work is also being 
sponsored by the Polish Ministry of Science and Higher Education, which will allow to form a seed of 
Tier3 at the premises of IFJ PAN.

In 2005 and 2006 IFJ PAN, together with ACC Cyfronet AGH, organized a number of grid com-
puting conferences and workshops: the traditional Cracow Grid Workshops CGW05 and CGW06, the 
fi rst Baltic Grid project conference, the  ICFA International Workshop on “HEP Networking, Grids 
and Digital Divide Issues” and the Core GRID project workshop. 
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II. DIVISION
OF  NUCLEAR  PHYSICS

AND  STRONG  INTERACTIONS

Th e study of nuclei and their constituents is one of the main components of modern science, bridg-
ing sub-nuclear phenomena with the physics of many body systems and the Cosmos. Th e main lines of 
inquiry in today’s nuclear physics research are mostly driven by a few open scientifi c questions regarding 
the structure of exotic nuclei, the properties of nuclei at extreme rotation and temperature, the proper-
ties of nuclear hot matter and the nuclear physics processes in the Universe. Th e scientifi c activity of the 
Division of Nuclear Physics and Strong Interactions follows these lines. It encompasses the investiga-
tions in various areas of experimental nuclear physics, including the nuclear and hadronic reactions at 
low, intermediate and relativistic energies, as well as the nuclear structure by means of gamma-ray and 
charged particle spectroscopy. We also conduct theoretical research in the fi eld of nuclear structure and 
reaction mechanisms. Most of the work is carried out in the form of international collaborations at the 
world-leading nuclear physics experimental facilities. Our physicists very often play a key role in these 
collaborative projects. 

During the last two years our groups put much eff ort into investigations of nuclear and hadronic re-
actions at low and intermediate energies. Substantial part of this research was carried out at the COSY 
ring, FZ-IKP Jülich. Particularly fruitful was the engagement in the GEM collaboration, which studied 
the interaction of h mesons with hadrons as well as the formation of the h-meson nucleus bound states.  
One of the most important outcomes here was the determination of a very precise value of the h  me-
son mass with the help of the BIG KARL magnetic spectrometer. Our research involvement at COSY 
included also the works in frame of the ANKE collaboration, which measured the production of KK
pairs, z mesons, scalar a0 and f0 mesons in the reactions on both elementary and nuclear targets. Th ese 
investigations delivered the fi rst evidence for excited Y0 hyperon. Th e PISA experiment, designed to in-
vestigate spallation processes in the broad range of proton energies and target masses, is another project 
at COSY, to which we contributed substantially by analyzing the data and proposing interpretation of 
the fi rst results.  Recently, our team joined the new collaboration WASA@COSY (Wide Angle Shower 
Apparatus at COSY). Th e group is responsible for building the so-called straw tube forming the Mini 
Drift Chamber, which is a part of the main tracking detector. 

Th e studies of hadronic interactions at intermediate energies were conducted also at JINR Dubna, 
following a long tradition of our scientifi c collaboration with that laboratory. Th e physicists from our 
Division were strongly involved in the FAZA project experiments, which brought new experimental 
data for p(8.1GeV)+Au collisions. Th ermal multifragmentation of very hot nuclei was observed and 
interpreted as the nuclear liquid-fog phase transition inside the spinodal region. 

Involvement in preparations of the LHC experiments – CMS and ALICE, is considered very im-
portant in the studies of the hadronic reactions at relativistic energies – we are a part of these collabora-
tions. Our involvement concentrated on the detector construction, testing and the software develop-
ment. For ALICE, results from the TPC test module were obtained in 2005. Th e aim of the test was to 
determine main working parameters of the readout module and compare it with expectations from the 
Monte Carlo simulations. Results from the cosmics and the CERN PS beam irradiation, like the space-
point and the dE/dx resolutions, was found to agree with simulations. In November 2006 the commis-
sioning of the real detector was completed. Two rounds of tests with fully equiped detector, using the 
cosmic rays, were performed. Th e detector performance confi rmed the design parameters. Some minor 
changes were introduced, leading to the electronic noise reduction. Th e TPC is ready now for the trans-
portation to its fi nal position. For the CASTOR detector, which is now a part of the CMS experiment, 
the main activity was in the Monte Carlo development with focus on models for exotic phenomena, like 
Centauro events and strangelets production. Th e detection probability of such events was estimated on 
the simulation basis. Also the analysis of the test data obtained in previous years was continued. 
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Th e tests of fundamental symmetries make also a very important part of research in the fi eld of 
nuclear science. Th e search for time reversal violation in the decay of free nucleons at PSI Villingen 
belongs to this kind of studies. Our physicists play a key role in that collaboration. Th ey participated in 
constructing the instrument and in the data analysis. Th e main result so far is a new value of the correla-
tion parameter R, which was found to be consistent with the Standard Model within the limits given by 
present precision. Further increase of the precision, which is possible, will allow for more refi ned tests.

Th e nuclear structure in unexplored regions of the nuclear chart is considered one of the most 
challenging issues for modern nuclear spectroscopy. Our Division is very active studying exotic nuclear 
species.

Important new results were obtained for the light, neutron-rich nuclear systems close to and beyond 
the neutron drip line, using secondary beams from the “Acculina” separator at FLNR, JINR Dubna and 
ISOL beams from the Spiral facility at GANIL, Caen. In the course of spectroscopic studies, new states 
were identifi ed in the 5H and 5He, 9He and tetraneutron systems. 

A broad range of nuclear physics phenomena in exotic nuclei was investigated by high-resolution in-
beam gamma-ray spectroscopy experiments with radioactive beams off ered within the RISING project 
at GSI. Th e project combined the EUROBALL Ge-Cluster detectors, the MINIBALL Ge detectors, 
the HECTOR BaF detectors, and the fragment separator FRS. Th e secondary beams produced at 
relativistic energies (200–700 MeV/u) were used for Coulomb excitation or secondary fragmentation 
experiments. We studied projectile-like nuclei by measuring de-excitation photons (RISING fast-beam 
campaign). In particular, the Coulomb excitation method was employed to measure B(E2)’s in neutron-
rich 56−58Cr nuclei, to study the shape coexistence in  134Ce and 136Nd, and to search in 68Ni for the pre-
dicted new mode of collective excitation – the Pygmy Dipole Resonance.

Alternatively, the relativistic radioactive beams, both in their ground and isomeric states, were im-
planted and their gamma-decay was investigated (RISING g-factor and stopped beam campaigns). We 
performed experiments on the g-factors of isomeric states in neutron-rich nuclei around 132Sn, as well 
as in proton-rich 192Pb, produced in fi ssion or in fragmentation processes. As sensitive probes of the 
shell structure changes, new isomers were investigated. Th e studies concentrated on N = Z nuclei below 
100Sn – the isomers in 82Nb and 86Tc were identifi ed for the fi rst time yielding information on the isospin 
T = 0 and T = 1 competing levels, as well as on the isomeric ratios. Also, neutron-rich N=126 isotones 
below 208Pb were produced including 204Pt, in which the (10+) isomer was located. 

Th e analysis of the previously obtained experimental data from EUROBALL, HECTOR and 
ICARE yielded new results on mutual relation between the GDR gamma-decay, charged particle decay 
and feeding of the super- and hyper-deformed structures in some nuclei. In particular, very large defor-
mations in 46Ti were inferred from both the measured GDR strength function and the alpha-particle 
spectra. Th ere are indications that those extremely large deformations are related to the pre-equilibrium 
eff ects. Th e search for hyper-deformation near 126Ba resulted in the fi rm conclusion of the existence of 
such structures in the continuum. Much like in 46Ti, it was found that these structures seem to be cor-
related with the pre-equilibrium emission of alpha-particles.

Th e GDR width evolution in 132Ce at very high temperatures, and its dependence on the entrance 
channel, was studied by measuring high energy gamma rays, charged particles and residues with com-
bined HECTOR and GARFIELD arrays. It was undoubtedly established that for temperatures up 
to 4 MeV there is no saturation of the GDR width, in contrary to earlier, less exclusive experimental 
results.

From the theory point of view, the GDR spectra from hot rotating nuclei were successfully de-
scribed using thermal shape fl uctuation approach based on the newest LSD liquid-drop model.

Th ick target gamma coincidence data, taken with the GAMMASPHERE array at ANL for the 
products of deep-inelastic processes occurring during reactions 48Ca+208Pb, 48Ca+238U, 82Se+238U and 
64Ni+238U, were used to study the structure of neutron-rich species around 48Ca and 68Ni, that are dif-
fi cult to reach otherwise. New yrast structures in 48,49,50Ca, 49,50,51Sc, 51,53Ti, 56,58,60Cr, 61Fe, 64Fe were iden-
tifi ed. In the 56,58,60Cr nuclei experimental signatures were found for both single-particle and collective 
excitations whose relative importance varies with neutron number. In 64Fe the yrast sequence has been 
delineated up to moderate spin (10+). Results show no evidence for deformation in the ground state, in 
contrast to the earlier proposed onset of deformation around N = 40 in neutron-rich nuclei. 
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Th e same experimental data sets were also successfully used to identify yrast structures in the poor-
ly known nuclei below doubly magic 208Pb. High spin states, arising from the proton-hole neutron-hole 
couplings, were located in 203,204Hg and 204Tl. Th e fi ndings provide new information on the two-body 
matrix elements of the residual nucleon-nucleon interaction in the largely unexplored part of nuclear 
chart below the 208Pb core.  

Recently, to study even more exotic neutron-rich nuclei produced in the 48Ca + 238U deep-inelas-
tic collisions, we used a newly available detection setup at LNL Legnaro, consisting of the PRISMA 
spectrometer coupled with the CLARA gamma-ray multi-detector array. Coincidences between fully 
identifi ed projectile-like reaction products and gamma rays allowed identifi cation of transitions in ex-
otic nuclei 48,49K and 47,48Ar.

Very neutron-rich species were also studied at NSCL MSU using the fast radioactive beam of 54Ti 
and nucleon knockout processes. Excited states in 52Ca, populated in the two-proton knockout reaction, 
were located confi rming the doubly magic character of 52Ca.

Spectroscopic investigations have also been carried out in the region of very heavy nuclei. By using 
gamma-ray spectroscopy combined with the recoil detection technique, rotational ground-state band 
up to the spin 18+ was identifi ed in 250Fm. 

Involvement in the long-term projects for nuclear structure studies, which are currently being devel-
oped, is another very important part of our scientifi c activity. We are engaged in the AGATA (Advanced 
Gamma Tracking Array) European project (in particular, our group is developing the AGAVA interface 
for ancillary detectors), in the SPIRAL II project at GANIL (aimed at providing high intensity beams 
of neutron-rich exotic nuclei at energies of a few MeV per nucleon, ideally suited for gamma-ray spec-
troscopic studies), and in the FAIR (Facility for Antiproton and Ion Research) project of international 
accelerator facility of the next generation at GSI.

Our Division has a strong theory group, which works on various aspects of nuclear structure and 
nuclear and hadronic reactions at low, intermediate and high energies. Recently, special eff ort was un-
dertaken on generalization of the Shell Model Embedded in the Continuum and its application to 
low-energy  reactions with radioactive beams. Th e model was successfully used to describe two proton 
ground state decay of some proton-rich nuclei. Recently, we also constructed a new theoretical approach, 
called  Stochastic Clustering Model, aimed at the description of nuclear reactions at intermediate ener-
gies. Worth mentioning is our activity in the fi eld of ultrarelativistic reactions at SPS energies, where 
new phenomena were observed. We proposed a new explanation of these phenomena in terms of the 
Fermi motion, neutron skin or Coulomb interaction with the spectator charge.

In the course of extensive theoretical studies of high energy processes, carried out in the frame-
work of Quantum Chromodynamics, we succeeded in obtaining a consistent description of the pion 
production data at SPS and RHIC energies. It was done in terms of the so-called unintegrated parton 
distributions for proton-proton collisions – it is the fi rst instance of this description reported in litera-
ture. We applied the method of unintegrated distributions to the production of gauge bosons, Higgs 
boson or pairs of heavy quark and antiquark, or direct photons. Th e investigations concentrated also on 
correlations between partons, jets or jet and photon. Th e matrix elements for the production of Higgs 
boson by a fusion of two off -shell gluons were calculated for the fi rst time. In parallel, we developed a 
new approach to the elementary probe – nucleus-nucleus high energy collisions – called non-linear kt 
factorization. 

We made an eff ort to apply some of the computation techniques, initially developed for nuclear 
studies, to investigate diff usion processes in inhomogeneous media. A few equations in this fi eld were 
solved, some of them for the fi rst time analytically. Th e new approach was expanded to be able to take 
into account the non-Markovian processes.

In the studies of exotic systems, we calculated the rates of the dtμ muonic molecule resonant for-
mation in tμ atom collisions. Th e obtained results were used to interpret experiments carried out at 
KEK-RIKEN.

Out of the long series of valuable results, obtained in our Division in the last two years’ studies and 
described above, a few were selected as the main achievements for more extended presentation – these 
are: 
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Precision measurement of the h-meson mass has been an objective of our recent experiment [203].  
Compared to other light mesons, the mass of the h is surprisingly poorly known. Th ough in 2004 the 
Particle Data Group (PDG) quoted a value of mη =547.75 ± 0.12 MeV/c2, diff erences between the 
results of some of the recent experiments can be as large as 0.7 MeV/c2. Th e BIG KARL spectrograph 
and the high brilliance beam at COSY synchrotron at FZ-IKP Juelich are ideally suited for a high 
precision, self calibrating experiment. In the frame of the GEM collaboration at FZ-IKP Juelich, we 
performed a measurement aimed at precise determination of the h-meson mass. We used three reac-
tions occurring in the p + d scattering: p + d " t + r+, p + d " r+ + t,  p + d " 3He + h. Pions r+, 
tritons and 3He were measured at the same time with one setting of the spectrometer and one setting of 
the beam momentum. For a beam momentum close to 1641 MeV/c all three particles remained within 
the acceptance of the spectrograph. Since the masses of proton, deuteron, r+, triton and 3He are well 
known, pions from the fi rst reaction could be used to deduce the absolute beam momentum, tritons 
produced in the second reaction could serve to fi x the spectrograph setting and, fi nally, from the data 
collected for 3He, one could obtain the mass of the h meson. Before the main p+d measurement, a series 
of calibration runs had to be performed in order to investigate the properties of the spectrograph. At 
fi rst, the primary beam was swept over the focal plane without a target at the beam momentum of 793 
MeV/c.  Schematically it can be written as a reaction p + 0 " p + 0. Subsequently, the full kinematic 
ellipse of deuterons from the reaction p + p " d + r+ at the same beam momentum was measured. 
Finally, pions from the reaction p + p " r+ + d were investigated at 1640 MeV/c, again sweeping the 
deuteron loci over the whole focal plane. Once it could be assumed that “the spectrograph is known”, 
the three main reactions were used to fi x the beam momentum, the target thickness and the h mass. In 
the last step, the assumption of  “known spectrograph” was checked by determining the missing mass of 
unobserved particle in the calibration runs; this missing mass corresponded to: 0, the r+ mass and, the 
deuteron mass, respectively. Th e measurement yielded a statistical error of 28 keV/c2. Th e error arising 
from uncertainties of the masses of individual reaction products used as references, was calculated (on 

the basis of the PDG data) to be 28 keV/c2 and it is the main contribu-
tion to the total systematical error of 32 keV/c2 of the h-meson mass. 
Th e fi nal result is: m(h) = 547.311±0.028(stat.)±0.032(syst.)MeV/c2. 
It was included in the Particle Data Group data base.

Search for time reversal violating eff ects in the decay of free neutrons has been undertaken at 
the cold, polarized neutron facility FUNSPIN at the spallation source SINQ (PSI, Switzerland). A 
non-zero value of the component PT2, which is perpendicular to the plane defi ned by the neutron po-

Results of the h-mass measurements, in the order of publication date: the Ru-
therford Laboratory (RL), SATURNE, MAMI, NA48 and GEM. When-
ever two error bars are shown, the smaller one corresponds to statistical and 
the larger – to total uncertainties.

(i) in the fi eld of Nuclear Reaction Mechanisms and Strong Interactions: Precision measurement 
of the η-meson mass (within GEM collaboration at FZ), Search for time reversal violating eff ects in the 
decay of free neutrons (using FUNSPIN at PSI);

(ii) in the fi eld of Nuclear Structure: Tracing the evolution of nuclear structure with the increase 
of neutron richness (using PRISMA+CLARA at LNL and GAMMASPHERE at ANL), First ap-
plication of relativistic radioactive beams for studying the structure of exotic nuclei (within RISING 
collaboration at GSI), Investigations of nuclei at very large deformation induced by fast rotation (using 
ICARE at IRES), Development of theory of two proton radioactivity based on the shell model embed-
ded in the continuum;

(iii) in the fi eld of Ultrarelativistic Nuclear Physics: Exploration of hadron-nucleus and peripheral 
Pb+Pb reactions, Proton and antiproton production in Pb+Pb collisions at relativistic energies (within 
NA49 collaboration at CERN SPS).
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larization and the electron momentum, would signal Time Reversal Violation and thus physics beyond 
the Standard Model. Th e component PT1 contained 
within this plane, conserves time symmetry and is fi -
nite in the Standard Model — it may serve as internal 
calibration of the apparatus and cross check of system-
atic uncertainties.

Satisfactory operation of all components of the experimental setup has recently been proven. A 
clear signal has been observed from electrons backscattered from the Mott scatterer (1 mg/cm2 lead 
evaporated on 2.5μm Mylar foil). Th e analysis of single tracks, corresponding to electrons from neutron 
decay penetrating through the Mott scatterer, allows either for measuring the neutron decay asymmetry 
(A) or, using the known value of A, for monitoring the average neutron beam polarization. Angular 
distributions of electrons backscattered from the Mott scatterer, further called V-tracks, are sensitive to 
both transversal components of the electron polarization.

Th e fi gure shows the V-track rate asymmetry for opposite beam polarization states as a function 
of the angle α between the decay plane (defi ned by neutron polarization and electron emission mo-
mentum) and the scattering plane (defi ned by electron momenta before and after scattering). Solid line 
represents free fi t to the data. In spite of large statistical uncertainties, it is clearly shown that the data 
are consistent with Standard Model predictions (dashed line). More quantitative conclusions will be 
possible when a recently accumulated much larger data sample is fully analyzed.

Th e study of hadron-nucleus and peripheral Pb+Pb reactions at SNN . 17 GeV was under-
taken to improve the knowledge of mechanisms governing non-perturbative hadronic collisions [204]. 
It went in two general directions. Th e fi rst was an experimental and phenomenological analysis of pro-
ton-carbon reactions, made on the basis of data from the NA49 detector. A very important issue here 
was a precise evaluation of the probability distribution of the number o of nucleons hit by the projectile 
proton in the 12C nucleus. Th is has been done using a broad set of realistic nuclear density profi les; an 
exemplary result is given in the left panel of the fi gure.

Th e second main direction was theoretical analysis of spectator-induced electromagnetic eff ects 
present in pion production in peripheral Pb+Pb reactions. Th ese eff ects result in steep and rapidly 
changing distorsions in the xF -dependence of the positive over negative pion ratio in these collisions. An 
example is shown in the right panel of the fi gure. Th e ratio has been obtained assuming pions emitted 
from the interaction point after a given emission time tE has elapsed. A very important fi nding here was 
that the r+/r– ratio strongly depends on the emission time. Th is means that it provides new informa-

Angular distribution of the V-track rate asymmetry. 
P: average neutron beam polarization; β: electron veloc-
ity; S: analyzing power; G, H: geometry dependent fac-
tors; N’, R: neutron decay correlation coeffi  cients.

1 3 5 7 9

a)

M
2

1

0
−1

b)
0 1

a) probability distribution of the number of elementary collisions ν in proton-carbon reactions, 
b) xF -dependence of the π+/π− ratio in peripheral Pb+Pb collisions at pT = 25 MeV/c, shown 
for fi ve assumed values of the pion emission time tE = 0, 0.5, 1, 1.5, and 2 fm/c.
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tion on the space-time evolution of the pion production process. Th e corresponding experimental study, 
based on NA49 data, is also in progress.

Proton and antiproton production in Pb+Pb collisions at relativistic energies has been studied 
[204] within the NA49 collaboration at CERN SPS. For the fi rst time, the beam energy range 20A 
– 80A GeV was explored. Preliminary results for the rapidity distributions of net proton at 20A – 80A 
GeV are shown in the fi gure. Th e shape of these distributions changes over the energy range studied 
and transition from stopping to transparency can be observed.

Behaviour of the inverse slope parameter T (of the p and ̄ p spectra) as a function of rapidity has been 
displayed in the fi gure for the subsequent beam energies. At 40 and 80A GeV, values of the T parameter for 
p are lower than those for p̄, but the diff erences are small. One can also notice that, the inverse slopes exhibit 
a systematic increase at higher rapidities with increasig beam energy in the SPS energy range and that at 
80A GeV this slope parameter becomes almost constant in rapidity (see fi gure). Th ese are the unique re-
sults on  proton and antiproton production in Pb+Pb collisions in the full phase-space at the SPS eneries.
Notice should be taken that all measurements have been performed using the same apparatus, allowing 
bias-free conclusions. 

Evolution of nuclear structure with the in-
crease of neutron richness is of central impor-
tance in the modern nuclear spectroscopy. For 
spherical neutron-rich nuclei the single particle 
energies reorder, giving rise to a dramatic change 
of excited states pattern, aff ecting properties of 
nuclear ground state, sometimes resulting in in-
creased nuclear stability due to the appearance of 
new energy gaps. For many years we used deep-in-

Th e inverse slope parameters T for protons and antiprotons measured by NA49 in central 
Pb+Pb collisions at 20 – 80A GeV

Th e net-proton rapidity distributions in central Pb+Pb collisions at 20 – 80A GeV measured by NA49 
at CERN SPS. Full symbols indicate measured values, while the open symbols are refl ected around mid-
rapidity.
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elastic heavy ion reactions and thick target gamma coincidence techniques to study the neutron-rich nu-
clei in several regions of the nuclidic chart. In a series of such experiments we revealed new structures in 
several neutron-rich isotopes from the doubly-magic 48Ca region and particular attention was focused 
on the N=32 subshell closure phenomenon that we evidenced in the titanium isotopes.

In the most recent experiment performed at the INFN LNL Legnaro, we used diff erent techniques 
employing the PRISMA spectrometer coupled with the CLARA gamma-ray multi-detector array to 
study even more exotic neutron-rich nuclei produced in the 48Ca + 238U deep-inelastic reactions [202]. 
Th e spectrometer is capable of providing the A and Z identifi cation of the nuclear product as well as 
of precise determination of its velocity vector, thereby allowing to correct properly the Doppler shift of 
gamma rays emitted in fl ight and associated with a given product. We concentrated our analysis on the 
neutron-rich 48K and 49K isotopes for which the obtained gamma spectra revealed a number of gamma 
transitions deexciting states populated in each isotope. Identifi cation of these gamma rays was used as 
a starting point in subsequent analysis of gamma coincidence data obtained earlier in the thick target 
experiment performed with the Gammasphere array at the Argonne National Laboratory for the same 
colliding system. Th e level schemes established for 48K and 49K, together with the lowest 47K states (see 
fi gure), contain essential information for improvement of the shell model description in this region of 
nuclei. Th e 48K case provides information on the two-body eff ective interactions of the p3/2 neutron with 
s1/2, d3/2 proton-holes and f7/2 proton-particle. Th e 49K level scheme indicates that, similarly to that of 
47K, the s1/2 proton-hole state is the ground state but the d3/2 is very likely located at much higher energy. 
Th is fi nding shows that the reordering of the proton single particle states s1/2 and d3/2, already known 
to occur in 47K, continues when going towards more neutron-rich potassium nuclei and that energy 
separation between the two states even increases.

Th e same set of experimental data was used to study behaviour of the neutron single particle or-
bitals along N=31 down to Z=20 [202]. As evidenced in our earlier studies, an N=32 subshell closure 
occurs in titanium nuclei. Th is phenomenon was attributed to the strong proton f7/2-neutron f5/2 mo-
nopole interaction which causes an increase in energy of the νf5/2 single particle orbital with respect to 
the νp3/2 and νp1/2 levels as protons are subtracted from 
the πf7/2 shell. However, the magnitude of this increase, 
particularly in Ca isotopes, is diffi  cult to detect as the 
states involving the neutron f5/2 orbital in such nuclei 
like 51–53Ca are very hard to reach.  With identifi cations 
obtained from the PRISMA experiment, we were able 
to locate the yrast structures in the N=31 isotones, 
52Sc and 51Ca, which include excitations involving f5/2 
neutrons. Energy of these states can be described quite 
well by the shell model calculations assuming a sizable 
energy gap between the neutron p1/2 and f5/2 orbitals at 
Z=20, and its substantial reduction with the addition 
of one proton. It is very much in line with the theoretical predictions of the rf7/2 – of5/2 monopole inter-
action strength, arising from the tensor component of the nucleon-nucleon interaction.

Relativistic radioactive beams became a very pow-
erful tool for studying the structure of exotic nuclei 
which cannot be accessed otherwise. By using this new 
tool, a number of new isomeric states were identifi ed in 
neutron-rich isotopes approaching 132Sn, as well as in 
the neutron defi cient Pb-region. Measurements of the 
g-factors were also carried out for those states [202] 
within the RISING (Rare ISotope INvestigations @ 
GSI) collaboration at GSI Darmstadt (the g-RISING 
campaign) . 
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Th e g-factor, being the proportionality co-
effi  cient between magnetic dipole moment and 
total spin, n = gI, is a very sensitive probe of the 
single-particle confi guration of a nuclear state:  
the g-factor value depends strongly on the wave 
function composition and, in particular, on the 
orbital and the spin components of total angular 
momentum. As a result,  g-factor measurements 
can help to assign or confi rm the spin and par-
ity of a nuclear state, especially in the regions far 
from stability, where such assignments are often 
based on the systematics and theoretical predic-
tions.

Nuclei of interest were produced in the rela-
tivistic projectile fragmentation or fi ssion reac-
tions. Th e angular momentum of products in their isomeric states was found to have a sizable align-
ment. Th is alignment was preserved during a process in which fully-stripped ions, traveling at relativistic 
energies (300–500 MeV/u), were separated using the fragment separator FRS, and implanted in the 
annealed Cu host that maintains the spin-orientation during the nuclear lifetime. By applying a static, 
vertically oriented magnetic fi eld, the spin-oriented ensemble performs a Larmor precession. In order 
to observe this precession, gamma rays from the isomer decay were measured as a function of time, 
using eight former EUROBALL cluster detectors placed in the horizontal plane around the magnet 
at a distance of about 43 cm from the centre (see fi gure). Each cluster consisted of seven encapsulated 
HPGe crystals. From the measured precession frequency g BL N

&~ n= , the nuclear g-factor can 
be obtained providing the applied magnetic fi eld B is known. Using the relativistic radioactive beam of 
127Sn nuclei, we succeeded to identify in 127Sn a new short-lived isomer with a half-life of about 0.22 μs. 
We measured in the same nucleus the absolute value of the g-factor of another isomeric state, possesing 
a half-live of 4.5 μs, whose confi guration was not know previously. Th e resulted value |g|= 0.16 points to 
the fact that this isomer is a 19/2+ state, arising from the  o(h11/2 × 5–) coupling. Successful completion 
of the g-factor study in case of 127Sn, confi rms the validity of the method that now can be widely applied 
to elucidate the structure of microsecond isomers populated in the exotic shell model nuclei.

Investigation of nuclei at very large deformation (superdeformation-SD, hyperdeformation-HD) 
induced by fast rotation has become the focus of experimental eff orts in the present nuclear structure 

studies. Previously, using the gamma decay of the 
giant dipole resonance, we found that the large de-
formations in 46Ti are caused  by the Jacobi shape 
transitions occurring at spins close to the fi ssion 
limit. Recently, we have studied the decay of the 
same compound nucleus formed at very high 
rotational frequency by measuring the charged 
particles with the multi-detector array ICARE 
[202]. Th e energy spectra of alpha-particles de-
tected in the laboratory frame at an angle of 45°, 
with a requirement of being in coincidence with 
the residual nuclei of Z = 18 and 20, are shown 
in the fi gure (top panel – solid points). Th e solid 
lines, in turn, correspond to the alpha-particle 
spectra calculated using CACARIZO (a Monte 
Carlo version of the statistical-model code CAS-
CADE) for diff erent yrast line parametrizations 
displayed in the bottom panel of the fi gure. By 
applying the standard rotating liquid drop model 
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yrast line, “LD”, which can be approximated by the rigid body yrast line with small deformation (β = 
0.2), calculations do not reproduce the experimental spectra at all. When using the yrast line, computed 
in a way to imitate in the spin region I = 15–30&, a rotating rigid body with a deformation parameter 
β ≈ 0.6, denoted as “quasi SD”, the calculations reproduce well the experimental alpha-particle spectra 
for the evaporation residues with Z=18 but not for those with Z=20.  In order to improve the agree-
ment for Z=20, an yrast line corresponding to even more deformed nuclear shapes had to be used. 
We performed statistical model calculations, named „quasi HD”, assuming that the compound nucleus 
rotates as a rigid body with a deformation parameter b c 1 (for I = 15–30&) .  Such “HD” calculations 
underestimate the high energy part of the alpha-particle spectra, pointing to deformations between 0.6 
and 1. Th e need for this very large deformation to describe the decay of the compound system at high 
spin may be related to the interplay between the time governing shape changes and the decay time; it 
may also arise from  the pre-equilibrium emission of an a-particle from a “di-nuclear system” formed 
during collision. Further investigations of those fascinating subjects are on the way.

We developed a theory of two proton radioactivity based on the shell model embedded in the 
continuum (SMEC) [207]. Th is is the fi rst fully microscopic approach to the recently observed two 
proton (2p) decay of some proton reach nuclei. For the sake of simplicity two extreme conditions were 
investigated: sequential 2p emission and direct 2p cluster emission with appropriate fi nal state interac-
tion of the two emitted protons. Standard shell model interactions were employed.

nucleus T /
( )dir
1 2 T /
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Th e results are presented together with the experimental values in the table. Th e two heavier nuclei 
half-lives can be explained (within large experimental errors) with direct decay T /

( )dir
1 2  only. In the case 

of 45Fe nucleus the direct decay mechanism is not suffi  cient. Because the sequential decay half-life also 
strongly depends on the energy allowed for the fi rst emitted proton Q1p, in the fi gure we present T /

( )seq
1 2  

as a function of this parameter. (Th e T /
( )seq
1 2  value in theTable above was obtained under assumption that 

Q1p = 0 .
.

0 1
0 05

-
+  MeV.) From this fi gure it is clear that for Q1p ≈ 0 direct decay dominates and the infl uence 

of sequential decay can be neglected. On the contrary, when Q1p ≈ Q2p/2 sequential decay dominates 
and direct emission is negligible. In the intermediate region (Q1p ≈ 0.2 MeV in the case of 45Fe) both 
mechanisms contribute and our simple assumptions are no longer valid (full three body fi nal state must 
be taken into account). Because Q1p is usually poorly known for such two proton emitters this may be 
the reason for our underestimate of the half-life.

Table. Comparison of SMEC calculations with the experimental results for 2p 
gound states (g.s.) decay. All half-lives are in ms. Th eoretical errors are due to experi-
mental uncertainties of the decay energy Q2p (and Q1p for sequential decay).

Th e half-life for the sequential 2p decay from the 
g.s. Jπ = 3/2+ in 45Fe is shown as a function of 
Q1p (circles) along with the half-life for 1p decay 
(squares). Th e total energy for 2p decay is Q2p 
= 1.154 MeV. Th e blue line shows the half-life 
for direct diproton decay. Th e yellow line repre-
sents Gaussian fi t near Q1p = Q2p/2 and cyan 
line – linear fi t near Q1p = 0 both to sequential 
decay points (red).
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III. DIVISION  OF  CONDENSED  
MATTER  PHYSICS

Th e activity of the Department of Structural Research ranges from the soft molecular matter (mo-
lecular glasses, liquid crystals, polymers) through molecular magnets to metal oxides and intermetallics. 
Experimental works are complemented with theoretical modeling of surfaces and interfaces and with 
quantum mechanical computer calculations. In recognition of our scientifi c achievements we have been 
invited to two large European projects: MAGMANET Network of Excellence for magnetic properties 
of molecular based systems and HYCONS STREP for hydrogen storage in carbon nanocones.

Many of the experimental results of the Department have been obtained with the use of the instru-
ments operating at the institute: X-ray diff ractometer, IR spectrometers, calorimeters, AC and DC 
magnetometers, Cahn magnetic electrobalance, and well equipped positron laboratory. Some of these 
instruments, e.g. the calorimeter, the X-ray diff ractometer underwent signifi cant modernization dur-
ing the last two years. Our standard measurements start at 4.2 K, and if necessary, reach down to 2 K. 
Routinely used are also the neutron beams from the nuclear reactors in Dubna (Russia) and Kjeller 
(Norway). A proposal has been accepted at ISIS spalation source in Rutherford Laboratory (UK) and 
two further are completed on the muon beam of the same installation. Two other accepted proposals of 
neutron experiments are in progress at the Institut Laue-Langevin (France). Another accepted project 
concerns Quantum calculations of the surface properties of metal oxides on the largest Supercomputer in 
Europe of Barcelona Supercomputing Center (Spain).

Studies on the polymorphism and dynamics of organic glassforming liquids have been extended to 
the dimethyl butanol isomers. Th e IINS measurements revealed the infl uence of the OH group posi-
tion in the molecule on the molecular motions. Boson peaks found in the glass of liquid and in the glass 
of the ODIC phases confi rmed the polymorphism of the solid state in these isomers earlier detected 
by DSC experiments. Adiabatic calorimetry experiments on 2-butanols done at our Institute and on 
the liquid crystalline glass former chiral pentylcyanobiphentyl, in the Research Center for Molecular 
Th ermodynamics at Osaka University ( Japan), allowed us to determine the magnitude of thermal ef-
fects of the phase transitions and to reveal stability of the solid phases found. Th e DSC and polarizing 
microscopy observation have revealed a strong infl uence of the thermal history on the two-step melting 
phenomenon in one of these compounds. Th e X-ray diff raction was used to determine the detailed 
phase diagram, involving smectic E liquid crystalline phase, in the thiocyanobiphenyls (nBT). 

Magnetic properties and spin relaxation eff ects in molecular materials exhibiting various dimen-
sionalities have been studied with the use of magnetometric, calorimetric and μSR methods. Coordina-
tion networks based on the transition metal-octacyanotungstate [WV(CN)8] or octacyanomolybdate 
[MoV(CN)8] were synthesized at the Faculty of Chemistry, Jagiellonian University, Kraków. Long-range 
magnetic ordering below T ~ 33 K was investigated for several systems with the special attention paid 
to (tetrenH5)0.8{Cu4

II[WV(CN)8]4}*7.2H2O (tetren is a nitrogen containing ligand), due to its metama-
gnetism and two-dimensional character. Th e systems containing lanthanide ions (Gd or Sm) showed 
a quasi one dimensional magnetism. In search for temperature- and/or light-tunable magnetic nanos-
witches, cobalt(II) octacyanotungstate(V) organic–inorganic hybrid compounds with pyrazine and 
4,4’-bipyridine were studied and ferromagnetism below Tc = 26 K for the fi rst and a spin glass phase 
below Tg = 16 K for the second system were found. Structural modifi ed Mn-porphyrin based lin-
ear systems synthesized in TU Darmstadt were investigated in collaboration with Institute of Physics, 
Jagiellonian University. Spin relaxation studies in polycrystalline MnIIItetraphenylporphyrin-tetracya-
noethylene [MnTPP][TCNE]*solvent with fl uorine atoms substituted to the phenyl ring in para (1), 
meta (2) or ortho (3) positions revealed a cluster glass in the case (1), a spin-glass transition followed by 
the blocking anomaly upon cooling in the case (2), while (3) appeared to be an example of a new class 
of nano-magnet, the slowly relaxing single-chain magnet. 
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Wave propagation was studied in a model of artery considered as an elastic tube fi lled with the New-
tonian liquid and placed in a viscoelastic surrounding. Some modes, e.g. the Lamb mode and the quasi 
fl exural one were shown to propagate beyond a threshold wave vector only. Such modes turn out to be 
excited to rather high amplitudes by fairly ordinary physiological motions, which may have a physiologi-
cal importance in stimulation of baroreceptors. Propagation of surface waves and surface resonances in 
systems with negative Poisson ratio called auxetics was studied. Such materials are used e.g. as arterial 
prostheses. A very sharp surface resonance, analogous to the longitudinal resonance, has been shown to 
occur when an auxetic material is covered by a surface layer of special metamaterial properties. 

A model reconciling the Brillouin Principle of the information thermodynamics with the Weidlich 
probabilistic ideas has been established to calculate the social population distributions. Some sociologi-
cal phenomena, such as the eff ect of the majority and the charismatic individuals opinion and the syner-
getic reinforcement have been successfully modeled as the fi rst application of the Brillouin Principle. 

Th e experimental setup in the Department of Magnetic Resonance Spectroscopy gives the oppor-
tunity of studying new features in quantum tunnelling by means of deuteron resonance. Th e deuteron 
spectra of NH3D

+ supply unprecedented information about ammonium ion mobility as seen by a single 
deuteron spin. Observed at low deuteration NH3D

+ ions perform either jumps about C3 or C2 axis or 
limited jumps while some remain rigid, depending on the crystal structure and temperature. Very low 
values of activation energies were derived, which indicate an incoherent tunneling as the dynamic pro-
cess behind the diversity of their mobility.

Free quantum rotors CD4 in zeolites, a system never observed before, discloses features of combined 
translational-rotational dynamics challenging  development of relaxation theory.

High resolution solid state magic angle spinning (MAS) NMR Spectroscopy was applied to study 
local chemical structure, symmetry, and coordination in several novel materials that are developed for 
green chemistry. Th e MAS NMR spectra of  29Si, 27Al, 31P, 11B, 23Na were measured in synthetic zeolites, 
mesoporous materials, and porous clay hybrid systems.  Th e obtained structural information was cor-
related with the catalytic effi  ciency and selectivity, in order to further optimize these properties.

In the Department of Materials Research by Computers, the eff ort was concentrated on under-
standing of processes observed in crystalline structures, surfaces and interfaces, using the fi rst-principle 
computer codes based on the quantum-mechanics and on the lattice dynamics. Th us, we have found 
two independent order parameters and explained the mechanism of the Vervey phase transition in 
magnetite. Th e coexistence line of the perovskite and the post-perovskite phases was determined in 
the P-T phase diagram, which is essential in understanding of the D” seismic discontinuity. A series of 
papers were devoted to the study of the electronic structure, superconductivity and the lattice dynam-
ics of the only superconducting materials among actinides, i.e. the PuCoGa5 family. We took part in 
the conceptual preparation of the X-ray and neutron inelastic scattering experiments to determine the 
phonon dispersion relations of PuCoGa5 and UCoGa5. An attempt to analyze amorphous phases of 
ball milling nanostructures of TiAl and NiAl intermetallics cast some light on the relation between 
the formation energy of the crystalline and the amorphous phases. An analysis of the phonon spectra 
of the superconducting clathrates of the series of Ba24Si100 was made in order to establish the modes 
which could contribute to superconductivity. Calculations of the polarization properties at the interface 
between forreelectric and metal were performed. Phonon spectrum has been calculated for beta FeSi2. 
A lot of time was devoted to establish a method to calculate the contribution of a soft mode accompa-
nying the displacive phase transition to the thermodynamical functions. Th e method was illustrated 
on the construction of the phase diagram of ZrO2. It was established that a small Coulomb repulsion 
term U introduced to the interaction energy of the iron crystal improves the agreement between the 
calculated and measured phonon density of states. We also studied surfaces and multilayers, as these 
nanomaterials become technically important. Reconstructive and magnetic properties of three multi-
layers were considered in details. Phonon dynamics and multilayer reconstruction were determined in 
{Au/Fe}. Th is system can occur in many structures, a part of which could become unstable. Th e mag-
netic properties of {Fe/FeSi}, and of {Fe/Pt} multilayers show that the interaction between the layers 
could stay antiferro-, or ferromagnetic, respectively. Detailed calculations of many models allowed us 
to establish the bilinear and biquadratic magnetic coupling constants between the magnetic layers. Th e 
MgO(100) surface and Mg(100)/Li surface with Li adatoms were studied to show the applicability of 
the direct and fi lling slab methods to the ab initio calculations of the phonon properties. A contribution 
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Th e isomers of hexane: 2- or 3-methyl-pentane and 2,2- or 2,3-dimethyl-butane share a com-
mon chemical formula C6H14. Th ey are solvents for vegetable oils, glues, coatings and paints. Th ey can 
also be found in gasoline and are used as components of rubber solvents in the petrochemical industry. 
At room temperature they are highly fl ammable liquids and they vapours can be explosive. Low tem-
perature thermal data of dimethyl-butane isomers (2,2-dimethyl-butane or neohexane) and (2,3-dime-
thyl-butane or diisopropyl) reveal rich polymorphism of solid phases.  2-methyl-pentane solidifi es in 
crystalline or glassy states, while 3-methyl-pentane under normal pressure does not crystallize at any 
temperature below the melting point. Yet until now, structure and dynamics of these solids were not 
fully investigated. 

Neutron scattering experiments were performed using the NERA time-of-fl ight inverse geometry 
spectrometer at the IBR-2 high fl ux pulsed reactor of the Joint Institute for Nuclear Research, Dub-
na. Capability of simultaneous recording of inelastic scattering (INS) and neutron powder diff raction 
(NPD) spectra and the oportunity to investigate the whole spectral range of vibrational modes at low 
temperatures are unique properties of the inverse geometry instruments. Th e NPD spectra allow one 
to inspect structure of solid phases, while INS spectra are being measured. Th e latter carry information 

on Vibrational Modes was published in the Encyclopedia of Condensed Matter Physics. (Elsevier). Th e 
Department took part in the EC Project DYNASYNC:”Dynamic in nano-scale materials studied with 
synchrotron radiation”, in the ESF Network: “Towards atomistic materials design (Psi-k)”,  in national 
Network: “Innovative cathalitic materials in protection of ecosystem”.

Th e main achievements in the last two years are: 
(i) Structural Research: study of hexane isomers, structure of smectic phases, neutron study of 

polymer blends, cathalytic properties of magnesium spinel, slow relaxation of magnetization in molecu-
lar nanomagnet, 2D magnetism in layered organometallic, photoinduced magnetism,  positron anihila-
tion in fl ight [301] and [302];

(ii) Magnetic Resonance Spectroscopy: Deuteron NMR spectroscopy and relaxation in ammo-
nium ions [304];

(iii) Materials Research by Computers: Study of iron surface and Fe/FeSi multilayers, calculation 
of Au/Fe multilayers properties, Search for origin of superconductivity in PuCoGa5 and explanation of 
Vervey transition in magnetite [305].
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on external and internal modes of investigated molecules. Low frequency internal modes, well seen in 
the INS spectra measured at low temperatures, were interpreted following the DFT (density functional 
theory) calculations of structure and dynamics of the molecules under study. Th e latter were instigated 
by diff erences observed in the INS spectra of glassy and crystalline phases of 2,3-dimethyl-butane. 
Comparison of calculated and experimental spectra show that internal vibrations of the meta-stable 
crystal phase III (Cr-3)and stable crystal phase II (Cr-2) of 2,3-dimethyl-butane correspond with the 
vibrational spectrum of the trans-form, while internal vibrations of the orientational glass (OG) state 
correspond with vibrations of the gauche-forms of molecules. Selection of 2,3-dimethyl-butane con-
formers observed in solid phases of diisopropyl suggest a low potential barriers for internal rotation of 
molecular subunits – CH(CH3)2, what was confi rmed as well by the DFT calculations.

Th e X-ray investigations of the structure of smectic E (SmE) and smectic A (SmA)- phases 
were undertaken for two liquid crystalline compounds of the 4-n-
alkyl-4’-isothiocyanato-biphenyl (nBT) homologous series, which 
was studied in our group by other techniques. Th e phase diagrams 
are following: 

Cr – 54.6°C – SmE – 59.9°C – SmA – 62.5°C – Is 11BT 
Cr – 53.8°C – SmE – 55.6°C – SmA – 60.6°C – Is 12BT.
X-ray spectra were taken with the X’Pert PRO (PANalyti-

cal) diff ractometer using the Cu Ka-radiation (λ = 1.54178 Å) 
and a graphite monochromator. Examples of the diff raction pat-
terns obtained for SmA and SmE phases of 12BT are presented 
in the Figure. Th e layer thickness d in the SmE and SmA phases 
and the orthorhombic unit cell parameters of the SmE phase have 
been determined. For 12BT at the SmE – SmA phase transition 
temperature the value of d drops signifi cantly from 3.33 nm to 2.98 
nm. In the SmE phase the layer-thickness to molecular-length ra-
tios are found to be close to 1. Th e corresponding ratios observed 
for the SmA phase of nBTs are considerably higher (~1.24), which 
indicates that an alternating head-to-tail arrangement of molecules 
in the layers is favoured. Th e molecules in the SmE phase form a 
rather loosely packed system – only c.a. 60% of the unit cell is oc-
cupied by the molecular bodies. Th is work is an example of how 
structural research can be extended into liquid crystalline materials 
with reorienting molecules, thus complementing studies of molecu-
lar dynamics in these materials and leading to a better understand-
ing of its relationship with packing in the SmE.

By defi nition, polymer blends are macroscopically homogeneous mixtures of constituent species, 
and “macroscopically” refers to distances several times the wavelength of visible light. A blend is con-
sidered miscible if it forms a single phase over certain range 
of composition, temperature or pressure. A two-component 
blend is miscible if and only if >G 0

,
mix

T p

2 22 2D {_ i , where 
DGmix is the Gibbs energy of mixing and { is the volume frac-
tion of one component. Blends of lithium sulphonated poly-
styrene (LiSPS) and polycarbonate are considered miscible 
above 170–180°C. Using wide angle scattering of polarized 
neutrons we already established that local order within the 
components impedes miscibility. In this work we look at the 
LiSPS/PC blends through the small angle neutron scatter-
ing (LOQ instrument, ISIS spallation source, Great Britain). 

X-ray patterns recorded for SmA 
(top) and SmE (bottom) phases of 
12BT



C
o

n
d

e
n

se
d

  m
at

te
r 

 p
h

ys
ic

s

 Research Highlights  2005 – 2006 35

Th is method, applied to the bulk sample, is sensitive to local concentration fl uctuations, in this case of 
indefi nite shape and size. Such fl uctuations are there even in pure components. Immiscible LiSPS/PC 
blends do not form a clear two-phase system, although extra scattering at very small momentum trans-
fers indicates the presence of large single phase domains. Th e latter seem to disappear above ca. 180°C. 
However, in both miscible and immiscible states, the scattering is dominated by intermediate-range 
composition fl uctuations. At ambient temperature, the analysis in terms of the Debye-Bueche approach 
requires at least a two correlation lengths approximation with a clear indication towards a possible 
distribution of correlation lengths, or even a volume fractal structure. Within the latter hypothesis, the 
resultant fractal dimensionality changes from ca 2.85 for an immiscible system to ca. 3.05 for a miscible 
blend (mean values for all studied composition).

Th e magnesium spinel (MgAl2O4) is widely used as a support material in various catalytic applica-
tions. Among many parameters controlling reactivity or stability of the supported catalysts, the oxygen 
vacancies play a prominent role. Th e stability of the oxygen vacancies is responsible for the dispersion 
of metal nanoclusters on the support surfaces and the defects diff usion determines the reactivity of 
the surface itself. We have shown that formation enthalpy of Ca, Cu, and Zn substitutions of Mg 
cation in MgAl2O4 indicates that transition metal dopants are energetically stable in the bulk at low 
oxygen chemical potential. Th e electronic (see Figure) and 
thermodynamic properties of isolated defects in ternary 
spinel show close similarities with those in binary oxides: 
MgO and a-Al2O3. Th e values of formation enthalpy of 
the oxygen vacancies are also similar in pure magnesium 
spinel and in binary oxides, but presence of impurity cati-
ons in MgAl2O4 signifi cantly lowers formation enthalpy of 
the oxygen vacancy in their vicinity. Calculated energy bar-
riers for oxygen vacancy diff usion are lower in the vicinity 
of impurity atoms in the spinel structure. Our calculations 
indicate that the charge state of doped cation is modifi ed 
by the accompanying oxygen vacancy and the vacancy dif-
fusion is more facile around impurity. Th e present studies 
suggest that point defects play an important role in diff u-
sion of oxygen vacancies in MgAl2O4. 

Slow relaxation of magnetization in a molecular nano-magnet was studied by means of the AC 
susceptibility technique. A novel single-chain magnet (SCM) behaviour was revealed by one type of 
fl uorinated Mn-porphyrin-based compounds. Th e SCM materials are composed of magnetically iso-
lated chains that can be individually magnetized in spite of lack of long range magnetic order. Due to 
anisotropy and to magnetic interactions along the chain, the relaxation time τ of magnetization is very 
long and such materials could in future be used to store information at an extreme density. Th e number 

of SCMs reported to date is limited and slow relaxation (τ ≈ 
106s) is observed only at temperatures close to liquid helium 
temperature. Relaxation, which is thermally activated accord-
ing to the Arrhenius law, is determined by the relevant en-
ergy barrier Ea and characteristic time τ0. Th e Mn-porphyrin 
compound investigated by us is a linear ferrimagnet that can 
be classifi ed as an anisotropic Heisenberg system. It is there-
fore more complex than the model Ising ferromagnet showing 
the relaxation described in 1960 by Glauber. Th e measure-
ments of the dynamic magnetic susceptibility using diff erent 
frequencies of the oscillating magnetic fi eld in the presence of 
superimposed DC magnetic fi eld allowed us to determine the 

Th e cross section of the electron density at 
the band gap induced state for MgAl2O4. 
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Ea versus DC fi eld dependence (see fi gure above) and to conclude about the mechanism of relaxation. 
Relaxation proceeds through the creation and propagation of domain walls in the form of soliton excita-
tions. From the temperature dependence of the susceptibility close to the blocking temperature the size 
of the chain segments could be estimated. 

Metamagnetism and a quasi 2D character of the bi-layered Cu2+-[W(CN)8]3–-based molecular 
magnet were explored by means of AC and DC magnetometry, heat capacity in the presence of external 
magnetic fi eld and muon spin rotation and relaxation. Th e investigated compound {(tetrenH5)0.8CuII

4[WV 

(CN)8]4∗7.2H2O}n (tetren- tetraethylenepentaamine, a nitrogen containing ligand) is a coordination 
polymer which shows unusual magnetic properties connected with its unique structure. Th e compound 
is built of CN-linked copper–tungsten anionic double-sheet layers with tetrenH5

5+ countercations and 
water molecules located between the layers. Th e thickness of the double-layers, equal to the length of 
the axial Cu-N-C-W linkage, is 5.37 Å, while the distance 
between the bi-layers is about 10 Å. At Tc = 33.4 K the 
system enters the magnetically ordered state. Th e transi-
tion is manifested with the sharp AC (see Figure, curve 
for HDC = 0) and DC (ZFC and FC) susceptibility peaks 
and a weak heat capacity anomaly with the entropy gain 
of only 15% of the expected value. Th e compound shows a 
strong easy-plane anisotropy and metamagnetism related 
to the dipolar nature of the coupling between the double 
layers. A weak applied DC fi eld of ca. 100 Oe (at T = 4.2 
K) transforms the sample to the ferromagnetic state. Th is 
state, however, is of a slowly relaxing glassy character, as a 
strong dependence of χAC on frequency is observed (see 
Figure, curves for HDC = 100 Oe). Critical exponents β 
and γ, determined from the μSR and χAC respectively are 
close to those predicted for the 2D XY system, therefore, the AC and DC sharp anomalies at Tc may be 
a signature of the Kosterlitz-Th ouless vortex-type transition. Th e clearly visible two-dimensional char-
acter makes this molecular nanomagnet interesting base for structural and magnetic modifi cations.  

Th e photo-induced magnetic eff ects (PME) were observed during investigation of magnetic 
properties of [MnR4TPP][TCNE]∗2PhMe (R=OC12H25, TPP-tetraphenylporphy rin, TCNE-
tetracyanoethylene) charge transfer salt molecular magnet. Th e study of magnetic properties of 
[MnR4TPP][TCNE]∗2PhMe and PME were performed in both static (DC) and dynamic (AC) 
modes with Lake Shore 7225 equipment using a sample probe with optical fi ber. Th e Xe lamp with 
optical cut-off  fi lters (λmax = 436 nm and λmax = 546 nm) or the He-Ne laser (λ = 680 nm) was used. 
Results of DC magnetization relaxation measurements obtained for diff erent magnetic fi elds at 4.2 K 
before and during illumination diff er signifi cantly. Both the value and the time dependence of magneti-
zation changed during illumination. Hysteresis loop measured before and during illumination was also 

found to undergo considerable change. However the 
AC measurements revealed only slight alteration in 
both components of the susceptibility. Signifi cant 
dependence of the magnetization on wave length 
of the incident light was also registered. Assuming 
the model of hierarchically constrained dynamics, 
simple theoretical description of the magnetization 
process recorded at 4.2 K was performed and the 
relaxation data were found to be consistent with the 
model.  
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Detection of Positron Annihilation in Flight.  Th e emission of two quanta in almost opposite 
directions with an energy close to 511 keV with a probability of about 99.8% is the major annihila-
tion channel for positrons implanted into a solid. Mainly, it is because the cross section for two-quanta 
annihilation in low-energy approximation is a function of inverse velocity of the positron. However, 
annihilation in fl ight with nonthermal energies is not excluded. Nevertheless, this is a rare phenom-
enon; detailed calculations point out that less than 6% and less than 1.2% of positrons emitted from 
the isotope 68Ge/68Ga and 22Na, respectively, can annihilate in fl ight. Th e main diffi  culty in detection of 
this process arises from the continuous energy spectrum of annihilation photons. In our experiment, 
we used two HpGe detectors, which allowed us to detect two annihilation photons in coincidence, and 
then arrange the data so collected in a two-dimensional histogram, as a function of both photon ener-
gies. Th e hyperbola which originated from the positron annihilation in fl ight is well visible.

Deuteron NMR spectra and relaxation for ammo-

nium ion isotopomers. Studies of molecular mobility are 
among classical applications of NMR spectroscopy. NMR 
spectra and relaxation provide a sensitive tool of getting in-
formation about molecular dynamics. A detailed study of 

molecular reorientations is based on their specifi c averaging eff ects on the spectra, which refl ect specifi c 
transformation properties of the respective spin interactions. Th e isotope substitution, i.e. observation 
of both hydrogenous and deuterated systems allows one to make use of characteristic features of the 
spin interactions. Th e dipole-dipole interaction of nuclear dipole moments couples all spins in the am-
monium ion. Th e quadrupole interaction of a nuclear quadrupole moment with an electric fi eld gradient 
has a single particle character and is characterized by a much larger coupling constant. Th e deuteron 
NMR spectroscopy was found therefore particularly suitable for studying molecular motions. Partially 

deuterated ammonium ions open a new fi eld in 
studies of molecular mobility and crystal struc-
ture. Depending on the deuteration rate the sam-
ple contains NH4

+, NH3D
+, NH2D2

+, NHD3
+ 

and ND4
+ ions with relative abundances given 

by the binomial distribution of hydrogen and 
deuterium. All isotopomers carrying deuterons 
contribute characteristic deuteron NMR spectra 
when rotational tunnelling was assumed.

Diverse mobility of NH3D+ ions.  Th e deuteron spectra of NH3D
+ supply unprecedented in-

formation about ammonium ion mobility as seen by a single deuteron spin. For example in the case of 
ammonium perchlorate at low deuteration NH3D

+ ions perform either jumps about C3 axis or lim-
ited jumps while depending on temperature some remain rigid. Very low values of activation energies 
were derived from the temperature dependence of their contributions to the spectra, which indicate an 

2D histogram resulting from the coincidence measurement of 
almost collinear photons (i=180°) emitted from a 68Ge/68Ga 
positron source, located in the middle between the detectors. 
Positrons were stopped in copper. Th e counts are colored on a 
gray scale from 0 (white) to black (6 and more) per bin on a 
linear scale.

Deuteron NMR spectrum for powder sample of 
NH4(1–d)D4dClO4  deuterated at d = 0.3.
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incoherent tunnelling as the dynamic process behind diversity related to the stochastic nature of the 
perturbation by phonons. Th e spectral components in the shown spectrum refer to tunnelling NH2D2 

+ 
(pagoda) and NH3D

+ rigid or performing limited jumps (two outer doublets respectively) and reorient-
ing about a C3 axis, which contribute to the inner doublet, related mainly to tunnelling NHD3

+ ions, 
making it stronger than expected.

Eff ects of level-crossing (LC) of Zeeman and tunnelling levels in the proton relaxation.  It was 
found already a long time ago that even a very low deuteration leads to a signifi cant, namely by orders 
of magnitude, increase of the proton spin-lattice relaxation rate at low temperatures, as eg. indicate re-
sults presented here. Th e explanation remained quite quantitative, although it was understood that the 
origin lies in the higher mobility of NH3D

+ ions. A deeper insight into the proton relaxation processes 
in partially deuterated ammonium compounds was recently gained. Th e model introduces two kinds of 
LC minima: one kind involves proton tunnelling splitting for NH3D

+ ions when deuteron remains sta-
tionary (experimental procedure dependent relaxation minimum), the other one refers to NH3D

+ ions 
jumping in space. Both are seen on the background of LC ob-
served for NH4

+ ions. A three step process of energy transfer to 
the lattice explains the proton relaxation in the NH4

+–NH3D
+ 

manifold.

Contribution of NH3D+ ions to the relaxation.  Deuteron spin-lattice relaxation rate was studied 
both theoretically and experimentally in polycrystalline samples of ammonium hexachlorotellurate 
with deuteron concentrations  5%, 15%, 30%, 50%, 75% and 100 % (results are shown in fi gure for 
respective deuterations from the top down). A common maximum was observed in the range of isotropic 
reoarientation at high temperatures. At low temperatures maxima in the relaxation rate appear at LC’s, 
where the deuteron resonance frequency equals one of the proton tunnelling splittings for NH3D

+ ions. 
Experimental results are explained by the above model 
(maxima at higher deuterations below about 25K) and 
by so-called limited jumps at lower deuterations, shown 
as fi ts. Limited jumps mean a restricted rotation of the 
ammonium ion in such a way that the nitrogen-hydrogen 
bonds make always a small angle with the nearest nitrogen-
tellurium direction. Our interpretation of relaxation rates 
agrees with the details of deuteron NMR spectra.

Th e Fe/FeSi multilayers may provide new opportunities in material science and technology, if the 
orientation of magnetization in metallic Fe layers could be controlled by the actual multilayer composi-
tion. It has been shown that coupling between magnetic layers of Fe decreases with increasing thick-
ness of FeSi layer, but a systematic study of the dependence of the multilayer magnetic structure on its 
composition is missing until now.We have investigated in a systematic way the magnetic structure and 
the eff ective coupling between iron layers in the Fe/FeSi multilayers, depending on the thickness of both 
Fe metallic layer and of FeSi semiconducting spacer. Th e electronic structure calculations were carried 

Relaxation measurement by the method 90-t-90 for the nondeuter-
ated (open circles) and 10% deuterated (fi lled circles) ammonium 
hexachlorotellurate. Result obtained by  SS-t-90 method is shown by 
the triangle.

Deuteron relaxation rate in diff erently deuterated polycrystal-
line ammonium hexachlorotellurate samples.
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out with DFT code as implemented in the VASP 
package, using the generalized gradient approxima-
tion (GGA) with projector augmented wave (PAW) 
pseudopotentials. By comparing the systems of dif-
ferent size, we have established that the coupling 
between iron layers is preferably AF, as long as the 
number of atomic layers in FeSi layers does not ex-
ceed 11, i.e., 6 Si ML and 5 Fe ML. Since the results 
are based on pure and ideal crystal structure, this 
may indicate that no impurity mechanism (like, for 
instance, iron bridges) are necessary to explain the 
AF coupling present in this system.

Th e iron surfaces were simulated with fi rst-principles calculations based on spin-polarized den-
sity functional theory (DFT) using a repeated slab geometry. Two slab systems with (100) and (110) 
orientations of bcc structure were considered. In the course of structural relaxation all atomic positions 
and lattice spacings were optimized. Surface anntoms on Fe(100) and Fe(110) are diff erently coordi-
nated, which results in diff erent surface relaxation refl ected in the fi rst interlayer spacing and in diff erent 
magnitude of surface magnetic moments. We obtained both systems ferromagnetically ordered with 
identical magnetic moments at the central layer (nC=2.28nB) and higher magnetic moment at the sur-
faces (nS

100 = 2.98nB, while nS
100 = 2.59nB). Simulated structures are dynamically stable without any soft-

mode behaviour. Th e ranges of phonon frequencies in both spectra are similar, however this for S110 
reaches slightly higher values. Th e in-plane phonon densities of states are presented layer by layer in 
the fi gure. Upper lines for both systems illustrate surface phonon states. Both of central layer contribu-
tions – especially this for S110 – resemble in their shape the total phonon DOS of bulk bcc Fe denoted 
with the fi lled contour. For the (100) surface phonon states compose a peak at about 3.3 THz com-

pletely separated from other ones, while those 
for (110) spread out nearly in the whole interval 
of the spectrum. Th e origin of this signifi cant 
diff erence could be traced back to the neighbor-
hood of the surface atoms and to the loss of 
bulk nearest neighbors (NN) and next nearest 
neighbors (NNN). Indeed, in the (110) surface 
each Fe atom has four neighbours at a 3 2bcc

, whereas on (100)-Fe surface each atom has 
also 4 neighbors but at abcc distance. Additional-
ly, atoms in the (100) surface are missing 4 NN 
and 1 NNN instead of 2 NN and 2 NNN for 
the (110) surface, which causes that atoms on 
the (110) surface are stronger bounded and in 
consequence have higher vibration frequencies 
than those on the (100) surface.

Th e origin of the superconductivity in PuCoGa5 with the highest critical temperature Tc=18.5 
K among f-electron compounds, is a challenging problem in the modern condensed matter theory. In 
order to answer whether the transition temperature Tc could originate from the phonon mechanism 
of pairing, ab initio calculations of the electronic properties and lattice dynamics are necessary. Th e 
electronic structure calculations performed here within the generalized gradient approximation with 
fi nite on-site Coulomb repulsion U and Hund’s exchange J (GGA+U method) have shown that good 
agreement between the calculated and experimental geometries is obtained for U b 3.0 eV and J b 0.7 
eV. Next, we performed an investigation of lattice dynamics in PuCoGa5 using the direct method which 
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makes use of the ab initio input. Strong dependence of the phonon spectra on the parameters U and J 
has been shown, and we made predictions for future inelastic x-ray scattering experiments. Indeed, the 
observed phonon spectra confi rmed them – also the phonon frequencies are in good agreement with 
those calculated for U b 3.0 eV and J b 
0.7 eV. In order to estimate the electron-
phonon coupling constant m, we computed 
in R partial contributions due to individual 
phonon modes at k = 0 (at the C point). 
Averaging over all optical modes leads to 
an estimated value of m ~ 0.7. It gives Tc b 
7.4 K, when supplemented by an average 
phonon energy G~H=212 K, and a repre-
sentative value of the eff ective Coulomb 
repulsion n* = 0.1. Although further in-
crease of Tc could follow from large eff ec-
tive mass, this value does not suffi  ce to ex-
plain the observed value of Tc and suggests 
that electronic interactions also play a role 
in the pairing mechanism in PuCoGa5. 

Although a technological progress in preparation of epitaxial fi lms with the monolayer preci-
sion makes the growing of the Fe/Au structures feasible, the formation of the multilayer consisting of 
alternating Fe and Au monolayer is still problematic. Using the fi rst principle methods we have found 
several  Fem/Aun (m,n < 4)  structures with minimal ground-state energy and we have calculated the 
phonon dispersion relations, and the phonon density of states spectra for them. Th e calculated phonon 
density of state spectra showed to be very sensitive to the multilayer structures, as illustrated in the fi g-
ure. For multilayers with single Fe or Au monolayer the imaginary vibration frequencies (soft modes), 
which characterize the unstable structures, were found. To obtain the stable confi guration, relaxation of 
atomic positions,which in consequence changes volume and symmetry of primitive cell, is required. Th e 
multilayers with thicker Fe layers are stable, since they possess only positive vibration frequencies.

In 1939 Vervey discovered a phase transition in cubic magnetite by observing a discontinuous 
drop of the electrical conductivity at TV = 122 K, suggesting the metal-insulating transition. He ex-
plained it by reduction of electron mobility caused by ordering of Fe3+ and Fe2+ ions below TV. Over 
60 years research has been carried to prove the charge ordering of the Fe ions, and the reports were 
defi nitly contradictory. Moreover, diff raction measurements show undoubtedly that addtionally below 
TV the lattice deforms from cubic to monoclinic with doubling of one of lattice parameter, what further 
complicated the picture of charge ordering. We establish the origin of the Vervey transition in Fe3O4 
by combining ab initio results for the electronic structure and phonon spectrum with the group theory. 
We identifi ed two primary order parameters with X3 and D5 symmetries. Th ey induce the phase trans-
formation from the high-temperature cubic to the low-temperature monoclinic structure. Th e X3 order 
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parameter, due to very strong electron-
phonon coupling, combines the phonon 
displacement with tremendous changes 
in the electronic structure of magnetite. 
Th ese changes are accompanied by the ap-
pearence of an energy gap close to Fermi 
energy, causing the metal-insulator phase 
transition. Quantitatively, this eff ect needs 
to consider the on-site Coulomb interac-
tion U between 3d electrons at Fe ions. 
Th e other order parameter, D5, has rather 
a phonon-like character and is responsible 
for doubling of crystallographic unit cell 
along the four-fold axis. Th e necessity of 
interplay between these two order param-
eters explains the sixteen years discussion 
whether the charge of order, or phonon be-
haviour is responsible for the Vervey phase 
transition. In fact we proved that both 
modes are simultaneously needed to cause 
the Vervey phase transition .
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IV. DIVISION  OF  THEORETICAL 
PHYSICS

Research in Th eoretical Physics at IFJ PAN has covered (A) theoretical particle physics at subnu-
clear very short distances, driven by the highest energy accelerator ex periments, (B) theoretical particle 
and nuclear physics at the fermi distances, (C) the applications of the particle and nuclear physics to 
theoretical studies in astrophysics and cosmology (including gravity), (D) and finally selected theoreti-
cal studies of phenomena within the atomic and molecular distances. Th e main aim of the research in 
the areas (A)–(C) is to improve our understanding of the fundamental structure and history of the 
Universe, while research in area (D) may have practical implications. 

(A) Research activity in theoretical particle physics has concentrated on the exploration of funda-
mental interactions and the structure of matter at the shortest distances accessible in the high-energy 
accelerators. Most important part of theo retical research has been related to the very attractive and 
important experiments that will start in 2007 at Large Hadron Collider (LHC) at CERN. LHC may 
discover the Higgs particle, supersymmetry, and will provide much more precise picture of the Standard 
Model or, perhaps, will provide solid evidence to disprove it. For the above very am bitious program of 
analysing the forthcomming experimental data one needs much more accurate predictions in a form of 
theoretical perturbative calculations both within the Standard Model of the strong and electroweak cor-
rections as well as beyond the Standard Model. In addition, a much better modelling of the non-pertur-
bative phenomena, mainly in the sector of the strong interactions will be also required. More theoretical 
research of similar type has been done, related to other operating and future exper iments at high energy 
colliders, such as Tevatron, HERA, RHIC, ILC and lower energy colliders (B-factories, K-factory). 
Th ese experiments probe a wide range of properties of fundamental interactions and structure of the 
matter within a wide range of subnuclear scales. In a vast part, the results of the above mentioned theo-
retical research are now available as state-of-the-art Monte Carlo (MC) simulation programs, which 
are extremely useful in confronting theoret ical predictions with experimental data from the accelerator 
experiments. Over the years, this kind of calculations has become a speciality of the research teams in 
the Th eory Division, well known and appreciated worldwide. 

Th e developement of new Monte Carlo techniques for simulating multiparton (quark and gluon) 
emission, in the form of newly developed and tested Monte Carlo programs such as EvolMC and CMC, 
will be presented below. However, the range of the MC programs developed within last two years is 
much wider. Th e older MC program TAUOLA for modelling tau lepton decay was refined and devel-
oped further by adding a better matrix element for five pion decay. Another MC program, PHOTOS, 
for photon emission from any charged particle was cross-checked and upgraded to next- to-leading pre-
cision level. Th e newly constructed programs WINHAC and ZINHAC for production of electroweak 
bosons W and Z were further developed. Th ey feature multiple photon effects in the W and Z decays 
and are interfaced to the existing parton shower MC programs. In addition, some of the researchers 
of the Division were en gaged in the developement of a more traditional parton shower HERWIG++, 
which is now being rebuilt within the Object Oriented Programming approach. Important milestones 
were reached in this project. Also, the well known and developed technique of calcu lating exact multi-
parton amplitudes was pushed to new limits. Production of multiple partons (including massive ones) 
with the complete hard parton phase space (for LHC and ILC) were calculated using exact matrix 
element of QCD and electroeeak lagrangian for up to 8–10 partons (HELAC and PHEGAS Monte 
Carlo projects). For these processes, new more efficient techniques of the MC integration of the phase 
space were developed. Th ese processes will play an important role as a background processes for Higgs 
boson production at LHC. Within this project, new recursive methods of cal culating one-loop correc-
tions to the above multiparton distributions were also worked out. On the other hand the universal 
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Monte Carlo simulator FOAM and its simplified version mFOAM were respectively upgraded and 
constructed [110]. 

Electroweak Physics has been traditionally an important part of research activities in the Division. 
In particular, the pure electroweak corrections, calculated up to two-loops, to electroweak mixing angle 
were consolidated and applied to fits of the Standard Model to all existing data leading to better predic-
tion of the Higgs mass. Properties of spin amplitudes were studied for t-channel W exchange for neu-
trino pair production. Special attention was paid to the separation of amplitudes into gauge invariant 
parts. Such properties may prove useful for construction of the soft-resummed cal culations, and serve 
as a guide in resumming collinear logarithms in the parton shower MC algorithms. In a series of dedi-
cated papers measuring CP of charged Higgs using lepton tau decay was shown to be feasible. In this 
context a lot of interesting research was also done on the CP violation in the decays of heavy B-hadrons 
into tau-lepton [110]. 

(B) Collisions of ultra-relativistic heavy ions have become one of the main research interests in the 
Division, since they are a major source of information on particle and jet production and interactions, 
as well as on phases of the hadronic matter. Complex multi-particle systems, which have to be de scribed 
starting from the high-energy perturbative QCD regime through hadronic physics down to nuclear 
phenomena pose a major challenge. Th e main research activity on heavy-ion colli sions was focused 
on hydrodynamical studies of the hadronization process as well as on extending statistical approach to 
studies of the particle correlations, which provide more information on the process than the one-body 
observables. A major effort and accomplishement was the creation of publicly available codes SHARE 
and THERMINATOR, implementing the statistical approach to particle production. Th ese codes im-
plement the thermal production of particles and allow for detailed studies of the particle multiplicieties 
and the dynamics the collision, including correlations and fem toscopy. THERMINATOR numerical 
program has been used to study such phenomena as the Hanburry-Brown-Twiss (HBT) interferome-
try, including the exact treatment of the Coulomb effects. Th e HBT data from RHIC experiments were 
found to be fully compatible with the single freeze-out scenario. Transverse momentum fluctuations 
have been analyzed event by event. Scaling of the strength of the fluctuations with the inverse number 
of particles was found in the existing heavy-ion data. Th is scaling can be naturally explained by the for-
mation of clusters containing several particles. In addition, a new constraint on the thermodynamical 
freeze-out parameters from the charge balance functions in azimuthal angle has been proposed [208]. 

Strong and electroweak phenomena at the fermi distances, including wide range of hadron spec-
troscopy has attracted a lot of research attention in the Division. Let us review main activities in this 
area: (a) Decays of the B-meson, which provide very accurate information on both the weak and strong 
interactions were studied. Other valuable information was deduced from the hyperon decays. Studies 
in this subject were done on general grounds, by using symmetries and current algebra, as well as with 
the help of simple hadronic models. In particular, the contributions of the strong interactions between 
two pions in S- and P-waves to the weak B " rrK decay amplitudes have been studied. Th e interplay 
of strong and weak decay amplitudes has been analyzed. Th e weak B-decay amplitudes, obtained from 
the QCD factorization, have been implemented, together with long-distance terms called charming 
penguin contributions. Interesting interference effects between the S- and P-waves have been found by 
comparison of theoretical predictions with the experimental data from the BaBar and Belle collabora-
tions. Th e proposed model describes successfully the branching ratios, effective mass distributions, large 
direct CP-violation for the B K0" t! !decays and the time-dependent CP asymmetries in both the 
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decays. (b) In the multiparticle hadronization process new 

concepts of applying thermodynamical picture of the interacting hadron (Wigner function, the Renyi 
entropy) were developed and tested. Th eory of the Bose-Einstein effect in the pion-pair production was 
revisited and improved. (c) Modelling of the lepton tau decay into multiple pions, in particular into fi ve 
pions was improved in the TAUOLA Monte Carlo library. Th is library is the best and the most used for 
theoretical description of the tau lepton decays in all high energy experiments. (d) NLO contributions 
were introduced for decays of heavy hadrons into pair of scalars and to leptonic decays of Z-boson. (e) 
Chiral quark models have been used in a hitherto unexplored regime, namely, to predict the pion and 
photon parton distribution amplitudes and the pion transition form factor. Th e "r c c) ) 

 
amplitude 

has also been analyzed in the framework of radial Regge models. Th e pion distribution amplitude was 
found to be constant at the low quark-model scale Q0, where the QCD radiative corrections are absent. 
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Th e leading- and higher-twist distribution amplitudes and light-cone wave functions of real and virtual 
photons have been analyzed in a variety of chiral quark models, including the instanton liquid model. 
Th e leading-twist distribution amplitudes of the real photon defined at the quark-model momentum 
scale have been found to be almost a constant in the x variable. (f ) Th e rr amplitudes in the S, P , D, 
F and G waves with isospin 0, 1, and 2 have been constructed and fitted to experimental data in the 
two pion effective mass range from the threshold to infinity. It has been checked that they quite well 
fulfill forward dispersion relations (FDR) and Roy’s equations. Th is fulfillment has been significantly 
improved by a simultaneous fit of our amplitudes to experimental data, FDR, and Roy’s equations. Th e 
amplidudes obtained in such a way, very well reproduce the spectrum of mesons for the considered 
partial waves below 1.4 GeV, and their low-energy behaviour is consistent with predictions of the Chi-
ral Perturbation Th eory. (g) Description of the production of the low energy resonant hadronic final 
state at the low energy electron-positron colliders in the so-called radiative return process, that is with 
the emission of the hard photon, was improved by adding and testing higher order QED corrections 
(KKMC). Results achieved from such a measurement are extremely valuable for the precision measure-
ment of the muon anomalous moment. (h) In the theory of the nuclear matter a detailed modelling of 
the neutrino reactions was performed. With present-day computers it was possible to carry out techni-
cally complicated but theoretically appealing symmetry-conserving calculations generalizing the Bruck-
ner-Hartree-Fock approach. In particular, the conserving linear response for dressed nucleons has been 
calculated for different spin–isospin dependence of the residual interaction, leading to a range of very 
different response and collective excitations in dense medium. Effective interactions in nuclear matter 
have been studied in perturbative and resummed schemes showing their usefulness except close to the 
onset of pairing. In the ladder approximation the thermodynamic quantities have been calculated for 
the first time. Th e entropy comes out close to the Fermi gas result, provided that the nucleons have the 
self-consistently modified mass [208] [110]. 

(C) Exploration of the applications of the particle theory to astrophysics has been mainly focused 
on: (a) Studies of dark matter, (and possible alternative scenarios accounting for increased gravity), in 
particular, looking for observational arguments in favour (or against) the presence of dark matter at 
galactic scales. (b) Following recent interest in the generally-relativistic solutions of the galactic dark 
matter problem, a general problem of axially symmetric asymptotically flat space-times of van Stockum-
Bonnor type, corresponding to rotating cold dark matter “dust” has been studied. (c) Th e Cooper stock’s 
method of finding the mass from rotation curve was refined by iterating spectral method to reconstruct 
mass distribution of spiral galaxies. (d) In the field of neutron star and pulsar astrophysics a new algo-
rithm to solve numerically the pulsar equation was developed and the complete magnetosphere was cal-
culated with Scharlemann-Wagoner boundary conditions. (e) In the dense neutron stars the neutrino 
emissivity from neutron star matter with neutral kaon condensate was shown to lead to the opening of 
a new cooling channel. (f ) It was shown that the 4+1 dimensional vacuum Einstein equations admit 
gravitational waves with radial symmetry leading to a collapse and type-II critical behaviour [111]. 

(D) Mathematical methods of physics fi nd applicatons also in the studies of electron cascades de-
veloping in irradiated molecular samples. Th ese studies have implications in biophysical sciences. A 
statistical approach to describe the evolution of irradiated samples based on the coupled Boltzmann 
equations was proposed for the transport of electrons, atoms, and ions within the sample. Th e equations 
include electromagnetic force acting on ions and electrons and collision terms describing collisions and 
photoabsorption. A qualitative agreement of the average charge density and absorbed energy with the 
experimental data was achieved [208]. New algebraic methods in quantum physics were also developed. 
A general framework, applicable to a broad class of the ordering problems of noncomuting operators 
has been developed. It exploits the fact that the coefficients emerging in the normal ordering procedure 
appear to be specifi c natural numbers which have their origin in combinatorial analysis. In the simplest 
case of powers or the exponential of the number operator N = a@a these are Stirling and Bell numbers 
which enumerate partitions of a set. Th e general methodology con sists in identifying the problem with 
combinatorial structures and then resolving it on this basis. Th e solution may be found with the help of 
the Dobiński formula which proves to be a very effective tool and, moreover, it applies to a wide range 
of ordering problems. Th e normal ordering problem for boson operators provided by the powers and 
exponentials of (a@)r a and (a@)r as with r and s integers was solved. Th e method applies to the ordering 
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of general operators linear only in the annihilation (or creation) operator, i.e. q(a@)a + v(a@) where q(x) 
and v(x) are arbitrary functions. Th e above methodology gives a wealth of com binatorial identities for 
sequences involved in the result including their deformations [112]. 

In the following we shall present in a greater detail the selected most important achievements of the 
research activity of Division of Th eoretical Physics during the last two years: 

(i) New non-Markovian Monte Carlo algortihm for the initial parton shower; 
(ii) Color dipole picture in the limit of large number of colours; 
(iii) Resolving contradictions between Gell-Mann’s and Zweig’s quarks in hadrons; 
(iv) Hydrodynamic evolution of matter in ultrarelativistic heavy-ion collisions; 
(v) Clustering scale of dark matter; 
(vi) Vacuum gravitational collapse in 4 + 1 dimensions. 

Although the main aim of LHC and other colliders with hadron beams is a better understanding of 
the electroweak forces and its extension beyond the Standard Model, these accelerators collide hadrons 
which at high energies act as the stream of loosely correlated colored quarks and gluons (partons), 
with only one pair of them ini tiating interesting hard process. Such streams of particles also occur in 
the final states. Th e interesting short-distance physics will have to be disentangled very precisely from 
the complicated coherent interactions of many colored partons, taking into account their distributions 
within the initial hadron (measured independently in the lepton-hadron scattering). In principle this 
can be done within Quantum Field Th eory of the color forces, Quantum Chromodynamics (QCD), 
using the perturbative approach, with an arbitrary precision. However, due to immense complications 
of the calculations, the progress is slow. Hence, attaining the precision level required for LHC calls for 
new calculation techniques and a lot of dedicated effort. Several theoretical studies were done in this 
direction at IFJ PAN. 

Th e entirely new range of MC methods for calculating shower of partons (quarks and gluons) from 
the initial hadron beam have been designed both for zero and non zero transverse momenta of the partons. 
Two lines of such MC algorithms were con structed and tested, one of the forward Markovian type 
and the other one, named “constrained MC” (CMC), of the non-Markovian type. Th ey were tested 
one against the other as well as against other existing non-Monte Carlo programs, with the precision be-
low 0.1%, as shown in Fig. 1. Such precision is by unprecedented factor of 20–50 better than anything 
ever achieved in the area of the MC modelling for QCD. In particular, a for ward Markovian Monte Car-
lo algorithm of solving the QCD evolution equations at the next-to-leading order has been constructed 
and compared with the solutions obtained with other methods. Th e other proposed algorithm – the 

constrained Markovian MC algorithm 
– allows for controlling the energy and 
the type of the partons at the end of 
the cascade. Th is is a crucial property 
in the case of resonant processes, like 
the production of W/Z boson. Until 
now the only way of controlling these 
parame ters was through the so called 
“backward evolution”, based on pret-
abulated external information about 

Fig. 1. CMC versus Markovian MC for 
quarks; number of quark-gluon transi-
tions n = 0, 1, 2, 3, 4 and the total. Th e 
ratio in the lower plot is for n = 0, 1 and 
the total ( b lue) .
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the evolution. Th e proposed method of constrained MC bypasses this lim itation and opens new direc-
tions in perturbative modelling in QCD. Th ese new MC programs/algorithms are intended to become 
components of a future large MC project for W/Z boson production in LHC experiments. Here, the 
main objective is to combine, in the next step, the perturbative contributions resummed to infi nite order 
with the fi xed order perturbative corrections. Th e precision the QCD calculations required for LHC 
may appear attainable only through this technique. Th e above research is in some aspects of a pioneer-
ing type, opening new areas in the methodology of the QCD calculations [110].

Dedicated eff ort was put into the area of modelling showering of the hadron into relatively soft par-
tons, carrying 1/100 or less of the hadron momentum, in terms of colour dipole picture in the limit of 
large number of colours. Distributions of such partons are of great interest for LHC since multi-TeV 
hadrons can produce massive objects with the help of such soft partons.  Moreover, such soft partons, 
especially gluons are produced copiously – they interact among themselves in a nontrivial way and they 
act coherently leading to all kind of bizarre fi nal state patterns (gaps) and to nontrivial behaviour of 
the total cross section. It is therefore not surprising that modelling these eff ects keeps attracting a lot 
of attention, especially for hadron-lepton scattering process. In particular, it has been demonstrated 
that the universality class of the stochastic Fisher-Kolmogorov equation can provide useful picture for 
these phenomena. Th e detailed analysis of the relation between mean fi eld and stochastic descriptions 
of high energy scattering was done. Th e breaking of the geometric scaling was reproduced and quanti-
fi ed in terms of diff usive scaling. In the framework of the Balitsky-Kovchegov equation, the limiting 
fragmentation in the proton-proton, deuteron-nucleus and nucleus-nucleus collisions has been ana-
lyzed and good agreement with experimental data has been obtained for a wide range of energies. Th e 
relationship of “physical” parton densities within the kT-factorization to those in the minimal subtrac-
tion scheme was analyzed. It was found that small-x resummation eff ects are sensitive to the quark-
gluon mixing. Th e eff ective Hamiltonian, which governs the renormalization group fl ow of the gluon 
distribution with the increasing energy in the leading logarithmic approximation, was constructed. It 
defi nes a two-dimensional fi eld theory which involves two types of Wil son lines: longitudinal Wilson 
lines which describe gluon recombination (or merging) and temporal Wilson lines which account for 
gluon bremsstrahlung (or splitting). It describes both the high density regime without gluon number 
fl uctuations and the diluted regime where gluon recombinations are unimportant. It is consistent with 
the color dipole picture in the limit of large number of colours. Th e colour dipoles are quark-antiquark 
pairs radiating many soft gluons, with the evolution describing the splitting of such a dipole into two 
[208] [110].

Recent theoretical research in the Division of Th eoretical Physics contributed to resolving con-
tradictions between Gell-Mann’s and Zweig’s approaches to quarks in hadrons. In 1964, independ-
ently of each other, Murray Gell-Mann and George Zweig proposed quark model as a basis for the 
description of hadrons. Th e two approaches were similar but not identical. In the Zweig’s approach the 
symmetries observed in the hadron spectrum were explained by the existence of quarks out of which 
hadrons were built (the “constituent” quarks). In the approach of Gell-Mann relevant symmetry was ap-
plied to quark interactions (i.e. to the so-called ”current” quarks appearing in interactions).

At about the same time problems related to quark description of hadrons emerged in two-body 
weak decays of hyperons with emission of either pions or photons. De cays with pion emission (pionic) 
proceed through weak interactions and occur much more often than the photonic ones. For pionic de-
cays data were gathered already some forty years ago. Th eir main features were succesfully described by 
the theory. Decays with photon emission involve both weak and electromagnetic interactions and are 
one thousand times less frequent. Th ey were diffi  cult to detect and even more diffi  cult to understand 
theoretically. It turned out later that the origin of the problems was that the above two theoretical ap-
proaches were incompatible with each other. Furthermore, while the pionic and photonic decays should 
be related to each other, the proposed re lationships led to predictions for photonic decays which gener-
ally were in disagreement either with very basic theoretical concepts or with incoming experimental 
results. Con sequently, since late sixties until most recently the photonic decays have been attracting 
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much interest of both theorists and experimenters. Th e fi nal solution of all the problems encountered 
was made possible through a series of theoretical and experimental steps.

First, in 1995, as a result of work in our Division it was theoretically predicted that the angular 
asymmetry for one particular type of photonic decay (Ξ0 " Λγ) should be large and either positive or 
negative. Later, it was shown that these two possibilities correspond to the Zweig’s and Gell-Mann’s 
versions of the quark approach to hadrons. In 2004 NA48 CERN experiment measured this asym-
metry to be large and negative. Consequently, low-energy experimental results could clearly distinguish 
between the Zweig’s and Gell-Mann’s approaches and indicate that the latter is the correct one.

Finally, recent (2006) theoretical work in Th eory Division provided the much sought joint descrip-
tion of both pionic and photonic decay in one consistent scheme, built upon the Gell-Mann’s concepts. 
Th us, thanks to this theoretical work, one of the original versions of the quark model has been fi nally 
falsifi ed [208].

Hydrodynamics is a natural and fundamental description of the time evolu tion of hot and dense 
matter produced in relativistic heavy-ion collisions. Its main advantage is the capability of including 
the phase transition, where quarks and gluons hadronize. In the Th eory Division a new and effi  cient 
ap proach to relativistic hydrodynamics has been developed. It is based on reformulation of the ap-
propriate diff erential equa tions in such a way that the sound velocity in medium is the only input 
characterizing the properties of matter. Th e proposed form of the sound velocity includes the non-
trivial depen dence on the temperature, implied by the presence of the cross-over phase transition, and 
has been adopted from the recent lattice gauge calculations. Th at way the most realistic and up-to-date 
parameterization of the medium properties is used. Th en, the problem of evolution of matter created 
in relativistic heavy collisions has been solved for the case of azimutally asymmetric and boost-invariant 
expansion which allows making predictions for the elliptic fl ow of hadrons (see Fig. 2). Th e appearance 
of this phenomenon is a major signature of the creation of the quark-gluon plasma. With the help of the 
experimental hyperon data, the most likely shape 
and fl ow profi le of the system has been deter-
mined at the moment of freeze-out. Th e proposed 
successful description is an argument in favour of 
early formation of locally thermalized system ex-
hibiting strong collective expansion. [208].

Dark matter is the highest priority issue on the astroparticle physics agenda. Search for dark matter 
particles is a very active fi eld of research with a number of experiments already runing and many more 
under development. Knowledge of the dark matter con tribution to spiral galaxy masses is crucial in 
choosing optimal strategy in developing dedicated experiments.

A new method of reconstruction of masses of spiral galaxies from the astronomical data on 
their rotation curves developed in the Th eory Division suggests that the dark matter contribution 
to spiral galaxy masses is much smaller than found previously.

It is known that the Universe consists of 22% of cold dark matter particles (in terms of gravitating 
energy) whereas normal baryon matter contributes only 4%. Th e actual ratio of dark matter particles 
to baryons in our Galaxy is of high interest, as it indicates the clustering scale of the dark matter. Th e 
measurement of total dynamical mass of spiral galaxies, from analysing their rotation curves, can give 
reliable estimate of the dark matter contribution, hence information about clustering scale of dark mat-
ter particles.

Fig. 2. Hydrodynamic evolution of matter created in 
ultrarelativistic heavy-ion col lisions: isoterms of the 
boost-invariant system in the transverse size - time 
space.
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A new method, referred to as iterative spectral method of reconstruction of spiral galaxy masses, 
is based on Newton gravity and disk geometry of spiral galaxies. In previous models, large dark matter 
contribution was obtained by assuming from the beginning that baryon matter is immersed in a spheri-
cal halo of the dark matter, whose parameters are found by fi tting observed rotation curves. Using new 
method it was found that such a model is not justifi ed by observational data. For a number of galaxies it 
can be shown that spherically-symmetric halo is absent, and one should consider disk-like distribution 
of matter.

Th is new method adopts powerfull spectral decomposition of rotation curves in a complete set of 
Bessel functions, which allows one to solve precisely the so-called inverse problem. Th e main uncer-
tainty stems from the fi nite extension of the rotation curves which do not comprise the outskirts of 
galaxies. An iterative procedure was developed to overcome this diffi  culty, provided a measurements of 
hydrogen distribution outside the range is available.

In Fig. 3a the high resolution rotation curve of spiral galaxy NGC 4736 is shown (cirles). Th e solid 
curve correponds to fi nal iteration with all data points accounted for. Th e solid curve beyond the data 
is the prediction, which could be tested in future observations. Th e reconstructed total disk mass den-
sity is shown in Fig. 3b. as a solid curve, black dots correspond to hydrogen density and open symbols 
show luminosity density in V, B and I bands (see Fig. 3c). Th e comparison of the mass distribution in 

the galactic disk with the light curve of a galaxy 
shown in Fig. 3c is very important. Th e local value 
of the mass-to-light ratio, which is 3a crucial pa-
rameter determining the presence of dark matter, 
is deduced. Values of the plotted parameter. above 
2 indicate the presence of dark matter. (Spiral 
galaxies composed of stars with usual mass dis-
tribution have this parameter is in the range 1–2 
for the infrared band I.) Th is new analysis has 
reduced the mass of NGC 4736 galaxy by about 
70% making its dark matter contribution negli-
gible. Th e above result holds also for a number 
of other spiral galaxies. Even more striking reduc-
tion of dark matter contribution is found for low 

surface brightness galaxies, which were thought to be dark matter dominated with previous models. 
Here, the mass-to-light ratio is in a similar to that for high surface brightness galaxies discussed above. 
Th is results point towards a rather small contribution of dark matter to galaxy masses and local density 
of dark matter particles to be smaller than previously thought, with the clustering scale of dark matter 
particles exceeding signifi cantly galactic size of tens of kiloparsecs [111].

Fig. 3a. Fig. 3b.

Fig. 3c.
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One of the main goals of current studies in general relativity is to prove the cosmic censorship 
conjecture. Th is conjecture holds that a physically realistic generic gravita tional collapse cannot result 
in a naked singularity. It would be most interesting to assert that this is true in the vacuum, however 
with current analytical techniques the problem seems tractable only for spherical symmetry. In this case 
Birkhoff ’s theorem holds and gravitational fi eld must be static. Th us, in order to generate spherically 
symmetric dynamics one has to couple matter fi elds.

It has been demonstrated that – at the price of going to 4 + 1 dimensions – one can have gravi-
tational collapse of pure gravitational waves with radial symmetry, hence the Birkhoff  ’s theorem 
can be evaded. Th e idea is very simple and is based on the fact that the geometry of the three-sphere S3 
has the property that one can break the isotropy but still have a homogeneous space. Th is happens as 
follows. Th e group of rotations acting on S3 in Euclidean space has a subgroup G3 acting simply tran-
sitively on the three-sphere. Th us, in 4+1 dimensions it is consistent to consider spacetimes with the 
metric of the form:

 , , , ,ds U t r dt V t r dr L t rk k

k

2 2 2 2 2

1

3

=- + + v
=

^ ^ ^h h h!  

where vk are three one-forms invariant under G3.
Th e metric functions Lk(t, r) are the three principal curvature radii of the squashed three-sphere. If 

all three Lk are equal we recover the standard spherically symmetric ansatz for which Birkhoff  theorem 
applies. However, if Lk are diff erent we will obtain nontrivial vacuum solutions with gravitational radia-
tion.

Th e system of equations resulting from the above ansatz for the metric has been studied numerically 
and found to admit gravitational waves with radial symmetry. Solutions corresponding to „large” initial 
data become black holes at late times (see Fig.4). At the treshold of the black hole formation self-similar 
Type II critical behaviour is observed. We have also predicted analytically and demonstrated numeri-
cally the existence of a self-similar codimenion-two 
attractor in this model [111].
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Fig. 4. Formation of a black hole for highly supercritical 
initial data. Th e mass function m(t, r) is plotted at the 
initial time and at four late times. During the evolu-
tion the function m(t, r) develops an inner plateau which 
indicates formation of the Schwarzschild black hole with 
mass MBH = 0.33.
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V. DIVISION  OF  APPLIED
PHYSICS  AND  INTERDISCIPLINARY  

RESEARCH

Th e Institute (IFJ PAN), originally established as a nuclear physics research laboratory over 50 
years ago, has by now expanded its research over a broad range of interdisciplinary applications of 
physics.  IFJ PAN has acquired several decades of experience in the studies of living systems and in de-
veloping technical devices and procedures applied in life sciences, medical diagnostics and cancer radio-
therapy. Many academic and research institutions involved with life sciences and with various aspects of 
clinical and research medicine in this region have profi ted from this co-operation. In this sense, the IFJ 
PAN has for many years served as a leading regional centre in interdisciplinary applications of physics, 
particularly in radiation and environmental biology, dosimetry, medical physics, environmental physics 
and physico-chemistry of ecosystems, nuclear geophysics, radiochemistry and material engineering. 

Th e research was performed using several facilities and laboratories, often unique at the regional 
and national levels.  Th e home-built isochronous cyclotron AIC-144, the only accelerator in Poland able 
to accelerate protons to energies of about 60 MeV, was applied to produce a palette of radioisotopes 
and since 2006 has been devoted to the development of the fi rst Polish facility for proton radiotherapy 
of eye melanoma.  Th e Kraków Proton Microprobe, based on a Van de Graaff  accelerator with proton 
beam energy up to 3 MeV, is an important tool in life sciences and biomedical applications.  Th e 4.7 T 
research Magnetic Resonance Imaging (MRI) system, equipped with a number of dedicated probe 
heads and basic animal monitoring systems  is used to develop new diagnostic methods for medicine.  
Using the Dual Beam Ion Implanter one is able to create complex biocompatible coating layers with ex-
cellent adhesion and low internal stresses. Th e pulsed 14 MeV neutron generator is used in experiments 
related to radiation transport research for neutron fi eld diagnostics. In 2005–2006 we were successful 
in applying for several items of scientifi c equipment, fi nanced from the structural funds of the Euro-
pean Union: radiation monitoring devices, including a mobile radiation laboratory, thermoluminescence 
readers, CVD reactor, Raman spectrometer, laser for deposition of thin layers, new beams for the cali-
bration laboratory and other items. 

Th ese facilities and the new equipment will help us to complete the existing infrastructure and to 
apply for new projects within the 7th  EU Framework Program.  Short- and long-term eff ects of ionizing 
radiation, or of other genotoxic environmental agents, on living cells will be studied using X-rays and 
our single-proton irradiation facility.  Th e properties of biological macromolecules, such as proteins or 
DNA, will be studied using diff erent techniques, such as atomic force microscopy (AFM), Comet as-
say and others.  We will continue the development of new types of thermoluminescence detectors for 
personal, environmental and clinical dosimetry, including 2-D dosimetry.  Th e available ultra-sensitive 
methods of detecting natural and artifi cial radionuclides will be applied to determine concentrations 
of these isotopes and to evaluate the corresponding radiation exposure.  Using ultra-sensitive gas chro-
matography methods our measurements of gaseous admixtures in the natural environment can serve 
as markers of many important processes. Radiation transport calculations will be used in geophysical 
applications to determine geological parameters of rocks and minerals and, primarily, to predict  the 
radiation environment around new facilities planned within the ITER project. 

Th e scientifi c activity in the area of applied physics and interdisciplinary research, performed over 
the years 2005–2006 is presented below. We have broadly divided it into fi ve themes: 

(i)  Radiation physics and radiobiology: measurements of organ doses in space; development of 2-D 
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TLD clinical dosimetry systems; nuclear chemistry and maintenance-upgrade of the internal proton 
beam system; development of a proton radiotherapy facility; analysis of the response of lymphocytes 
from healthy donors and prostate cancer patients to a challenging dose of X rays; studies of the infl u-
ence of genetic polymorphism on repair effi  ciency; study of the role of selenium in the human organ-
ism;

(ii) Nuclear physics for medicine and life sciences: development of proton microbeam and single ion 
irradiation facilities, studies of double strand breaks (DSB), and of mechanical stretching of protein 
molecules; Magnetic Resonance Imaging cardiac function studies in vivo in mice with heart failure; in 
vivo 31P MR localized spectroscopy of human muscles;

(iii) Nuclear physics for earth and environmental sciences: research in the physics of radiation trans-
port; assessment of natural radiation exposure over high radon risk areas; studies of man-made and 
natural radioisotopes in the environment; application of gas chromatography systems to detect trace 
gases in groundwater and in ambient air; 

(iv) Nuclear physics for solid state and materials sciences: development of new materials for spintron-
ics; studies of electric quadrupole hyperfi ne interactions for 111Cd and 181Ta probes in polycrystalline 
ZrAg, Zr2Ag, and ZrPt; studies of electronic properties of disordered, ferromagnetic alloys; studies of 
corrosion resistance and bioactivity of titanium-based alloys;

(v) Multidisciplinary applications of theoretical physics: development of a correlation matrix to de-
scribe exchange rates between diff erent currencies.

In the year 2006 the fi rst stage of the MATROSHKA project was completed. Within this in-
ternational project organized by the European Space Agency and coordinated by DLR Cologne, an 
anthropomorphic phantom representing a human body was exposed in space outside the International 

Space Station (ISS) for 1.5 years, in order to measure the distribution of 
dose from cosmic radiation which would be experienced by astronauts 
in space and to assess the related risk due to exposure. Measurements 
were realized by miniature lithium fl uoride thermoluminescent (TL) 
detectors (mostly produced at the IFJ PAN) placed inside the phantom.  
Th e TL detectors (about 3000 pieces) were returned to Earth and read 
out at the IFJ. Preliminary results show that absorbed doses inside the 
phantom (expressed in units of dose in water) range between 100 and 
240 mGy.  Th e skin doses reached levels of about 1 Gy.   Currently, the 
Matroshka phantom with a new set of TL detectors is being exposed 
inside the ISS [410].

A novel 2-D TLD dosimetric system was developed at IFJ PAN within the MAESTRO 6th 
Framework Project. Th e technology of producing TLD sheets, from a mixture of highly-sensitive LiF:
Mg,Cu,P powder and Ethylene Tetrafl uoroEthylene copolymer (ETFE) 
was elaborated, and dedicated software developed for analysis of 2-D TLD 
images read from the 2-D CCD TL reader equipped with a CCD camera. 
Th is system is primarily designed for clinical dosimetry to measure two-
dimensional (2-D) dose distributions with spatial resolution better than 
1 mm, over the dose range between 0.2 and 30 Gy.  Since the beginning of 

Absorbed doses inside the Matroshka phantom (in mGy) as measured with 
the thermoluminescent detectors.

Visualization of 100 keV X-ray microbeam modulated in slits of 25 μm widths 
and 400μm distance (ESRF, France)
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2005 the system has been used for the determination of dose distributions around X-ray and gamma 
sources and for proton beam diagnostics. In cooperation with INFN (Catania, Italy), the system was 
used for dosimetric characterization of a 60 MeV therapeutical proton beam for treating eye melanoma. 
Currently, the planar TL system is being applied to visualize the sub-millimeter synchrotron X-ray 
beam distributions and modulated gamma-ray beams [410]. 

Sharing the AIC-144 cyclotron beam time with other projects, we have performed 39 cycles of 
preparation, activation, processing and gamma-ray measurements of 16 
types of targets. Th e produced isotopes (e.g. 48V, 54Mn, 73As, 95Ru/95Tc, 
99Rh, 123I, 183,185Os, 208Po, 211At) were used by 11 research groups in Po-
land and abroad. Th e new, home-built, fully automated internal target 
assembly designed for isotope production served also for interceptive di-
agnosis of the internal proton beam [404a].

A facility for proton radiotherapy of eye tumors, based on the AIC-144 isochronous cyclotron at 
IFJ PAN, is currently under development as a joint collaboration between several research and academic 
institutions in Krakow.  Th is facility, presently the only one in Poland potentially able to carry out clini-
cal work in the area of ophthalmology, is planned to satisfy national needs for treating ocular melanoma. 
Th e 60 MeV proton beam line system was installed two years ago and modifi ed in 2005 to achieve bet-
ter beam uniformity. A beam formation line (the „optical line“), consisting of beam monitors, collima-
tors, a range shifter, a system to produce the a uniform depth dose distribution (Spread Out Bragg Peak, 
SOBP), a system to control the SOBP and a positioning system, have been installed at the treatment 
room.  Th e Bragg peak was determined at a depth of about 23 mm in PMMA which corresponds to the 
proton range in water of about 26 mm and pro-
ton energy of about 55 MeV. VARIAN Eclipse 
Ocular Proton Planning – the latest commercially 
available proton ocular radiotherapy planning 
system – has been installed and tested to assess 
the therapeutic capability of the system [502]

We compared the variation in the response of lymphocytes from healthy donors and prostate 
cancer patients to a challenging dose of X rays. Blood was collected from healthy male donors and 
cancer patients with benign prostate stage (BPS) of their disease. Immediately after their collection, 
blood lymphocytes were isolated and cryopreserved at –70°C for subsequent challenging and repair 
studies. Prior to in vitro DNA studies, lymphocytes were thawed and their viability examined. To evalu-
ate individual susceptibility to the induction of the DNA damage, thawed lymphocytes were exposed 
to X-rays (4 Gy) and the extent of DNA damage was studied immediately after irradiation using the 
alkaline version of single cell gel electrophoresis (SCGE). To assess the variability in DNA repair capa-
bility the residual (unrepaired) DNA damage was detected again using the SCGE assay after one hour 
of incubation, during which irradiated cells were allowed to complete their fast DNA the repair. 

Hot spot on Cu target detected by autoradiography using 2-D TLD sheet.

Relative dose depth distributions in PMMA  after 
irradiation with a parallel 55 MeV proton beam 
(black circles – experimental points, straight line 
– MCNPX Monte Carlo calculation)
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We observed a stronger variation in the repair capacity of X-ray induced DNA damage between 
cancer patients than that between BPS donors 
(Figure). Th e DNA repair effi  ciency of the 
induced DNA damage was also signifi cantly 
lower in the group of prostate cancer patients 
versus BPS patients and healthy controls. Our 
results indicate a likely predictive value of the 
repair competence assays [405].

In our earlier studies we showed that exposure to environmental carcinogenic polycondensed ar-
omatic hydrocarbons (c-PAHs) or cigarette smoking, signifi cantly decreased the repair effi  ciency of 
radiation-induced DNA damage. In this study, the infl uence of genetic polymorphism on repair effi  -
ciency was investigated. Subjects with a homozygous mutation in polymorphic CYP1A1(Val/Val) enzyme, 
or slow NAT2 acetylators, showed a considerably lower DNA repair effi  ciency than persons with a 
wild genotype or fast acetylators, respectively . Smoking habits, or the diet’s vitamin content, also sig-
nifi cantly aff ected this process. Th e results obtained (Figure) confi rm the potential value of the method 
as a biomarker of susceptibility in molecular epidemiology or in preclinical studies aimed at predicting 
individual susceptibility to various genotoxic exposures (environmental, occupational, therapeutic).

To conclude, the research proved the infl uence of environmental c-PAHs, genotypes, and life styles 
on DNA damage and on its repair effi  ciency. Even a low exposure to environmental c-PAHs can alter 
the DNA repair capability of the subjects, which may result in an increased cancer risk. Th e fi ndings 
also confi rm that c-PAHs should be considered as 
pollutants that are subject to regulation [405].

In cooperation with the Collegium Medicum ( Jagiellonian University) we made an attempt to si-
multaneously analyze the interaction between selenium status (SeS), thyroid metabolism (Th M), and 
sex hormones (SH) in humans, using the Partial Least Squares approach. Th e current understanding 
of the role of selenium in the development of diseases of the cardiovascular system was reviewed 
[404b].

Our proton microbeam and the single ion irradiation facility was used primarily to study the re-
sponse of cells to single targeted ions. Th e aiming accuracy of the microprobe opens unique possibilities 
for radiobiological studies, not infl uenced by the random nature of the traditional irradiation methods. 
Th is aspect is particularly important in the area of low irradiation doses (below 0.25 Gy), as in this re-
gion there is still a controversy concerning the estimation of possible exposure eff ects. Such knowledge 
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Diff erence between the amount of non-repaired 
DNA evaluated for PCP (red) and BPS (yellow) 
patients.

Relationship between repair effi  cacy RET-DNA (average, 
evaluated for subgroups after stratifi cation of the whole 
group, fi rst according to CYP1A1 genotype, then to smok-
ers versus nonsmokers and then to exposure to c-PAHs) 
and combined exposure factor CEFc-PAH,cot.. Genotype 
analysis for metabolic polymorphisms was performed, as 
reported previously, by a PCR-based method.
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is not only of relevance to estimate the cancer risk due to natural radioactivity in the environment and 
to cosmic radiation as well as occupational health hazards, but it may be also helpful in optimizing the 
methods of radiotherapy. Th e single ion facility construction, parallel with solving experimental problems 
with irradiation stage, beam blanking, and targeting accuracy, required the development of a sophisticat-

ed software system which 
enables on-line cell recog-
nition and automatic tar-
geting to be performed (see 
screenshot: the upper part 
of the window shows an 
on-line image of the irradi-
ated cells together with the 
image intensity histogram 
and other characteristics 
used for further process-
ing; the lower part displays 
a list of predefi ned image 
transformations and the 
command line, enabling 
user defi ned, specifi c case-
tailored processing and 
thus full control of the rec-
ognition process) [407].

Th e basic research was focused on double strand breaks (DSB) and micro-nuclei formation in hu-
man fi broblasts irradiated with a known number of protons. Results obtained with the targeted proton 
beam have been compared with conventional X-ray irradiation. DSB levels increased with the X-ray 
dose and the yield per Gy was found to be slightly lower than that theoretically calculated. In samples 
irradiated with protons, fewer foci were found in comparison to the number of particles delivered per 
cell, suggesting that not all 2 MeV protons produced DSBs along their track (actually, this fraction was 
estimated to about 1/3). Another result from these studies was a comparison of the distribution of foci 
per cell produced by radiations of diff erent qualities.

In other, more conventional microprobe applications we performed elemental composition studies: 
we analyzed the distribution of TiO2 nanoparticles from sunscreens in human skin and dated monazite 
crystals [407].

A wide range of possible AFM applications in biology is associated with mechanical stretching of 
protein molecules, where the properties of a single protein chain refl ect its folding / unfolding capa-
bility. In particular, this phenomenon is important for axonal cell adhesion proteins where the mecha-
nism of the folding/unfolding process can be used for better understanding of some aspect of protein 
functioning in neuronal networks. AFM measurements of protein unfolding, carried out through the 
analysis of so called force curves (i.e. the dependence between the applied stretching force and the rela-
tive scanner position), showed distinct saw-tooth patterns of two studied proteins: fi bronectin and con-
tactin, indicating that the fi bronectin domains of type III (FnIII) of both proteins unfold at a similar, 
relatively high force of about 100 pN. Th e unfolding of contactin immunoglobulin type (IgC2) domains 

ba

a) Irradiated fi broblast cells (light ovals – nuclei); 
b) Light points correspond to ion passage through 
the stained cell nucleus. Th e fi gure illustrates a 
4-fold increase (in comparison to control) in the 
number of foci due to irradiation (40 protons. 2 
MeV)
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occurs at a lower force of about 70 pN. Two diff erent unfolding force values refl ect the structure of a 
single monomer: fi bronectin contains 15 FnIII domains whereas contactin is composed of 4 FnIII and 

6 IgC2 domains [407].

Th e Functional Magnetic Resonance Imaging (fMRI) method was developed to investigate the 
patterns and temporal relationships in neuronal pathways of brain and spinal cord. Signal intensity 
changes correlated with stimulation patterns were observed simultaneously in the rat spinal cord and 
brain, using fMRI at 9.4T. Electrical stimulation of the forepaw was used to elicit activity. A quadra-
ture volume radiofrequency (RF) coil covering both brain and the cervical spinal cord was used. Sets 
of fast spin echo (FSE) images were acquired simultaneously for both brain and spinal cord fMRI. 
Experiments were repeated in a single animal and across animals. Activities within the dorsal horn of 
the spinal cord and within the somatosensory cortex were observed consistently within each animal as 
well as across animals. Th is work is carried out in collaboration with IBD-West, NRC, Calgary, Canada 
[406].

MRI-based analysis of cardiac function in vivo in Tgaq*44 (TG) mice with heart failure allowed 
us to detect a profound impairment of systolic and diastolic cardiac function as compared to their wild-
type (FVB) counter-parts. A dedicated MRI probe head, designed and constructed at the IFJ PAN and 
used in these experiments, enabled us to achieve 20–30 images per cardiac cycle.

Subsequent semiautomatic or automatic image segmentation permitted fast and repeatable quan-
tifi cation of cardiac output in vivo. Further studies are under way to explain cardiac dysfunction in this 
model as well as to quantify the eff ect of pharmacological treatment on its progression. Th is work is 
performed in collaboration with the Kraków University of Technology and the Department of Pharma-
cology of the Collegium Medicum, Jagiellonian University [406].

Simultaneous neuronal activation in the rat spinal cord and brain, in the same rat.
 T2/T1 T1/C8 C7 C6 C5 –1Bregma

End-diastolic images of the 
short-axis slice of the 15-month 
old FVB (left-top) and TG (left-
bottom) mice hearts and the slice 
volume plotted against the time 
of acquisition over the whole 
cardiac cycle (right) show diff er-
ences both in cardiac morphol-
ogy and in the dynamics of the 
left ventricle.
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31P MR localized spectroscopy in vivo of human gastrocnemius and soleus muscles was performed 
with 4.7 T superconducting magnet. Concentrations of metabolites: Pi (inorganic phosphate), PCr 
(phosphocreatine), ATP (adenosine triphosphate), ADPfree (adenosine diphosphate), AMPfree (adenos-
ine monophosphate) and free magnesium ions (Mg++)free as well as phosphorylation potential (ΔGATP) 
and intracellular pH can be obtained from estimated parameters of MR signal with temporal resolution 
of 20s. Studies at rest in high-class sprint and endurance athletes in respect to lateralization showed that 
the [PCr] and ΔGATP in the dominant leg of the sprinters were signifi  cantly higher while [ADP]free and 
[AMP]free were signifi cantly lower, compared with endurance athletes. Th e most interesting fi nding was 
that [AMP]free in the calf muscle of the dominant leg of endurance athletes was 1.5 times greater than 

that in sprinters. Studies performed during dynamic 
high intensity exercise should help to explain condi-
tions in which [PCr] overshoot appears after such 
an exercise. Th is work is performed in collaboration 
with the Academy of Physical Education in Krakow 
[406].

In our research on the physics of radiation transport we concentrated on combining real and nu-
merically simulated experiments with neutron fi elds. Computer simulation can help signifi cantly in 
planning and performing real experiments, allowing us to overcome some experimental limits. Over the 
last two years we concentrated on the following subjects: 

1. Studies of the thermal neutron diff usion cooling coeffi  cient, C2, an important material parameter 
used in the interpretation of measurements with pulsed neutron sources in fi nite systems. After some 
preliminary experiments, the study was continued with the Monte Carlo simulation method (MCNP 
code). We observed a variability of the C2 coeffi  cient in multi-boundary media. Th is parameter ap-
peared in this case to be dependent both on the neutron transport properties and the dimensions of the 
contributing media, 

2. Improvement of alignment 
between results of real and simu-
lated neutron experiments by criti-
cal use of nuclear data libraries. We 
have proven that data provided by 
nuclear data libraries must be care-
fully and critically evaluated prior 
to their use in simulated experi-
ments, especially those concerning 
thermal neutron (scattering) and 
neutron-gamma reaction cross-sec-
tions. We observed spectacular dis-
crepancies when standard libraries, 
based on ENDF-VI, were used for 
the benchmark calculations for hydrogenous polymers (Figure) and also for the n-gamma cross sections 
for chlorine. We showed that a non-linear correction of the energy-dependent scattering cross-sec-
tions of polyethylene signifi cantly improved results of the simulation vs. experiment benchmark. We 
observed similar improvement between calculations and experiments concerning the neutron detector 
response of the spectrometric neutron-gamma well-logging tool when we replaced the ENDF/B-VI.2 
by a new library, ENDF/B-VI.8 [402].

Time evolution of [PCr], [Pi] and  DGATP (in a.u.) 
obtained from human calf muscle during dynamic high 
intensity exercise by means of 31P MR spectroscopy in 
vivo.
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We have measured environmental radioactivity from natural radioactive series (in particular radon). 
In scientifi c cooperation projects carried out together with the “Vinča” Institute (Serbia), Department of 
Physics, H.N.B. Garhwal University (India) and IFJ PAN, we conducted complex investigations of nat-
ural radiation exposure at the high radon risk area of Niška Banja in Southern Serbia where, in 2005, 
mapping of radium and radon gas concentration and of gamma dose rate in soil, and in dwellings was 
carried out. Th e infl uence of diff erent meteorological parameters on the radon exhalation process was 

studied at the Ra-
don Study Field 
located at IFJ 
PAN. A new au-
tomatic set-up 
was constructed 
for continuous 
measurements of 
radon exhalation 
from ground. Spe-
cial measurement 
methods proce-
dures have recently 
been accredited by 
the Polish Centre 
for Accreditation 
[409a].

Th e ultra-low background spectrometry tracts, systematically upgraded since their fi rst installa-
tion immediately after the Chernobyl accident, allow us to trace minute radioactivity in environmental 
samples.  During the last 2 years, the equipment was used in 6 research projects whose topics were the 
following: 90Sr, 238,239+240Pu, 241Am in the bones of foxes (inspired by our earlier data collected from 
birds of prey); radioactive contamination of the Antarctic and Arctic (in cooperation with the Institute 
of Botany of the Jagiellonian University); radionu-
clides in invertebrates from a highly contaminated 
area of Belarus (still as the aftermath of the Cher-
nobyl accident); use of cosmogenic 22Na and 7Be to 
trace dynamic processes in the atmosphere; present 
sources of Pu in air (in cooperation with PTB, 
Germany). A retrospective study of Pu contamina-
tion in air exhibited its cyclic, seasonal behaviour 
[409b].

We have also recently focused our attention on measuring concentrations of  artifi cial 137Cs and 
natural 40K in soil of the Tatra National Park. By means of gamma-ray spectrometry we have detected 
signifi cant diff erences in 137Cs concentration in the top soil cover.  Further measurements enabled us 
to prepare four diff erent maps (in cooperation with the Jagiellonian University and the University of 
Science and Technology AGH), showing activity of 137Cs and 40K in diff erent layers of soil (2 maps) 
and concentration of 137Cs versus distribution of soil types and of specifi c plant species. Th e detected 
concentrations of 137Cs in the top soil cover exhibited signifi cant diff erences, depending on topography 
and soil cover thickness. A tendency of increasing 137Cs concentration with altitude and its signifi cant 
correlation with soil density has been noted [403].

Th e geographical distribution of radon gas concentration in the soil of Niška Banja.

Results of retrospective study on plutonium concentra-
tion in the air.
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Studies on noble gases in groundwater yield information on groundwater dynamics, i.e. fl ow veloci-
ties, fl ow directions, residence times and recharge rates. Th ey also provde information on environmental 
conditions under which the groundwater infi ltrated. Helium (He) concentration in groundwater is a 
fi ne indicator in water dating over a range from a hundred to tens of thousands of years. Recently, a 
system for chromatographic measurement of He concentration in groundwater has been developed. 
Water samples are taken from groundwater into special stainless steel vessels of 2900 cm3 volume, us-
ing a precise procedure which avoids sample contamination with air. Next, He is extracted from water 
samples using the head-space method. After enrichment by cryotrap method, He is analysed in a gas 
chromatograph equipped with a TCD detector, with a detection limit of about 2.8•10–9g He.  In the 

presented method the detection limit of 
He concentration in water is 0.67•10–8 
cm3 STP1)/gH2O (1.2•10–12 gHe/cm3

H2O) 
[408].

Th e globally averaged hydrogen (H2) concentration in 2002 was about 0.5 ppm (parts per million). 
In years 2000–2005 an average annual increase of 0.6 ± 0.1% hydrogen per year is observed. Th e appli-
cation of hydrogen technology, will cause further growth of hydrogen concentration in atmosphere. Th e 
additional hydrogen may lead to reduction of hydroxyl radicals (OH) and infl uence the methane con-
centration in the atmosphere, which is the second warming gas after carbon dioxide. To monitor these 
phenomena, a chromatographic method for measurement of H2 concentration in air has been devel-

1) standard-temperature-pressure

Th e map of 137Cs and 40K activity in the top soil cover.

Example of analysis of He concentration in 
surface water and the chromatographic sys-
tem for measurement of He concentration 
in water.
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oped. Th is system consists of a pulsed discharge helium ionization detector (PDHID) and a 10-way 
Valco valve equipped with the sample loop, connected with two chromatographic packed column work-
ing in ‘back-fl ush’ mode. Th e linearity of the H2 detector was examined using the exponential dilution 

method, allowing us to state that linear-
ity of the detector characteristics is main-
tained within fi ve orders of magnitude. For 
an ambient air sample of 2 cm3, the detec-
tion level is equal to 50 ppb (10 pg/cm3) of 
H2. Th e average ambient concentration of 
H2 in Krakow measured daily, was 0.64 ± 
0.05 ppm (20 March 2006) [408].

New materials for spintronics, multilayers and nanoparticles, have been studied. We found that 
extremely small amounts of Bi and Pb surfactants deposited at the bilayer interface in Co/Cu multilay-
ers smooth the interfaces between Co and Cu. Th e mechanism by which Bi and Pb atoms act as a sur-
factant showed that surfactant atoms largely fl oat to the growing surface. Th e studies demonstrated that 
the application of surfactant during deposition process, allows fabrication of atomically smooth multi-
layers via the surface segregation mechanism. 
Microscopic magnetic and electronic proper-
ties of nanocrystalline Gd were studied by 
155Gd Mossbauer spectroscopy. For the grain 
interiors a correlation between the induced 
magnetic anisotropy and the grain size was 
observed. Th e magnetic and electronic struc-
ture of the grain boundary core regions were 
found to diff er signifi cantly from those of 
nanocrystal interiors: the Gd magnetic mo-
ments at the grain boundaries are randomly 
oriented with respect to the local crystallo-
graphic axes, and the density of conduction s 
electrons is reduced [411].

Electric quadrupole hyperfi ne interactions for 111Cd probes in polycrystalline ZrAg and Zr2Ag 
were measured over a wide temperature range. Two unique quadrupole frequencies oQ with asymmetry 
parameters h = 0 were observed indicating that 111In/111Cd probe impurities substitute both – Zr and 
Ag sites in B11 structure of ZrAg and in C11b structure of Zr2Ag phase. In ZrAg compound at low 
temperatures only one sublattice is substituted. With rising temperature, however, the changes in solute 
location are observed and above 873 K both lattice sites are equally occupied (Figure), in contrast with 

the HfAg isostructural compound, where 
only one In impurity site was observed in the 
whole temperature range. In Zr2Ag lattice 
the In probes substitute for both Zr and Ag, 
also at low temperatures [303].

Example of air sample analysis and a view 
of the chromatographic system for the meas-
urement of H2  concentration in air.
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Th e hyperfi ne interaction parameters for 181Hf/181Ta and 111In/
111Cd radioactive probes in the ZrPt compound were determined. An 
unusual temperature dependence of hyperfi ne interaction parameters 
for 181Ta probe atoms points to the appearance of a monoclinic variant 
of CrB-type phase below 573 K and confi rms the existence of the or-
thorhombic Bf-type phase at temperatures up to 1023K. Th e diff erent 
heat treatment or the presence of diff erent probe-impurities (In and Hf ) 
in the sample can have a distinct eff ect on the transformation behaviour 
and explain the absence of monoclinic phase in 111Cd experiment [303].

Electronic properties of two disordered, ferromagnetic alloys, Ni75Cu25 and Ni75Co25, were 
studied by Compton scattering method. It was observed that the anisotropy of the electron momentum 
density agrees well with the fi rst principles KKR-CPA calculations. Th e experiment also confi rmed that 
alloying Ni with either Cu or Co mainly modifi es the minority-spin electronic states. However signifi -
cant disagreement was found between experiment and theory as to the dimensions of the majority-band 
Fermi surface of the alloys. 

From high resolution Compton scattering experiments on an Al97Li3 disordered alloy single 
crystal it was found that the electronic ground state of Al is anomalously modifi ed by addition of 
lithium. Th e experimental momentum density in Al97Li3 diff ers signifi cantly from the predictions of the 
conventional Fermi-liquid-type picture. We show that the observed anomaly in the momentum density 

can be accounted for if some electrons in the alloy are trans-
ferred from s- to p-like orbitals to enhance p character of the 
ground-state wave function [303].

Th e corrosion resistance and bioactivity of titanium-based alloys can be modifi ed by ion tech-
niques (ion implantation, IBSD – Ion Beam Sputter Deposition, IBAD – Ion Beam Assisted Depo-
sition). Formation of thin coatings with good adhesion to substrate can also increase wear resistance 
of covered surfaces. Especially, formation of hard carbon-based coatings for protection of titanium or 
titanium-based alloys and medical steels can greatly prolong their exploitation within the human body. 
To improve biocompatibility of endoprostheses the HAP (hydroxyapattite) coating can be formed. In 
collaboration with research group from the Warsaw Uni-
versity of Technology the corrosion resistance of titanium 
alloys implanted with Ca ions or covered with carbon-
based coatings were studied. Th e corrosion resistance was 

Temperature dependence of the quadrupole frequency oQ and the probe frac-
tion f for 111Cd and 181Ta probes in ZrPt sample.

Spherical aveage of the experimental  
, i.e. change in the 

valence electron Compton  profi les of Al  due to alloying with 
Li, compared with the corresponding KKR-CPA results.

3D presentation of line depth profi le of Raman scattering 
from carbon coating formed on steel by dual beam IBAD, 
showing morphology of mechanically damaged part of the 
coating.

J p J p J pqq qz z zAl Al Li 397
D = -` ` `j j j
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investigated in simulated human body fl uid. Th e set of mechanical properties (e.g. adhesion, elasticity, 
etc.) of carbon-based coatings formed by dual beam IBAD method were investigated.

All formed HAP-based coatings have good adhesion to the covered substrates and good biocom-
patibility. Carbon-based coatings (e.g. ta-C, DLC, SixCy, etc.) have perfect mechanical properties (ad-
hesion, elasticity, etc.), good biocompatibility and high corrosion resistance. Th e dispersive, confocal 
micro-Raman spectroscopy was applied to investigate internal stresses in the obtained carbon coatings 
[412].

Th e dynamics of the Foreign Exchange (FX) market has a world-wide infl uence. Th e exchange 
rates between diff erent currencies are expected to be well represented by stochastic variables. Within 
the fi nite time horizons any such rate is therefore likely to lead to a nonzero correlation with another. 
Collection of the corresponding correlation coeffi  cients can be used to form a correlation matrix and 
the the patterns encoded in such a matrix are of interest, both fundamental and practical. 

In order to quantify the characteristics of the related dynamics we studied the cross correlations in 
changes of the daily FX rates within the basket of n=60 world currencies over the period December 
1998–May 2005. Using a correlation matrix, we analyzed the changes of their exchange rates. Any of 
the n currencies can then be used as a base currency for the remaining ones. To study the pattern of the 
corresponding cross-currency exchange rates, correlation matrices are constructed for each of those n 
base currencies separately. Diagonalization always reveals one outstanding collective component (large 
eigenvalue) whose strength depends on the currency used as a base for the remaining ones. A complete 
ladder of the resulting largest eigenvalues is 
shown below where the currencies’ labels indi-
cate to which base currency they correspond. 
An additional label fi ctitious indicates the 
case where the base currency is represented 
by a sequence of uncorrelated random num-
bers, meaning its irrelevance against real world 
economy. Th e corresponding eigenvalue does 
not diff er much in cases when the real curren-
cies are used as reference. 

Th e two cases however – of the USD and 
of the GHC – diff er most and constitute the 
lower and the upper bounds in this ladder. 
Such a representation could help in assigning 
a relative signifi cance in the world economy to 
any particular currency. Th e dynamics of the 
world currencies cross-correlations looks most 
collective from the perspective of a peripheral 
currency. It is seen to be more heterogeneous, 
i.e. less collective if more signifi cant curren-
cies are used as reference, the USD being an 
extreme case in this respect over the period 
considered. Besides providing further insight 
into subtle nature of complexity, these obser-

vations point to a general formal procedure that could be used for practical assessment of the relative 
signifi cance of any currency over various time horizons [401].

Spectrum of maximal eigenvalues of correlation 
matrices.
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Annex A. Structure of  the Institute

A.1 Directorate 

 Marek  Jeżabek, Prof.  General Director
 Paweł Olko, Assoc. Prof.  Scientifi c Director
 Maria Pollak-Stachurowa, Ph.D. Administr. & Economic Director
 Grzegorz Polok, Ph.D. Technical Director

Marek Jeżabek. Born 31.08.1952 in Nowy Sącz, Poland. Education: 
1969–1974 undergraduate studies of Physics at the Jagiellonian 
University, Kraków, Poland, June 1974 M.Sc. (Physics); September 
1978 Ph.D. (Physics), Jagiellonian University, state-nominated professor 
since 1993. Employment: since 1978 assistant through full professor at 
the Henryk Niewodniczański Institute of Nuclear Physics (IFJ PAN), 
since September 2004 Director General of IFJ PAN; 1995–2003 
associate professor through full professor at the Institute of Physics of 
the Silesian University, Katowice, Poland; since 2004 full professor at 
the AGH University of Science and Technology. Longer research stays 

abroad: 1983 CERN, 1987–1988 Max Planck Institut f. Physik u. Astrophysik (Germany), 1991–
1994 Univ. Karlsruhe (TH). Scientifi c activities: over 110 scientifi c papers, theoretical studies of 
fundamental particles and their interactions, fi rst calculations of QCD corrections to the lifetime of 
top quark and decays of polarized heavy quarks, studies of top quark pair production near threshold 
in electron-positron annihilation, see-saw models of neutrino masses and phenomenology of neutrino 
oscillations.

 Scientifi c Divisions  headed by:

  Division of Particle Physics 
 and Astrophysics Piotr Malecki, Prof.

 Division of Nuclear Physics 
 and Strong Interactions Jan Styczeń, Prof.  

 Division of Condensed Matter
  Physics Tadeusz Wasiutyński, Prof.

 Division of Th eoretical Physics Marek Jeżabek, Prof.

  Division of Applications of Physics 
 and Interdisciplinary Research Paweł Olko, Assoc. Prof. 



A–2 Annexes

A.2 Scientifi c Council
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were accepted.

 honorary chairman Andrzej Hrynkiewicz,  Prof.,
 chairman Tadeusz Wasiutyński,  Prof.  
 deputy chairmen Marek Kutschera,  Prof. 
  Antoni Szczurek,  Prof. 
  Henryk Wilczyński,  Prof.
 scientifi c secretary Piotr Zieliński,   Assoc. Prof.

Members:

Jerzy Bartke, Prof.  Leonard Leśniak, Prof. 
Agnieszka Bąk-Zalewska, Prof.  Piotr Malecki, Prof.
Andrzej Białas, Prof.a)  Maria Massalska-Arodź, Prof.
Rafał Broda, Prof. Paweł Olko, Assoc. Prof.
Wojciech Broniowski, Prof. Krzysztof Parliński, Prof.
Andrzej Budzanowski, Prof.  Grzegorz Polok, Ph.D.
Antonina Cebulska-Wasilewska, Prof.  Maria Różańska, Assoc. Prof.
Stanisław Drożdż, Prof.  Jan Styczeń, Prof. 
Jan Figiel, Prof.  Antoni Szczurek, Prof.
Wojciech Florkowski, Prof.  Marek Szymoński, Prof.b) 
Bogdan Fornal, Assoc. Prof.  Michał Turała, Prof.
Krzysztof Golec-Biernat, Assoc. Prof. Jacek Turnau, Prof. 
Roman Hołyński, Prof.  Tadeusz Wasiutyński, Prof.
Andrzej Horzela, Ph.D.  Henryk Wilczyński, Prof.
Andrzej Hrynkiewicz, Prof. Małgorzata Witko, Prof.c)

Stanisław Jadach, Prof.  Barbara Wosiek, Prof.
Jerzy Janik, Prof.  Urszula Woźnicka, Prof.
Andrzej Jasiński, Prof.  Wojciech Zając, Ph.D. 
Marek Jeżabek, Prof.  Kacper Zalewski, Prof. a)

Danuta Kisielewska, Prof.d)  Piotr Zieliński, Assoc. Prof.
Marek Kutschera, Prof. Mirosław Ziębliński, M.Sc. Eng.
Wojciech Kwiatek, Assoc. Prof.  Piotr Żenczykowski, Prof.  
Tadeusz Lesiak, Assoc. Prof. 

a) Jagiellonian Univ., Inst. of  Physics/IFJ PAN
b) Jagiellonian Univ., Inst. of  Physics
c) Inst. of Catalysis and Surface Chemistry PAN
d) AGH Univ. of Science and Technology



 Annexes A–3

Organization diagram of IFJ PAN
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Research Infrastructure of IFJ PAN
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A.3 Scientifi c Divisions

1. DIVISION OF PARTICLE PHYSICS AND ASTROPHYSICS (NO1)
 Head: Prof. Piotr Malecki
♦ Department of Leptonic Interactions (NZ11)  – Head: Assoc. Prof. Grażyna Nowak. 

Research projects: #101,#103,#104,#107,#108,#505,#601, Research staff : 17, Technical 
staff : 6, Ph.D. students: 10, M.Sc. students: 9.

♦ Department of Hadron Structure (NZ12)  – Head: Prof. Andrzej Eskreys. Research 
projects:#102,#109, Research staff : 8, Technical staff : 6, Ph.D. students: 1, M.Sc. students: 
1.

♦ Department of High Energy Nuclear Interactions (NZ13) – Head: Prof. Barbara Wosiek. 
Research projects: #107,#205,#601, Research staff : 5 Technical staff : 0 Ph.D. students: 2, 
M.Sc. students: 2.

♦ Th e ATLAS Experiment Department (NZ14)  – Head: Prof. Michał Turała. Research 
projects: #107,#109,#601, Research staff : 8, Technical staff : 5, Ph.D. students: 4, M.Sc. 
students: 9.

♦ Department of Cosmic Ray Research (NZ15)  – Head: Prof. Henryk Wilczyński. Research 
project: #105, Research staff : 4, Technical staff : 0, Ph.D. students: 1, M.Sc. students: 1.

♦ Department of Neutrino and Dark Matter Studies (NZ16)  – Head: Prof. Agnieszka 
Zalewska  Research project: #106, Research staff : 5, Technical staff : 0, Ph.D. students: 3, 
M.Sc. students: 6.

♦ Detector Construction Laboratory for High Energy Physics (NZ17) – Head: Dr Eng. Marek 
Stodulski. Research project: #109 Research staff : 3, Technical staff : 10. 

2. DIVISION OF NUCLEAR PHYSICS AND STRONG INTERACTIONS (NO2)
 Head: Prof. Jan Styczeń
♦ Department of Strong Interactions and Mechanism of Nuclear Reactions (NZ21) – Head: 

Prof. Antoni Szczurek. Research project: #201, #203, #207. Research staff : 21, Technical 
staff : 4,  Ph.D. students: 4.

♦ Department of the Structure of Atomic Nucleus (NZ22) – Head: Prof. Adam Maj. Research 
project: #202, #504. Research staff : 16, Technical staff : 4, Ph.D. students: 2, M.Sc. students: 
4. 

♦ Department of the Ultrarelativistic Nuclear Physics (NZ23) – Head: Assoc. Prof.  Marek 
Kowalski. Research project: #204, #205, #206. Research staff : 5, Technical staff : 1, Ph.D. 
students: 1

3. DIVISION OF CONDENSED MATTER PHYSICS (NO3) 
 Head: Prof. Tadeusz Wasiutyński
♦ Department of Structure Research of Condensed Matter (NZ31) – Head: Assoc. Prof. Piotr 

Zieliński Research project: #301,#302. Research staff : 16+1/2+1/4. Technical staff : 2. Ph.D. 
students: 7, M.Sc. students: 4. 

♦ Department of Magnetic Resonance Spectroscopy (NZ32) – Head: Prof. Zdzisław Lalowicz 
Research project: #304. Research staff : 6+1/4. Technical staff : 1/2. 

♦  Department of Materials Research by Computers (NZ33) – Head: Prof. Krzysztof Parliński  
Research project: #305. Research staff : 6. 
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4. DIVISION OF THEORETICAL PHYSICS (NO4)
 Head: Prof. Marek Jeżabek
♦ Department of Th eory of Structure of Matter (NZ41)  – Head: Prof. Wojciech Broniowski. 

Research project: #208,. Research staff : 14, Ph.D. students: 6.
♦ Department of Particle Th eory (NZ42) – Head: Assoc. Prof. Maciej Skrzypek. Research 

project: #110, Research staff : 18, Ph.D. students: 2, M.Sc. students: 2.
♦ Department of Th eoretical Astrophysics (NZ43) – Head: Prof. Marek Kutschera Research 

project: #111, #112. Research staff : 9, Ph.D. students: 2.

5. DIVISION OF APPLICATIONS OF PHYSICS AND INTERDISCIPLINARY 
RESEARCH (NO5)

 Head: Assoc. Prof Paweł Olko
♦ Department of Th eory of Complex Systems (NZ51) – Head: Prof. Stanisław Drożdż. 

Research project: #401. Research staff : 4, M.Sc. students: 5.
♦ Department of Applied Spectroscopy (NZ52) – Head: Assoc. Prof. Wojciech M. Kwiatek.

esearch projects:  #407, #411, #506, Research staff : 10, Technical staff : 11. Ph.D. students: 8, 
M.Sc. students: 6.

♦ Department of Microstructure and Microdynamics of Crystal Systems (NZ53) – Head: 
Assoc. Prof.  Paweł Wodniecki. Research projects: #303, #412, Research staff : 9, Technical 
staff : 3. Ph.D. students: 3, M.Sc. students: 2.

♦ Department of Environmental and Radiation Transport Physics (NZ54) – Head Prof. 
Urszula Woźnicka. Research projects: #402, #409, Research staff : 15, Technical staff : 4. 
Ph.D. students: 1, M.Sc. students: 1

♦ Department of Radiation and Environmental Biology (NZ55) – Head: Prof. Antonina 
Cebulska-Wasilewska.  Research project: #405, Research staff : 3 (1 person on maternal 
leave). Technical staff : 5 (1 person on maternal leave).

♦ Department of Magnetic Resonance Tomography (NZ56) – Head: Prof Andrzej Jasiński.  
Research project: #406, Research staff : 6, Technical staff : 5, Ph.D. students: 6, M.Sc. students: 
11.

♦ Department of Nuclear Physical Chemistry (NZ57) – Head: Assoc. Prof. Jerzy W. Mietelski. 
Research projects: #403, #404, #409, Research staff : 10, Technical staff : 5, Ph.D. students: 1, 
M.Sc. Students: 4.

♦ Department of Radiation Physics and Dosimetry (NZ58) – Head: Assoc. Prof. Paweł Olko. 
Research projects: #410, #502, #503, Research staff : 7, Technical staff : 13. Ph.D. students: 8, 
M.Sc. students: 7.

♦ Department of Physicochemistry of Ecosystems (NZ59) – Head: Assoc. Prof. Ireneusz 
Śliwka. Research project: #408, Research staff : 3, Technical staff : 2, Ph.D. students: 2, M.Sc. 
students: 4.
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A.4 Centres of Excellence  and  Centres of Advanced Technology

Advanced Methods of Physics for Human Health and Reduction of Environmental Hazard 
(ADREM). Contact: Prof. Urszula Woźnicka, (IFJ PAN). Participants: selected groups and 
laboratories of IFJ PAN. Activity of the Centre: (i) Physical Processes in Living Matter; (ii) Ultra-
Sensitive Detection Methods for Health and Environmental Physics; (iii) Spectroscopic Methods in 
Studies of Condensed Matter; (iv) Advanced International Post-Graduate Studies; (v) Promotion 
and Dissemination of Applied Physics to the Community. Th e ADREM Centre stimulates 
interdisciplinary research and technology transfer to the industry and to spin-off  companies.

Kraków Research Cerntre for Ion Engineering (IONMED). Contact: Bogusław Rajchel, 
Ph.D. (IFJ PAN). Participants: IFJ PAN, Th e Kraków University of Technology, AGH University 
of Science and Technology,  Jagiellonian University, Th e Institute of Advanced Manufacturing 
Technology (previously the Institute of Metal Cutting), Th e Kraków Rehabilitation Cerntre, the 
optical factory OPTICON, the vacuum company PREVAC. Activity: surface processing by ion 
methods and/or laser methods, application of modern ion methods for high- technology industry 
and for medical purposes, multiscale computer modeling of surface processing, construction of CNC 
IBAD and CVD machines, modelling of carbon based nano- and microstructures, development of 
new equipment.

Centre of Advanced Technologies for Hydrocarbon Resources and Fuels and Renevable 
Energies (SUPERGO). Contact: Prof. Urszula Woźnicka, (IFJ PAN).  Participants: several research 
institutions including IFJ PAN, and the oil and gas exploration and production company (PGNiG), 
parties of a scientifi c consortium managed by the Institute of Oil and Gas, Kraków. Activity: 
development of safe, environmentally acceptable methods of production and use of energy received 
from hydrocarbon and renewable sources. IFJ PAN takes part in the development of nuclear geophysical 
prospecting techniques for oil and gas resources. In the frame of the SUPERGO consortium the IFJ 
PAN realizes in 2006–2007 the investment project CHIMERA for forming the spectrometric and 
dosimetric fi eld laboratory.

Inter-Departamental Laboratory of Silicon Detectors. Contact: Prof. Michał Turała. 
Established in mid 80’s to meet the increasing demand for silicon detectors in high energy 
experiments. Activity: measurements and tests of silicon detectors and VLSI structures and 
their electrical/mechanical assembly. Participation in construction of silicon vertex detectors for 
DELPHI (CERN), BELLE (KEK), PHOBOS (BNL), ATLAS (CERN) and in the R&D projects: 
RD20 (CERN), SUCCIMA (the EC Fifth Framework Programme) and ILC.

Th e Inter-Departamental LHC Computing Grid. Contact: Prof. Michał Turała. Good 
cooperation between IFJ PAN and ACC Cyfronet AGH, as well as realization of several successful 
EU grid projects (CrossGrid, GridStart, EGEE1, BalticGrid) laid the ground for the development of 
computing grid infrastructure in Poland, compatible with the European standards (currently more 
than 600 processors and 30 TB disk storage are located at the computing centres of Kraków, Poznań 
and Warsaw). It allows Poland to become a real member of the WLCG project (as distributed Tier2) 
– a corresponding Memorandum of Understanding is going to be signed in the year 2007. Th e 
infrastructure is used by ATLAS, ALICE, LHCb and CMS, and several other experiments (BELLE, 
H1, ZEUS) and other applications.
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A.5 Accredited Laboratories

Laboratory for Calibration of Radiation Protection Instruments (NLW) Head: Paweł Bilski, 
Ph.D. Laboratory personnel: 7 people. Accreditation certifi cate No. AP-029 from the Polish 
Centre for Accreditation obtained December 21, 2001.  Activities: calibration of individual and 
environmental dosemeters in terms of kerma in air, HP(10) and HP(0.07), calibration of radiation 
protection survey meters in terms of operational quantities using γ-rays from  137Cs source and in 
terms of surface emission (α-particles from 239Pu and 241Am  and β-particles from 90Sr/90Y, 36Cl 
and 14C).
Laboratory of Individual and Environmental Dosimetry (NLD). Head: Maciej Budzanowski, 
Ph.D. Laboratory personnel: 10 people. Accreditation certifi cate No. AP-049 from Polish 
Centre for Accreditation obtained December 30, 2002. Activities: dosimetric service for IFJ 
personnel and 12000 radiation workers all over Poland. LADIS has written agreements with 
1280 institutions over Poland and for CERN. Measurements: personal dose equivalent HP(10) 
and HP(0,07) from photons and neutrons, air kerma and ambient dose equivalent H)(10) using 
thermoluminescent dosimeters. 
Laboratory of Radiometric Expertise (NLR). Head: Krzysztof Kozak, Ph.D. Laboratory 
personnel of 5 people. Accreditation certifi cate No. AB-788 from Polish Centre for Accreditation 
obtained in January, 2007.  Activities: determination of concentration of natural radioactive 
elements in environmental samples [Bq/kg] using gamma spectroscopic measurements; 
determination of radon and thoron concentration in air, soil gas and water [Bq/m3] using 
professional radon monitors AlphaGUARD (alpha spectrometry).

A.6  Technical Sections

Detector Construction Laboratory for High Energy Physics. Head: Marek Stodulski, Ph.D., 
Deputy: Jacek Błocki, Ph.D. Eng. Personnel of 4 research staff  members and 9 technical staff . 
Main subject of activity: design and construction of mechanical structures and cooling systems 
applied in high energy physics experiments. Includes research, development, prototyping and 
tests. Presently involved in the installation of the ATLAS experiment and the LHC machine at 
CERN and in the design of new detectors (ICARUS, CASTOR and LUMICAL) at IFJ PAN. 
Also, research and development of new materials, such as carbon-carbon (C/C) composites.
Mechanical Engineering Section. Head: Jerzy Brzezicki, M.Sc. Eng., Deputy: Krzysztof 
Wiśniewski, M.Sc.  Eng. Personnel of  22 people. Activity: design and production of scientifi c 
apparatus. Construction of versatile equipment, including, e.g. electrically driven lock in the 
shield and automatic targets for beam diagnostics for the AIC-144 cyclotron, mechanisms 
supporting thermoluminescent readers (EU project MAESTRO), design and construction of 
an equipment for production of elements for ICARUS  neutrino experiment (Gran Sasso), and 
series of equipment constructed for CERN i.e.: periscope instruments for visual inspection of 
LHC beam (6 items), optical tool for verifi cation of LHC magnet transverse alignment before 
interconnection (1 item), line N protection covers (100 items), line N handling assembly (100 
items), cooling system support (500 items), fi nal production of the series of stesalite elements (~ 
100 items) for the cooling system of ATLAS experiment.
Th e Cyclotron Division. Head: Jacek Sulikowski, M.Sc. Personnel: 2 research staff  members and 
14 people of technical staff . Main subject of activity: modernization of the AIC-144 IFJ PAN 
cyclotron and its adaptation for medical purposes (proton/neutron radiotherapy, production of 
radioisotopes).Th is program includes extraction of 60 MeV proton and hellions and 30 MeV 
deuteron beams, purchase, installation and puting into operation of  the new magnet power supply 

1.

2.
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and the new PIG ion source. During last two years period we completed the modernization of 
the experimental hall No.1 and rebuilt the system of the beam transport lines. Th e proton beam 
was delivered to the box for an eye melanoma treatment. We have also continued the eff orts on 
the analytical computer programme HELP for the calculation of main parameters of the beam 
dynamics (in cooperation with JINR Dubna).

A.7 International Post-Graduate Study Course

Head: Tadeusz Lesiak, Assoc. Prof. Doctoral studies at the Institute of Nuclear Physics began in 
1984. We co-operate closely with the Tadeusz Kościuszko Technical University and the Pedagogical 
Academy in Kraków as well as with the University of Rzeszów.  Th ere is also a close collaboration, 
based on bilateral agreements, with the Joint Institute for Nuclear Research (Dubna), the Czech 
Technical University (Prague), the State Belorussian University (Minsk), the Bilkent University 
(Ankara) and Université Paris VI Pierre et Marie Curie.

Prospective candidates have to be university graduates with a M.Sc. degree in Physics or with a 
M.Eng. degree in a physics-related discipline of applied science. Th e recruitment is performed every 
year. Available subjects of study span theoretical and experimental investigations of fundamental 
interactions (High Energy Physics), theoretical and experimental investigations of condensed matter, 
atomic physics, astrophysics, foundations of physical theories and mathematical methods of physics, 
dynamical systems in studies of complex phenomena in nature, computer modeling of structural and 
dynamical properties of condensed matter, physical methods in investigations of polymers, biological 
and biomedical applications of Magnetic Resonance Imaging and other tomography methods, 
radioisotopes for biomedical sciences, radiation in medical diagnosis and therapy, ultra-sensitive 
detection methods in biology, material science and environment control, ion implementation in the 
preparation of new materials. Th e studies are of four years duration.

In the academic year 2006/07 we have 72 students. A substantial part of them are foreigners 
(eight from the former Soviet Union and two from Italy). We observe a signifi cant growth in the 
number of applications, especially from Ukraine and Belarus. Th e successive candidates from these 
countries are routinely awarded scholarships, founded by Polish Ministry of National Education. In 
the period 2005–2007, fi fteen Polish students are receiving the scholarships from the EU Structural 
Funds. One of our students (Andrzej Szelc) won a prestigious scholarship of Polish Academy of  
Sciences. 

In the period 2005-2006 we have granted the Ph.D. degree in physics to 17 young scientists 
(more than 120 during the past 22 years of activity). Th e most distinguished results concerned the 
following topics: evidence for a new Ds meson in B meson decays ( Jolanta Brodzicka), determination 
of hadron emitter radii in Z0 decays (Marcin Kucharczyk), interdisciplinary research, aimed at 
application of methods of nuclear and statistical physics in econophysics (Paweł Oświęcimka), the 
experimental study of very hot and extremely fast rotating nuclei (Monika Brekiesz), the solution of 
the normal ordering problem of boson operators (Paweł Błasiak) and the theoretical description of 
magnetosphere of neutron stars  (Marcin Kolonko).
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Annex B. Personnel

Th e Institute of Nuclear Physics Polish Academy of Sciences (IFJ PAN) with its 477 employees 
is the largest among the institutes of the Polish Academy of Sciences. 

Th e present employment level was reached following a personnel reduction process, which was 
initiated at the end of 1980’s and fi nally amounted to 40% reduction in employment. In the last ten 
years the number of scientists was almost constant (about 200), while the number of engineers and 
technical researchers was gradually reduced. 

Th anks to International Ph.D. Studies launched at IFJ PAN in 1984, the number of Ph.D. 
students engaged in the Institute’s scientifi c activities has been systematically growing over the recent 
years. Currently from the group of 71 Ph.D. students, ten of them are foreigners (3 women and 7 
men).

Th e Institute of Nuclear Physics PAN (IFJ PAN) is entitled to confer Ph.D. degrees, conduct 
habilitation procedures and to submit professorial candidates for the state nominations.

Unfavourable trend of fast ageing of the scientifi c and technical staff  started threatening the future 
of the Institute at the beginning of 1990’s. At the time, with Polish economy rapidly growing, the best 
graduate students were being attracted by private enterprises and other business companies. Our 
active employment policy of increasing the number of assistant and post-docs positions together with 
attracting the Ph.D. students counteracted this tendency. Since the last Review on research activities 
in 2004, the employment of young researchers at IFJ PAN has been gradually growing.

Th e number of research positions available to junior scientifi c staff  is balanced in order to off er 
in the future a higher number of positions to Ph.D. students. At present, 24 researchers (under age 
35) with Ph.D. degree are employed as the adjuncts. Since 2005 all new research assistants and post-
docs have been appointed by open competitions. Th e recruitment process is held thrice a year and it 
is regularly announced on the Institute web page.

Th e age distribution of the Institute staff  is relatively uniform (this demonstrates the constant 
development of our Institute).

Fig. 1. Structure of IFJ PAN staff  for the years 1995–2006
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Fig. 2a. Structure of IFJ PAN staff  for the 
year 2006

Fig. 2b. Structure of IFJ PAN research 
staff  for the years 2004–2006

Fig. 3.  Structure of the age groups 
among IFJ PAN research staff  
in 2006
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Annex C. The Budget of  IFJ PAN

INCOME
 
IFJ PAN activities are supported from various sources, including public, national as well as and EU 

and other foreign funds. Th e research is granted mainly from the State budget through the Ministry 
of Science and Higher Education, which is a major governmental source of funds for Research 
and Development. Th e Council for Science participates in the process of peer review evaluation 
of applications for funding scientifi c activities from the State budget and  plays both advisory and 
expertise role in the area of scientifi c policy within the Ministry.

Th e Polish Academy of Sciences (PAN) supervises, formulates opinions and provides advice 
on research priorities and policy of the Institute. Academy, whose research activity is also fi nanced 
mainly from the State budget, off ers some support for the organization of international conferences, 
personnel exchanging scientifi c programs, as well as for selected activities aiming at popularization and 
dissemination of research results. It also supports access to on-line international scientifi c journals.

In 2005 the Institute received 4,527,825 EUR (17,476,500 PLN) for its statutory R&D activity. 
In 2006 the core funding for statutory Institute activity increased to 4,824,468 EUR (18,483,500 
PLN). Th e exchange rate between Euro and the Polish Zloty was almost stable – 3.86 PLN/EUR 
(December 30, 2005) to 3.83 PLN/EUR (December 30, 2006). 

Small research teams and individual scientists apply to the Ministry of Science and Higher 
Education for research projects (10,000 – 50,000 Euro in 2–3 years), which support  their research in 
particular topics and tasks. Another source of state founds (Polish acronym PBS; in the year 2005 –
SPB) was available to support the participation of Polish scientists in international projects, mainly in 
particle physics collaborations and in EU Framework Programs. Th e total amount of funds obtained 
for these two purposes was 941,363 EUR in 2005 and 1,691,513 EUR in 2006. Additionally, 
the Ministry of Science and Higher Education supports the activity of national networks and the 
equipment purchase. 

IFJ PAN continues to remain active in international project applications. In 2005–2006 the 
Institute participated in FP5 and FP6 EU projects (with the EC contribution equal to  562,308 EUR 
in 2005 and it doubled to 1,082,176 EUR in 2006) and also in some bilateral international projects 
(GSI (Darmstadt), the Joint Institute for Nuclear Research (Dubna)).

Th e Institute has also some own income generated by the activity of the Accredited Laboratories 
and its technical units, which provide several specialized scientifi c and technical services.

GRANTS TOWARDS LOCAL INFRASTRUCTURE AND RESEARCH EQUIPMENT

Poland’s accession to the European Union allowed us to apply for EU structural funds that had 
been designed to modernize scientifi c equipment and facilities. 

Support from the European Structural Funds was a new powerful source of fi nancing, which 
we mainly used for purchase of the new equipment and for strengthen the infrastructure of our 
laboratories. 

In the last months of 2005 we started three projects with a total budget of 1,973 kEUR, 
namely:

• “Nanotechnology of Composed Coatings for Special Medical and Industry Applications” 
(IONMED consortium),

• “Support to the Accredited Laboratory for the Personal and Environmental Dosimetry  
LADIS”,
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• “Set-up of the Spectrometric and Dosimetric Laboratory for Terrain Measurements 
CHIMERA-Lab”,

Th e purchased equipment for these projects was installed or it  has already been under tests.
At present (i.e. the end of 2006) IFJ PAN started a project “Support and Modernization of the 

Accredited Laboratory for the Dosimetric Instruments Standardization” fi nanced with the sum of 95 
kEUR.

Th e experience gained during execution of these projects was used to prepare new applications for 
the structural UE funds. Currently they are on the list of projects waiting (after the fi rst selection) for 
the decision to be fi nanced  in 2007.

Th e support from governmental grants in 2005–2006 enabled us to purchase the FTIR 
spectrometer EXCALIBUR FTS 3000 together with accessories for the measurements at the very 
low temperature (260 kEUR), the high power gradient system for MRI, devices for the monitoring 
of several physiological parameters of the laboratory animals as well as to carry on a modernization of 
the NMR laboratory animal farm. Also the project “X-ray Microprobe” (460 kEUR) started due to 
support from the Found of Polish Science and Technology (to be completed in 2007).

Th e Th eratron 780E Co-60 unit (used, but very valuable for future experiments) was donated 
to the Institute by the Centre of Oncology, for  testing of large area detectors for 2D dosimetry and 
diamond detectors as well as for the biological irradiation.

With the help of the funds of the FP6 UE projects DYNASYNC and CAMTOPH two 
computer clusters (each about 232 kEUR) were developed, increasing computing power for these 
projects calculations.

In the last few years the Institute successively has undertaken several eff orts to modernize the 
buildings structure. Th ese necessary actions had been postponed up to then because of the lack of 
funds in the past. During 2005–2006 one wing of the main building has been completely renovated 
(the total cost: about 250 kEUR). We also replaced the outdated heating and electrical installations 
in the cyclotron building (50 kEUR).

In 2006 we started two other tasks to be fi nished in 2007, namely: modernization of the storage 
buildings for radioactive sources and waste and a renovation of the next part of the main building of 
the Institute (total cost  of  380 kEUR).

Table 1.  IFJ PAN income in 2005 and 2006

Sources of income 2005
[EUR]1

2006
[EUR]2

Total (without fi xed assets grants3) 6 561 095 8 306 222
Statutory R&D funds 4 527 825 4 824 468
Grants to support  participation in international projects (SPB, PBS) 570 476 1 174 364
Grants for individual projects 370 887 517 149
Scientifi c conferences  92 603 119 006
International projects – foreign grants (5FP, 6FP, NATO, other) 562 308 1 082 176
National Networks 0 180 847
Business activity of IFJ PAN 426 244 397 771
PAN subsidy for actions supporting R&D 10 752 10 441

Fixed assets grants3 419 286 2 392 784
Grants towards local infrastructure – state upport 419 286 419 838
Research equipment – UE support 0 1 972 946

Total income 6 980 381 10 699 006
1Exchange rate as of  30 December 2005 used (1 EUR = 3.8598  PLN)
2Exchange rate as of  29 December 2006 used (1 EUR = 3.8312  PLN)
3Grants towards local infrastructure and research equipment
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COSTS

In 2005 – 2006 about 60 % of the total cost, without grants towards local infrastructure and 
research equipment, was allocated to personnel salaries; the remainder was spent on equipment, 
materials, services and cooperation. Th e structure of funds allocated to particular fi elds of research 
carried out at the Institute is presented in Figure 1. Th e structure of total expenses including all the 
activity of IFJ PAN is shown in Figures 2 and 3 below. 

Fig. 1. Structure of statutory costs with respect to particular fi elds of 
research activity in 2005 and 2006

Fig. 2.  Structure of total cost of IFJ PAN in 2005 
(without grants towards local infrastructure 
and research equipment).

Fig. 3. Structure of total cost of IFJ PAN in 2006 
(without grants towards local infrastructure and 
research equipment)
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Annex D.  Research Infrastructure

Nr. Equipment Description

1. Isochronous Cyclotron AIC-144
Particle acceleration in the energy range  30–60 MeV for 
protons, 15–30 MeV for deuterons and 30–60 MeV for alpha-
particles

2. Van de Graaff  Accelerator 
2.5 MeV proton and He+,  2–100 μA beams with micro-probe 
facility providing 2 μm beam spot at 100 pA and 10 μm at 1 nA 

3.

14 MeV Pulsed Neutron 
Generator with 2-line detection 
system for storing time 
distributions of the thermal 
neutron fl ux. 

Neutron yield: 5∗108 n/s/4π, pulse duration: 25–100 μs, 
repetition time: 0.3–100 ms

4.
Solid State Pulsed NMR 
Spectrometer

High precision pulsed NMR spectrometer with 7 T fi eld 
of 89 mm gap, rotating probe,  low temperature deuteron 
probehead and continuous fl ow helium cryostat T–300 K

5. MR Imaging Research System.

MR research imager for small animals (rat & mouse) based on 
two-channel digital spectrometer (MARAN DRX) and 4.7 
T/310 mm superconductive magnet (Bruker). Th e tomograph 
is equipped with high effi  ciency gradient amplifi ers (Copley) 
with three sets of gradient coils of ID’s 60 mm (500 mT/m), 
90 mm (750 mT/m), 210 mm (180 mT/m), RF coils, and 
animal handling system (anesthesia, temperature stabilization, 
monitoring of the animal function during experiments)

6.
Low-Background Spectrometry 
Systems and aerosol collector 
systems for environmental studies

One ultra-low-background and three low-background gamma 
spectrometers, low-background liquid scintillation alpha/beta 
spectrometer, four semiconductor alpha spectrometers, a dose 
rate meter (Permanent Monitoring System), two high effi  ciency 
aerosol collector systems (ASS-500) and aerosol fraction 
collectors (PM–2.5, PM–10 HVS–30)

7. Two-Beam Ion Implantator 

Main ion beam (most elements available), magnetic control, 
dM/M=1/350, ~5 mA, beam spot up to 10×120 mm. 
Secondary ion beam (all noble gases) accelerated with 5–45 kV, 
densities: ~500 mA/cm2 

8.
Scanning Force Microscope 
(SFM) 

X/Y range: 250 μm, Z range: 3 μm. Resolution in X/Y: 
256×256 points, resolution in Z: 1 nm

9. Gas Chromatograph
Two high-precision gas chromatographs (FISIONS Inc.) for 
measurements of freon F11, F12 and F13 concentration and for 
chlorinated compounds in water and in the atmosphere

10.
AC Susceptometer / DC 
Magnetometer 

Versatile AC susceptibility and DC magnetic moment 
measurements as a function of temperature (4.2 to  325 K) and 
other variables for wide range of materials

11. Cahn RG Electrobalance 

Very sensitive investigations of very small samples (about 
10 mg) of weak magnetic substances (diamagnets, 
antiferromagnets, spin-glasses) in the temperature range 3.5–
350 K
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Nr. Equipment Description

12. Adiabatic Calorimeter 
Sensitivity 10μK, temperature range 15–450 K, sample volume 
5–6 cm3

13.
Philips Industrial X-Ray Machine 
- MCN 323 (250 kV, 10 mA) 

Modern HV stabilization (16–320 kV), computer control of 
X-ray tube voltage, current and exposure time

14.
X-ray diff ractometer X’PERT 
PRO

Vertical goniometer of H–H geometry, independent H and 2H 
driving gears, angle range from 0.2°; Ceramic Cu – anode X-ray 
tube; Two detection tracks supplied with proportional counters: 
(a) for powder diff ractometry (b) for thin fi lm refl ectivity and 
grazing incidence diff raction; Th e low-temp (80–750) K and 
the high temp (300–1500) K chambers

15.
FTIR spectrometer 
EXCALIBUR FTS 3000

Resolution: 0.25cm–1; spectral range: Mid-IR 
(400–6000) cm–1;  source: ceramic air-cooled; infrared power: 
40 mW at the sample;  Cryostate Helium temperature range: 
(10–300) K

16.
Far-infrared Fourier-transform 
spectrometer DIGILAB FTS-14

A helium fl ow cryostat and temperature controller.  
Temperature range : 20–320 K, measurements between 
30–500 cm–1 

17.
Positron Annihilation 
Spectrometers 

Two positron lifetime spectrometers based on XP2020 
and XP2020Q photo-multipliers and NE111 and BaF2 
scintillators, working in the fast mode. Th e time resolution 
(FWHM) of the spectrometers is about 320 and 240ps, 
respectively. Th e coaxial HpGe detector uses for the 
measurements of Doppler broadening of annihilation line. Th e 
so-called long slit apparatus permits coincidence measurements 
of two collinear annihilation gamma quanta with the function 
of temperature

18. Polarizing Microscope 
Transmission or refl ection modes, with heating stage and 
temperature control in the range  –196 to  + 600°C

19.
Ultra-high vacuum setup for thin 
fi lm preparation and analysis

Multichamber system consisting of three chambers with well 
defi ned functions. Equipped with four-source evaporator, 
facilities for in-situ surface preparation (annealing, 
sputtering),thickness control by quartz monitors, and with 
AES/LEED for in-situ fi lm characterization

20. Atomic Force Microscope
It works in ambient conditions, Possible imaging and friction 
measurements of material surfaces

21.
Setup for four-point probe 
resistivity measurements in 
magnetic fi eld

Measurements of resisitivity at temperature range from 80 K to 
room temperature in magnetic fi elds from 0 to 10 kOe

22.
Leybold Vacuum Univex 300 E-
beam Evaporation System

3 x 10–6 torr base vacuum. Beam energy up to 6.0 KeV,  
3.6 KW power supply. Deposition of thin fi lms, micro/nano-
particles.  Targets: Ni, Ag, Cr, Ti, Fe, Au

23. Micro Raman Spectrometer 

Confocal microscopy; Two lasers: 532nm and 785nm, Spectral 
resolution: 1cm–1,  mapping in X–Y direction with resolution 
0.1 μm, depth profi ling with resolution 0.1 μm, Low and high 
resolution separate grade for both lasers
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24. YaG lasers
Quantel YG 981E high energy laser, 1600 mJ for 1064nm,  
820mJ for 532nm, 490mJ for 355nm, 150mJ for 266nm, 10 Hz 
repetition rate, pulse duration: 10ns

25. Alessi probe-station.
Equipped with Mitutoyo microscope, micromanipulators of 
Alessi and Karl Suss, Panasonic CCD camera, colour monitor 
and moving mini-table with Mitutoyo Drive Unit.

26. Wedge bonder 
Bonds Al wires at VLSI chip and silicon detector assembly. 
Equipped with Olympus microscope. 

27. Radon calibration chamber
Calibration of radon detectors within wide range of radon 
concentrations; volume: 600 dm3

28.
Low-background gamma 
spectrometer with high purity 
germanium detector HPGe 

Low-background, high-sensitive measurements of gamma 
isotopes concentrations, 33% eff ., FWHM=1.8keV; electronic 
set & software: ORTEC

29.
High-Performance Hand-
Held Radiation Identifi er 
INSPECTOR 1000

Dose rate and dose calculation; source fi nding; nuclide 
identifi cation; spectrum acquisition and analysis. Integrated 
GM. External intelligent probe NaI 1.5 × 1.5 in

30.
In-Situ Spectrometer 
INSPECTOR 2000 

HPGe Detektor type Extended Range (40% eff .). Canberra In-
Situ Object Counting System (ISOCS) Portable MCA (model 
DSA -1000 /GENIE 2000 Software

31. TRIATHLER
A compact and portable single-well instrument for LSC 
measurements (3H, 14C, 32P, 33P, 35S)

32. Th e Radosys System 200
Advanced automatic system with a dedicated software to 
analyze CR-39 detectors

33. BABYLINE 81
Measurements of  the dose rate and the absorbed dose in 
human tissues (0.007 g/cm2 or 0.3 g/cm2, 8 keV to 10 MeV) 

34.
Professional radon monitors 
AlphaGUARD PQ2000 and two 
AlphaGUARD PQ2000Pro)  

Radon concentration range: 2 ÷ 2 000 000 Bq/m3, 
measurement and analysis of trends in radon concentration 
(Genitron Instruments)

35.
Automatic thermoluminescence 
reader, Dosacus, RADOS Evaluation of 60 dosemeters/hour, dose range 1 nGy – 1Gy

36
Facility for calibration of radiation 
protection instruments with 
137Cs beam

137Cs beam, kerma rate (in air) 0.1 nGy/h–50 mGy/h,
automatic, remote controlled  calibration bench with 
positioning ±0.5 mm 

37. Th eratron 780E Co-60 unit

60-Co source activity equal to 128,4 GBq (3466.8 Ci), dose 
rate equal to 1.03 Gy/min, SCD = 80 cm – as on 1.09.2006, 
gantry rotation in all round angle range, maximum time 
exposure 29.99 min, irradiation fi eld between 5×5 cm2 to 
35×35 cm2 in SSD = 80 cm

38 Helium Condensing Unit 
Liquid helium yield 27–30 l/h, requires 10 l of liquid nitrogen 
per 1 l of helium. Peak power 100 kW

39. Computer cluster
Cluster of six workstations, each station with double core  64 
bit processor and server with RAID 5 disk matrix.




