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 Executive Summary v

FOREWORD

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:

1. High energy and elementary particle physics (including astrophysics),
2. Nuclear physics and strong interaction,
3. Condensed matter physics,
4. 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:

1. To perform research in the above disciplines,
2. To promote the development of scientists and of specialists qualifi ed to 

carry out research in these disciplines,
3. To organize a Post-Graduate Study Course,
4. To enable external scholars to train and gain academic qualifi cations in 

the Institute’s laboratories, through agreements with national and foreign 
research institutions,

5. To collaborate with national and local authorities in providing them with 
expertise in the Institute’s research topics, especially concerning radiation 
protection.
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Th ese tasks are fulfi lled by:

1. Performing individual and coordinated research through individual and 
collective research grant projects,

2. Initiating and maintaining cooperation with laboratories, organizations 
and institutions performing similar activities, in Poland and abroad,

3. Conferring scientifi c degrees and titles,
4. Distributing the obtained research results, through peer-reviewed 

publications and other public media,
5. Organizing scientifi c meetings, conferences, symposia, training 

workshops, etc.,
6. Providing expertise and analytic reports for government institutions and 

local authorities,
7. Carrying out other duties, within the statutory mandate of the Institute.

Since February 2005, at the request of the President of the Polish Academy of 
Sciences, the Scientifi c Advisory Board (SAB) reviews the scientifi c activities of 
the Institute every two years. Th e Board is asked to assess the present state of 
IFJ PAN, in particular the quality of its research as evaluated on an international 
scale and to provide recommendations for the Institute to strengthen its position 
and future research goals. Th e latest recommendations from February 2007 
stressed the need to maintain and reinforce 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 in order to make use of some of its unique facilities and laboratories. 
SAB also recommended that the funding of the high level of engineering and 
technical support should be maintained as it gives the unique opportunity to 
support new experiments in physics. It was also underlined that the role of young 
people in leading positions should be strengthened. Th e Institute was encouraged 
to make every eff ort to maintain its increased level of income, e.g. by continuing to 
apply for European structural funds.  As in the last two years this income should 
be used predominantly to upgrade the research facilities and equipment of the 
Institute in order to fully exploit its human potential. SAB also pointed out that a 
number of outreach activities successfully pursued should be publicized as widely 
as possible and that this trend should be continued.

II.   Overview

Our Institute, with a personnel of 486 (192 research staff  ) and 79 Ph.D. students, 
is presently one of the largest research institutes in Poland. Th e scientifi c staff  
consists of 115 postdoctoral researchers, 30 associated professors (doktor 
habilitowany) and 41 state-nominated professors (see Annex B).
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IFJ PAN is fi nanced mainly from the State budget of the Ministry of Science and 
Higher Education. In 2007 this core fi nancing was about 6,3 M€, constituting 
almost 55% of the Institute’s total budget, which for that year was about 11.4 M€ 
but in 2008 decreased to 9.4 M€. 

In 2007, the income from the international projects brought a total of 2.4 M€, 
while in 2008 it was more than 2.6 M€ (with the EC contribution of 550 k€ in 
2007 and 600 k€ in 2008). In addition, IFJ PAN received some support from the 
grants for local infrastructure and equipment, which in 2008 amounted to 166 k€ 
(in 2007 it (was) equalled 413 k€). For further budget information, see Annex C.

2.4 M€, obtained in 2006 via the structural funds of the European Union, enabled 
IFJ PAN to make the largest purchases of the laboratory equipment in the last 
two decades, especially in the fi eld of materials engineering, ion implantation 
techniques, surface physics and advanced dosimetric equipment. In 2007 the 
project National Centre for Hadron Radiotherapy – Bronowice Cyclotron Centre, 
with a view to installing the 230–250 MeV cyclotron for research and proton 
radiotherapy on the IFJ PAN premises, was put with the budget of 25 M€ on the 
so-called “indicative” list of about 500 major projects to be funded by the Structural 
Funds of the European Union over the years 2007–2013.  In November 2007 
a preliminary agreement on the preparation of the project was signed with the 
Ministry of Science.  Signing the fi nal agreement is scheduled for 2009. 

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 measured chiefl y by the number of ISI-listed publications. Over the two-
year period (2007 and 2008) our research staff  had published ca. 670 papers in 
international journals listed in the Philadelphia ISI Master List, and 430 other 
publications in the form of books, reviews and chapters in scholarly textbooks, 
papers and reports.

Th e Scientifi c Council of the Institute, which consists of 41 elected staff  members 
and 5 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 2007–2008, 23 Ph.D. degrees were conferred and 9 habilitation procedures 
were completed. Following their review procedures, 2 associate professors at IFJ 
PAN became state-nominated professors, receiving their nominations from  the 
President of Poland, Mr. Lech Kaczyński (2006). (Annex A–2).

Advanced post-graduate courses in specialized physics topics are given to 79 
students of the International Post-Graduate Study Course at IFJ PAN. Th ese 
courses are attended by students from universities of several countries. (Annex 
A–6).
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Th e scientifi c activities of the Institute in 2007–2008 presented in this volume 
fell into 6 main topics and were sub-divided into 47 tasks. A more detailed list 
of these activities, including the project title and the name of the task leader, is 
presented on pages 65–68. 

Apart from scientifi c departments, the Institute has three technical sections (Annex 
A–5). 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 their general specifi cations  
is given in Annex D. Four laboratories, accredited according to the ISO 17025 
norm, provide individual and environmental dosimetry, calibration of radiation 
protection instruments and environmental monitoring of radiation contamination 
(Annex E). A radiation monitoring station at IFJ conducts a continuous data 
acquisition of ambient dose rate and provides the Polish National Atomic Agency 
with the information on the radioactive contamination of air. Should such a need 
arise, the Institute will be also able to provide regional authorities with radiation 
emergency support.

II.   Prizes

Outstanding achievements in scientifi c research of Professor Andrzej Białas were 
acknowledged with the Prime Minister Prize for the year 2008.

Th e Polish Academy of Arts and Sciences (PAU), in recognition of the scientifi c 
work of Professor Marek Jeżabek QCD Corrections to Semileptonic Decays of Heavy 
Quarks, published in Nuclear Physics B 314 (1989), awarded him the Marian 
Mięsowicz Prize for the year 2007.
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 Research Highlights  2007 – 2008 3

I. DIVISION OF PARTICLE  PHYSICS 
AND  ASTROPHYSICS

The teams of the Division of Particle Physics and Astrophysics participate in several 
major experiments performed by large international collaborations. Th ese experi-

ments include ATLAS and LHCb at CERN Large Hadron Collider; Belle at KEK B-factory; 
PHOBOS at BNL Relativistic Heavy Ion Collider; the Pierre Auger Observatory; ICARUS 
and WARP at Gran Sasso; T2K at the Japan Proton Accelerator Research Complex; the 
FCAL project for the International Linear Collider and the European LAGUNA project. Th e 
H1 and ZEUS experiments at HERA in Hamburg already fi nished data taking but physics 
analyses are still being continued.

To ensure that our participation in the experiments is as complete as possible, we contrib-
ute to all phases of the projects: to the design and construction of detectors, the preparations of 
research programmes, and by taking active part in data analyses as well as in maintaining and 
upgrading detector systems. 

 Our Departments, in most cases, conduct their scientifi c projects separately, so the organi-
sational structure of the Division – beside some small overlaps – refl ects the associations with 
the related research projects. However, in areas of computing, education, organisation of con-
ferences, seminars and outreach events, we profi t from the eff ective integration and cooperation 
of our Departments.  

High energy physics (HEP – a synonym of the particle physics) experiments are long-
term projects, lasting many years. Th e constructions of the LHC experiments like ATLAS 
and LHCb themselves took up almost 20 years before they have been recently fi nalized, and it 
is expected that they will operate for at least another 10 – 15 years.  Such long spans of time 
create situations characteristic for the HEP communities where the periods of data collection 
and analyses, accompanied by strong publication activities of some teams, overlap with the 
periods where other teams are busy with the detector constructions and tests, developments 
of software tools, system calibrations and alignments – the time when the publication yield is 
naturally limited. 

Consequently, in this report, we tend to treat the achievements of our teams, which are 
characteristic for a given stage of the project, on an equal footing, regardless of whether they 
refer to some new, spectacular physics results, to the hardware or software developments, or 
even to tedious monitoring and maintenance activities, providing that these are valuable and 
recognised by the collaborations. In the following short descriptions of our HEP projects, we 
point out the main achievements which always refer to the research where the participation of 
our teams is signifi cant. Th ese main achievements are:

 U Th e fi rst physics results of the Pierre Auger project, revealing new insights into the 
properties of the highest-energy particles in the universe.

 U Th e fi rst observation of time-dependent CP violation in rare B0  ´K0 decay medi-
ated by b  s  transitions, made by the BELLE experiment; the fi rst evidence for direct 
CP violation in B  D K and a new measurement of the weak phase 3/; observation 
of a diff erence between direct CP violation in charged and neutral B  K decays that 
may be a hint of eff ects beyond the standard model in b  s  transitions; the fi rst obser-
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vation of an exclusive semi-tauonic B decay in the B0  D– + mode.
 U Th e results obtained by the PHOBOS collaboration from the comprehensive studies 

of correlations and fl uctuations in particle production, providing deeper challenging 
constraints on models describing particle production in nuclear collisions.

 U A signifi cant progress in overall commissioning of the ATLAS detector as well as the 
studies of its performance for -lepton reconstruction and identifi cation, and the AT-
LAS physics potential in the fi eld of heavy-ion collisions.

 U Th e contribution of the Kraków LHCb group to the design and construction of the 
Outer Tracker and to the development of selection algorithms for High Level Trigger 
dedicated to B decays with photons and electrons in the fi nal state.

 U Th e electronics modifi cations, installation and tests as well as the development of the 
analysis and graphics programs for the ICARUS neutrino experiment; both hardware 
and software contributions to the SMRD subdetector of the T2K near station; the 
start-up of the European LAGUNA project, with Polish researchers focusing on a 
feasibility study for the Polkowice-Sieroszowice mine as a possible location of the new 
underground laboratory; the direct searches for dark matter with a small prototype of 
the WARP detector which allowed us to publish the fi rst physics paper with WARP 
limits for WIMP parameters.

 U Th e ILC group continued R&D eff orts to prepare the LumiCal prototype, focusing 
particularly on the proposed mechanical structure and on the LumiCal integration 
with the ILD detector.

 U A considerable and very important eff ort is devoted to the consolidation of the H1 and 
ZEUS results. 

 U Th e participation in the WLCG Grid for the experiments at the LHC accelerator has 
been continued; the Kraków Grid cluster participated in all tests as well as in the regu-
lar production carried on by the LHC experiments.

 U In 2007–2008, numerous High Energy Physics outreach activities were directed to 
high school students and physics teachers; they also comprised exhibitions and pres-
entations aimed at particle physics popularization in society. For detailed information, 
see Appendix F.

To conclude this introduction, another important activity of our scientists is worth men-
tioning. For many years, the researchers from the Division of Particle Physics and Astrophysics 
have taken constant care of the specialization in experimental particle physics for the students 
of the Jagiellonian University, the Faculty of Physics, Astronomy and Applied Computer Sci-
ence. Th is specialization takes the last two years of the fi ve-year long period of physics stud-
ies. It is an educational program based on the cooperation of both institutions: IFJ PAN and 
the Jagiellonian University. Students attend courses which include lectures, seminars, problem 
solving sessions and laboratory work. Th ey are also involved in regular research, participating 
in the experimental program of our division mostly during the preparation of their diploma 
theses. In the academic year 2007/2008, we had eight students in the specialization. In the 
periods 2006/2007 and 2007/2008, twelve young scientists graduated. On average, each year 
more than twenty scientists from our division are engaged in teaching, giving about 450 hours 
of regular courses. In addition, hundreds of hours are dedicated to the supervision of students’ 
theses.
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The Pierre Auger Project [105] aims to study ultra-high energy cosmic rays, i.e. those with the 
energies exceeding 1019 eV, using a giant hybrid cosmic ray detection system.  Th e southern 

hemisphere Pierre Auger Observatory in Malargüe, Argentina, was offi  cially inaugurated in November 
2008. Th is event marks the completion of the fi rst phase of the Observatory construction and the be-
ginning of the project's second phase, which includes plans for a northern hemisphere site in Colorado, 
USA, and enhancements to the southern hemisphere site. 

Th e Pierre Auger collaboration has published its fi rst physics results, revealing new insights into 
the properties of the highest-energy particles in the universe. Th e collaboration has found that the 
arrival directions of the highest-energy cosmic rays are anisotropic.  Th e arrival directions appear to cor-
relate with the distribution of nearby active galactic nuclei. Several scientifi c organizations selected this 
remarkable fi nding as one of the most important scientifi c breakthroughs in 2007. 

Th e energy spectrum of cosmic rays, determined by the Auger collaboration, exhibits a fl ux sup-
pression above 4×1019 eV. Th is suppression, together with the anisotropy of the arrival directions, 
suggests that the spectral steepening, predicted by Greisen, Zatsepin and Kuzmin, has been verifi ed. 
Th is steepening is supposed to be due to cosmic ray interacting with the cosmic microwave background 
radiation.

One of the most important measurements is the determination of the composition of ultra-high 
energy cosmic rays. Th e Pierre Auger Observatory is sensitive to photons and neutrinos among the 
primary cosmic rays. Th e upper limits obtained on fl uxes of photons and neutrinos already impose 
stringent limits on the so-called exotic models of cosmic ray origin, which rely on new physics to explain 
the existence of cosmic rays at extreme energies.

In the years 2007–2008, the Belle experiment [104] at the KEKB asymmetric e+e– collider 
(Tsukuba, Japan) continued the data taking at the  (4S) peak. Th e excellent performance of the 

KEKB collider allowed us to extend the operation points to other resonances from the  family:  (1S), 
 (2S),  (3S) and  (5S). 

Th e experimental tests of the Kobayashi-Maskawa CP violation mechanism in B0 and B+ mesons 
that represent the primary goal of the Belle experiment achieved unprecedented precision. Th e impor-
tance of Belle results was indicated in the press release on awarding the 2008 Physics Nobel Prize to 
Nambu, Kobayashi and Maskawa. Th e most important results of the last two years in the B-physics 
sector include: 

Aitoff  projection of the celestial sphere in galactic coordinates with the positions of active galactic 
nuclei with redshifts z<0.018 shown by red asterisks. Th e circles mark the arrival directions of 27 
cosmic rays with the highest energy, detected by the Pierre Auger Observatory. Th e region shaded 
in blue indicates the fi eld of view of the Observatory, with darker shade indicating larger relative 
exposure. Th e dashed line is the supergalactic plane.
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6 Research Highlights  2007 – 2008

 the fi rst observation (>5 signifi cance) of time-dependent CP violation in rare B0  ´K0 
decay mediated by b  s  transition;

 the fi rst evidence for direct CP violation in B  D K and a new measurement of the weak 
phase z3/c;

 observation of a diff erence between direct CP violation in charged and neutral B  K 
decays that may be a hint of eff ects beyond the standard model in b  s  transitions (this 
was the fi rst physics result from B-factories published in Nature);

 the fi rst observation of an exclusive semi-tauonic B decay in the B0  D– + mode.

Th e last result has been obtained with a novel method of inclusive reconstruction of the accompa-
nying B meson, used to tag the signal decays. Th e analysis has been performed entirely by the Kraków 
group of the Belle collaboration.

Of special interest are the results from short runs at the  (5S) peak. Th e fi rst observation of a rare 
Bs decay (mediated by FCNC) in the Bs

   mode demonstrates the potential of the KEKB B-factory 
to study rare Bs decays, competitive to hadronic machines.

Th e large data sample accumulated in Belle also resulted in many interesting observations in charm 
physics. Th e new fi ndings of the last two years include:

 the fi rst evidence for D0 –D0 mixing; 
 observation of new charmonium-like resonances with properties that do not easily match 

standardcc  multiplet expectations; the most interesting fi nding is the charged charmonium-
like state Z(4430)±, observed in the eff ective mass distribution of the  ’±  system, produced 
in B decays.
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Th e Belle collaboration and the team of accelerator physicists at KEK continue R&D studies for 
the SuperKEKB project. In 2007, eff ective head-on collisions of electrons and positrons were produced 
using for the fi rst time new devices called “crab cavities.” Th e Kraków group contributed to the upgrade 
of the Belle silicon strip detector for the SuperBelle spectrometer. Th e work performed by the Polish 
team includes the adoption of the SVD readout chain to the modularized pipeline readout electronics 
system and R&D studies for low noise silicon strips readout chip in the SOI (Silicon On Insulator) 
technology.

Over the past two years PHOBOS [205] has continued to analyse the large data sets obtained 
from the fi rst fi ve runs of the Relativistic Heavy Ion Collider (RHIC) at Brookhaven 

National Laboratory. Th e uniquely large angular coverage of the PHOBOS detector and its ability 
to measure charged particles down to very low transverse momentum were exploited. Our eff ort was 
mainly focused on the investigation of fl uctuations and correlations, the study of which can provide 
deeper insight into diff erent stages of the evolution of the system created in heavy-ion collisions. 

Th e analysis of the event anisotropies (anisotropic fl ow) in multiparticle production in non-central 
nuclear collisions appeared to be one of the most informative paths in understanding physics and char-
acterizing the properties of the dense and hot, strongly interacting medium. Elliptic fl ow is one of the 
key observables used in this analysis. Large elliptic fl ow signals have been observed at the top RHIC en-
ergies in both Au+Au and Cu+Cu collisions. Th ese results have been understood in terms of the initial 
anisotropy in the collision region, best described by the participant eccentricity, being preserved via an 
early thermalization after the collision and the hydrodynamic expansion of the system with very little 
viscosity. Th e PHOBOS measurements of the event-by-event fl uctuations of the elliptic fl ow confi rm 
this picture. Th e elliptic fl ow fl uctuation measurements are strongly infl uenced by the non-fl ow eff ects. 
PHOBOS used the data-driven estimate of non-fl ow eff ects from the correlations with large rapidity 
separation. Th is allowed for obtaining a restrictive range for genuine fl ow fl uctuations. It was shown 
that the magnitude and centrality dependence of these fl uctuations are in agreement with the fl uctua-
tions of the initial shape of the collision zone quantifi ed by the participant eccentricity. Th ese results 
indicate that the system thermalizes very rapidly and the initial-state event-by-event source fl uctuations 
are effi  ciently converted into fi nal-state momentum fl uctuations. 

Multiparticle correlation studies have proven to be a powerful tool in exploring the underlying 
mechanism of particle production. Th e PHOBOS studies of the two-particle angular correlations for 
p+p, Cu+Cu and Au+Au collisions at the center-of-mass energy of 200 GeV/nucleon showed that at 
freeze-out the particles tend to be produced in clusters with a non-trivial centrality dependence, ob-
served in nucleus-nucleus collisions (see Figure below). 
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8 Research Highlights  2007 – 2008

The last two years have seen a signifi cant progress in overall commissioning of the ATLAS 
detector [107, 601]. Th e IFJ PAN group made important contributions to the semiconductor 

and Transition Radiation Trackers, especially concerning their powering and detector control systems. 
Th e detector was functional and ready for data taking during the fi rst circulation of the LHC beams in 
September 2008. During that time, the high-multiplicity so called splash events were recorded when 
the beam was eff ectively dumped on the collimators at 140m from the ATLAS detector, as well as halo 

events were observed when 
the collimators were open and 
fewer particles crossed the 
detector. Th e observed fi rst-
beam events were used to per-
form the timing studies. After 
the LHC incident, ATLAS 
continued to perform com-
bined runs with cosmic rays 
which have been very useful 
for the integration of controls 
(DCS), trigger and data ac-
quisition. Cosmic events have 
been also used for alignment 
studies and in the develop-
ment and commissioning of 
reconstruction software.

The studies of the performance of the ATLAS detector for -lepton reconstruction and 
identifi cation in the hadronic decays have been continued. Two complementary ap-

proaches, a calorimeter-seeded and a track-seeded algorithm, have been developed to effi  ciently 
reconstruct these decays while providing the necessary large rejection against jets from QCD proc-
esses. Several discrimination methods have been established, including a simple cut-based selection 
as well as multivariate selections 
based on likelihood, neural net-
work, and probability range search 
techniques. Th e performance of 
these algorithms in terms of ef-
fi ciency and rejection against jets 
was investigated. In addition, the 
prospects for the determination of 
fake  rates, as well as the extrac-
tion of -lepton signals from W 
and Z boson decays and from –
events in the early ATLAS data 
corresponding to an integrated 
luminosity of 100 pb−1 were stud-
ied. It has been estimated that the 
expected performance in the AT-
LAS experiment will be adequate 
to extract  signals in the early 
LHC data from these processes. 
Th ese signals are important to 
establish and calibrate the  iden-
tifi cation performance with early 
data. 

A cosmic muon track recorded in the ATLAS Inner Detector.

Beam-splash event in the ATLAS detector. 
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The detector of the LHCb experiment [108, 601] has been successfully completed and is 
ready for data taking. Its main purpose is to study the CP symmetry violation in the system 

of neutral beauty mesons. Th e Kraków 
LHCb group contributed to the design 
and construction of the Outer Tracker 
(OT). Th e large samples of cosmic ray 
events were collected and the fi rst events 
from the LHC beam injection test were 
then taken.

For the past two years, the group has 
continued to participate in the software 
development for both off -line and on-
line software. Signifi cant improvements 
have been achieved in the primary ver-
tex reconstruction, i.e. the adaptive least 
square fi t and a new vertex seed proce-
dure allowed for minimizing the bias 
of the vertex position, as well as for in-

creasing the vertex reconstruction 
effi  ciency of complicated events 
where multiple primary interac-
tions were occurring in a single 
beam crossing. Th e Kraków group 
is also involved in the development 
of trigger algorithms. Th e appli-
cation of full event readout at the 
level of 1 MHz enabled the em-
ployment of a new strategy of the 
on-line data fi ltering. Th e Kraków 
group has developed selection 
algorithms for High Level Trig-
ger (HLT), dedicated to B decays 
with photons and electrons in the 
fi nal state. Th e fast photon/π0 dis-
crimination has been elaborated 
on the basis of the Fisher discrimi-
nator.

Reconstruction of the real event collected during the LHC beam 
injection test.

Fast separation based on the Fisher discriminator method for the pho-
ton/π0 developed for the photon line of electromagnetic HLT alley. 
It allowed for reaching 80% effi  ciency for B   decay mode at the 
HLT. Th e full histogram corresponds to the photons coming from B 
decay while the hashed one illustrates π0 contribution.

Th e track multiplicity spectrum of accepted  candidates. Th e expected event numbers are given for an 
integrated luminosity of 100 pb−1.
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Th e Kraków group’s activities also concerned the determination of the optimal working mode for 
the Level-0 LHCb trigger. Th is relied on the development and optimization of the Level-0 trigger deci-
sion algorithms, so that optimal signal effi  ciency could be obtained. Th e Kraków group has been also 
developing algorithms for the data analysis of selected B and Bs mesons decay modes. It consists of the 
off -line and on-line event selection – being a fast version to be used in real time on the on-line process-
ing farm. Within the preparation of the Kraków group for the data analysis, off -line selections for diff er-
ent B and Bs meson decays have been prepared and tested using simulated data. Th e tools to determine 
the CP violation parameters are being developed.

Th e scientifi c subject studied by the LHCb, as well as an experimental technique employed, have 
been presented at various science festivals and exhibitions. Regular lectures are given for the Polish 
Teachers Programme at CERN.

Studies related to neutrino physics [106] are carried out in the ICARUS experiment at Gran 
Sasso, the T2K experiment at JPARC and the LAGUNA R&D project.  Th e participation of 

the IFJ group in the ICARUS experiment dates from the year 2000. Th e ICARUS T600 detector 
consists of four Time Projection Chambers placed inside two large cryostats, fi lled with 600 tons of Liq-
uid Argon. Th e detector is in the fi nal installation phase and in 2008 the group from IFJ PAN par-
ticipated in the electronics modifi cations, installation and tests as well as in the development of the 
analysis and graphics programs. Th e main purpose of the ICARUS T600 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 Liquid Argon detector. 

Th e IFJ PAN group, together with four other Polish groups, joined the T2K experiment in Octo-
ber 2006.  Th is accelerator long baseline neutrino experiment will start in Japan in 2009. Its main phys-
ics goal is the measurement of the mixing angle 13 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 Polish 
groups participate in the construction of the SMRD detector, which is a part of the near T2K detector 
and which is dedicated to measurements of muons produced in the neutrino interactions under large 
angles. Th e physicists and engineers from IFJ PAN have contributed to the design of the detector 
cooling system, the design and construction of the system for mounting and fi xing the SMRD mod-
ules, as well as to the development of the reconstruction and analysis programs.

Th e LAGUNA (Large Apparatus for studying Grand Unifi cation and Neutrino Astrophysics) 
project is dedicated to the R&D studies of future huge detectors of a total mass of 105 – 106 tons, 
aimed at neutrino physics and searches for proton decay, conducted using one of the three technologies 
involving liquids: water, liquid scintillator and liquid argon. None of the existing underground laborato-
ries is able to host a detector of this scale, so the construction of a new laboratory will be necessary. Th e 
LAGUNA design study for such new infrastructure was accepted by EC under 7  th FP and its execution 
started in July 2008.  Th e LAGUNA project involves a majority of the European groups interested in 
such physics, detectors and a new laboratory. Th e Polish groups concentrate on a feasibility study for 
the Polkowice-Sieroszowice mine in Poland, which is one of seven possible locations considered in 
the LAGUNA project. IFJ PAN is responsible for one of four work packages of the project, con-
cerning physics studies and outreach. 

The WARP experiment is dedicated to the direct searches for dark matter based on the detec-
tion 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, ioniza-
tion electrons are transported towards 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. Th e fi rst physics paper 
with WARP limits for WIMP parameters was published together with two other papers concern-
ing the WARP methodology.  A bigger detector (100 l of LAr) is under construction and started com-
missioning in 2008.  
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In the detectors proposed for the International Linear Collider (ILC) [109], the very forward 
region is a particularly challenging area for instrumentation. In the case of the ILD, one of the 

main detectors considered for the future experiments at the ILC, the four subdetectors are planned for 
this region. Th ese are the LumiCal (for precise luminosity measurement), the BeamCal (for beam diag-
nostic and to veto unwanted backgrounds in search for some supersymmetric particles), the Pair Moni-
tor (for the beamstrahlung background estimation) and the PhotoCal (for the beam diagnostic activity 
complementary to the BeamCal method). Th e LumiCal subdetector will consist of two calorimeters 
placed symmetrically with respect to the interaction point (IP). Each calorimeter has the Silicon-Tung-
sten structure with thirty tungsten plates intersected with silicon sensors’ layers. Th e actual position of 
each silicon detector plane in relation to one another has to be stable within a few micrometers and the 
position of the calorimeter relative to the beam line and the IP should be known with an accuracy of 
hundred micrometers. For the position measurements the laser alignment system (LAS), designed and 
constructed in Kraków, will be used. 

In the years 2007 – 2008, the IFJ PAN group contin-
ued R&D eff orts at the preparation of the LumiCal proto-
type. Th e proposed mechanical structure is illustrated in 
the fi gure to the right. Each LumiCal calorimeter is divided 
into two half barrels clamping the vacuum beam pipe. Th e 
green colour indicates the silicon sensors and the tungsten 
plates are marked in violet. Th e design concentrated on the 
mechanical structure which has to fulfi ll the stiff ness require-
ments, on the internal structure of the calorimeter and the 
fan-out system to feed out charge signals from silicon pads 
and the cooling system. Th e fi rst prototype of the version will 
be tested using the electron test beam at DESY. Th is pro-
totype will be equipped with fi ne-segmented Hamamatsu 
silicon sensors. Th e sensors will be available in spring 2009. 
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Other important activities concerned the LumiCal integration with the ILD detector. Th ey 
were focused on a possible fi xing of the LumiCal inside the ILD, including the space problems 

for cables and cooling pipes. Additional studies take into account the shape of the beam pipe.  Th e laser 
system for the position measurements was extended.  In the new approach two laser beams are used. 
One is perpendicular to the face of a CCD camera, while the other impinges on it at a 45 degrees angle. 
Th e obtained accuracy was 0.5 micrometers in X and Y position and 1.5 micrometers in Z direction. 
Th e sensitivity of the system to the temperature changes was found to be at the level of 0.5mm/1oC. 
Presently, we are working on the system which will use the dedicated CMOS sensors. Th is system will 
be applied to an automatic readout and position calculation.   

Th e R&D LumiCal program is carried out within the International Forward Calorimetry Collabo-
ration (FCAL) and the European Research program EUDET (Detector R&D towards the ILC), in 
collaboration with the Jagiellonian University, the Faculty of Physics and Applied Computer Science of 
AGH University of Science and Technology, DESY Zeuthen and the Tel Aviv University.  

After 15 years of successful operation, the HERA accelerator was closed in June 2007. Th e last 
months were devoted to the runs at reduced proton energies of 575 and 460 GeV, necessary to 

perform a measurement of the longitudinal structure function of the proton FL(x,Q2), which is the im-
portant measurement at the HERA electron-proton collider. Th e knowledge of FL is needed to extract, 
in a model independent way, the structure function F2 from the measured cross section. Moreover, the 
measurement of the Q2 dependence of FL allows for QCD tests and the measurement of its x depend-
ence makes it possible to constrain the gluon distribution function in the proton. Th e results of this 
measurement are shown in the fi gure below taken from the publication in Phys. Lett. B665 (2008) 139. 
Th ey are consistent with the predictions obtained with H1 PDF 2000 fi t. Th e consistency underlines 
applicability of the DGLAP evolution framework of perturbative QCD at low Bjorken x values, the 
framework in which most of the QCD predictions for the LHC collider are made. Th e H1 experiment 
[102] continues data analysis; the fi rst results based on full HERA I and HERA II data sample are to 
be published.  A considerable and very important eff ort is devoted to the consolidation of the H1 and 
ZEUS results. In 2008, the Kraków H1 [103] group fi nalized research activities related to strange-
ness production with the publication entitled “Strangeness Production at Low Q2 in Deep Inelastic 
Scattering at HERA” (DESY-08-095). 
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The aim of the ZEUS experiment at the HERA collider [102] is the verifi cation of the Stand-
ard Model of the fundamental interactions and a search for “new physics” beyond it by investi-

gating e-p interactions at the highest energies (~300 GeV in the centre of mass). On June 30, 2007, the 
HERA collider terminated its operation and the ZEUS experiment stopped data taking. Till the very 
end, our luminosity monitor had been running smoothly and we had continued measuring the luminos-
ity delivered by HERA. After ZEUS fi nished data taking, by using the fi nal, optimized procedure, we 
evaluated the fi nal values of the luminosity (see fi gure) necessary for the fi nal “grand reprocessing” 
of the ZEUS experimental data which has already started. 

Our physicists also continued the ZEUS data analyses. In particular, we completed the fi rst meas-
urement of the Bose-Einstein correlations between 
neutral and charged kaons (Phys. Lett. B652 (2007) 
1) and started a comprehensive study of the correla-
tions between identifi ed  hadrons and their scaled mo-
mentum distributions in Deep Inelastic Scattering, 
using full ZEUS experimental data. Th e analysis of 
the diff ractive photoproduction of J/ meson at large 
momentum transfer was also carried on: we extended 
the energy range and reduced the systematic errors. 
Having interpreted the experimental results in terms 
of Quantum Chromodynamics, we confi rmed the 
evidence for the so called BFKL dynamics at HERA. 
Th e fi nal publication on this subject is being prepared. 

The distributed computing [601] model is essential for successful analysis of huge samples of 
experimental data. Th e teams from our Division participate in the development of the World 

LHC Grid, in the creation and running of the local “Tier” computer clusters, as well as in the European 
projects called BalticGrid I and BalticGrid II.

Th e development of WLCG Grid infrastructure for the experiments at the LHC accelerator has 
been continued. In the years 2007–2008, WLCG passed important stress tests called Service Chal-
lenge and Common Computing Readiness Challenge (CCRC’08), proving that it is ready for regular 
computing operations and meets expected goals of 1.6 GBps data export from Tier0 at CERN to Tier1 
computing centers all over the world. 

Th e Kraków Grid cluster, located at ACC Cyfronet AGH, participated in both tests and regular 
production carried on by the LHC experiments. During the last two years, Cyfronet has run about 
half a million jobs and delivered almost 3*106 kSI2K hours of normalized CPU, mostly for the AT-
LAS experiment. Th is constitutes almost 50% of the production in Federated Polish Tier2 (ACK Cy-
fronet AGH Kraków, ICM Warsaw and PCSS Poznań), the rest is taken mostly by ALICE, but CMS 
and LHCb had also their parts.Th e 
Polish clusters are now also signifi -
cant contributors to the ATLAS 
production in German FZK Cloud 
(Aachen, Cyfronet Kraków, CSCS 
Manno, DESY Hamburg, DESY 
Zeuthen, Freiburg, GSI Darmstadt, 
Munich, PCSS Poznań, Prague, 
ICM Warsaw, Wuppertal, and can-
didates Innsbruck, Münster, Wien), 
one of 10 groups of Tier2 sites in 
WLCG Grid worldwide. Th e coor-
dination of this Cloud in the second 
half of 2008 was in the hands of the 
ATLAS members from IFJ Kraków. 
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II. DIVISION
OF  NUCLEAR  PHYSICS

AND  STRONG  INTERACTIONS

The atomic nucleus may be considered as an excellent laboratory in which general phenomena 
in physics, such as shells and magic numbers, pairing and superfl uidity, symmetries and their 

spontaneous breaking, resonances, collective motion, level densities and the thermodynamics of small 
systems, entropy and phase transitions, can be studied. Th e Division of Nuclear Physics and Strong 
Interactions uses this “laboratory” by pursuing experimental and theoretical investigations in various 
areas of nuclear physics. Th e main scientifi c activity of the Division encompasses three subfi elds:  struc-
ture of nuclei, hadron physics with hadronic interactions and thermodynamics of nuclear matter. 

Extending our knowledge on the structure of nuclei is vital for understanding the behaviour of 
nucleons in nuclear many body medium, dictated not only by a nuclear interaction but also by the laws 
of quantum mechanics – the Pauli Exclusion Principle and Heisenberg’s Uncertainty Principle. Of 
particular interest in this respect are studies of exotic species (with large N/Z value, high spin or high 
temperature), in which some aspects of nuclear structure may be amplifi ed.  Such studies have recently 
become available within the RISING (Rare Isotope Spectroscopic Investigations in GSI) project at GSI, 
Darmstadt, Germany. Also, the radioactive beams project SPIRAL2 at GANIL, Caen, France, has 
entered its preparatory phase. Many important results on the structure of hard-to-reach nuclides have 
been obtained as well by using beams of stable isotopes. In our Division, these lines of research have 
been pursued in the Department of the Structure of Atomic Nucleus.

Investigations in the area of hadron physics and hadronic interactions are related to the link between 
interacting nucleons and the underlying structure of quarks and gluons. Th ey have been conducted in 
the Department of Strong Interactions and Mechanisms of Nuclear Reactions both theoretically, 
with the use of QCD approach, and experimentally, within the WASA project at COSY, Jűlich (inter-
mediate energies). Future studies in this fi eld are being prepared by the PANDA collaboration at FAIR, 
GSI, Germany.

To understand the properties of nuclear matter under various conditions, e.g. in the instances fol-
lowing the Big Bang, it is necessary to determine its phase diagram.  Th e search for the phase transition 
to quark-gluon plasma is particularly challenging. Th e ALICE project at LHC, CERN, in which the 
researchers from the Department of the Ultrarelativistic Nuclear Physics of our Division are deeply 
involved, off ers the best opportunity in this respect. Regretfully, the experiments had to be postponed.

A great majority of the investigations have been pursued in the frame of international collabora-
tions. Most of them have been carried out at the Large Scale Facilities in Europe - GSI, GANIL, 
COSY, LNL (Laboratori Nazionali di Legnaro, Italy) and JYFL ( Jyväskylä, Finland). In many of these 
research projects our researchers played a key role. 

The structure of nuclei studied with radioactive and stable beams 

Experiments with radioactive beams, most of which have been performed at the RISING setup 
in three campaigns:  fast beam, stopped beam and g-factor campaign, resulted in important discoveries 
and fi ndings: 

Th e fi rst 2+ excited state in the very light Tz=2 36Ca nucleus, produced in a two-step fragmentation 
technique,  has been identifi ed.  A very large mirror energy diff erence of 276 keV with respect to the 
36S  isobar has been determined. Th e result sheds light on the evolution of the N = Z = 16 shell gap 
towards the proton drip-line.  

Th e analysis of the gamma-ray-particle angular distribution provided a new method of determining 
the electromagnetic and nuclear interaction interface in Coulomb excitation reactions at intermediate 
energies. Unexpectedly, the results suggest a large contribution of the nuclear force in  peripheral colli-
sions of heavy ions.  
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Th e analysis of the experiment, using combined RISING and HECTOR arrays and aiming at 
search for the Pygmy Dipole Resonance, resulted in positive evidence for such collective excitations in 
neutron-rich 68Ni. 

Studies of isomeric decay of the 10+ state in a 54Ni fragmentation reaction product provided a clear 
support for the existence of proton emission leading to the 9/2– state in 53Ni – it is the fi rst ever made 
observation of such an exotic decay following the fragmentation reaction.

Th e four proton-hole nucleus, 204Pt, was populated in the fragmentation of an E/A = 1 GeV 208Pb 
beam. Th e yrast structure of 204Pt was located up to angular momentum I=10' by detecting delayed 
gamma-rays originating from metastable states. Th ese long-lived excited states were identifi ed to have 
spin-parities of I=(10+), (7–) and (5–) and half-lives of T1/2=146(14) ns, 55(3) μs and 5.5(7) μs 
respectively. Th ey can be understood in terms of the spherical shell model. Th e data suggest a need for 
revision of the two-body matrix elements for N=126, Z<82, which is of great importance from the 
point of view of the evolution of nuclear structure towards the r-process waiting point nuclei.

Th e isomeric ratios from fragmentation reaction experiments, which concern many nuclei with 
isomeric states in diff erent mass regions, were deduced and compared with a simple abrasion-ablation 
model. For the high-spin isomeric states a very good agreement was evidenced, which was not the case 
for the lower spins. Th is puzzle requires further studies.

Th e data from the RISING g-factor campaign were analysed and resulted in a few interesting fi nd-
ings. Th e most important observation concerned the spin alignment in the heavy mass products (192Pb) 
after fragmentation of 238U at a relativistic energy. It has been shown for the fi rst time that the A2-
coeffi  cient of the Larmore precession in this case is 0.10(3), a value which is high enough to guarantee 
the possibility of g-factor measurements with the TDPAD method in even more exotic heavy nuclei.

Very neutron-rich species around Z=20 were also studied at NSCL MSU, using the fragmentation 
of a 76Ge beam on a 9Be target. Excited states in 50K, including an isomer at 172 keV, were located.  Th e 
results confi rm the existence of subshell closure at N = 32 in neutron-rich nuclei.

Spectroscopic investigations carried out with stable beams also brought many valuable results. 
Very heavy and superheavy (SHE) nuclei were studied by using gamma-detector arrays in conjunction 
with ancillary recoil detectors. Th is technique allowed us to investigate asymmetric nuclear shapes in 
Ra-Th  mass region (octupole deformation in 216Ra) and single particle structure above the deformed 
shell at N=152 in transfermium nuclei (255No). Moreover, the studies of the role of entrance channel, 
e.g. mass asymmetry, neutron number and the shell closure, in forming SHE (256,258Rf ) with a neutron-
rich 136Xe beam with the aim of future applications in the SPIRAL2 program were performed.

A search for a signature of tetrahedral symmetry in 156Gd was initiated by a series of experiments 
performed at IPNO-France, JYFL and LNL laboratories. Th e 156Gd nucleus, according to the theory a 
candidate for a tetrahedrally deformed nuclide, was excited in the 154Sm(,2n) fusion-evaporation  and 
the 58Ni on 156Gd Coulex  reactions. Th e experiments provided a wealth of data that may elucidate the 
observed disappearance of  E2 transitions at the bottom of the expected tetrahedral band. Such an ef-
fect is foreseen due to the vanishing of the quadrupole moment in a nucleus with the tetrahedral shape.

Th ick target gamma coincidence data, taken with the GAMMASPHERE gamma-ray array at Ar-
gonne National Laboratory, USA, for the products of deep-inelastic and fi ssion processes occurring 
during reactions 48Ca+238U,  64Ni+238U  and 76Ge+238U, were used to study the structure of neutron-
rich species that are hard to reach otherwise. New yrast structures in 65Fe, 71Cu, 70–74Zn and 204Tl were 
located. Th e same experimental data sets were used to investigate the neutron-rich nucleus 97Zr. Th e 
level scheme known from the previous work up to an energy and spin of approx. 4.6 MeV and 23/2  
respectively, was extended by about 3 MeV and a few units of angular momentum. Of special interest is 
the identifi cation of the two states, with tentative spin-parity assignments of 25/2– and 27/2–, that are 
fed in the beta-decay of the high spin 27/2–, 143 ms isomer in 97Y. 

Th e gamma-ray emission from the dynamic dipole formed in heavy ion collisions during the process 
leading to fusion was measured for the reaction 16O + 116Sn, asymmetric in the target and projectile 
N/Z values, at beam energies of 8.1 and 15.6 MeV/nucleon. High-energy gamma-rays and charged 
particles were measured in coincidence with the heavy recoiling residual nuclei using the combined 
GARFIELD and HECTOR arrays at LNL. Th e data were compared with those from the symmetric 
reaction 64Ni+68Zn at bombarding energies of 4.7 and 7.8 MeV/nucleon,  corresponding  to the same 
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excitation energies of the compound nuclei. Th e measured yield of the high-energy gamma-rays from 
the 16O induced reactions has been found to exceed that of the thermalized compound nucleus with the 
excess yield increasing with bombarding energy.  Th ese results are in rather good agreement with the 
predictions for the dynamic dipole emission based on the Boltzmann-Nordheim-Vlasov (BNV) model. 

Hadronic and nuclear reactions at intermediate energies

Th e investigations of nuclear and hadronic reactions at intermediate energies have been continued 
and carried out mostly at the COSY ring. Th e data collected in the previous years by the GEM col-
laboration were analysed. Th e reaction p + 27Al  3He + p +  + X at recoil-free kinematics was 
used in search for -mesic nuclei and provided an upper limit for the production cross section. From 
the measured tensor analysing power and diff erential cross sections for (pol)d d   , the scattering 
length of the   scattering was extracted by a partial wave analysis. 

Exclusive measurements for the process p p  p p K+ K– were performed by the ANKE collabora-
tion and analysed with the emphasis on the fi nal state K– p interaction. Furthermore, in a high precision 
measurement of the d p  3He  reaction, a very rapid rise of the cross section within 0.5 MeV from 
the threshold was observed. Th is implies a very large -3He scattering length and suggests the presence 
of the quasi-bound state. 

Within the PISA project, the fi rst sets of accurate cross section data for various spallation products 
from the p+Au collisions have been obtained. Th e energy and angular dependence of double-diff erential 
cross section was measured for reactions induced by 2.5 GeV protons on Au target with isotope iden-
tifi cation of light products (H, He, Li, Be, B) and with elemental identifi cation of heavier intermediate 
mass fragments (C, N, O, F, Ne, Na, Mg, Al). It was found that two diff erent reaction mechanisms give 
comparable contribution to the cross sections. Th e intranuclear cascade of nucleon-nucleon collisions, 
followed by evaporation from equilibrated residuum, describes the low energy part of energy spectra, 
whereas the high energy part was modelled taking into account the emission from two moving sources.

A part of the Nuclear Reaction group joined the PANDA collaboration at the FAIR project, be-
coming involved in the preparation of the PANDA detector. New experiments have been proposed. 

Extensive investigations of the reaction mechanism at the Fermi energy were performed for 18O(35 
AMeV) + 9Be(181Ta) and 22Ne(40 AMeV) + 9Be collisions at FNLR, JINR, in Dubna. Th e compari-
son of model predictions (QMD) with experimental data indicates that the forward emitted fragments 
are produced in a way characteristic of low energy regime (pure mean fi eld like eff ect), as well as in one- 
and two-body processes corresponding to intermediate energy domain.

Our physicists continued searches for time-reversal violation in the decay of free neutrons in the 
world unique experiment at the Paul Scherrer Institute in Switzerland. What has been so far achieved 
is a signifi cant improvement of upper limits for so-called scalar coupling constants of weak interactions.

Reactions at relativistic energies

Hadronic and nuclear interactions at relativistic energies were integrated with the NA49, SPS and 
ALICE experiments. Th e NA49 experiment discontinued data taking some years ago; however, the 
wealth of the accumulated data still allows us to continue rather interesting research. In particular, 
peripheral Pb+Pb collisions at the beam momentum of 158 A GeV/c were studied, with the focus on 
spectator-induced electromagnetic eff ects on secondary particle spectra. Th e main eff ort, however, was 
put into the preparation of the ALICE experiment. Here, our researchers were involved in the develop-
ment, construction, and testing of the Time Projection Chamber (TPC), which is the main tracking 
device of the ALICE detector system. Th orough tests were performed both with and without the AL-
ICE magnet and with cosmic rays in the latter case. All evaluated results showed the anticipated TPC 
performance. Th e calibration procedure using radioactive krypton isotope was developed and applied in 
order to determine local variations of the signal amplifi cation in the TPC. 

Th e ALICE detector was ready for data taking. An incident with LHC magnets, which occurred 
during the LHC commissioning in September, delayed the start-up of the machine until about mid-
term of 2009.
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Theory

Experimental investigations carried out in our Division receive a very strong support from theory 
groups incorporated in the Department of Strong Interactions and Mechanisms of Nuclear Reactions 
and the Department of the Structure of Atomic Nucleus. Th eir activity is focused on various aspects 
of nuclear and hadronic reactions at intermediate and high energies, on QCD applications as well as on 
nuclear structure. 

New analyses, including parton transverse momenta, were performed for dijet, dilepton production 
and for nonphotonic electron production at the RHIC energy range. A large eff ort was devoted to ana-
lyse the exclusive production of mesons c (0), J/ and  glueballs at intermediate and high energies. 
Th e predictions on exclusive  production were confronted with the recent results from the Tevatron. 
New mechanisms of exclusive glueball production were proposed and the experimental work based 
on these considerations will be the subject of the future investigations of the PANDA collaboration. 
Moreover, studies of the inclusive diff ractive and photon-photon reactions in high-energy nuclear col-
lisions were initiated.

Th e rapidity spectra for the net proton production for the LHC were calculated in the framework 
of a non-linear relativistic Fokker-Planck equation with non-extensive statistics and anomalous diff u-
sion. Th e experimental data from AGS, SPS and RHIC were reproduced very well and the prediction 
for LHC was given.

Meson screening masses, as well as the meson correlation functions in the interacting QCD plasma, 
were calculated in the hard thermal loop approximation. Th e results are ready to be compared with 
future QCD lattice calculations.

Th e evolution pattern of level crossings and exceptional points was studied in a non-integrable 
pairing model with two integrable limits. One of the integrable limits has two independent (but pa-
rameter-dependent) integrals of motion. It was shown that the integrability of a system with more 
than one parameter-dependent integral of motion is signalled by level crossing and a reduced number 
of Exceptional Points (EPs) of a complex-extended Hamiltonian. EPs were also found in the realistic 
Shell Model Embedded in Continuum (SMEC) applications. Further studies will determine whether EPs 
appear for realistic values of the continuum coupling strength.

A precise investigation was initiated to determine the near-threshold behaviour of several observa-
bles such as spectroscopic factors, electromagnetic transition probabilities, and the continuum-coupling 
correction to the Shell Model eigenvalues, for bound and unbound SMEC many-body states. In this 
“drip-line domain”, the atomic nucleus is strongly correlated and its properties are determined by the in-
terplay between a ‘residual’ two-body interaction and couplings to the decay channels, both opened and 
closed. Th ese continuum couplings depend strongly on asymptotic properties of radial wave functions 
and hence are the source of salient isospin-dependent eff ects in mirror states. In these investigations a 
new parameter independent method was applied to construct the bound states in the continuum (the 
anamneses of resonances). Th e resonance anamneses yield the resonant part of single-particle reso-
nances and can be conveniently used in SMEC many-body calculations for unbound states. 

Th e activity devoted to the Structure of Atomic Nucleus was focused on three applications of the 
nuclear realistic mean-fi eld theory:

a) Nuclear rotational behaviour at high angular momenta and high temperatures in relation to 
the Giant-Dipole radiation from nuclei. With regard to this subject, realistic potential barri-
ers were calculated together with the associated nuclear level densities and thermal fl uctua-
tion probability distributions in a function of nuclear deformations and spin. Th ese results are 
applicable to the description of the Giant-Dipole phenomenon in nuclei from various mass 
ranges. Th e calculations aim at the interpretation or prediction of nuclear properties in relation 
to the experimental program of the group.

b) Predictions of existence of the nuclear stability islands related to the so-called high-rank sym-
metries: tetrahedral and/or octahedral. Here, the realistic, static (i.e. no rotation) total nuclear 
energy calculations have been performed using explicitly the symmetry arguments obtained 
with the help of the group theory. In an eff ective way, these arguments help to fi nd new nuclear 
stability regions – the predictions important especially in the studies of exotic nuclei.
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c) Development of a new phenomenological model aimed at describing the evolution of the single 
particle orbitals as a function of the number of protons and neutrons, with the particular focus 
on the extension to exotic nuclei. Th e model is based on Woods-Saxon potential with the inclu-
sion of spin-orbit and tensor interactions, both depending on the density. Standard shell-model 
techniques have been applied, but with a very well-defi ned and limited set of parameters. We 
hope that by using the statistical tools we will be able to perform the error analysis for our 
predictions.

Th e nuclear scattering methods are also used in molecular physics. Th e fi rst quantum-mechanical 
calculations of the diff erential cross sections for muonic atom scattering from hydrogenic molecules 
have been performed using the Morse potential. Th e obtained set of cross sections has been used for 
interpreting the muon nuclear capture experiment, which was performed at the Paul Scherrer Institute.

A small part of activity also concerned the studies of stochastic processes, for which the master as 
well as the fractional diff usion equations were derived. Th e formalism is able to describe e.g. diff usion 
in the nonhomogeneous media.

Detector development – hardware and software

Th e Recoil Filter Detector (RFD), a device built at IFJ PAN and used for detecting evaporation 
residues and measuring their time of fl ight, was successfully installed at the GASP Ge-detector array in 
LNL. In-beam tests revealed a full compatibility of the RFD detector with the local vacuum, electron-
ics and data acquisition systems. Th e unique RFD features, from which the forthcoming experiments 
will profi t, include: (a) a selection of evaporation residua in the fusion reactions for which fusion-fi ssion 
dominates, (b) a precise Doppler correction of energy of gamma-rays detected by GASP in coincidence 
with the recoil nuclei in the event-by-event  mode. 

Th e development of the VME interface to the AGATA gamma array, AGAVA, was completed. A 
series of successful laboratory tests showed that the interface will allow us to synchronize and merge the 
data from the VME and VXI based acquisition systems with the AGATA DAQ. Th e device will be es-
ssential to incorporate the AGATA DEMONSTRATOR to the experimental environment in several 
European laboratories, mainly at GANIL/SPIRAL2 and GSI/FAIR. 

Th e project to develop and construct a novel gamma calorimeter PARIS (Photon Array for studies 
with Radioactive Ion and Stable beams) for highly effi  cient medium resolution spectroscopy was proposed 
by our researchers and is considered as one of the most important new instruments for the SPIRAL2 
project at GANIL. It will possibly consist of a 4 highly granular inner sphere made of LaBr3(Ce) crys-
tals and an outer sphere made of existing detectors for high energy gamma-ray detection. A worldwide 
collaboration (http://paris.ifj .edu.pl) has been established to carry on this project, with IFJ PAN play-
ing the coordination role. A variety of physics cases were proposed with PARIS as the main detector. 
Extensive GEANT4 simulations were performed for various geometries. Some technical designs for 
cubic and spherical geometries were worked out. Preliminary tests of the LaBr3(Ce) detectors were car-
ried out both in the in-beam experiments and with the gamma source. 

In the RISING experiment, a new unique approach to data analysis was implemented. It combines 
a very fl exible software analysis with an intuitive graphic user interface. Th e system is successfully used 
for monitoring the online/offl  ine analyses at RISING. Being widely recognized as a very modern so-
lution, it will be also introduced in the AGATA spectrometer. In parallel, the Graphic User Interface 
(GUI) was developed for the AGATA spectrometer. It is aimed at controlling the Data Acquisition 
system by the web services.

A test system, based on the existing SUCIMA Imager Module, was adapted to operate the chips 
and to allow performing a variety of laboratory measurements with double sided silicon strip detectors. 
Dedicated interface hybrids (N-XYTER and MSGCROC) tests, as well as a specifi c test of the soft-
ware, were performed and demonstrated correct functionality of all the building blocks of ASIC’s. Th e 
initial conclusions for the future modifi cations on how to adopt their performance to the requirements 
of the silicon detectors were proposed for FAIR experiments, mainly NUSTAR, and also for PANDA 
and CBM.
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We would like to complete the short description of the results presented above by adding more ex-
tended reports on a few, selected achievements of the Division. Th e subjects of these presentations are:

(i) in the fi eld of Nuclear Structure: Evolution of nuclear structure with the ratio of neutrons to 
protons (GAMMASPHERE at ANL), New method for spin-parity assignments in deep-ine-
lastic heavy ion spectroscopic studies, First search for Pygmy Dipole Resonance by measuring 
the gamma-decay following Coulomb excitation (RISING at GSI), Th eoretical search for new 
islands of increased stability characterized by the tetrahedral and octahedral shapes;

(ii) in the fi eld of Hadron Physics and Hadronic Interactions: Search for Time Reversal Violating 
eff ects via measurements of the decay of free, polarized neutron (at PSI), Th e measurement of 
the Dalitz plot in the eta meson decay into three neutral pions (WASA at COSY), Th e inter-
play between the strong and the electromagnetic interactions in collisions at ultrarelativistic 
energies (SPS at CERN), Th eoretical study of exclusive production of vector mesons and their 
fi rst excited states at hadron colliders;

(iii) in the area of Th ermodynamics of Nuclear Matter: Maximum temperatures that nuclei can 
sustain (ALADIN, GSI), Th e role of multifragmentation in spallation of a light system (ALA-
DIN, GSI), Energy calibration of the ALICE Time Projection Chamber.

Understanding of how the nuclear structure changes with the ratio of neutrons to protons 
is one of the most challenging problems in the modern nuclear spectroscopy [202]. Studies of 

spherical neutron-rich nuclei in the regions of the doubly-magic nuclides provide an ideal opportunity 
to confront the experimental fi ndings with the predictions of the nuclear shell model, which remains to 
be the most successful quantitative description of such nuclei. 

Th e region of 208Pb, the heaviest doubly magic nucleus with Z=82 and N=126 closed shells, is a 
classic example where the power of the shell model was spectacularly demonstrated in a combined eff ort 
of experimental and theoretical groups. However, until recently, these studies have been restricted to 
low spins and species with Z≥82 only, because the nuclei on the neutron-rich side of 208Pb could not be 
reached for spectroscopic investigations. 

Th is situation has changed with the technique 
developed by the physicists from IFJ PAN, who have 
been using deep-inelastic heavy-ion reactions in thick 
target gamma coincidence experiments. Th e method also 
opened the region around the 208Pb nucleus for full scale 
spectroscopic research. Th e high quality data obtained 
in numerous complementary experiments at Argonne 
National Laboratory, USA, that involved energetic 48Ca, 
64Ni, 76Ge and 208Pb beams bombarding the 208Pb and 
238U targets and the GAMMASPHERE multi-detector 
array, served to extract new valuable nuclear structure 
information on many nuclei located in the vicinity of 
208Pb. Of special interest were Tl and Hg isotopes 
for which the available experimental information was 
particularly scarce. In the recently completed study, our 
researchers succeeded in establishing the yrast structure 
of the  204Tl isotope up to very high spin of around I=30. 
By employing the procedure based on a very selective 
analysis of delayed and prompt gamma coincidences, they 
were able to correct the earlier established decay of the 
12– isomer and to identify two new higher-lying isomers 
assigned as 18+ and 22– states. Th e energies of the 
observed states up to the 22– isomer are well reproduced 
by shell model calculation using available interaction 
matrix elements. 
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Th e 22– isomer is the highest spin state that can be formed by coupling four available valence holes, 
while higher lying states established in the present experiment must involve additional core excitations. 
Here, the experimental levels are beyond the reach of the presently available theoretical calculations and 
therefore an extensive interpretation would be highly speculative. Th e only transparent feature is the 
intense 2207 keV transition, which is most likely  an E3 transition from the distinct yrast state arising 
from the coupling of the lowest  3– core excitation with  maximum aligned four-hole 22– confi guration. 
Th e transition energy is perfectly reproduced by adding individual interactions extracted from similar 
couplings observed in nuclei which involve corresponding hole states in much simpler confi gurations. 
Th is case extends the systematics, confi rming the additivity rule established in our earlier studies. 

In an eff ort to develop an experimental way for spin-parity assignments in deep-inelastic 
heavy ion spectroscopic studies [202], our 

group analysed gamma-gamma angular correlations for 
transitions in neutron-rich Ni isotopes. Series of these 
heavy Ni isotopes were earlier studied at IFJ PAN and the 
extended structures of levels received only tentative spin-
parity assignments since angular distributions of observed 
transitions were found to be mostly isotropic. Th is time, 
the high-statistics gamma coincidence data from the 64Ni + 
238U experiment, performed with GAMMASPHERE at 
Argonne National Laboratory, USA, were used to analyse 
gamma-gamma angular correlations in special data sorting 
at four angles between GAMMASPHERE detectors. Th e 
results obtained for the pairs of intense transitions in 64Ni 
and 66Ni isotopes (see selected examples in the fi gure) fully 
confi rmed speculative spin-parity assignments suggested 
in our earlier study of both isotopes. 

The electric dipole (E1) response of nuclei at energies around the particle separation energy 
presently attracts special attention, particularly thanks to unstable neutron rich nuclei which 

can be now studied through their use as radioactive beams. Th e accumulation of E1 strength around 
the particle separation energy is commonly 
denoted as pygmy dipole resonance (PDR), 
due to the minor size of its strength in 
comparison with the giant dipole resonance 
(GDR) which dominates the E1 response, 
and exhausts the energy weighted sum rule 
(EWSR). For stable nuclei, extensive work 
has been done and generally it has been 
observed that the PDR strength (below 
and around the neutron binding energy) 
is larger than that resulting from the tail 
of the GDR. It has also been found that 
this low energy strength increases with the 
N/Z ratio. Qualitatively, this increase has 
been explained on the basis of the vibration 
of the neutron skin. Th e problem of how 
the E1 strength evolves for nuclei far from 
stability on the neutron rich side is at present 
one of the most attractive topics in nuclear 
structure since it provides information on 
the properties of the neutron skin and on 
the nuclear equation of state for asymmetric 
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nuclear matter, relevant for the study of neutron stars. Our group (together with the University of 
Milano and the RISING collaboration) has performed the fi rst search for Pygmy Dipole Resonance 
in 68Ni by measuring the gamma-decay from Coulomb excitation of 68Ni beam at 600 MeV/u on 
an Au target [202, E26, E38]. Th e unstable nucleus 68Ni represents a good case of searching for pygmy 
structures, as it is located in the middle of the long isotopic Ni chain, extending from doubly magic 
56Ni to presumable double magic 78Ni. Th e 68Ni beam was produced by the fragmentation reaction of  
86Kr at 900 MeV/u on a 9Be target and selected by the Fragment Separator at GSI, Darmstadt. Th e 
gamma-rays emitted in the reactions on the Au target were measured with HPGe detectors  of the 
RISING array at forward angles and Miniball array at 90 degrees, in addition with BaF2 scintillators 
of HECTOR at backward angles. Th e particle identifi cation after the Au target was performed by a 
calorimeter (CATE) placed at zero degrees. Th e spectra measured in all types of gamma detectors, after 
a precise correction for the projectile velocity vector, clearly show the peak centered at approximately 
11 MeV. Th e strength deduced for the 11 MeV peak was found to be ca. 5% of the EWSR. Th is result 
is similar to what has been found in the unstable neutron-rich nucleus 132Sn and signifi cantly larger 
than in stable nuclei. It is also in accordance with the theoretical predictions for the PDR in this mass 
region. Th e present result for the gamma decay of the pygmy resonance opens  interesting perspectives 
for studies with more intense radioactive beams and further improved instrumentation for gamma 
detection at relativistic energies such as the AGATA gamma-ray tracking array or PARIS calorimeter.

Our group, working in collaboration with the physicists from the University LP in Strasbourg, 
performed large scale calculations of the total nuclear energies, based on the microscopic-

macroscopic method with Woods-Saxon single particle potential that includes new degrees of freedom 
related to the use of the high-rank group symmetries. For many nuclei, they indicate the presence of 
the shell eff ects driven by the tetrahedral and octahedral symmetries which are comparable to or stronger 
than the shell eff ects known from the quadrupole and hexadecapole deformed species. Moreover, in 
some cases, they are comparable to the shell eff ects in spherical nuclei - the strongest ones known so 
far, which were intensively studied in the past. Th e nuclei with the low-lying tetrahedral and octahedral 
minima form new islands of increased stability characterized by the tetrahedral and octahedral 
shapes; these islands are found in various places in the Periodic Table [202]. As can be seen from the 
fi gure, they are formed outside or on the borders of the regions of known nuclei, predominantly for 
very neutron rich nuclei, which are impossible to reach today. However, the new facilities with intense 
radioactive beams (SPIRAL2, FAIR, RIKEN), which will soon become available, might give access to 
these new stability islands.

Diff erence between (negative) shell energies for quadrupole+hexadecapole deformation minus 
(negative) shell energies for tetrahedral+octahedral deformations. Positive results (especially 
inside black circles) correspond to the regions where high-rank symmetries prevail.
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The researchers from our Institute, working in the frame of international collaboration at the 
spallation source SINQ at the Paul Scherrer Institute (PSI), have fi nalised the fi rst experi-

ment aimed at searching for Time Reversal Violating eff ects via simultaneous measurement of both 
transversal polarization components of electrons emitted in the decay of free, polarized neutrons 
[203]. 

Th e two correlation coeffi  cients N and R associated with the transverse electron polarization com-
ponents, within (N) and perpendicular (R) to the plane spanned by the spin of the decaying neutron 
and the electron momentum, have been determined and, according to the preliminary analysis, amount 
to 0.056±0.011 and 0.008±0.015 respectively. Th e value obtained for the correlation coeffi  cient R is 
consistent with the Standard Model expectation and Time Reversal conservation and allows for a sig-
nifi cant improvement in the determination of the upper limits for the imaginary part of scalar couplings 
(CS,C'S) in the semileptonic weak interaction (see fi gure). Th e value of correlation coeffi  cient N repro-
duces the fi nite value predicted by the Standard Model (NSM = 0.065), thus providing an important 
sensitivity test of the applied apparatus.

Further improvement in the accuracy of about 20% is 
planned after a new class of events has been included into 
the analysis.

Limiting temperatures, i.e. the maximum temperatures that nuclei can sustain before they be-
come unbound and, specifi cally, their isotopic dependence, are currently of high interest in the 

nuclear physics community, mainly because of their link to the isotopic dependence of nuclear forces. 
Th e group from  our Institute studied limiting temperatures by measuring the fragmentation products 
of the 600 AMeV stable beam of 124Sn and radioactive beams of 124La and 107Sn on the Sn target 
using the ALADIN forward spectrometer at SIS (GSI). It has been found that the chemical freeze-
out temperatures are nearly invariant with respect to the A/Z of the produced spectator sources 
[201], which is consistent with the predictions for expanded systems (SMM). Coulomb instabilities, 
predicted to be responsible for the breakup of nuclei at the temperatures higher than the limiting one 
in the TDHF approach, lead to a much larger variation of limiting temperature with the A/Z, and thus 
do not seem to be appropriate for describing fragmentation.

Exclusion plot with the summary of existing experimental limits 
(1  bounds) for the relative strength of the tensor 
(T = Im(CT + C'T )/CA) and scalar (S = Im(CS + C'S)/CA) 
couplings in weak interaction. CA,S,T , C'S,T refer to axial, 
scalar and tensor coupling constants of the weak interaction 
hamiltonian. Th e result obtained in this experiment is indicated 
in colour.
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Our physicsits have also investigated spallation of the 56Fe projectile at 1 AGeV on the proton 
target with the objective of elucidating the role of multifragmentation in a light system 

at low angular monentum [201]. Th e SPALADIN setup at GSI was used. Coincidences of residues 
with low-center-of-mass kinetic energy light particles and fragments have been measured allowing the 
decomposition of the total reaction cross section into the diff erent possible deexcitation channels. De-
tailed information on the evolution of these deexcitation channels with excitation energy has also been 
obtained. Th e comparison of the data with predictions of several deexcitation models coupled to the in-
tranuclear cascade model INCL4 showed that only 
the binary sequential decay code GEMINI could 
reasonably well account for the bulk of collected re-
sults. Th is may indicate that, in a light system with 
no compression and little angular momentum multi-
fragmentation does not play a substantial role.

Our physicists played a key role in the measurement of the "30 Dalitz plot that has 
been performed in the fi rst production run of the WASA installation at COSY (Jülich, 

Germany) [203]. Th e eta meson decay into three neutral pions was measured in the proton-proton 
interactions  at proton beam kinetic energy of 1.4 GeV. Th e WASA detector system with the nearly 4π 
acceptance  is optimized to detect and identify charge and neutral particles like electrons, gammas, pions 
and protons. Th e schematic view of the WASA detector setup is presented in the fi gure. Th e WASA at 
COSY experiments allow for collecting high statistics data samples, having the capability to run at high 
luminosities up to 1032cm–2s–1.

Earlier studies of the eta decay into three neutral pions carried out by KLOE at DAPHNE (Frasca-
ti) and Crystal Ball at MAMI (Mainz) indicated striking discrepancies between the deduced  "30 

Dalitz plot slope parameter . Both experiments gave negative value of parameter  but the values diff er 
by three standard deviations.

In the WASA experiment, the Dalitz plot of three neutral pions was studied using 1.2  105 fully 
reconstructed events. Th e Dalitz plot slope parameter  was determined to be –0.027±0.008 (stat) 
±0.005(syst). Th e result is consistent with previous Crystal Ball measurement and a new reanalysed val-
ue obtained by KLOE at DAPHNE. A non zero value of the slope parameter  and the non-uniform 
density distribution in the 30 Dalitz plot clearly indicate the importance of the fi nal state pion-pion 
interaction.  Th e investigation of the "30  Dalitz plot  provides a very sensitive test of the Chiral 
Pertubation Th eory (CHPT), the eff ective theory of QCD in the low energy region. Th e calculations 
within CHPT give the proper  partial decay  width but, due to large uncertainty, they predict both  
negative and positive values of the Dalitz plot slope parameter.

Element production cross sections compared to ABLA, 
GEMINI, SMM, and GEM afterburners coupled to 
INCL4 intranuclear cascade (after E. Le Gentil et al., 
PRL 100, 022701 (2008)).

Schematic side view of the WASA detector setup at COSY.
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This study was aimed at improving the general knowledge on the non-perturbative sector of 
soft hadronic interactions. In particular, this concerned the interplay between the strong 

and the electromagnetic interaction in Pb+Pb collisions, at energies characteristic to the Super 
Proton Synchrotron (SPS) at CERN [204].  Our preceding theoretical analysis has shown that the 
electromagnetic fi eld of the charged nuclear remnant not participating in the collision (the so called 
“spectator system”) brings new information on the space-time evolution of the non-perturbative (non-
calculable) process of secondary p meson production.

In 2007–2008, this issue was studied experimentally. A dedicated sample of peripheral Pb+Pb 
reactions, registered by the NA49 detector at the SPS at 17 GeV nucleon-nucleon collision energy, 
was analysed. Two-dimensional (xF,pT) c.m.s. spectra of secondary pions were extracted. Th e analysis 
included a precise evaluation of various experimental corrections.

One of the results that this analysis brought is shown in the fi gure. Th e ratio of densities of 
secondary /– mesons displays a rapidly changing, two-dimensional distortion in xF and pT, 
dropping near zero at very low transverse pion momenta and at velocities close to that of the spectator 
system (which corresponds, for the pion, to xF=mp/mN ≈ 0.15). In the case of nearly isospin-symmetric 
Pb+Pb collisions, this eff ect cannot be caused by the strong force as it would violate isospin symmetry. 
Th erefore, it appears to be an indisputable consequence of the electromagnetic fi eld induced by the 
spectator protons. Unlike for the non-perturbative strong force, this electromagnetic fi eld can be 
precisely described theoretically. Th erefore, it off ers a clear 
advantage as a new source of information on the space-time 
evolution of particle production in nuclear collisions at 
high energies.

One of the main purposes of the ALICE Time Projection Chamber (TPC) is a precise 
measurement of the energy loss dE/dx. In order to obtain a good working knowledge of the 

detector response (gain), a proper calibration is needed. Th e gain contains both gas and electronics 
response fl uctuations which may vary from place to place. Th us the detector calibration is an essential 
element which guarantees a high quality of the collected data. Th e calibration of the signal’s magnitude 
collected at readout modules can be based on the radioactive decay of the 83Kr isotope. Th e krypton 
calibration method was developed by the ALEPH and DELPHI collaborations. It was also successfully 
used by the NA49 collaboration where the Kraków group participated. 

Th e radioactive 83Kr isotope is injected into the detector gas. Th e characteristic decay spectrum of 
this isotope is well known (left fi gure). Th e comparison of the characteristic spectra of deposited  charge 

in diff erent TPC readout sectors 
allows for the investigation of 
the local gain variations. Because 
of the nonuniform gain, the 
registered spectra have diff erent 
x scales in diff erent TPC sectors. 
With the experience gathered 
in the NA49 experiment, the 
Kraków group elaborated the 
Monte-Carlo generator for the 

Ratio of densities of /– mesons produced in peripheral 
Pb+Pb reactions, drawn as a function of xF=pL/pMAX of the 
pion and for diff erent values of the pion transverse momentum 
pT. For clarity, the experimental data points at alternating pT 
are drawn with open and closed symbols respectively. Th e solid 
curves are obtained from a self-consistent two-dimensional 
interpolation of the data.
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simulation of Kr decays as well as the method of collecting and analysing the deposited spectra 
[206]. Th e procedure was successfully tested on the real data collected in July 2007. Th e fi rst results are 
very promising. Th ey allowed calculating a gain variation within the readout chambers (the example for 
several pads is shown in the upper right 
fi gure). Th e analysis of gain for diff erent 
voltage settings was also carried out. 
Th ese studies are being continued and 
the fi rst results have been placed in the 
calibration database. Th e so-called “gain 
map” has been used to calculate the 
energy deposit of particles from cosmic 
radiation and to show that it is possible 
to distinguish between them (see the 
fi gure to the right).

Exclusive photoproduction of vector mesons is a broad subject for which a large body of data 
has been obtained at HERA. It serves as a testing ground for QCD ideas on the Pomeron, the 

mechanism that drives all elastic and diff ractive processes at high energies. Of special interest are the 
heavy vector mesons, J/ and their excited states which are bound states of a heavy quark and its 
antiquark. Th ey can be understood in terms of almost nonrelativistic two-body systems, and the large 
quark mass provides a hard scale which makes the production dynamics perturbatively tractable. In this 
case, the production amplitude provides important information on the unintegrated gluon distribution 
of the target at small x.

Yet, photoproduction can be not only studied at HERA, where data taking has come to an end, but 
also at hadron colliders like the Fermilab Tevatron and the LHC at CERN. Indeed, as charged particles, 
the (anti-)protons available at these colliders are the sources of high energy Weizsäcker-Williams 
photons. In fact, especially at the LHC, the energy range of photoproduction can be much extended 
over the one accessible at HERA, bordering even on the TeV range. Th is fact is of great interest to the 
studies of saturation phenomena in the small-x gluon density. Exclusive production of vector mesons 
also attracts much attention due to its role in the searches for the Odderon exchange, which is a possible 
alternative to photon exchange. It can be separated from the photon contribution through a careful 
analysis of transverse momentum distributions.

In two recent papers, our physicists performed a detailed study of exclusive production of J/ 
and  vector mesons and their fi rst excited states at hadron colliders, as well as  production at 
HERA [208], which is currently analysed by the ZEUS collaboration. Th ey also obtained predictions 
on a variety of momentum and angular distributions of vector-mesons. Th e research extends beyond 
previous approaches, particularly in the treatment of absorptive corrections. As an example, the fi gure 
shows rapidity distributions for Tevatron (left panel) and the LHC (right panel). Also shown are the 
preliminary data of the CDF collaboration for J/ and (2S), which are in fair agreement with our 
predictions. In the future, our group  will extend the calculations to nucleus-nucleus collisions at the 
LHC, where the large charge Z of heavy ions gives rise to high photon luminosities. Here lies a great 
potential to study small-x gluons in heavy nuclei, where saturation phenomena are enhanced by the 
large opacity of the target.

Rapidity distributions of vector mesons in the 
pp– " pV p– and pp " pV p processes. Dashed 
lines are without and solid lines are with 
absorptive corrections. Red: J/, Black: (2S), 
Green: , Blue:(2S). Left: pp– collisions at 
Tevatron. Also shown are the preliminary data 
by the CDF Collaboration for J/ and (2S). 
Right: pp collisions at LHC.
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III. DIVISION  OF  CONDENSED  
MATTER  PHYSICS

The origins of studies on condensed matter systems at IFJ PAN go back to Profes-
sor Henryk Niewodniczański, the founder of the Institute. Th e Professor was always 

aware of the particular importance of the nuclear radiation in the determination of structures 
and of atomic motions in crystals, liquids and other states of matter, known today as mes-
ophases. Since then, the experimental techniques have progressed signifi cantly. Our division 
takes advantage of that by combining measurements with the use of the instruments operating 
on the IFJ PAN premises with numerous proposals to worldly centres of neutrons, muons 
and synchrotron radiation available at large scale instruments laboratories. Consequently, the 
research reported below relies on the work performed at: Th e Laue-Langevin Institute (Gre-
noble, France), Th e Institutt for Energiteknikk (Kjeller, Norway), Joint Institute for Nuclear 
Research (Dubna, Russia), Th e ISIS Neutron and Muon Source (Rutherford Appleton Labo-
ratory, the UK) and Th e European Synchrotron Radiation Facility (Grenoble, France). DESY 
(Hamburg, Germany).

Complementary experiments have been conducted at our laboratories. Th e instruments 
to be mentioned here are: the AC susceptometer, DC/magnetometer and the Faraday-type 
magnetic balance, the adiabatic calorimeter operating down to 100 K and the far- and middle-
infrared spectrometers. Of great use has been the X-ray diff ractometer. Th e Magnetic Reso-
nance analyses have been done with the use of our Solid State Pulsed NMR Spectrometer 
(APOLLO Tecmag). Th e instruments at the disposal of our Positron Annihilation Group 
form a unique ensemble useful in studying bulk and surface defects in technically interesting 
metals and alloys. Th e new ultra high vacuum Sieverts apparatus has been designed to fi ll the 
nanostructured carbon materials with hydrogen. Th e maximum possible pressure of hydrogen 
in the system is 70 bar. Tests with nanocarbon samples are in progress.

An essential part of the cooperation with Polish and international institutions involves 
chemical synthesis and, if appropriate, crystal growth of samples. Th e main source of mo-
lecular-based magnets for our measurements is the Faculty of Chemistry of the Jagiellonian 
University, Kraków. New ferroelectric materials with rotational degrees of freedom have been 
synthesized at Th e Faculty of Chemistry of the Wrocław University. In fact, common experi-
ments stimulate the design of new materials that show sometimes unexpected interesting phe-
nomena. Advanced calorimetric experiments have been done in cooperation with the Research 
Center for Molecular Th ermodynamics (Osaka, Japan) and with the Tsukuba University ( Ja-
pan). Broadband Dielectric Spectrometry data have been obtained in cooperation with the 
Leipzig University (Germany). Experimental and theoretical analyses of materials that are the 
subject of our own experiments, as well as of other systems, have been done in cooperation with 
other academic centres: the Molecular Science Institute, the University of Valencia (Spain), 
Department of Environment, Energy and Mobility, EMPA, Dübendorf (Switzerland), Institut 
d’Electronique, Microélectronique et Nanotechnologie (IEMN, Villeneuve d’Ascq, France). 

Among the international projects and networks worth mentioning are: Th e Targeted 
Research Project “Hydrogen Storage in Carbon Cones HYCONES” (EC Contract NMP3-
CT-2006-032970), Th e European Network of Excellence MAGMANET [E9, E30]], Th e 
European Network COST-19, C2C Maria Curie European Grant [E13], Cooperation Project 
of the Polish Academy of Sciences and Centre National de la Recherche Scientifi que (CNRS, 
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France, Cooperation Contract No. 19503). We have also profi ted from the national research 
networks MANAR [S17] and EKO-KAT [S9]of the Ministry of Science and Higher Educa-
tion in Poland.

Selected scientifi c results presented below refl ect recent research activity within the Divi-
sion.  Th e systems investigated were: 

(i) organic glass formers, mainly neoalcohols, liquid crystalline materials and polymers, 
studied by neutron, calorimetric, infrared and dielectric spectroscopies as well as by 
X-ray diff raction to relate their thermodynamical phases to molecular rotational and 
translational mobility, 

(ii) metal-organic magnetic materials, with the focus on low dimensional magnets and 
magnetic nanoparticles, as studied by magnetometry, neutron diff raction and the 
muon spin rotation method to reveal the magnetic ordering in particular phases, 

(iii) rare earth RERhSn (RE = Sm, Tb, Dy, Ho) stannides and substituted ZnCr2Se4 
spinels, investigated with the use of magnetometric methods, 

(iv) ceramic-elastomer composites subject to polarized neutron measurements in search 
for residual strains in polymer inside ceramic microcavities, 

(v) zeolites and the materials with rotating ammonium ions investigated with magnetic 
resonance spectroscopy, 

(vi) local chemical structure, symmetry and coordination in various novel materials stud-
ied by high resolution, solid state magic angle spinning (MAS) NMR spectroscopy,

(vii) carbon nanocones generally characterized with the use of X-ray diff raction, calori-
metric experiments, inelastic neutron scattering and infrared spectroscopy, in view of 
their suitability as hydrogen storage media, 

(viii) alanates, borohydrides and other materials that seem promising for the hydrogen 
storage, as well as the materials showing the bulk and surface Verwey phase transi-
tion and other numerous systems studied with the use of density functional based 
quantum mechanical computations, 

(ix) methylammonium-based ferroelectrics serving to the theoretical description of ef-
fectively observed critical and low temperature behaviour 

(x) model systems showing negative Poisson’s ratio (auxetics) for studies of their bulk 
and surface dynamics. 

(xi) phonons and electron-phonon coupling in metals and alloys in bulk and on surfaces.

Residual strains in ceramic-polyurethane composites. Due to their excellent mechanical 
properties, ceramic-elastomer composites are of interest to materials scientists and physicists 

alike. Th ey are obtained via infi ltration 
of porous ceramics by elastomer prior 
to the curing at an elevated temperature. 
Unwanted and potentially harmful re-
sidual stresses suff ered by the polymer 
inside ceramic microcavities that develop 
during the manufacturing process were 
investigated by coherent diff use scattering 
of polarized neutrons. If spin-fl ipped and 
spin-conserved scattering intensities are 
measured separately, then: 

and
1
2cohI I I  

3
2incohI I 
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Th is technique proved unique in picking up a very weak coherent signal from deep inside a bulk 
sample. Four samples made of two ceramics (A and B) with pore sizes of 20 and 70 m and two elas-
tomers with hard/soft segments molar ratios of H/S = 0.25 and 1.5 (PU25 and PU125) were studied 
on the D7 diff use scattering instrument at the ILL, Grenoble.  

Neutron coherent scattering spectra of PU25 elastomer inside type A ceramic is shown in the fi g-
ure. Superimposed is the diff ractogram of bulk elastomer (up-scaled for easier comparison).  In both 
Cer.A+PU25 and CerB.+PU25, the 20.4 nm–1 peak (originating from intra-soft-segment correlations 
in polyurethane) is displaced in the composite, as compared to bulk material, by a distance correspond-
ing to 0.0063 ± 0.0028 nm strain (ca. 2.1%) in real space. No such displacement is observed with the 
PU125 elastomer. Consequently, no residual strains in PU125 fi lling ceramic pores can be detected by 
the method used. Th e PU125 elastomer has fewer hard segments, and its adhesion to cavity walls might 
not be as strong as in the case of PU25. Alternatively, PU125 polyurethane fi ller inside pores may be 
inhomogeneous, with a small, undetectable, stretched interface layer and a strain-free volume.  For more 
details see:   Acta Materialia 56 (2008) 5964–5971.

The adiabatic calorimetry study of the solid phases of neohexanol (2,2-dimethyl-1butanol, 
CH3CH2C(CH3)2CH2OH abbreviated to 2,2-DM-1B), the primer alcohol with globular 

molecules, has been performed down to 100K. A solid state polymorphism has been identifi ed. On 
heating the sample after its cooling down, the stable crystal C3 phase has been observed. On further 
heating the phase C3 transforms into orientationally disordered plastic crystal C2 (ODIC) at 194.9 
K and to phase C1 at 209.2 K. Th e entropy changes 
at the phase transitions are DS = 29.6 [ J/ mol K] and 
DS = 12.8 [ J/ mol K] respectively. At 233 K, the melting 
has been observed with DS = 17.9 [ J/ mol K]. Th e last 
two values of DS, found to be smaller than 21 [ J/ mol 
K], confi rm that only the C3 phase is the ordered crystal. 
In the crystals C2 and C1 the rotational motions of the 
molecules are active as in liquid phase. 

On fast cooling of 2,2DM-1-B, a crystallisation of 
the ODIC phase C2 occurs at 181 K and it transforms 
into glass GC2, which was observed by the DSC method 
as well as by the so called drift method [Phase Transi-
tions, 79 (2006) 899]. On heating the sample after its 
fast cooling in adiabatic calorimeter, the softening of 
glass took place at 123 K with the entropy jump DS ~ 19 
J/mol K, associated with the activation of rotational mo-
tions of molecules. On further heating the crystallisa-
tion to the C3 phase at 148 K has been observed. Th e 
solid-solid phase transitions took place at the same tem-
peratures as during the heating after slow cooling. In the 
Figure the heat capacity vs. temperature is presented for 
both heating runs.

Structural studies were carried out on the smectic E (SmE) phase of nine liquid crystalline 
substances belonging to 4-n-alkyl-4’-isothiocyanatobiphenyl homologous series (abbrevi-

ated to nBT). X-ray diff raction measurements were performed using an X’Pert PRO (PANalytical) 
diff ractometer with the CuK  radiation (=1.54 Å) and a graphite monochromator. Th e studied sub-
stances exhibit only one liquid crystalline phase, the smectic E phase. Th e dielectric studies reveal that 
the molecules perform rotational motions around their short principal axes despite the close-packed 
arrangement in all smectic layers. Th e relationship between the reorientations around the short axis and 
the molecular arrangements in the layer remains unclear and requires a better understanding. A diff rac-

Heat capacity vs. temperature for neohexa-
nol. Black symbols are for heating starting 
from the C3 phase and the red symbols are 
for heating starting from glass of plastic 
crystal GC2.
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tion pattern obtained for the SmE phase has been 
described by the orthorhombic unit cell. Th e unit 
cell parameters and the smectic layer spacing were 
determined and the so-called packing parameter 
was calculated  (see Liq. Cryst,. 35, 513 (2008)). 
Th e values of the orthorhombic unit cell param-
eters are presented in the Figure.  Th e obtained 
data were discussed in relation to molecular reori-
entation motion around the short axis in the SmE 
phase. Th e analyses of the layer thickness to the 
molecular length ratio as well as that of the pack-
ing parameter indicate a strong rotation-trans-
lation coupling for the fl ip-fl op rotation motion 
of molecules in the smectic E layers. It was also 
concluded that there exists a similarity between 
the behaviour of the packing parameter and the 
activation enthalpy for the fl ip-fl op molecular 
motions as functions of the molecules’ length in 
the nBT series.

The unifi ed description of uniaxial order-disorder ferroelectrics has been proposed for the 
whole range of temperatures from the critical point down to the saturation of the order pa-

rameter. Secondary order parameters, such as strain f, have been taken into account to reproduce the 
observed temperature behaviour of the real materials. Th e generic equation of state for a pseudospin 
Ising model on a deformable lattice has been modifi ed, so that the thermodynamic quantities follow the 
scaling hypothesis with possibly non-classic critical exponents close to the critical point, and render the 
saturation at lower temperatures. An interesting quality of the model is that the temperature depend-

ence of the secondary order parameter may be deduced from 
that of the primary order parameter. Independent measure-
ments of the spontaneous polarization and of the spontane-
ous strain may, therefore, serve as a test of the model and/
or cast light on the real nature of the order parameters in-
volved in the phase transition under study. Th e mathematical 
developments have been applied to the order-disorder mo-
lecular ferroelectric MAPBB (pentakis methylammonium 
undecabromodibismuthate(III),  (CH3NH3)5Bi2Br11). Th e 
fi gure shows experimental points and a theoretical curve of 
the spontaneous polarization in this material.

Surface dynamics and phononic properties of auxetic materials.  Auxetics are materials that, 
when stretched, expand in transverse directions. As a consequence, they show a negative Pois-

son ratio. Auxetics are encountered 
among natural crystals and biological 
tissues and are manufactured artifi -
cially for various applications, e.g. arte-
rial prostheses and chemical fi lters. Th e 
presence of some rigid elements in the 
structure seems necessary for a negative 
Poisson ratio to be achieved.

Th e values of the orthorhombic unit cell param-
eters a,b,c, and the molecular length L, versus 
n in the SmE phase of nBTs. Th e c parameter 
corresponds to the thickness of the smectic layer.

Scheme of a 2d model of an auxetic
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 We have constructed a 2d theoretical model 
of auxetic consisting of rigid rods that interact by 
harmonic force constants  and  as it is depicted 
in the scheme. Eff ects of external stress and of ex-
ternal electric fi eld (when the rods possess dipole 
moments) have been studied. 

Any positive or negative value of Poisson ratio 
turns out to be possible at appropriate external stress or fi eld 
in contrast with free unloaded 2d systems, where this quanti-
ty is confi ned to the range (–1, 1). Stress or fi eld, when strong 
enough, produce a complete stop band for the lattice waves. 
It also turns out that the sound speed of transverse acoustic 
wave exceeds that of longitudinal wave at some large external 
stresses or fi elds. Th e most striking property of the model 
is that a true surface wave, called Exceptional Surface Wave 
(ESW) may occur on the (01) surface of the model within 
the bulk band for specifi c values of mass, inertia momentum 
and force constant of the surface rods. Th e studies on physi-
cal and practical consequences of this eff ect are in progress.

Field controlled magnetic structure in the (Zn)[CrAl]Se4 spinels. Th e AC and DC magnetic 
measurements of powder samples of the ZnCr2–xAlxSe4 spinel series (0  #  x  #  0.4) were per-

formed using Lake Shore 7225 AC susceptometer/
DC magnetometer. Th e samples revealed the com-
plex antiferromagnetic order below the Néel temper-
ature TN, which slightly increases with the x (from 
20.8 K to ~23 K). Below TN, the ferromagnetic spin 
arrangement in (001) planes is dominated by the an-
tiferromagnetic one between spins in adjacent (001) 
planes with a turning angle of 42°. Th e transition 
from simple spiral into conical magnetic structure oc-
curs at the critical fi eld Hc1 of the order of 12.5 kOe. 
In the second critical fi eld Hc2 the conical structure 
changes into the ferromagnetic phase. Th ese criti-
cal fi elds manifest themselves as peaks on AC(H0) 
curves. While the Hc1 values remain almost constant, 
the Hc2 depends on the temperature, as well as on the 
x, i.e. spin vacancies in Cr3+ sublattice. Th is means 
that the short-range ferromagnetic interaction weak-
ens while the long-range antiferromagnetic superex-
change interaction still remains strong. Both critical 
fi elds disappear just above the TN.
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Muon spin rotation μSR experiments, carried out for two bi-layered molecu-
lar magnets of the related 2D and 3D structures, provided information on local in-

ternal fi elds and temperature dependence of the order parameter. Th e two-dimensional (2D) 
(tetrenH5)0.8CuII

4[WV(CN)8]4:7.2H2O system is built of double-layers {CuII[WV(CN)8]–}n aligned 
in the ac plane. Th e space between the bi-layers is fi lled with water and tetren molecules. Unit cell is 
orthorhombic. Fig. 1 shows the projection of the structure on ab crystallographic plane. Spin carriers are 
the CuII (S = 1/2) and WV(S = 1/2) ions and the transition to the magnetically ordered state occurs 
at Tc = 33.4 K. Th e compound is strongly anisotropic, with magnetic moments lying in the ac plane 
(easy plane). Th ere is a small XY anisotropy present in the bi-layers. A weak antiferromagnetic cou-
pling between the double layers comes from the dipolar interaction. Th e related compound (see Fig.2) 
CuII

2.97{CuII
4[WV(CN)8]2.06[WIV(CN)8]1.94}:4H2O has a three-dimensional (3D) character as it 

contains additional copper ions situated between the layers. Th e unit cell is tetragonal. Due to the extra 
interlayer magnetic superexchange path Tc is higher and equals to 40 K. 

Th e onset of precession in the zero applied fi eld of muons implanted to the 3D sample, shown in 
Fig.3, is a result of the transition to the magnetically ordered state. Th e oscillatory time dependence of 
the asymmetry A(t) of the emitted forward and backward positrons allows for determining local mag-
netic fi elds. In order to fi t the A(t) data for the orthorhombic 2D magnet, two local fi elds B1 and B2 
had to be taken into account while only one internal fi eld was suffi  cient for the tetragonal 3D system. 
Th is diff erence may be understood in terms of the weak XY anisotropy detected for the 2D compound, 
due to which the resultant spin axis is parallel to a or c axis ( J. Phys. C. 19 (2007) 456208). In our 3D 
system the XY anisotropy is not expected, therefore only one local fi eld can be observed. 

Fig. 1 Crystal structure of the 2D molecular magnet 
 based on Cu2+ and [W(CN)8]3–

Fig. 2 Crystal structure of the related 3D 
molecular magnet. 

Fig. 3  Zero fi eld muon precession at temperatures in the 
vicinity of the magnetic transition.

Fig. 4 Temperature dependence of two local 
fi elds in the 2D magnet with XY 
anisotropy and of one local fi eld in the 
3D magnet.
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Th e temperature dependence of the internal fi elds, given in Fig.4, could be fi tted to the function 
Bi(T) = Bi(0)[1–(T/Tc)], where  determines the asymptotic critical behaviour close to Tc. For the 2D 
magnet, both fi elds followed the formula above with the same value of the critical exponent =0.24(2), 
typical for the Berezinski-Kosterlitz-Th ouless transition. Th e  exponent determined for the second 
compound was equal to 0.36(2), as expected for the three dimensional Heisenberg system.

Magnetic materials of reduced dimensionality have been of much interest to scientists for 
more than two decades. Advanced modern chemistry enables one to obtain a wide scope 

of metal-organic systems: besides three-dimensional magnets, one can study two-dimensional sys-
tems, one-dimensional molecular chains or high-spin molecules. While the last two types, repre-
senting molecule-based nanomagnets, are currently in the focus of research due to their specifi c 
relaxation properties, the two-dimensional molecular networks are attractive due to their peculiar 
phase diagrams in the applied fi eld and as an alternative source of technologically important magnetic 
multilayers. Th e present work was devoted to the unusual properties of a quasi-2D molecular crystal 
{(tetrenH5)0.8CuII

4[WV(CN)8]4•7.2H2O}. It is known that for a two-dimensional isotropic magnet 
the transition to the ordered state can occur at T = 0 K only. However, the presence of an easy-plane 
anisotropy in a two-dimensional magnet may result in a phase transition at a fi nite temperature involv-
ing vortex-antivortex pairs, as predicted by the Berezinskii, Kosterlitz and Th ouless theory (BKT). Th e 
single crystal studies provided an insight into the structure of magnetic ordering and revealed signatures 
of this unique transition. It was found that the 3D 
magnetic ordering at Tc ≈ 33 K is of antiferro-
magnetic type, but it changes to ferromagnetic un-
der relatively small magnetic fi elds. Strong easy-
plane anisotropy, confi ning the magnetic moments 
in the ac crystallographic plane, was observed. A 
detailed analysis of the scaling behaviour of the 
DC susceptibility  above Tc was performed. For 
the direction of the external magnetic fi eld paral-
lel to the ac crystallographic plane the ordering 
process involves one stage only, whereas for the 
direction parallel to the b crystallographic axis a 
two-stage process was revealed (see Fig. 1). Th e 
corresponding crossover at about 39 K is from 
the 2D short-range order state to the 3D long-
range one. Th e well established short-range order 
above the transition is consistent with a low value 
of the entropy that amounts to 15% of the maxi-
mal expected value only. Th e scaling behaviour 
of the BKT type              was found for 
the temperature dependence of magnetization in 
the ac plane, yielding the value of =0.56 which is 
close to =0.5 predicted theoretically (see Fig. 2). 
Th is result, together with the value of the  criti-
cal exponent of 0.23 inferred from the muon spin 
rotation spectroscopy (μSR), unequivocally points 
to the Berezinskii-Kosterlitz-Th ouless character 
of the transition.  Th e spin-fl ip fi eld was explained 
by the presence of magnetic domains coupled by 
dipole-dipole interactions below the transition 
temperature. Th e ratio of the inter-bilayer to the 
intra-bilayer exchange interaction was estimated 
to amount to 10–4.

 BKTb T TT e
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Fig. 1   Critical scaling analysis. Th e d ln T/ d 
ln(T) vs T plots for the directions parallel to the ac 
plane and the b crystallographic axis.

Fig. 2  Th e Berezinskii-Kosterlitz-Th ouless transition 
hallmark. Th e [–dT/ d ln(T)]1/(+1) vs T plot 
of the data for the direction parallel to the ac plane.  .
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Titanium and native defects in LiBH4 and NaAlH4.Th e storage of hydrogen in a compact 
and safe form is regarded as a critical issue that has to be solved before technically feasible 

hydrogen for mobile applications can be put into practice. Complex hydrides are interesting materials 
for mobile hydrogen storage; however, basic problems concerning their reversibility still exist. For some 
complex hydrides (sodium alanate, NaAlH4), transition metal catalysts are known to improve hydrogen 
kinetics, while for others such catalysts are  unknown.  By using combined density functional studies 
and thermodynamic considerations, we have shown that the Ti-catalyst related and native defects have  
the properties that diff er dramatically in lithium borohydride and sodium alanate. Ti atoms introduced 
into the bulk of LiBH4 are thermodynamically unfavourable  to all of their oxidation states, while high 
oxidation states of Tin+ cations may become thermodynamically stable in the bulk of NaAlH4 at cer-
tain thermodynamic conditions. Neutral hydrogen vacancies and interstitials or cation vacancies are less 
stable than their charged counterparts in both compounds. In sodium alanate, the formation of native 
defects leads to changes of the coordination number of aluminium, while in lithium borohydride BH4 
groups change their mutual orientation but B–H bonds remain intact. Th e electronic band alignment 
in LiBH4 and NaAlH4 is diff erent.( J. Phys. Condens. Matter 20 465210 (2008))

In 1939, Verwey described the metal-insulator transition in magnetite, Fe3O4, lodestone, the 
mineral  already familiar to mediaeval sailors or even to the Olmec. Despite enormous research 

eff orts, not all of the mysteries of this material are known today and Verwey’s discovery is still hotly 
debated. Using density functional calculations, we have studied the (001) surface of magnetite. At a 
room temperature, Fe3O4 is a weak conductor and becomes an insulator below the Verwey transition 
temperature, TV ~ 125K. A drop in the conductivity at the Verwey transition is ascribed to the particu-
lar charge and orbital ordering of the octahedral Fe sublattice at low temperatures. Th e properties of 
the magnetite surface layers  diff er from those of the bulk, as the iron cations exhibit a charge and t2g 
orbital ordering that is coupled with the lattice strains. Th e orbital ordering is present for various surface 
stoichiometries (see Figure) and causes an opening of the band gap Eg ~ 0.3 eV   on the surface, so that 
the (001) surface of Fe3O4 remains insulating also in the high temperature cubic phase. Th e  surface 
reconstruction is related to orbital ordering. (Phys. Rev. Lett. 99, 206402 (2007))

(a)

Electron density integrated around localized state E–EF = –0.5eV 
(a) octahedral termination. Large (blue) spheres represent octahe-
dral Fe cations, small (white) ones – tetrahedral Fe, and red ones 
indicate oxygen. For clarity, only the two topmost surface layers 
of the single surface cell are shown. Th e surface is parallel to the 
picture plane.

Local density of states LDOS (dashed line) projected 
on B in LiBH4 (a) and Al in NaAlH4 (b) ions that 
are closest to the neutral interstitial Ti. Th e DOS 
(per formula unit) for undoped samples are shown 
by thick solid lines and LDOS projected on Ti are 
shown by thin solid lines for reference. Th e tops of the 
valence bands are aligned with respect to pure com-
plex hydrides; shaded regions indicate occupied states 
for doped systems. Energy zero is set in the middle of 
the band gap of the undoped system. Th e insert shows 
the real space projection of neutral Ti gap states. Th e 
smaller (blue) sphere is for Ti, larger (gray) for Al.
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Superplastic properties of zirconium dioxide. An addition of selected dopant metal oxides (i.e. 
TiO2,SiO2, GeO2 etc.) can dramatically change plastic properties of zirconia allowing the ex-

tension of its initial length up to 1000% (a phenomenon known as superplasticity). Th e nature of such 
an eff ect has not been understood on atomic level. Th e superplasticity of yttria-stabilized zirconium di-
oxide (YZP) ceramics  was studied by fi rst principles calculations. Th e calculated dependence of elastic 
constants and bulk modulus of ZrO2 on the dopant concentration indicates a reduction of C66 shear 
elastic constant with the increasing dopant concentration (see. Fig. 1).

Th e anomalous decrease in the elastic moduli C66 is a manifestation of the superplastic-
ity. Th e underlying mechanism involves the segregation of the dopants toward the grain bound-
ary. A larger dopant concentration in the surface region results in the formation of a softer lay-
er close to the surface. Th is surface layer acts as a lubricant (in a limiting case of C66 = 0 the layer

transforms into liquid) and supports the sliding be-
tween the grains which is the essential for the su-
perplasticity ( J. Phys. Chem. Sol., 2008 (in print), 
doi:10.1016/j.jpcs.2008.08.014).

Superconductivity of Mo3Sb7 from the fi rst principles. A paramagnetic intermetallic com-
pound Mo3Sb7 is a type II superconductor with the critical temperature Tc = 2.2 K. Th e tem-

perature characteristics of the specifi c heat, the superconducting gap and the magnetic critical fi eld sug-
gest that the conventional electron-phonon interaction might be responsible for the superconductivity. 
However, some unusual features of Mo3Sb7 argued indicate that spin fl uctuations also play a role (in 
the creation of this phenomenon). In order to elucidate the possible origin of superconductivity, an ab 
initio approach has been used to determine the electron-phonon coupling constant ph. Th e phonon 
dispersion relations and the total and site-decomposed densities of phonon states in Mo3Sb7 (presented 
in the fi gure below) have been calculated.

Th e computation of electronic 
and phononic structures made it 
possible to estimate the value of ph 
= 0.54. Th is qualifi es Mo3Sb7 as 
a medium-coupling superconduc-
tor. Th e experimentally observed 
critical temperature may be correctly 
reproduced, even including the pres-
ence of paramagnons with small sf 
= 0.03. Th us the spin fl uctuations 
may exist in Mo3Sb7, but the elec-
tron-paramagnon interaction can-
not be very strong. (Phys. Rev. B 78, 
060507 (2008)).
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Magnetism of Fe monolayer on W(110). Pseudomorphic Fe mono-layer (ML) on the W(110) 
surface represents a magnetic-nonmagnetic metallic interface, which shows remarkable sta-

bility even at a high temperature. Th e distance between Fe monolayer and the W surface is signifi cantly 
smaller than the interlayer distance in tungsten. Also, the iron lattice constant is much shorter (of nearly 
10%) than the tungsten one. In the top Fe ML, a well-defi ned ferromagnetic order exists with the in-
plane orientation of magnetic moments. Th e magnetic interactions depend rather strongly on the local 
symmetry which modifi es exchange couplings.

In the present study, we investigate the interrelation between the actual value of the mismatch in 
lattice spacings and the electronic and dynamical properties of the Fe/W system in ferromagnetic and 
nonmagnetic confi gurations. We use the DFT approach, which enables us to effi  ciently describe the 
electronic structure and lattice dynamics in surface systems.

Phonon dispersion relations were calculated in a slab geometry within periodic boundary condi-
tions for the high-symmetry directions of the two-dimensional (2D) Brillouin zone. Phonon branches, 
connected with tungsten atoms, are very similar in both NM and FM cases, while the iron surface 
modes exhibit a very diff erent behaviour. In the NM system, two acoustic modes become unstable and 
soften very strongly in all three directions, except in the vicinity of the C

–
 point. Th e polarization of 

these soft modes is parallel to the in-plane [001] 
direction. By contrast, the surface phonons with 
polarization along the [110] direction are stable 
in the whole BZ. Th is unexpected result shows 
that the system is very close to the stability limits 
and with any additional strains – originating in 
the presented case from a lack of magnetic inter-
actions – the phonons would lead to a dynamical 
destabilization of the Fe/W system and to sur-
face reconstruction along the [001] direction.

Th e origin of the phonon softening can be 
related to the large diff erence of in-plane lattice 
spacings D between the iron and tungsten. In-
deed, when magnetic interactions are switched 
off , D of the bulk lattice constants is enhanced 
from –10.7% to –13.1%. We have found that 
this tendency is even more pronounced in the 
considered 5-layer-thick (5Fe and 5W) slabs, as 
in the NM state D reaches even –21.4%. Th is 
implies that the interlayer Fe–Fe distance is un-
naturally increased over the respective bulk value. 
In particular, for the NM case, it leads to a strong 
reduction of the force constants elements. (Phys. 
Rev. B 76, 205427 (2007))

Translation and Reorientation of CD4 Molecules in Nanoscale Cages of Zeolites. Deuteron 
spin-lattice relaxation was applied to study translational and rotational mobility of CD4 mol-

ecules trapped in the cages of zeolites. Tetrahedral methane molecules are treated as quantum rotors. 
Relaxation rates, related to the intra-quadrupole interaction, are derived for the T and A+E symmetry 
species in the presence of large tunneling splittings, consistently with the assumption that A and E 
species molecules relax at the same rate. An exchange model is presented, which describes the eff ect on 
relaxation of CD4 jumping between two positions characterized by diff erent potentials. While staying 
at any position bonded to an atom or ion at the cage wall, the molecule has some freedom to move in the 
vicinity. Th is causes a time-dependent external electric fi eld gradient, which contributes to the deuteron 
relaxation rate via the electric quadrupole interaction. Spin conversion transitions couple the relaxation 
of magnetizations MT and MAE, which is taken into account by reapplying the presented model under 
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somewhat diff erent conditions. Such a two-step procedure leads to successful fi ts with the experimental 
results obtained in the range of temperatures of roughly 20–200 K for zeolites HY, NaA and NaMor-
denite. At higher temperatures, CD4 molecules fl y freely across zeolite cages and the relaxation changes 

accordingly, while incoherent tunnelling domi-
nates for immobile molecules below 20 K.

Deuteron spin-lattice relaxation and spectra were studied in partially and fully deuterated 
(NH4)2PdCl6 in the temperature range 5–300 K. In (ND4)2PdCl6, the relaxation rate maxi-

mum was observed at 45 K. Its value is reduced due to limited jumps by about 33%, relative to the 
theoretical value expected for the threefold reorientation. Limited jumps correspond to an N–D vector 
jumping between six directions on the cone around a Pd–N vector, the angle between the N-D and 
Pd–N vectors denoted as D. Th is motion makes a part of the quadrupole interaction ineff ective in relax-
ation, thus reducing the maximum rate at 45 K. Th e observed reduction leads to the value of D = 21. 
Limited jumps are quenched to a large extent at the order-disorder phase transition and consequently a 
decrease in the rate is observed. Below the order-disorder phase transition ND4

+ ions reorient between 
the tetrahedral orientations of the ordered phase, therefore the quadrupole interaction has the full re-
laxing effi  ciency. In the 10% deuterated sample, the temperature of the rate maximum is shifted to 35 
K and below 20 K the rate itself is one order of magnitude larger than in (ND4)2PdCl6. Th e increase 
is related to (1) the absence of the order-disorder phase transition and to (2) the enhanced mobility of 
NH3D+ because of its electric dipole moment. Limited jumps are claimed to be the dominant relaxa-
tion mechanism below 20 K. Th e relaxation in the disordered 30% deuterated sample is quite similar 
to that in the 10% sample. Th e 50% and 70% deuterated samples undergo a transition to the ordered 
phase. Th e relaxation is biexponential, with the characteristic rates somewhat smaller than those in 
(ND4)2PdCl6, but approaching them with increasing deuteration. Th is variation can be explained by 
taking into account diff erent mobilities and diff erent abundance of the various isotopomers NH4–nDn

+, 
n = 1 – 4.

Evidence for the Order–Disorder Phase Transition in (ND4)2PtCl6. Th e deuteron NMR 
relaxation and spectra were studied at the resonance frequency of 46 MHz in polycrystalline 

(ND4)2PtCl6 between 300–5 K. Th e relaxation rate maximum near 50 K is about 53% smaller than 
the calculated maximum related to 120 rotations about the threefold symmetry axes of the ammonium 
ion. Th e diff erence is explained by assuming that a N–D vector has a total of 24 equilibrium directions, 
which in groups of six deviate from the nearest Pt–N vector by a certain angle  . Th e so-called limited 
jumps between the directions of each group take place much more frequently than the large-angle rota-
tions, thus rendering a fraction of the deuteron quadrupole coupling ineff ective in relaxation. A motion-
al model is presented, which takes into account both of these motions simultaneously. A comparison 
with experimental data leads to  =26.0, which is in reasonable agreement with the earlier neutron 
diff raction data. A sharp decrease found in the relaxation rate at the order-disorder phase transition 
temperature 27.2 K is related to the fact that one of the six equilibrium directions becomes preferred. 
Th is leads to the formation of ordered domains, in which the active motion driving the relaxation is 
120 rotations. Two components in the spectra, found below 55 K, are related to domains (broad) and 
transition regions between domains (narrow). Th e reasons for the nonexponentiality observed below 
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20 K were discussed, the most likely explanation 
being that limited jumps dominate within transi-
tion regions and make the corresponding deuter-
ons relax faster than those in domains.

Ammonium hexachloropalladates 
exhibit a strong covalent M–Cl 

bonding. Additionally, the deuteration can 
induce a transition from the cubic phase to 
the low symmetry phase. Samples of partially 
(30%, 50% and 70%) deuterated (ND4)2PdCl6 
have been studied by means of EXAFS. Th e 
fi rst NMR observations show a reduction in 
the spin-lattice relaxation time (T1) at the or-
der-disorder phase transition, which is related 
to an ordering of the ammonium cations. For 
50% and 70% deuterated samples, the two ex-
ponential behaviour of T1 was also observed. 
Th e results of temperature dependent EXAFS 
show that the position of the fi rst Cl peak and 
its FWHM remain unchanged. Th is indicates 
that the ammonium ion rotation has a local 
character and does not aff ect the Pd and Cl 
crystallographic sublattice. Th e increase in the 
Pd–N and Pd–next Cl bond length is observed 
between about 25K and 50K for a sample with 
the highest deuteration and may be related to 
a correlation frequency of ammonium ions of 
the order of 108 s–1 in this range.

Experimental deuteron relaxation rates in polycrys-
talline (ND4)2PtCl6. Th e dotted and broken lines 
describe the relaxation exclusively via 120 reorienta-
tions, while the continuous curve includes also the ef-
fect of limited jumps. Th e increase above 200 K arises 
from the motion of PtCl62– anions. 0 10 20 30 40 50 60 70
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IV. DIVISION  OF  THEORETICAL 
PHYSICS

The research in the Division of Th eoretical Physics has covered a very broad spectrum of 
theoretical topics, which may be grouped in the following categories:

• (A) particle physics at shortest distances,
• (B) ultra-relativistic heavy-ion, meson, and nuclear physics,
• (C) astrophysics and cosmology,
• (D) mathematical physics,
• (E) complex systems,
• (F) dynamics of matter irradiated by intense VUV and X-ray pulses.

(A) Th e biggest particle collider ever built, the Large Hadron Collider (LHC), has started 
its operation at CERN. In order to understand and exploit fully all experimental data of the 
LHC experiments one needs new theoretical ideas and tools to calculate the eff ects of the 
strong and electroweak interactions. Th e main challenge is to reformulate the methodology of 
theoretical calculations for the process of the multiple emission of particles with the unprec-
edented precision needed to analyse the data coming from the sophisticated detectors. Th e 
team from the Th eory Division has developed a new family of Monte Carlo programs, imple-
menting the QCD evolution equations in an entirely novel way. Th e novelty applies both to the 
algorithms as well as  to the treatment of the resummation of the higher-order perturbative 
contributions to the infi nite order. Th e ultimate goal is to upgrade the entire QCD evolution of 
the multi-parton distributions to the so-called next-to-leading (NLO) approximation.

Th e basic QCD-related problems that have been solved are: (1) In the area of new Monte 
Carlo techniques, a completely new method of simulating the QCD evolution of the parton 
distributions was developed, solving the old-standing problem of preselecting the energy and 
type of the partons entering short distance hard collisions, precisely as it happens in a real 
experiment. Th e existing up-till-now solution of this problem, the ‘backward evolution’, has 
now gained a more fl exible and powerful alternative. (2) Elaborate procedures of testing the 
new constrained Monte Carlo programs have required building a powerful library of programs 
based on the Markovian algorithm. (3) A new way of reformulating the NLO evolution kernels 
in a fully exclusive form was implemented as a replacement for the standard inclusive NLO 
kernels used in all existing NLO schemes. Th e new exclusive NLO kernels are the building 
blocks in the NLO parton shower simulations. (4) For a complete NLO calculation also the 
hard processes have to be included at this level. An effi  cient technique to achieve this goal, 
developed in recent years, involves numerical operations on the one-loop integrand, i.e. the 
one-loop amplitude before the loop integration, in order to fi nd coeffi  cients for the scalar one-, 
two-, three- and four-point functions. Our team has implemented the integrand and the scalar 
functions numerically for arbitrary kinematics, arbitrary mass combinations, and arbitrary IR-
divergent structures.

Electroweak perturbative calculations are another cornerstone of Monte Carlo calculations, 
aiming at precision measurements at the LHC experiments. Th e team of researchers from the 
Th eory Division has studied the QED eff ects due to multiphoton eff ects. Th e YFS-style multi-
photon Monte Carlo module for the W-boson decay was included in the WINHAC program. 
A library of genuine electroweak fi rst order corrections was constructed, tested, and published 
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(collaboration with JINR Dubna). Our team (collaboration with the University of Silesia and 
the University of Karlsruhe) has updated the Monte Carlo event generator PHOKHARA 
for processes e+e- " hadrons  (n+n-) + photons and implemented the decay of narrow 
resonances J/ and (2S) into nn, rr, KK and K0K0. Th e team has also improved 
the pion and kaon form factors in order to achieve better agreement with the new CLEO-c 
measurements and theoretical calculations. 

Th e QED bremsstrahlung is a process of great phenomenological importance at high en-
ergy accelerator experiments. One half of this year’s Nobel Prize in physics was awarded for 
the theory of mixing in the quark sector of the Standard Model, confi rmed by a multitude of 
measurements performed by the BaBar and Belle experiments. Our Monte Carlo programs, 
PHOTOS, KKMC and TAUOLA, have been used in the data analyses of these experiments. 
Our code PHOTOS is widely used in experiments at low and high energies, including the 
future LHC experiments.

Important contributions have been made by our researchers in the studies of theoretical 
aspects of QCD and QCD-based phenomenologies. Using arguments based on the s-chan-
nelunitarity,  the team from our Division has set the bounds on the minimum value of the 
transverse momentum (pT), for which the leading-twist minijet formula can be used in hadron-
hadron scattering. Th e minimum value of pT should be greater than a2.5 GeV for the LHC 
energies, and greater than a 3.5 GeV for the cosmic ray energies of about 50 GeV. Deeply 
inelastic lepton-proton scattering has been reformulated in terms of gauge invariant, universal 
parton correlation functions which depend on all components of the parton four-momentum 
and thus have a very general domain of applicability. After setting up a general subtraction 
formalism, a factorization theorem has been obtained. A matrix evolution equation has been 
proposed for fl avour singlet unintegrated quark and gluon densities, which generalizes the DG-
LAP and BFKL equations. A resummation model for the evolution kernel at small values of 
the Bjorken variable has created a bridge between the weak and strong couplings. In the case of 
pure gluodynamics, it is consistent with the AdS/CFT conjecture.

A new set of diff ractive parton distributions of the proton was obtained from the DGLAP-
based fi ts with higher twist contribution to the HERA data. New predictions obtained for 
the longitudinal diff ractive structure function diff er signifi cantly from those obtained in the 
pure DGLAP analyses. Th e diff ractive deep inelastic data from HERA were analysed in the 
dipole approach using diff erent parameterizations of the dipole cross sections. Th e necessity of 
a refi ned description in the large diff ractive mass region was demonstrated. An analysis of the 
diff ractive charm production was also carried out, exposing signifi cant diff erences between the 
dipole approach and the collinear parton distribution calculation.

Th e group of researchers from our Division has evaluated the Generalized Parton Distri-
butions (GPDs) of the pion in the non-perturbative domain within two chiral quark models: 
the Spectral Quark Model and the Nambu–Jona-Lasinio model with a Pauli-Villars regulari-
zation (collaboration with the University of Granada). Our method complies  with all theoreti-
cal requirements for these objects, such as the polynomiality conditions, positivity and normali-
zation constraints, sum rules and soft pion theorems. Th e team has obtained explicit analytic 
formulas for the GPDs, holding quark-model scale at low-energy. Interestingly, the expressions 
exhibit no factorization in the t-dependence. Th e LO DGLAP QCD evolution of the GPDs is 
then carried out to experimentally accessible or lattice scales. After the evolution, our model re-
produces the experimental and lattice data very well. In a related study, the team has computed 
the gravitational form factor of the pion, related to the momentum sum rule in deep inelastic 
scattering, and confronted the result with the recent full-QCD lattice data.

Another application of the chiral quark models is the calculation of the pion pole term in 
light-by-light contribution to the g−2 factor of the muon (collaboration with JINR Dubna). In 
contrast to the previous studies, the full kinematic dependence of the pion-photon transition 
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form factors was taken into account. Moreover, the theoretical QCD constraints, suggested 
by Melnikov and Vainshtein, are satisfi ed within the model. Th e contributions responsible for 
the satisfaction of the constraints originate from the box diagram as well as from the pion-
pole term. Th e nonlocal chiral model result for the pion-pole light-by-light contribution to 
(g − 2)/2 of the muon is (6.3 − 6.7) · 10−10, which confi rms the results obtained in other ef-
fective quark-model models. Th e scientists from our Division have also presented a construc-
tion of the pion electromagnetic form factor where the transition from large-Nc Regge vector 
meson dominance (VMD) models with infi nitely many resonances to perturbative QCD is 
built in explicitly (collaboration with the University of Granada). Th is solves, as a matter of 
principles, the long-standing problem of matching QCD to phenomenological VMD models. 
Our construction is based on an appropriate assignment of the residues of the Regge poles, 
which fulfi lls the constraints of the parton-hadron duality and perturbative QCD. Th e method 
is applicable to the studies of other form factors where the perturbative QCD result is available.

(B) Our most important result in the theory of relativistic heavy-ion collisions  is the expla-
nation of the so-called RHIC HBT puzzle. Th is long-standing problem of simultaneously ex-
plaining the experimentally observed spectra of the produced particles, the azimuthally asym-
metric fl ow, and the HBT correlation radii has been solved within hydrodynamics. Crucial in-
gredients include a realistic equation of state for the hot matter in the fi reball, a suitably chosen 
initial density and initial time of the expansion, a detailed two-particle modelling of the fi nal 
state emission and a complete inclusion of decays of resonances. Our approach has resulted, for 
the fi rst time, in the correct uniform description of the RHIC data. 

Another important contribution to our understanding of the RHIC results is a mathemati-
cal estimate, supported by extensive numerical simulations, of the scaled standard deviation of 
fl uctuations of the eccentricity of the fi reball in the initial phase of a heavy-ion (collaboration 
with Jan Kochanowski University). Th is measure is related to the observed scaled elliptic fl ow 
fl uctuations.

A publicly available Monte-Carlo code Glissando, which generates initial densities in the 
collision in a variety of Glauber-like approaches, has been developed (collaboration with Jan 
Kochanowski University). Th e generator incorporates the wounded-nucleon model, the binary 
collisions model, the mixed model and a model with hot spots. Th e program generates the so 
called fi xed-axes and variable-axes two-dimensional profi les of the density of sources in the 
transverse plane and their azimuthal Fourier components. Th ese profi les can be used in fur-
ther analysis of physical phenomena, such as jet quenching, event-by-event hydrodynamics or 
analysis of the elliptic fl ow and its fl uctuations. Supplied variants of the code can also be used 
for the proton-nucleus and deuteron-nucleus collisions. 

Viscosity eff ects in the hydrodynamic evolution have also been analysed. Th e most impor-
tant results are: a strong transverse push in the particle fl ow due to the initial pressure anisotro-
py and dissipation, reduced cooling from the longitudinal work in the expansion, and  reduced 
acceleration of the longitudinal fl ow. Assuming that the nucleon is composed of a quark and a 
diquark, it was possible to describe the small momentum transfer elastic pp and rp scattering 
cross section data with a very high precision. Enriching the quark-diquark content of a nucleon 
with the idea of wounded nucleons, it was also possible to describe pp, dAu, CuCu and AuAu 
rapidity distributions. Furthermore, predictions for the LHC have been made.

Th e eff ects of the CP violation and of fi nal state interactions between pairs of pseudoscalar 
mesons are studied in three-body B+,B−,B0 and –B0 decays into K. An approach based on 
the QCD factorization and the knowledge of the meson-meson form factors has been pro-
posed. Th e charming penguin amplitudes are needed in addition to the perturbative QCD 
ones. Th e constructed theoretical model describes well the branching fractions, the direct CP 
asymmetries of the quasi-two-body B"K*(892) and B "K0

* (1430)decays, as well as the 
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K eff ective mass and the helicity distributions. New formulae for the resonant scattering and 
the production amplitudes near the inelastic threshold have been derived and a unitary para-
me terization, satisfying a generalized Watson theorem for the production amplitudes, has been 
proposed. A model has been constructed to describe the photoproduction of scalar resonances 
in the reaction  " p at high photon energies. Th e formalism can be applied in the fu-
ture experimental analyses at Th omas Jeff erson Laboratory. Error analyses of  scattering 
amplitudes in Roy’s equations have been redone, correctly taking into account the constraints 
from dispersion relations. Within the approach, the internal quantum number structure of a 
single Standard-Model generation has been fully explained by providing its connection to the 
phase-space properties. In particular, the scheme provides a complete explanation from the fi rst 
principles of the famous Harari-Shupe model.

(C) Th e main result in the study of critical phenomena in the vacuum gravitational col-
lapse is fi rm numerical evidence for a fractal threshold behaviour in the fi ve-dimensional vac-
uum Einstein equations, satisfying the so-called cohomogeneity-two triaxial Bianchi type-IX 
ansatz. Th is is the fi rst known example of a chaotic fractal behaviour in the system described 
by partial diff erential equations. Th e relaxation of chaotic solutions to an attractor was stud-
ied in detail. It has been demonstrated both analytically and numerically that, although the 
quasinormal ringing is a linear eff ect as expected, the power-law decay tails have a genuinely 
nonlinear origin. Numerous examples were found where the prediction of the linear perturba-
tion theory fails in explaining the numerical data, whereas the nonlinear perturbation theory 
works accurately. 

A new method for the determination of the mass of spiral galaxies, applied to NGC4736 
galaxy, yields signifi cantly lower masses for other spiral galaxies. No non-baryonic dark matter 
component is required to reproduce very accurately the rotation curves of a number of spiral 
galaxies.

Th e HESS (High energy Stereoscopic System) collaboration announced its results of the 
searches for the dark-matter particle annihilation signals towards astrophysical objects with 
presumably high dark matter density. With the assumption that dark matter is composed of 
WIMPs, various theories beyond the standard model predict the self-annihilation of WIMPs, 
which gives a gamma ray continuum emission that can be detected by HESS in the 100 GeV 
– 10 TeV energy range. In a survey of the inner galactic plane, containing a number of Inter-
mediate Mass Black Holes, and also in the observations of the Canis Major overdensity region 
no signal has been detected. Th is allows us to place upper limits on the velocity-weighted an-
nihilation cross section for specifi c WIMP particle physics scenarios. 

Production of magnetic fi eld turbulence by energetic cosmic-ray ions drifting upstream 
of supernova remnant shock waves has been studied for the fi rst time with Particle-In-Cell 
computer plasma simulations. Th e studies confi rm the fi eld amplifi cation and show that for 
parameters used in modelling, an oblique fi lamentary turbulent mode grows more rapidly than 
the non-resonant parallel modes found in analytical theory. Moreover, the amplitude of the 
turbulence saturates at about the magnitude of the homogeneous magnetic fi eld. Th is is due 
to the backreaction of the turbulence on particles, which leads to an alignment of the bulk-
fl ow velocities of the cosmic rays and the background medium – an essential characteristic of 
cosmic-ray modifi ed shocks - and accounts for the saturation of the instability at moderate 
fi eld amplitudes. Previously published MHD simulations could not take this backreaction into 
account. Th e research carried out by our team shows that the nonresonant instability cannot 
be the only source of the strong magnetic fi elds observed in young supernova remnant shocks.

(D) Th e researchers from our Division have studied the possibilities of  computing cross 
sections for the quantum fi eld theory in algebraic formulation of Haag. Our idea to compute 
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the cross section relied on an implementation of these geometrical tools to the observable al-
gebra of Haag, and in on attempting to relate them with cross sections. Th en, our working 
hypothesis, namely that space-time is fl at in the micro scale, was translated into operator-alge-
braic properties of the observable algebra which gives an operator algebraic characteristics of 
the algebra. Th e question whether the properties are suffi  cient to obtain cross sections is still 
open, but at least some numerical characteristics of the observable algebra have been obtained.

(E) One of the modern fi elds of physics, strongly oriented towards interdisciplinary science, 
is the physics of complex systems. It deals with a rich diversity of systems in nature and hu-
man society, whose properties cannot be reduced to a set of simple rules. A description of such 
systems requires also the knowledge of cooperative phenomena at higher levels of organization. 
Th e most characteristic example in this context is the emergence of various patterns of collec-
tive behaviour out of an overall noisy activity. Th ese patterns can occur and alternate as a result 
of sudden changes of the system’s state. By analogy to conventional physics, such changes may 
be considered as phase transitions. A high fl exibility of complex systems can thus be achieved 
by their permanent residing close to a critical state. Th is view receives support from diff erent 
empirical and numerical evidence that many complex systems have scale-invariant features. 

A complex system with unparalleled complexity and availability of high amounts of clean 
data, which has been among the points of interest of the Th eory Division over the last two 
years, is the fi nancial market. As many other complex systems, Forex can be represented by a 
network. Th is network is formed by a set of interacting exchange rates. Th e group of research-
ers from our Division has investigated the topological structure of this network in the Minimal 
Spanning Tree representation, as well as in its evolution over the 10-year-long period of time. 
Th e analysis was based on a broad set of 60 currencies and yielded the following two important 
results: (i) the multiplicity of the MST nodes to a good approximation develops a power-like, 
scale free distribution with the scaling exponent similar to the case of several other complex 
systems studied so far; (ii) the hierarchical structure of the foreign exchange network is not 
stable in time, but there are main clusters of currencies which persist for a long period of time 
despite the fact that their size and content are variable. Th e team has found a long-term trend 
in the network’s evolution which aff ects the USD and EUR nodes. 

Th e emergent collective patterns of activity manifest themselves especially strong  in the 
case of deterministic, log-periodic components of the stock and the commodity markets evolu-
tion. A particularly beautiful example of the predictive power of the related log-periodic for-
malism was recently provided by our team for the oil market: not only the oil price peak and 
the medium-term trend reversal of July 11, 2008, was predicted a month earlier with a one-day 
accuracy, but also the oscillation pattern of the downward phase was modelled very well. Th is 
result provides further evidence that the eff ects originating from discreet scale invariance leave 
their imprints in fi nancial dynamics.

Th e newest fi eld of research in Th eory Division is natural language. It is a self-organized 
system which developed a hierarchical structure, syntactic organization, long-range correlations 
and a lack of characteristic scale. Th e latter, quantifi ed as the Zipf law, expresses the hyperbolic 
dependence of a word’s frequency on its rank in a piece of text or speech. Recent studies of our 
team, based on English as well as Polish texts, bring a new perspective on comprehending the 
linguistic complexity encoded in the Zipf law. For example, it turns out that even though the 
Zipf law describes well the rank-frequency distribution of words in a piece of text, it is not 
necessarily so if only those words which belong to a specifi c part of speech are considered. In 
particular, in “Ulysses” by James Joyce, the verbs develop a rank-frequency distribution that re-
veals power-law scaling in the spirit of the Zipf law, while the nouns and other parts of speech 
are described by distributions without clear scaling regime. However, if one considered a mixed 
distribution of words, i.e. analysed all the words from a text, but discerned the words that have 
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the same spelling yet belong to diff erent parts of speech, the rank-frequency distribution would 
be again Zipf-like. It is worth noting that this result does not only refer to English, but seems 
to be more universal. Th is fact refl ects a highly convoluted syntactic organization of the human 
language. 

(F) Th e researchers from our Division have studied ionization and expansion dynamics 
in atomic clusters irradiated with short intense VUV pulses (collaboration with DESY). Th e 
kinetic Boltzmann equations have been used to model ionization and expansion dynamics of 
xenon clusters irradiated with short intense VUV pulses. Th is unifi ed model includes pre-
dominant interactions that contribute to cluster dynamics induced by this radiation. Th e de-
pendence of evolution dynamics on cluster size, Natoms = 20−90000, and pulse fl uence, F = 
0.05 − 1.5 J/cm2, corresponding to the intensities in the range, 1012 −1014 W/cm2 and irradia-
tion times, ≤ 50 fs, is investigated. Th e predictions obtained with our model are found to be in 
good agreement with the experimental data. It has also been found that during the exposure 
the cluster forms a shell structure consisting of a positively charged outer shell and the core of 
net charge equals to zero. Th e width of these shells depends on the cluster size. Th e charged 
outer shell is large within small clusters (Natoms = 20, 70), and its Coulomb explosion drives the 
expansion of these clusters. Within the large clusters (Natoms = 2500, 90000), the neutral core is 
large, and after the Coulomb explosion of the outer shell it expands hydrodynamically. Highly 
charged ions within the core recombine effi  ciently with electrons. As a result, one observes a 
large fraction of neutral atoms created within the core, its magnitude depending on the cluster 
size. 

Th e multi-electron-recombination rates have been estimated within dense plasmas in the 
local thermodynamic equilibrium (LTE). It has been found that the multielectron recombina-
tion rates can be high within dense plasmas and that they should be properly treated in the 
simulations of the plasmas created by intense radiation, in particular for the plasmas created by 
intense VUV radiation from the free-electron-laser or for modelling the inertial confi nement 
fusion plasmas. 

In a related study, estimates have been made for the total cross sections for fi eld stimulated 
photoemission and photoabsorption by quasi-free electrons within non-equilibrium plasma, 
evolving from the strong coupling to the weak coupling regime. Such a transition may occur 
within laser-created plasmas, when the initially created plasma is cold but its heating by the 
laser fi eld is effi  cient. In particular, such a transition may occur within the plasmas created by 
intense VUV radiation from  FEL, as indicated by the results from the fi rst experiments per-
formed at the FLASH facility at DESY. In order to estimate the inverse bremsstrahlung cross 
sections, point-like and eff ective atomic potentials have been used. For the ions modelled as 
pointlike charges, the total cross sections are strongly aff ected by the changing plasma environ-
ment. Th e maximum change of cross sections may be of  the order of 75 at the change of the 
plasma parameters: inverse Debye length, , in the range:  = 0 − 3 and the electron density, e, 
in the range e = 0.01 − 1. Th ese ranges correspond to the physical conditions within the plas-
mas created during the fi rst cluster experiments performed at the FLASH facility at DESY. 
By contrast, for the eff ective atomic potentials, the total cross sections for photoemission and 
photoabsorption change only by a factor of 7 at most in the same plasma parameter range. Our 
results show that the inverse bremsstrahlung cross section estimated with the eff ective atomic 
potentials is not much aff ected by the plasma environment. Th is observation validates the es-
timations of the enhanced heating eff ect and is important, as this eff ect may be responsible for 
the high energy absorption within clusters irradiated with VUV radiation. 
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What follows are several selected achievements of the Division of Th eoretical Physics, pre-
sented in more detail:
(i) Evolution of fully exclusive parton distributions
(ii) One-loop amplitudes
(iii) Solution of  the RHIC HBT puzzle
(iv) Wounded quark-diquark model
(v) Explanation of the origin of multifractality in complex systems’ time series
(vi) Accurate log-periodic prediction of the 2008 oil-price bubble and its subsequent break-

down

(i) Evolution of fully exclusive parton distributions

One of the major challenges in the perturbative QCD is the decade-old problem of imple-
menting the evolution of the parton distributions in the fully exclusive form, instead of the 

traditional and well established evolution of the integrated parton distribution functions. It is the key 
problem for the QCD calculations in the form of the Monte Carlo event generators for analysing the 

future LHC experimental data. Not only is this 
problem technically very diffi  cult, but it is even 
not clear whether a solution exists at all! Th e re-
cent feasibility study, conducted by the research-
ers of the Th eory Division, indicates that it is 
indeed solvable, and a number of technical solu-
tions have been demonstrated. 

Th is study has started with two diagrams 
shown above, for the bremsstrahlung of two gluons out of a quark emitter (presently, more diagrams 
are being included). Th ese diagrams lead to the NLO part of the DGLAP evolution kernel, which was 
recalculated following the technique of the classic paper by Curci, Furmanski, and Pertonzio. Th e main 
result of this recalculation was the fully exclusive (unintegrated) kernel. 

Next, the exclusive NLO kernel was re-inserted into basic LO distribution following the general 
scheme depicted in the fi gure above. Th e main problem solved here was the proper implementation of 
the kinematic interplay between four-momenta entering NLO kernels and LO kernels. Th e above so-
lution was implemented and 
tested within the Markovian 
MC against the LO+NLO 
evolution of the conventional 
DGLAP. 

In the fi gure(to the 
right), MC results are shown 
for the PDF of the quark 
(DGLAP evolution from 1 
GeV to 1 TeV, starting from 
PDF=(1−x)). Th e blue 
curves are from the MC run 
using standard inclusive DG-

subtracted ladder interference
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LAP kernels and the red curves from the MC using exclusive NLO kernel b2
NLO. An uninteresting LO 

component is omitted in the plot, while separate contributions from one and two insertions (r = 1, 2) 
of b2

NLO are shown. A perfect agreement  between the two types of the calculation proves that the fully 
exclusive/unintegrated implementation of the DGLAP evolution is feasible, at least for this subset of 
the NLO diagrams.

(ii) One-loop amplitudes

Computer programs calculating the hard part of arbitrary multi-parton processes are essential 
for the LHC phenomenology. Th e calculations are performed in an automatic manner, and 

usually these programs are also able to perform automatically and in an effi  cient way the phase space 
integration to obtain cross sections. So far, however, the existing code performs the calculations at the 
tree level, especially if they deal with many partons. In order to achieve a suffi  cient accuracy for the LHC 
physics, these calculations have to be performed at a higher rate of precision, i.e. at least at the next-
to-leading level. One of the core pieces is the virtual part of hard processes, which consists of one-loop 
amplitudes. Th e complexity of these amplitudes necessitates automatization, which is not a trivial task. 
To achieve this goal, the researchers from the Th eory Division have provided the two most important 
missing components necessary within the method of Ossola, Papadopoulos, and Pittau (OPP).

Th ese components are:

  a library of scalar one-loop functions, dealing with all necessary kinematical regions, all possible 
mass-combinations and all infrared-divergent situations within the dimensional regularization;

  a program to evaluate the one-loop integrand, i.e. the one-loop amplitude with unintegrated 
loop momentum, as a function of the loop momentum.

Th e fi rst component, the library of scalar functions, is necessary within any framework since a 
one-loop amplitude can be written as a linear combination of the one-loop scalar one-, two-, three- and 
four-point functions. Th e new library is indispensable, because even though there exist many programs 
to evaluate some of the scalar-functions, no explicit numerical implementation which deals with all the 
mentioned specifi cations exists. Such a library is now available.

Th e main diffi  culty in evaluating the one-loop amplitudes is the determination of the coeffi  cients 
for the basis of scalar functions. It is here where the 
complexity of the computation, consisting of thou-
sands or even millions of Feynman graphs, manifests 
itself. Th e OPP method reduces, or rather shifts, this 
problem to the second item mentioned before: the 
evaluation of the one-loop integrand. Th e researchers 
from the Th eory Division managed to solve the prob-
lem by avoiding the treatment of huge numbers of 
one-loop Feynman graphs and by applying recursive 
Dyson-Schwinger techniques instead.

(iii) Solution of the RHIC HBT puzzle

Although hydrodynamics has long been believed to be the basic framework of the early evolu-
tion of matter formed in the relativistic heavy-ion collisions, it was plagued with a notorious 

diffi  culty. Namely, it was impossible to reconcile a large value of the elliptic fl ow coeffi  cient, v2, with the 
Hanbury-Brown–Twiss (HBT) interferometry. Th e team of our researchers has shown that this puzzle 
may be solved with a proper initial condition for hydrodynamics and the realistic equation of state for 

Fig. 1.  Th e pion HBT radii Rside , Rout , Rlong, and 
the ratio Rout/Rside for central collisions, compared to 
the data from STAR.
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the matter created in the collision. Th e hydrodynamics used in our study is inviscid, baryon-free and 
boost-invariant. Th e equation of state is as realistic as possible, taken from the lattice QCD simulations 
at high temperatures, T > 170 MeV, the hadronic gas at T < 170 MeV, and a smooth interpolation in 
the vicinity of 170 MeV. Th e initial profi le for the start of hydrodynamics has the Gaussian shape with 
the values of the width parameters depending on the centrality class. Th e hydrodynamic equations are 
solved numerically with the method developed in our group. At Tf = 145 MeV the system is assumed 
to freeze and hadrons (stable and resonances) are generated according to the Cooper-Frye formalism. 
Th is stage is simulated with THERMINATOR, our Monte Carlo generator which incorporates all 
resonances from the Particle Data Tables.

As a result, for the fi rst time, our team has obtained a simultaneous description of the RHIC data 
at mid-rapidity, including the transverse-momentum spectra, the v2 coeffi  cient and the HBT radii dis-
played in Fig. 1. In particular, the Rout/Rside ratio goes over the data points, while in previous calcula-
tions by other groups it was typically 50% too large. In addition, the data for the azimuthally-sensitive 
HBT interferometry are also properly reproduced. To conclude, the hydrodynamic description of the 
RHIC collisions works properly, with all the pieces of data possible to be described within a uniform 
framework.

(iv)Wounded quark-diquark model

The RHIC data on particle production 
in relativistic heavy ion collisions in-

dicate that the wounded nucleon model under-
predicts the observed particle multiplicities. A 
possible improvement was proposed in the form 
of the wounded quark model (three constituent 
quarks).

However, the model predicts larger multi-
plicities than actually observed. Th ese observa-
tions lead to the wounded quark-diquark model, 
which naturally interpolates between the two 
above mentioned scenarios. Th e model assumes 
that the high energy interactions of nucleons are 
dominated by independent interactions of their 
two constituents, a quark and a diquark. In ad-
dition, it is assumed that each of them produces 
the same density of particles.
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Fig. 2.  Th e predictions of the wounded quark-
diquark model compared with the midrapidity data 
from the PHOBOS coll. Th e shaded areas refl ect 
the inaccuracy in the pp data.

Fig. 3. Wounded quark-diquark model compared 
with the AuAu data from the PHOBOS coll.

-4 -2 0 2 4
0

5

10

15

20

25

dN
/d

 

d+Au
200 GeV

 

STAR
PHOBOS

quark-diquark model
          0-20%
          20-40%
          40-60%
          60-80%
          80-100%

Fig. 4. Wounded quark-diquark model com-
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gion where the contribution from the secondary 
interactions inside the target apparently be-
comes important.
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To formulate the quantitative prediction of such a model, the quark-quark and quark-diquark in-
elastic cross sections are needed. In order to extract these numbers, the diff erential elastic pp scattering 
cross section data were studied. Assuming that the nucleon is composed of a quark and diquark, it was 
possible to describe the small momentum transfer elastic pp and ±p scattering cross section data with a 
very high precision. When adjusted to describe precisely the elastic pp scattering data and supplemented 
with the idea of wounded constituents, the model accounts rather well for the centrality dependence of 
particle production in the central rapidity region at RHIC energies, as presented in Fig. 2.

Th e analysis was extended to rapidities beyond the central region. When supplemented with the 
idea of contribution from unwounded constituents, the model describes very well the RHIC data on 
particle production in pp, dAu, AuAu and CuCu collisions in an almost full rapidity range at 200 GeV 
c.m. energy. Th e fi nal results for dAu and AuAu collisions data are presented in Figs. 4 and 3. Th e 
quark and diquark fragmentation functions were determined. It turned out that the contribution from 
wounded constituents extends over almost the whole rapidity region. Th is picture implies specifi c long-
range correlations among the produced particles which are currently under investigation.

(v) Explanation of the origin of multifractality in complex systems’ time series

Although the multifractal character of complex systems’ data was reported by diff erent groups, 
there was no mutual agreement as for the source of the observed multiscaling: it could be 

nonlinear correlations in such time series, fat-tailed distributions of fl uctuations, or both. However, our 
results allowed us to resolve this dispute and point to the nonlinear correlations as a unique source of 
multifractality in a typical time series from a complex system. Our researchers have found that the ap-
parent multiscaling related to the fat-tailed distributions is a pure fi nite-size eff ect which disappears if 
suffi  ciently long data samples are considered.

Figure 5 shows the widths  of the singularity spectra f() for three artifi cial uncorrelated time 
series of increasing length T (diff erent colors), generated with the so-called q-Gaussian distributions:

(1)

where           are q-dependent parameters and                  is q-exponent. What 
makes this distribution attractive from the perspective of complex systems’ analysis is that for q > 1, it 
asymptotically (x&1) develops power-law tails p(x) a x1/(1-q). 

Diff erent values of the Tsallis parameter q defi ne the Gaussian regime (q < 5/3) and the fat-tailed 
(Lévy) regime (q > 5/3), both shown in Fig. 5. As mathematically expected, with increasing T, the 
spectra f() within the Gaussian regime tend to be mono-fractal (single point,  = 0), while the spec-
tra in the Lévy regime tend to be bifractal (two points,  > 0)). Ideally, at q = 5/3 an abrupt “phase 
transition” in  should be observed, but for short time series this transition is blurred and a spurious 
quasi-multifractal behavior is present instead.
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Fig. 5.  Widths of the singularity spectra 
f() for three artifi cial uncorrelated time 
series of increasing length T (diff erent 
colors), generated with q-Gaussian dis-
tributions. See the text for more details.
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(vi) Accurate log-periodic prediction of the 2008 oil-price bubble and its subsequent 
breakdown.

In 2008, the world’s global commodity markets experienced an extremely violent growth phase, 
which led some of the commodities like precious metals, non-ferrous metals and crude oil to 

their historic maxima. Th is unprecedented collective rally of prices was too strong to be explainable on 
the grounds of fundamental factors; instead, it had many features of a speculative bubble. Th is observa-
tion provided a very valuable basis for testing the components of what is generally termed “the predic-
tion oriented variant of fi nancial log-periodicity”. Th e most relevant of these components include 1) the 
self-similar log-periodicity which may originate from the discrete scale invariance and which allows for 
making a link to the critical phenomena, and 2) the postulated existence of the corresponding universal 
preferred scaling factor m - 2, which is common to all markets and timescales.

Th e cornerstone of the associated framework is the assumption (strongly supported by empirical 
data) that the global evolution of prices has a leading deterministic oscillatory pattern that can be ex-
pressed in a simple log-periodic representation by:

(2)

where  = 2/ln(). Th is pattern is imposed on a standard power-law that is characteristic of continu-
ous scale-invariance with the critical exponent .

(3)

Th e second term introduces a correction that is periodic in ln(x), while x represents a distance to the 
critical time Tc . Th us x = |T −Tc|, where T denotes clock time.

After the successful prediction of the March 2008 reversal of the up trend on the precious metals 
market, the researchers from our Division extended the same methodology to the oil market. Th e cor-
responding log-periodic interpretation of the oil price dynamics over the years 2000–2010, publicly 
disclosed in June 2008, is shown in the left panel of Fig. 6. It should be stressed that the predicted even-
tual end of the upward phase, July 11, 2008, occurred exactly on that day! Th e results of magnifying 
the vicinity of the price peak of July 2008 and including the oil price changes up to August 2008 results 
in the behaviour shown in the right panel of Fig. 6. A declining phase of the oil price evolution is mod-
elled here by the log-periodic decelerating function with the same m - 2. Th is phase oil price dynamics 
representation was created on the basis of the data up to August 22, 2008. A further sequence of falls 
followed the same representation, which can be considered a remarkable prediction.

     ln / ln cos ln ,
2

x A B x 


          

( ) [ln( ) / ln( )]x x x   

Fig. 6.  (Left) Brent crude oil price evolution (black) with the log-periodic function (Eq.(3)) modelling a long-
term price trend ending in 2010 (green) and a short-term trend ending on July 11, 2008 (red). (Right) Brent 
crude oil price in the vicinity of the maximum; both the upward and downward phases are modelled by the 
log-periodic function.
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V. DIVISION  OF  APPLIED
PHYSICS  AND  INTERDISCIPLINARY  

RESEARCH

Research performed at the Division of the Applied Physics and Interdisciplinary 
Research covers three main fi elds of science: life and health, energy and civilization 

hazard, and fi nally material and nanostructure science. 
Life and health research is focused on medical physics and dosimetry for proton radiotherapy, 

biomedical applications (radiation eff ects on living cells, such as mutations or DNA as well 
as chromosome damage, mechanical properties of biological systems), medical diagnostics by 
magnetic resonance imaging MRI and the gas chromatography method and other techniques.

In the fi eld of energy and civilization hazard, the main research concerns new energy 
sources (thermonuclear synthesis), natural and artifi cial radioactivity, toxic contamination of 
the environment (personal and environmental dosimetry, radionuclides and radon migration in 
the environment, greenhouse gases monitoring, environmental pollution of toxic trace elements 
and their impact on diseases including carcinogenesis), environmental markers (e.g. noble gases 
and SF6 as hydrological markers, lichens as phytomarkers) and identifi cation of radioactive 
sources and dangerous materials in illicit traffi  c  (neutron methods).

In the fi eld of material and nanostructure research, the technology of methods of forming 
thin layers and coatings with required physical, chemical and mechanical properties is being 
developed (ion methods, plasma and hybrid techniques), magnetic properties of ultra-thin 
fi lms and nanostructures (giant magneto-resistance, interlayers exchange coupling, magnetic 
anisotropy) are investigated, examination methods like the perturbed angular correlation 
method (PAC) and Mössbauer eff ect techniques are developed (structure of intermetallic 
compounds, alloys, minerals and metals), nuclear well logging methods for geophysical 
prospection are worked out and the technology of magnetic water treatment is expanded.

Most of the research is performed in our own laboratories. Th e facilities and equipment are 
also broadly used by Polish and foreign research groups.  In the last two years several elements 
of our infrastructure have been developed: 
 Th e facility for proton radiotherapy of eye tumors, based on our AIC-144 isochronous 

cyclotron, has been completed. 60 MeV proton beam has been extracted and delivered to 
the radiotherapy room.  Th e fi rst eye melanoma patients will be treated in 2009.

 Th e two-dimensional thermoluminescence system for clinical dosimetry has been 
completed and tested at the Centre of Oncology, Kraków. Th e system, consisting of 
2-D TLD foils and planar TLD reader with CCD camera, allows us to determine dose 
distribution with the spatial resolution of 1 mm for radiotherapy beams. Th e system will 
be applied to clinical dosimetry in intensity modulated radiation therapy, image-guided 
brachytherapy and hadron radiotherapy.

 A clinical dosemeter, based on artifi cial diamond, which shows the properties better than 
those of commercially available natural diamonds detectors, has been developed at our 
Institute. Th e detector was tested at IFJ at Th eratron 680E therapeutic Co-60 source and 
at the Oncological Hospital in Kraków at 6 and 18 MV accelerators.

 Th e new multi-purpose X-ray microprobe system, based on microfocus X-ray tube, has 
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been constructed for irradiation of biological specimens. 
 Th e laboratory for fast diagnosis for retrospective biological dosimetry in case of radiation 

accidents has been established. When such a radiation accident takes place, the laboratory 
will assess an absorbed dose using three procedures: classic cytogenetic, molecular 
cytogenetic – fl uorescence in situ hybridization (FISH) and alkaline version of single cell 
gel electrophoresis (SCGE).

 Th e whole-body gamma spectrometer for in-vivo measurements has been installed.

Th e scientifi c activity in the area of life and health research over the years 2007–2008 wasfocused 
on: 

 Biological and environmental systems studied by means of spectroscopic methods with 
the use of proton and X-ray microbeam systems. Studies of mechanical properties of 
pathological cells with the use of atomic force microscope and its possible diagnostic 
applications (the results summarized in the habilitation thesis of Dr. Małgorzata Lekka 
“Th e use of atomic force microscopy as a technique for the identifi cation of cancerous 
cells”). Research on oxidation states of transition metals and trace elements distribution in 
pathological cells and tissues using synchrotron radiation and classic infrared spectroscopes 
have been performed. 

 Radiation and environmental biology focused on measuring DNA and cytogenetic damage: 
studies of chromosomal aberrations in human lymphocytes of prostate and colorectal 
cancer patients. 

 Magnetic resonance imaging and localized spectroscopy: study of simultaneous brain and 
spinal cord functional magnetic resonance imaging (fMRI) in an animal model and study 
of the changes in the animal brain caused by Alzheimer induced disease by means of the 
localized proton magnetic resonance spectroscopy.

 Application of the tracers’ measurement methods to the medical diagnosis: study of 
the diagnosis of minimal disease and early stages of lung and oesophageal cancer using 
analytical techniques of gas chromatography with mass spectrometric detection.

 Biochemistry of selenium and iodine: assessment of the effi  ciency of iodine prophylaxis 
(through salt fortifi cation) used in Poland.

 Applications of radioactive isotopes in biomedical sciences: development of methods of 
48V chemistry for PET tracers in collaboration with Ciemat, Madrid.

In the area of energy and civilization hazard the following research is performed:

 Th e assessment of radiation risk of astronauts exposed to cosmic rays in outer space: the 
eff ective dose for astronauts performing extravehicular activity has been determined. Th e 
results are presented below.

 An original method of monitoring radiation doses using a single TL detector over an 
extremely broad dose range (from mGy to MGy) has been developed at IFJ and applied 
at the LHC for environmental dosimetry. More than one hundred TL dosimeters were 
mounted in the infrastructure of the LHCb experiment.

 Measurements and monitoring of radioisotopes present in the environment, i.e. plutonium, 
americium, uranium, thorium, polonium, 90Sr, 63Ni, 7Be, 137Cs and other radionuclides. 
For example: activity of 63Ni in Chernobyl “ruthenium hot particles” and in forest soil 
samples, concentration of 239Pu in the air (well dispersed aerosols generated as a result of 
nuclear terrorism), depleted uranium in the environment of Kosovo and Serbia, 137Cs, 40K 
and heavy metals present in deep sediment profi les taken from the reservoir of drinking 
water in Dobczyce. IFJ is a member of the Polish Network for Radioactive Contamination 
Monitoring, under the auspices of the National Atomic Agency and Central Laboratory 
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for Radiation Protection. On a weekly basis, the air fi lters are exposed to the atmospheric 
conditions at an outdoor facility and tested for the presence of gamma-emitters with the 
detection limit below 1 mBq/m3.

 Measurements of the volatile trace compounds responsible for the depletion of the 
Earth’s ozone layer and the greenhouse eff ect have been carried out at IFJ since 1997. SF6, 
chlorocarbons: CHCl3, CH3CCl3, CCl4, and freons: F-11, F-12, F-113, are measured using 
gas chromatograph systems. Along with the expected use of hydrogen as the energy source, 
we anticipate its release into the atmosphere which may perturb atmospheric chemical 
equilibria. Th erefore, the gas chromatographic measurement method of H2 concentration 
in the air has been developed and continuous monitoring has been in operation since 2007. 

 New research projects have been started in the energy and civilization hazard domain. IFJ 
joined Association EURATOM and within this platform it participates in the ITER 
project, aimed to design and build an experimental fusion reactor for the future power 
plant. We are involved in neutron diagnostics of the fusion plasma orientated to the ITER 
reactor and the Wendelstein 7-X Stellarator at IPP Greifswald, Germany.  

In the domain of material and nanostructure research, several projects have been undertaken:
 A signifi cant improvement in the experimental infrastructure has been achieved.  Modern 

techniques of thin layers and coatings formation are now available i.e. ion implantation 
and ion mixing, ion beam sputter and assisted deposition, dual beam, chemical vapour, 
pulsed laser methods of deposition. A number of spectroscopic methods are available, such 
as confocal micro-Raman spectrometer, RBS, NRA, ERDA, channeling, PIXE, PIGE, 
gamma-ray emission.

 Th in fi lms studies have been devoted to the research in solid state physics. Th e application 
of surfactants during deposition of Co/Cu multilayers is summarized in the habilitation 
thesis of Dr. Marta Wolny-Marszałek “Nano-Scale Interface Modifi cation of the Co/Cu 
System: Metallic Surface Modifi ers in the Growth of Smooth Th in Films.”

 Th e perturbed angular correlation method (PAC) has been applied to clarify many 
controversies concerning the phase diagrams of the binary metallic systems and structures 
of the intermetallic compounds. Based on the measurements of the electric fi eld gradients 
acting on the radioactive probes for Zr4Al3 and Hf4Al3 and compared with the ab-initio 
calculations the possible Hf/Zr lattice sites have been assigned. 

 Th e research on the chemistry of superheavy elements and their homologues has been 
continued. In order to separate superheavy and lighter elements, composite sorbents 
synthesized on the basis of hexacyanoferrates of transition metals and resin bed have been 
developed. 

 Th e last fi eld of research is associated with magnetic water treatment. Th e analyses of 
suspended solids in water circuits of diff erent water systems have been carried out. All 
samples are subject to chemical and EDS (energy dispersive spectroscopy) studies as well 
as Mössbauer and X-ray diff raction spectroscopy. 

Th e inter- and multi- disciplinary research conducted in the Division stimulates our in-
volvement in the cooperation with various institutions, in joint programs and scientifi c net-
works, such as Kraków Centre of Physico-Chemical Research for the Environment Protection, 
Nuclear Physics for Geophysics, Neutrons - Emission and Detection Sci. Network. Th e fruitful 
collaboration is continued with the Jagiellonian University (the Faculty of Biology and Earth 
Sciences, the Faculty of Biochemistry, Biophysics and Biotechnology, the Faculty of Medicine), 
AGH University of Science and Technology, the University of Silesia, etc. Life Science Clus-
ter, Centre of Advanced Medical Technology IZATEM, together with Centre of Excellence 
IONMED, Consortium PAN-AKCENT and National Consortium of Hadron Radiotherapy 
form the basis of wide, interdisciplinary collaborations. 
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A facility for proton radiotherapy of eye tumours has been developed at IFJ PAN as a joint 
collaboration between several research and clinical institutions in Kraków. Th e parameters 

of the 60 MeV proton beam, produced by AIC-144 isochronous cyclotron, are suffi  cient to irradiate 
tumours at random locations inside the eyeball. Th e maximum proton range, measured in a water phan-
tom installed at the isocentre of the facility, is 29 mm and the maximum dose rate can reach 0.45 Gy/s, 
which enables the time of patient irradiation to be limited to below one minute. Th e facility is now fully 
equipped: an Eye Th erapy Chair (Schear Engineering) has been installed in the therapy room, the con-

trol system (based on modular PXI ar-
chitecture) is completed, and the Eclipse 
Ocular Proton Planning (Varian Medi-
cal Systems) treatment planning system 
has been set up and tested at our facil-
ity. Th e fi rst patient will be treated at 
IFJ PAN in 2009. Th is facility, unique 
in Poland, will satisfy national needs for 
treating ocular melanoma with 60 MeV 
protons. [502].

A new X-ray microprobe has been developed at IFJ PAN for the research in biophysics, 
medical sciences, geology, and material research. Th is new microprobe consists of three 

experimental lines dedicated to: i) X-ray irradiation of biological specimens, ii) elemental analysis of 
samples by the μXRF or TXRF methods and iii) computer microtomography (CMT). 

Th e fi rst experimental line that was brought into routine exploitation was the CMT one. Th e line 
consists of an open type Hamamatsu L9191 X-ray tube with microfocusing to about 2 μm, a high 
resolution X-ray sensitive CCD camera (10 Mpixels), and a precise goniometer composed of six piezo-
electric motors. 

Depending on the required X-ray energy, the Hamamatsu tube is used with Ti, Mo, Ag, or W 
targets. A small focus size and a short focus-to-object distance enable obtaining the images of samples 

Th e proton Eye Th erapy room with the Eye 
Th erapy Chair and optical beam line with 
proton beam-forming equipment.

Th e block diagram of the CMT setup and two examples of reconstructed small objects: a shell 
(density scale extends from low: yellow to high: red) and the andesite rock sample (blue to green). 
Objects’ size ~1 cm, reconstruction from ~500 projections



A
p

p
lie

d
  p

h
ys

ic
s 

 a
n

d
  i

n
te

rd
is

c
ip

lin
a

ry
 r

e
se

a
rc

h

 Research Highlights  2007 – 2008 55

with the magnifi cation of more than 1000x and the resolution of the order of 2 μm. Th e source-to-
detector distance is usually set as 500 mm while the source-to-sample distance can be changed from 
1 mm to almost the source-to-detector distance, ensuring a wide range of magnifi cation tuning. Th e 
CMT measurements are carried out using home-developed codes combined with commercial software. 
Currently, microstructure studies of pharmaceutical specimens have been carried out with the aim 
of optimizing the release of the active components in the body. In the nearest future, investigations of 
the structure of cancer explants as well as studies of kinematics of radiation damage are foreseen [407, 
E5, E11, E33]

A clinical dosemeter based on artifi cial diamond, which shows dosimetric properties better 
than those of commercially available natural diamond detectors, has been developed at IFJ 

Krakow. A new generation of synthetic diamonds, grown as single crystal chemical vapour deposition 
(SC CVD) material on a HPHT substrate, became commercially available in early 2008. Our diamond 
detector, based on SC CVD diamond with golden-graphite contacts, was encapsulated in a special 
holder made of Solid Water plastic and tested in 60Co, 6 MV and 18 MV photon beams. Very good 
dosimetric properties of the investigated diamond 
detector, such as a high current at the level of 
some nA under a dose rate of 1 Gy/min, fast sub-
second rise time, and good stability and repeat-
ability of the detector current, were found. Th e 
ratio of the detector signal under irradiation to its 
dark current was about 3104. Very good linear-
ity of the signal with respect to the applied dose 
rate was found over the dose range from 0.5 to 
3Gy/min. An attempt at applying this diamond 
detector to a photon IMRT (Intensity-Modulat-
ed Radiation Th erapy) fi eld showed its very fast 
dynamic response, enabling the sharp transients 
of IMRT fi elds to be followed. [410, E12].

The individual’s genetic constitution and lifestyle, e.g. diet and levels of physical activity, can 
aff ect the body’s response to various exogenous agents, including therapeutic treatments. Th e 

aim of our studies was to compare on both molecular and cellular levels the responses of patients with 
prostate cancer (PCP) or benign prostate hyperplasia (BPH) to the X-rays of peripheral blood lym-
phocytes. We wanted to fi nd out if their sensitivity could be associated with a predisposition to cancer 
induction or treatment. On the molecular level, the alkaline version of the single cells gel electrophoresis 
(SCGE) assay (Comet assay) was used to estimate the DNA damage and repair effi  ciency, which was 
compared with the classic cytogenetic studies on chromosome and chromatid type aberrations, as well 
as with, investigated with the FISH technique, alterations in chromosome 1, particularly with a fre-
quency of translocations.On average, the susceptibility to the challenging dose was signifi cantly higher 
for the group of PCP than of BPH patients. Th e results showed a stronger variation in a capacity to 
repair the X-ray induced DNA damage between cancer patients than that observed between BPH do-
nors. Th ose fi ndings correlated with the results from cytogenetic studies. Signifi cantly higher amounts 
of chromosome and chromatid aberrations were detected in irradiated lymphocytes of prostate cancer 
than those in lymphocytes of BPH patients. Signifi cantly higher frequencies of translocations in chro-
mosome 1 and other types of aberrations detected with the FISH techniques were observed in the 
group of PCP than that for BPH. Strong correlations between DNA repair competence and all types 
of cytogenetic endpoints were also observed. Our results clearly suggest a possible value of the DNA 
repair in epidemiology as a potentially useful test for prediction of prostate cancer predisposition 
and in pre-clinical studies as a predictor for patient’s response to radiotherapy, although further 

Diamond detector consisting of a diamond crystal 
encapsulated in a holder made of Solid Water plastic.
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research is needed on a larger group of patients to 
confi rm our fi nding. [405, and collaboration with 
Collegium Medicum UJ].

Breath-gas analysis is a promising, non-invasive medical diagnostic technique, which can 
deliver information about biochemical processes in the body and enable early recognition 

of diff erent diseases. Th e investigations, carried out by the research group at IFJ PAN, are focused on 
two parallel tasks: a detection of sulphur-containing compounds and nitrogen-containing compounds. 

Volatile sulphur compounds (VSCs: H2S, COS, 
CH3SH, C2H5SH, (CH3)2S, CS2) are impor-
tant substances detectable in a breath. An increase 
in their concentration in the expired air is observed 
in the case of paradentosis diseases, a liver failure, 
halitosis, lung cancer, an allograft rejection after 
lung transplantation, cystic fi brosis, schizophrenia. 
Dimethylamine and trimethylamine occur in the 
breath of people suff ering from the renal disease.

Th e application of gas chromatograph (GC), 
equipped with mass spectrometer (MS) and suit-
able techniques of preconcentration (Solid Phase 
Microextraction – SPME and Th ermal Desorp-
tion - TD), allowed for the determination of the 
sulphur compounds concentration even in the air 
exhaled by healthy people [408, K15].

Based on our previous study, we have expanded the applications of spinal cord functional MRI. 
We have been the fi rst to show that spinal fMRI can detect acute changes in activations in 

the rat spinal cord, following a gradu-
al peripheral nerves section. Th is was 

Comparison of chromatograms recorded for stand-
ards (black line) and samples of healthy person 
breath (red line) in MS-SIM mode. Samples were 
prepared using the SPME method.
DMS (10ppb) and traces of H2S and CH3SH 
were detected in samples of healthy person breath.

Activation in the rat spinal cord, follow-
ing gradual peripheral nerves section. Th e 
experiments were performed using 9.4T 
research scanner. Electrical stimulation of 
the hind paw was used to elicit activity. 
A quadrature surface radiofrequency (RF) 
coil covering the lumbar spinal cord was 
used. For spinal cord fMRI, sets of fast 
spin echo (FSE) images were acquired.

Frequencies of translocations in chromosome 1 de-
tected with the FISH techniques observed in group of  
prostate cancer patients (PCP)  and  BPH, with and 
without stratifi cation according to reported cancers in 
immediate family factor (CIF-0 no cancers), indicating 
risk of genetic predisposing to cancer (probably associ-
ated to chromosome 1). BPHS PCP

0

10

20

Translocations - response to X-rays

TF(1)

CiF-0

TF(1)

CiF-1

TF(1)

p<.04

F
re

q
u
e
n
c
y
  

 [
%

]



A
p

p
lie

d
  p

h
ys

ic
s 

 a
n

d
  i

n
te

rd
is

c
ip

lin
a

ry
 r

e
se

a
rc

h

 Research Highlights  2007 – 2008 57

achieved by performing fMRI scanning in the rat spinal cord in the control experiment and then follow-
ing one nerve section and fi nally two nerves section. Th e experiment proved that spinal fMRI may be 
a useful tool in the investigation of the spinal cord injury and its regeneration. Th is study was accom-
plished in collaboration with the National Research Council of Canada, IBD-West, Calgary, Canada 
using 9.4T MRI system. [406].

The MRI study of the mouse model of dilated cardiomyopathy (Tgq44) in diff erent stages 
of disease progression allowed us to acquire the time characteristics of systolic and diastolic 

cardiac function. Dobutamine-induced stress was used to reveal the alterations in cardiac function at 
the early stage of heart failure progression that were not clearly visible in monitoring cardiac function at 
rest. Th e measured areas of the LV cross-sections were used to evaluate the parameters which describe 
function of the heart muscle during contraction (ejection rate – ER, fractional area change – FAC) and 
relaxation (fi lling rate – FR). Using in vivo MRI measurements, we demonstrated that the impair-
ment of systolic cardiac function was present early during the development of the pathology in 
Tgq44 mice. By contrast, diastolic cardiac dysfunction was slightly impaired in young Tgq44 
mice but its alterations during further progression seem to be more pronounced. [406].

Filling rates
Mouse Rest Stress

TG13 0.023±0.008 0.026±0.009
TG8 0.019±0.009 0.037±0.006

Photosynthesis is a process of conversion of light energy into chemical energy by means of 
complex biophysical and biochemical reactions taking place in plant chloroplasts and in the 

cells of photosynthetic prokaryotes. An understanding of photosynthesis on a molecular level is very 
important because the devices which would be able to mimic the photosynthetic process could be the 
best solution of the civilization problem concerning depleting fuel reserves and an increasing demand 
for energy. Th e aim of the studies carried on in collaboration with the Faculty of Biochemistry, Biophys-
ics and Biotechnology of the Jagiellonian University, AGH University of Science and Technology and 

Table:  Mean values of the fi lling rates (FR) for TG mice at 
the age of 8 (TG8) and 13 (TG13) months before dob-
utamine injection (rest) and after (stress). Th ese parameters 
were based on the end-systolic and end-diastolic values of 
the crossection area and on the slopes of systolic and diastolic 
limbs of the area-time curve plotted over a full cardiac cycle.

MR images of the mouse heart (left ventricle), acquired in a short-axis plane at papillary muscles level, in 
diff erent phases of cardiac cycle. An ECG triggered fast gradient echo (cine-like FLASH with fl ow-compen-
sation) sequence was used.

Th e mean values of the fractional area change for 
both TG and FVB mice at various ages.

Fractional Area Change (FAC)
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the European Synchrotron Radiation Facility in Grenoble (France) is to give evidence for the existence 
of a mechanism coupling the electron transfer on the donor and acceptor sides of the photosystems 
of type Q. Such photosynthetic reaction centers are present in purple bacterial. We have shown the 
infl uence of the spin state of the non-heme iron in the quinone-iron complex in bacterial reaction 
centres on the collective motions of the protein matrix and the effi  ciency of the photosynthetic 
electron transfer and charge recombination. Th e studies were performed by applying absorption and 
modulated fl uorescence spectroscopy, as well as thermoluminescence method, Mössbauer spectroscopy 
and inelastic scattering of synchrotron radiation (ISXSR). [407, S8].

Within the European space project, MATROSHKA, the IFJ team has determined for the 
fi rst time the eff ective dose (the best current estimate of radiation risk) for astronauts 

performing extravehicular activity (EVA) on the Earth’s orbit.  In order to calculate it, we assessed 
the dose absorbed by major organs, based on the results of measurements performed with the use of 
an antropomorphic phantom (torso), placed outside the International Space Station (ISS), in which 
miniature thermoluminescent detectors 
were planted. We found that, for an astro-
naut performing EVA, the enhanced ra-
diation exposure aff ects mainly the tissues 
and organs very close to the body surface. 
Th us, as for radiation protection, EVA 
was much safer than had been previously 
assumed. We also found that the personal 
dosimeters worn by ISS crew appeared to 
overestimate the actual radiation hazard 
by a factor of about two. Th e daily organ 
dose equivalent for an astronaut engaged 
in EVA was found to be about 0.7 mSv. 
[410, E42].

We studied the concentrations of radionuclides in the bones of birds of prey and owls from 
Eastern Poland. Th e samples consisted of mostly complete skeletons. Th e analytical meth-

od consisted of two main steps preceded by ashing in 400C: gamma spectrometric measurements and 
radiochemical analyses. Radiochemical analysis required a dissolution of samples in hot acids and then 

Th e bacterial reaction centers isolated from Rhodobacter sphaeroides and Rhodospirillum rubrum, hav-
ing diff erent spin states of the ferrous iron in the iron – quinone complex, show a diff erent stabilization 
of the charge separation (thermoluminescence spectra) and diff erent density of phonon states related to 
the collective motions of the protein matrix (ISXSR spectra, DOS).

Organ daily dose equivalent.
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a separation of Pu, Am and Sr by co-precipitation with oxalates, followed by anion exchange and extrac-
tion chromatography. No correlation among Sr, Cs, Am and Pu activities was observed for the whole set 

of samples. Even 238Pu and 239+240Pu showed 
no clear correlation. However, there are some 
results with a 238Pu/239+240Pu activity ratio 
higher than that observed for the global fallout. 
Th is suggested the infl uence of the Chernobyl 
fallout. We noticed a signifi cant correlation be-
tween 90Sr and 239+240Pu for Tawny owl (Strix 
aluco) and for three subgroups between 241Am 
and 239+240Pu. Although some results for Pu 
isotopes seemed to indicate that the traces 
of the Chernobyl fallout were noticeable in 
birds from the eastern part of Poland, yet we 
did not observe any clear geographical pattern 
related to a known distribution of the Cher-
nobyl fallout (Analytical Chemistry, in print). 
[409 and collaboration with Maria Curie-Sklo-
dowska University and AGH University of Sci-
ence and Technology].

For ten years we have been monitoring either the concentration of artifi cial 137Cs or the 
level of natural 40K in the soil samples taken from the Tatra Mountains region which 

resulted in publication of four maps showing the distribution of the radionuclides in this area. Th e 
maps allowed us to select 12 representative points at which the measurements of 137Cs are continued 
in order to see the time development of soil contamination with the artifi cial nuclide. In 2007, from the 
above 12 measurement points we chose three where we implemented a new measuring method, i.e. we 
placed there cartridges fi lled with the NiNCF composite sorbent – nickel-potassium hexacyanoferrate 
with magnetite component1. Under laboratory conditions, NiCNF turned out to be an eff ective sorbent 
for cesium, so we decided to use it as a trap for 137Cs which may originate in snow and rainfall. As a 
reference, we also placed identical cartridges fi lled with the Dowex50 resin. We expect that the new 
method of sample collecting should allow us to monitor the 137Cs concentration in this area and to 
gather information about new sources of cesium contamination in the Tatra National Park. 

Th e fi rst NiCNF and Dowex50 cartridges were replaced at the end of 2008. Th e table shows the 
activities of 137Cs recently measured and converted to the reference date (2000). It can be seen that the 
eff ectiveness of 137Cs sorption on the resin is comparable to that on the composite. We conclude that 
NiCNF is much more suitable for the environmental studies than the resin because the ferromagnetism 
of NiCNF allows us to spot the sorbents easily and, if necessary, to recover them from spills. [409].

.
Table:  Activities of  137Cs measured in three representative points in the Tatra Mountains.

Locations in the Tatra Mts Sorbents
Measured activity 

[Bq/kg]

Activity corrected for 
01.09.2000

[Bq/kg]

Staszica Lakes 
NiNCF 35.1 (10.11.2008) 42.3±14.2
Dowex-50x8 54.8 (16.11.2008) 66.2±14.8

Grześ Mt.
NiNCF 27.7 (14.10.2008) 33.4±14.1
Dowex-50x8 43.9 (20.10.2008) 52.9±15.7

Długi Upłaz near  Grześ Mt.
NiNCF 34.1 (07.10.2008) 41.1±13.8
Dowex-50x8 25.4 (03.10.2008) 30.6±21.5

1B.Kubica, Z.Szeglowski, R.Fiałkowski, M.Tuteja-Krysa. Polish patent no. 196 361, 2007.

Th e most signifi cant correlation found – between 90Sr 
and 239+240Pu for the samples of Tawny owl Strix 
aluco. Pearson correlation factor R2 = 0.641, level of 
signifi cance p = 0.03.
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Studies on the presence of noble gases in groundwater yield the information on groundwater dy-
namics, i.e. fl ow velocities, fl ow directions, residence times and recharge rates. Th ey also deliver 

the information on environmental conditions under 
which the groundwater infi ltrated. 

A concentration of helium is a perfect marker 
for the dating of groundwater, the age of which 
ranges from hundreds to tens of thousands of years.

So far, the established method of He measure-
ment has been mass spectrometry. Th e research group 
at IFJ PAN elaborated an alternative and cheaper 
method of helium measurement. 

Nowadays, in our laboratory, the system for 
chromatographic measurement of helium concen-
tration in groundwater is being applied. 

Th e measurement of helium is carried out us-
ing gas chromatograph equipped with the thermal 
conducting detector (TCD). Th e application of he-
lium extraction 
from water 

samples (a head-space method) and the enrichment of samples 
using a cryotrap technique enable helium detection at the level of 
110–8 cm3STP/gH2O. [408]

Nitriding and carbonitriding are frequently applied to modify mechanical properties of met-
als. Th e useful mechanical properties of tools can be further improved by thin carbon 

coating. In the present work, in collaboration with a research group from the Warsaw University of 
Technology, the microstructure of nitrided and carbonitrided titanium covered with carbon coating 

3D presentation of the 
temperature dependence 
of the Raman spectrum 
recorded for the sample 
coating.

Th e range of dating groundwater for diff er-
ent methods used in hydrology

Groundwater samples are collected into special, 2900 cm3 stainless 
steel vessels, according to the precise procedure ruling out the contami-
nation with air
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was studied. Th e hard carbon was formed by the IBSD (Ion Beam Sputter Deposition) at IFJ PAN 
and nitriding and carbonitriding was performed by the Warsaw research group. Th e on–line analysis of 
carbon–Ti(C,N)  complex layer was performed by Raman confocal dispersive microspectroscopy in the 
temperature range: –1400C – 4500C.

Raman scattering experiments show distinctive eff ects of nitrogen introduction to the carbon coat-
ing. A major eff ect of nitrogen incorporation is to lower sp3 content and to increase the clustering of the 
sp2 phase, which manifests itself in a growing intensity of the D peak and increasing I(D)/I(G) ratio. 
Also, the G peak position varies with the N content. 

Introducing N into amorphous carbon fi lms with a high fraction of sp2 bonded atoms causes cross-
linking between graphitic planes, resulting in an increase in mechanical hardness and elastic recovery of 
the fi lm. [412].

In the fi eld of new materials for spintronic, we have investigated hard magnetic alloys with 
high perpendicular magnetic anisotropy. Th e desired magnetic properties of FePd alloys are 

strongly connected with the formation of the L10 alloy at high temperatures. In order to induce the L10 
chemical order, we fabricated the FePd alloys with perpendicular magnetic anisotropy by doping Fe/
Pd multilayers with Cu impurity and annealing them at 600°C for 90 s, using RTA technique. While 
the XRD pattern, measured on the binary FePd alloy, does not reveal the presence of the L10 (001) 
superstructure peak, the well-pronounced (001) peak appears in the samples with an addition of Cu. 
However, despite the presence of the chemically ordered component in the FePd:Cu alloy, the magnetic 
measurements show the behaviour characteristic of the magnetically soft material. We have achieved 
the hard magnetic properties of the FePd alloys by the conventional annealing in an UHV (700°C, 1 
hour). Th e sample without the addition of Cu has randomly oriented easy axis of magnetization. Th e 
small addition of Cu leads to the stabilization of the out-of-plane easy axis of magnetization. Th e ob-
tained results are of great importance to the planned studies of the growth of the ternary FePd:Cu alloys 
on SiO2 nanosphere arrays. [411]. Th e presented results were obtained for the alloys grown on a planar 
SiO2 substrates. Th is approach will be applied to achieve the array of the FePd:Cu nanostructures 
grown on matrices of SiO2 nanospheres. 

We have applied the laser interference lithography to create periodic nanostructures with 
a well-defi ned long-range order on metallic surfaces. For laser interference patterning, we 

have designed an original setup mounted from commercially available optical elements. We studied the 
obtained periodic structures with atomic force microscope, working in non-contact mode. One can see 
a good correspondence between the experimental and simulated interference image. In the fi gure, there 
are fl at islands which correspond to the destructive interference, and narrow channels which correspond 
to the constructive interference fringes. Th e size of the interference pattern on the sample is about 1 cm2 

and has a periodicity of 1.4 m, being in good agreement with the period of simulated nanostructures. 
In the future, we plan to use the setup for fabrication of FePd:Cu nanostructures with perpendicular 
magnetic anisotropy. [411, S17].
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Electric fi eld gradients have been 
measured in the isostructural inter-

metallic compounds, Zr4Al3  and Hf4Al3, 
using radio-active 181Hf hyperfi ne probes. In 
both compounds, two well-defi ned electric 
fi eld gradients have been observed, whose 
temperature dependences follow the T3/2 rule 
in the temperature range of 30 – 1170 K. Us-
ing the full-potential augmented plane wave + 
local orbitals formalism, the electric fi eld gra-
dients were calculated and compared with the 
experimental values. On the basis of the 181Ta 
hyperfi ne interaction parameters, possible 
Hf/Zr lattice sites have been assigned. In 
this way, the controversy concerning the lat-
tice structure of these compounds deduced 
from X-ray diff raction has been solved. 
[303]

The perturbed angular correlation (PAC) method was applied to study the martensitic phase 
transition of the TiPd shape memory alloy, doped with 181Hf/181Ta probe atoms. Th e hy-

perfi ne interaction parameters and their concentration, and temperature dependences for probes with 

Temperature dependence of the martensite fraction in TiPd compound of diff erent Hf concentration (left panel) 
and concentration dependence of the martensitic start temperature MS and hysteresis width TH (right panel). 
Red symbols and lines represent the results of heating up, while blue symbols and lines those of cooling down.

Th e PAC spectra with their corresponding Fourier 
transforms for 181Ta in Zr4Al3 and Hf4Al3 com-
pounds at the indicated temperatures.

A comparison of AFM im-
age of [Co/Cu]3 multilayer 
patterned with 3 laser beams 
at =1024 nm (left panel) 
and a simulated pattern (right 
panel).
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cubic and noncubic surroundings of the lattice sites, consistent with the respective crystal structures in 
martensite and austenite phases, were determined. A strong dependence of the martensite start tem-
perature (MS) and of the shape of the hysteresis loop (TH) on the small admixture of the Hf im-
purities in TiPd compound was evidenced. Th e observed decrease of the MS value diff ers from the 
behaviour of TiNi alloy, where adding hafnium as the third element leads to the rise of MS. [303] 

New mineralogical structure models of Miocene rocks, based on the data obtained from 
advanced nuclear geophysics methods, have been constructed. Th e nuclear well-logging 

methods have been used in order to determine precisely the mineral composition and petrophysical 
parameters of rocks building hydrocarbon reservoirs. Th is is the most serious challenge to hydrocarbon 
prospecting, especially for shaly-sand, thin-bedded formations, common in Poland. Th e results from 
two type neutron borehole tools have been analysed. NNTE type neutron tool measures the neutron 
absorption cross section and neutron porosity. It was proved that this parameter appears to be strongly 
correlated (for Miocene formations of the Carpathian Foreland) with a petrophysical parameter: cation 
exchange capacity, CEC. As for CEC, it is a basic quantity deciding about electric resistivity of the rock 
matrix. Th e other device, the spectrometric neutron-gamma tool (SO-5-90SN), measures the content 
of three main rock-forming elements: silicon, calcium, and iron. All three elements play a signifi cant role 
in the build-up of Miocene rocks of the Carpathian Foreland. To provide a reliable detection of hydro-
carbons, the nuclear methods have been complemented with chemical, mineralogical and petrophysical 
studies. Th e regression models, linking the mineral composition with the elemental composition (evalu-
ated from well-logging), have been constructed. First, factor analysis methods were applied to study re-
lations between mineral and elemental compositions. Th en, step-wise regression techniques were used 
to construct the models. As a result, four models for the calculation of the total content of clay minerals, 
quartz, calcite, as well as CEC, were obtained. Th e main impact of the IFJ group concerns numerical 
calculations of neutron transport in complex geological media and computer simulations of the nuclear 
tool response in a given borehole environment. Th e original calibration procedure of the NNTE neu-

tron tool, based on those simulations, has been elaborated 
and used in all interpretation procedures of the project. 
Th e new calibration procedure is eff ective and useful for 
the evaluation of well-logging measurements. [402, S3].

Typical core sample ( J4/13) of thin-bedded silt-sandy-clay 
rock. A specifi c feature of Miocene gas formation in the 
Carpathian Foreland is a high abundance of strongly neutron 
absorbing elements. Th e rock, represented by J4/13 sample, 
exhibits high absorption cross section, 20.9 c.u., while the 
standard pure sandstone exhibits 4.6 c.u. only.
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LIST  OF  PROJECTS
referenced in Research Highlights

[101] EXPERIMENTAL RESEARCH OF THE DELPHI COLLABORATION (LEP, 
CERN),
T.Lesiak, M.Kucharczyk, H.Pałka, G.Polok, M.Witek

[102] THE ZEUS EXPERIMENT AT HERA ACCELERATOR, (DESY, HAMBURG), 
A.Eskreys, J.Chwastowski, J.Figiel, M.Gil, K.Olkiewicz, P.Stopa, L.Zawiejski, W.Daniluk, 
K.Oliwa, D.Szuba, W.Wierba, A.Galas, B. Pawlik

[103] THE H1 EXPERIMENT AT HERA ACCELERATOR (DESY, HAMBURG), 
L.Görlich, S.Mikocki, G.Nowak, J.Turnau, E.Łobodzińska, A.Falkiewicz, I.Milcewicz-Mika, 
S.Piec, P.Sopicki, J.Garwoliński, B.Żabiński

[104] THE BELLE EXPERIMENT AT THE KEK B-FACTORY, A.Bożek, J.Brodzicka,
P.Kapusta, T.Lesiak, Z.Natkaniec, W.Ostrowicz, H.Pałka, M.Różańska, J.Wiechczyński, 
J.Stypuła

[105] THE AUGER COSMIC RAY EXPERIMENT, H.Wilczyński, B.Wilczyńska, D.Góra,
P.Homola, J.Pękala, N.Borodai

[106] NEUTRINO PHYSICS AND SEARCHES FOR DARK MATTER, A.Zalewska, 
A.Dąbrowska, M.Szarska, K.Cieślik, M.Markiewicz, D.Stefan, A.Szelc, T.Wąchała, 
P.Karbowniczek

[107] THE ATLAS EXPERIMENT AT THE CERN LARGE HADRON COLLIDER 
(LHC), B.Wosiek, A.Olszewski, A.Trzupek, K.Woźniak, M.Turała, P.Malecki, E.Richter-
Wąs, E.Górnicki, A.Kaczmarska, K.Korcyl, A.Moszczyński, J.Olszowska, M.Wolter, 
D.Bocian, P.Brückman, J.Chwastowski, S.Gadomski, Z.Hajduk, E.Banaś, B.Kisielewski, 
W.Iwański, T.Szymocha, E.Stanecka, K.Słowikowski, D.Derendarz, Pa.Malecki, R. 
Staszewski, A.Zemła, A.Florek, B.Florek, J.Garwoliński, W.Ostrowicz

[108] THE LHC-b EXPERIMENT AT LHC (CERN), L.Hajduk, M.Kucharczyk, G.Polok, 
M.Witek, A.Florek, B.Florek

[109] DESIGN AND CONSTRUCTION OF THE LUMINOSITY DETECTOR 
PROTOTYPE FOR THE e+e- LINEAR COLLIDER (ILC) AND R&D 
FOR XFEL,  A.Eskreys, L.Zawiejski, A.Moszczyński, B.Pawlik, K.Oliwa, W.Wierba, 
W.Daniluk, E.Kielar, T. Lesiak

[110] THEORY AND PHENOMENOLOGY OF FUNDAMENTAL INTERACTIONS
INCLUDING EXPERIMENTAL RESULTS IN PARTICLE PHYSICS, M.Jeżabek,
K.Zalewski, S.Jadach, M.Skrzypek, Z.Wąs, J.Wawrzycki, A.Van Hameren, A.Kusina, M. 
Sławińska, A.Grzelińska, P.Stokłosa, 

[111] ASTROPHYSICAL AND COSMOLOGICAL ASPECTS OF PARTICLE PHYSICS,
M.Kutschera, S.Stachniewicz, S.Kubis, Ł.Bratek, J.Niemiec, J.Jałocha-Bratek, M.Dyrda, 
D.E.Álvarez Castillo, I.Kotko

[112] ALGEBRAIC METHODS OF QUANTUM PHYSICS, E.Kapuścik, A.Horzela,
P.Bochnacki, P.Błasiak, T.Lanczewski, M.Średniawa

[201] INVESTIGATION OF NUCLEAR REACTIONS IN LOW AND INTERMEDIATE
ENERGY REGION, A.Budzanowski, B.Czech, M.Kistryn, E.Kozik, W.Kantor,
P.Pawłowski, J.Łukasik, W.Karcz, G.Kamiński, I.Skwirczyńska, R.Wolski
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[202] PROPERTIES OF NUCLEI IN NORMAL AND EXTREME CONDITIONS,
R.Broda, B.Fornal, M.Kmiecik, W.Królas, K.H.Maier, A.Maj, K.Mazurek,
W.Męczyński, T.Pawłat, A.Szperłak, J.Styczeń, J.Wrzesiński, J.Grębosz,
M.Ziębliński, M.Niewiara P.Bednarczyk, S.Myalski, M.Ciemała, M.Matejska-Minda, 
B.Szpak

[203] PRODUCTION OF MESONS IN NUCLEAR REACTIONS AND THE
HADRONIC INTERACTIONS, A.Budzanowski, K.Pysz, S.Kliczewski, A.Kozela,
P.Kulessa, R.Siudak, E.Białkowski, A.Białek, A.Szczurek, A.Biegun, W. Schäfer 
A.Białek

[204] THE NA49 EXPERIMENT AT THE CERN SPS ACCELERATOR, M.Kowalski, 
J.Bartke,
A.Rybicki, E.Kornaś-Zarzycka, 

[205] THE PHOBOS EXPERIMENT AT THE BNL-RHIC ACCELERATOR, B.Wosiek,
R.Hołyński, A.Olszewski, A.Trzupek, K.Woźniak, T.Gburek

[206] INVESTIGATION OF HADRON AND NUCLEAR COLLISIONS AT THE ALICE 
EXPERIMENT AT LHC ACCELERATOR, J.Bartke, E.Gładysz-Dziaduś, A.Kowalski, 
A.Cyz, E.Kornaś-Zarzycka, A.Matyja, J.Figiel, B.Pawlik

[207] NVESTIGATION OF STRUCTURE AND DYNAMICS OF MANY-BODY
SYSTEMS, A.Szczurek, A.Adamczak, P.Czerski, J.Jakiel, J.Okołowicz, T.Srokowski,
A.Kamińska-Tabor, M.Czech, T.Pietrycki, A.Cisek, J Gronowski, M.Kłusek, P.Lebiedowicz, 
R.Maciuła, G.Ślipek

[208] DEVELOPMENT OF THE THEORY OF PARTICLE PHYSICS IN
CONNECTION WITH RESULTS OF NEW EXPERIMENTS, W.Broniowski,
A.Białas, P.Bożek, T.Chmaj, W.Florkowski, K.Golec-Biernat, R.Kamiński, L.Leśniak,
P.Żenczykowski, M.Cerkaski, A.Staśto, B.Ziaja, E.Pagaczewska, Ł.Bibrzycki, T.Lanczewski, 
A.Łuszczak, M. Chojnacki, V.Somá, S.Zając, A.Kielar, R.Ryblewski, I.Wyskiel

[301] STUDIES ON STRUCTURE AND DYNAMICS OF CONDENSED MATTER
(MOLECULAR CRYSTALS, LIQUID CRYSTALS, MAGNETS, etc.) BY MEANS
OF NEUTRON SCATTERING TECHNIQUES AND COMPLEMENTARY
METHODS, J.Janik, M.Massalska-Arodź, T.Wasiutyński, M.Bałanda, A.Budziak, 
P.Jagielski, J.Krawczyk, Z.Łodziana, A.Pacyna, R.Pełka, T.Stachyra, W.Zając, P.Zieliński, 
P.M.Zieliński, I.Natkaniec, M.Krawczyk, M.Gałązka, D.Twaróg, K.Jagielska, M.Czapla, 
M.Jasiurkowska, P.Tracz, Y.Natanzon, M.Makarewicz, D.Trzupek

[302] STUDIES OF CONDENSED MATTER USING NUCLEAR SPECTROSCOPY
METHODS – POSITRON ANNIHILATION TECHNIQUES, E.Dryzek, J.Dryzek, 
P.Horodek

[303] STUDIES OF MICROSTRUCTURE AND MICRODYNAMICS OF METALS,
ALLOYS AND INTERMETALLIC COMPOUNDS, A.Kulińska, B.Wodniecka, 
P.Wodniecki

[304] NUCLEAR MAGNETIC RESONANCE (NMR) METHODS IN STUDIES OF
STRUCTURE AND MOLECULAR DYNAMICS IN SOLIDS, J.Hennel, Z.Lalowicz,
Z.Olejniczak, A.Birczyński, A.Szymocha, G.Stoch, D.Zając, B.Erbel, M.Noga

[305] RESEARCH OF STRUCTURE AND LATTICE DYNAMIC OF CRYSTALS AND
NANOMATERIALS BY COMPUTATIONAL METHODS, K.Parliński, P.Jochym,
J.Łażewski, P.Piekarz, M.Sternik, A.Oleś, A.Siegel, M.Litwiniszyn

[401] PHYSICS OF COMPLEX SYSTEMS – INTERDISCIPLINARY ASPECTS,
S.Drożdż, A.Górski, J.Kwapień, P.Oświęcimka, S.Gworek
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[402] EXPERIMENTAL, THEORETICAL AND NUMERICAL RESEARCH ON
THE INTERACTION OF NUCLEAR RADIATION WITH VARIOUS MEDIA,
U.Woźnicka, K.Drozdowicz, T.Cywicka-Jakiel, A.Drabina, B.Gabańska, D.Dworak, 
E.Krynicka, G.Tracz, A.Igielski, A.Kurowski, Wł.Janik, U.Wiącek, 

[403] CHEMISTRY OF TRANSACTINIDE ELEMENTS, B.Kubica, R.Misiak, M.Stobiński,
M.Tuteja-Krysa

[404] PRODUCTION AND APPLICATIONS OF RADIOACTIVE ISOTOPES IN
PHYSICS, CHEMISTRY AND BIOMEDICAL SCIENCES, M.Bartyzel, E.Ochab, 
B.Petelenz, M.Szałkowski, B.Wąs, P.Zagrodzki, D.Borowicz

[405] RADIATION AND ENVIRONMENTAL BIOLOGY – RETROSPECTIVE
BIOLOGICAL DOSIMETRY OF THE ENVIRONMENTAL EXPOSURES,
A.Cebulska-Wasilewska, A.Panek, J.Adamczyk, S.Krasnowolski, A.Wiecheć, J.Miszczyk, 
M.Krzysiek, D.Półgrabska

[406] MAGNETIC RESONANCE IMAGING (MRI) AND LOCALIZED
SPECTROSCOPY (MRS) IN BIOMEDICAL RESEARCH, A.Jasiński, A.Krzyżak,
P.Kulinowski, S.Kwieciński, T.Skórka, K.Majcher, M.Noga, W.Węglarz, U.Tyrankiewicz, 
B.Erbel, T.Banasik, S.Heinze-Paluchowska, M.Labak, B.Tomanek, A.Mielczarek, J.Haduch, 
B.Błasiak, A.Młynarczyk, P.Rosicka

[407] BIOLOGICAL AND ENVIRONMENTAL SYSTEMS STUDIED BY MANS
OF SPECTROSCOPIC METHODS, K.Burda, H.Doruch, E.Dutkiewicz, R,Hajduk, 
A.Hrynkiewicz, W.Kwiatek, M.Lekka, J.Lekki, T.Pieprzyca, Z.Stachura, Z.Szklarz,, 
J.Wiltowska-Zuber, A.Dąbrowska, M.Kubica, M. de Odrowąż-Piramowicz, M.Podgórczyk, 
O.Klymenko, J.Bielecki, J.Kowalska, M.Lipińska, O.Klymenko, B.Fraczek-Błachut

[408] DEVELOPMENT AND APPLICATION OF THE TRACERS’ MEASUREMENT
METHODS TO THE ENVIRONMENTAL PHYSICS AND HYDROGEOLOGY,
I.Śliwka, P.Mochalski, M.Jackowicz-Korczyński, J.Pusz, I.Grombik, M.Skowron, 
D.Nowogrodzka, B.Wzorek, J.Najman, J.Bielewski

[409] INVESTIGATION OF CONCENTRATION OF NATURAL AND ARTIFICIAL
RADIOACTIVE ELEMENTS IN ENVIRONMENT AND ENVIRONMENTAL
SAMPLES, W.Mietelski, P.Gaca, E.Tomankiewicz, S.Błażej, B.Kubica, R.Misiak, M.Tuteja- 
Krysa, M.Stobiński, E.Łokas, J.Bogacz, M.Bartyzel, K.Brudecki, R.Kierepko

[409] INVESTIGATION OF CONCENTRATION OF NATURAL AND ARTIFICIAL
RADIOACTIVE ELEMENTS IN ENVIRONMENT AND ENVIRONMENTAL
SAMPLES, K.Kozak, M.Janik, E.Kochowska, J.Mazur, R.Haber, T.Zdziarski, 
H.Hovhannisyan, D.Grządziel

[410] THERMOLUMINESCENT DOSIMETRY IN MEDICINE AND RADIATION
PROTECTION, M.Budzanowski, P.Bilski, B.Marczewska, P.Olko, I.Lipeńska, T.Horwacik,
M.Waligórski, M.Puchalska, M.Ptaszkiewicz, Ł.Czopyk, B.Obryk, F.Schirru

[411] MAGNETIC NANOMATERIALS ENGINEERING, M.Kąc, S.Maranda,
M.Marszałek, Y.Zabila, A.Polit, A.Dobrowolska, M.Krupiński

[412] MICROSTRUCTURE OF COATINGS, GRADIENT LAYERS AND THIN FILMS
FORMED BY ION METHODS, B.Rajchel, J.Kwiatkowska, M.Mitura-Nowak, J.Jaworski,
Ż.Świątkowska-Warkocka, M.Czapka, W.Kowalski, P.Strączek, K.Suchanek, A.Strzała, 
A.Zaleski, M.Sodel

[501] MODERNIZATION AND ADAPTATION OF THE AIC-144 CYCLOTRON
FOR THE EYE MELANOMAS TREATMENTS AND FOR PRODUCTION OF
THE RADIOISOTOPES, R.Bochenek-Dobrowolski, K.Daniel, K.Guguła, R.Grzybek, 
B.Lipka, G.Janik, A.Kisielowski, J.Molęda, T.Norys, W.Pyzioł, M.Ruszel, J.Sulikowski, 
B.Sałach, A.Sroka, R.Tarczoń, L.Włodek
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[502] DEVELOPMENT OF THE PROTON RADIOTHERAPY FACILITY FOR
PROTON THERAPY OF EYE MELANOMA, P.Olko, T.Nowak, J.Swakoń, B.Michalec,
J.Dąbrowska, B.Dulny, T.Cywicka-Jakiel, T.Horwacik, U.Sowa, D.Adamczyk, 
L.Grzanka, L.Stolarczyk, 

[503] RADIATION PROTECTION, J.Dybeł, B.Obryk, K.Zbroja,
R.Kopeć, I.Lipeńska, T.Nowak, P.Olko, M.Budzanowski, P.Bilski, B.Marczewska

[504] DEVELOPMENT OF SOLID STATE RADIATION DETECTORS A.Czermak,
B.Sowicki, T.Jurkowska, J.Jurkowski

[505] CARBON COMPOSITES OF SPECIAL PROPERTIES J.Michałowski, R.Pyzioł,
P.Żychowski, R.Zając, M.Sowiński

[506] IMPLEMENTING OF MAGNETOHYDRODYNAMIC WATER TREATMENT
(MWT) METHOD AND FILTRATION IN THE MAGNETIC FIELD METHOD,
M.Kopeć

[507] CONSTRUCTION OF DETECTORS AND RESEARCH INFRASTRUCTURE 
FOR PHYSICS EXPERIMENTS AND RELATED DISCIPLINES,  J.Adamek, 
M.Bednarek, J.Adamek, M.Bednarek, J.Błocki, P.Borowiec, J.Chorążak, B.Dąbrowski, 
M.Despet, J.Godlewski(url.), K.Grzybek, P.Jurkiewicz,  J.Kantorski, J.Kotuła, A.Kotarba, 
J.Ludwin, J.Michalowski, L.Obartuch, S.Olek, R.Pyzioł, M.Rachwalik, R.Romanow, 
A.Seweryn, M.Sienkiewicz, M.Sowiński, M.Stodulski, A.Strączek, Z.Sułek, J.Świerblewski, 
H.Świerk, M.Tałach, W.Tałach, Z.Toch, P.Topolski, R.Zając, P.Żychowski

[601] SOFTWARE AND COMPUTING DEVELOPMENT AND MAINTENANCE FOR
HEP EXPERIMENTS AND THEORY, J.Chwastowski, M.Kucharczyk, K.Korcyl, 
P.Malecki, A.Olszewski, H.Pałka, T.Szymocha, M.Turała, M.Witek

[601] COMPUTING DEVELOPMENT AND MAINTENANCE, G.Pernach, , Z.Natkaniec, 
H.Pałka, W.Piasecki, M.Wąsik, J.Wiertek, M.Kopaczewski

[602] INTERNATIONAL POST-GRADUADE STUDY COURSE

[603] ORGANIZATION OF SCIENTIFIC CONFERENCES; POPULARIZATION OF 
SCIENCE
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UE Programmes, Consortia, National Networks

I. European Community Framework Programmes
Seventh Framework Programme (FP) 

I. Projects IFJ PAN is involved in as a contractor:

[E1] Programme: CAPACITIES - Research Infrastructures 
Project: “Baltic Grid Second Phase “ (BalticGrid-II) Combination of CP & CSA (2008–
2010); Coordinator: KTH, Sweden  

[E2] Programme: CAPACITIES - Research Infrastructures 
Project: “SPIRAL2 Preparatory Phase “ (SP2PP)Combination of CP & CSA 
(2007–2010); Coordinator: GANIL, Francja 

[E3] Programme: CAPACITIES - Research Infrastructures 
Project: “Design of a pan-European Infrastructure for Large Apparatus studying Grand 
Unifi cation and Neutrino Astrophysics” (LAGUNA) CP Design Study (2008–2011) ; 
Coordinator: Eidgenossische Tech. Hochschule (ETH), Switzerland

[E4] Programme: COOPERATION - Space 
Project: “Human Model MATROSHKA for Radiation Exposure Determination of 
Astronauts” (HAMLET) (2008–2011) 
Coordinator: German Aerospace Center, Cologne, Germany  

[E5] Programme: COOPERATION - NMP 
Project: “Single Molecule Workstation” (SMW)  (2008–2011) 
Coordinator: TILL I.D. GmbH, Germany

II. Project to which IFJ PAN contributes, but is not a signatory to the contract

[E6] Program: PEOPLE - Marie Curie Initial Training Network 
Project: “Marie Curie Training Network on Particle Detectors” (MC-PAD)  
(2008–2011); Coordinator: CERN 

Sixth Framework Programme (FP) 

I. Projects IFJ PAN is involved in as a contractor:

[E7] Integrated Project IP 
“Methods and Advanced Equipment for Simulation and Treatment in Radiation Oncology” 
(MAESTRO) (2004-2009); Coordinator: CEA, France 

[E8] Specifi c Targeted Research or Innovation Project 
“Breath-gas analysis for molecular-oriented detection of minimal diseases” (BAMOD)  
(2006–2008); Coordinator: Medizinische Universit&aumlt Innsbruck, Austria 

[E9] NMP Specifi c Targeted Research or Innovation Projects - STREP 
“Hydrogen storage in carbon cones” (HYCONES)  (2006–2009) 
Coordinator: NCSR “DEMOKRITOS”, Athens, Greece  

[E10] POLICES-STREP 
“Development of Magnetic Resonance Measurement System for the Examination, 
Characterisation and in vitro- and in vivo Observation of Probes on a Micrometer Scale” 
(Micro MR)  (2007–20010) 
Coordinator: Th e Albert Ludwig University Freiburg, Germany

[E11]  Marie Curie Mobility Action RTN 
“Studies on Cellular Response to Targeted Single Ions Using Nanotechnology” (CELLION) 
(10 partners from 6 countries)  (2004-2008) 
Coordinator: IFJ PAN, Kraków, Poland

[E12] Programme: Marie Curie Research Training Network (RTN) 
“Diamond Research on Interfaces for Versatile Electronics” (DRIVE)  
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(2004-2008); Coordinator: University of Uppsala, Sweden 
[E13] Programme: Marie Curie Research Training Network 

“Crust to Core: the Fate of Subducted Material” (c2c)  (2006–2009) 
Coordinator: University of Bayreuth, Germany 

[E14] Programme: Marie Curie Research Training Network 
“Tools and Precision Calculations for Physics Discoveries at Colliders” (HEPTOOLS)  
(2006–2010); Coordinator: National Center for Scientifi c Research Demokritos, Greece 

[E15] Marie Curie Action: Host Fellowships for the Transfer of Knowledge ToK 
“Calculational Tools and Methods for Physics at Large Hadron Collider” (CAMTOPH) 
(2004-2008); Coordinator: IFJ PAN, Kraków, Poland

[E16] Marie Curie European Reintegration Grant 
Project: “Mapping of Multicompartmental Anisotropic Water Diff usion in Nervous Tissue” 
(NeuroWaterDif ) (2007–2008) 

[E17]  INTAS 
“Study of Energy Studies of Light Nuclei Nearby and beyond the Neutron Drip Line” 
(2004-2008); Coordinator: GANIL, Caen, France

[E18]  INTAS 
“Development of Tools for Precision Calculations of Processes at High-Energy Colliders 
and Th eir Applications”  (2004-2008); Coordinator: Max-Planck-Gesellschaft, Max Planck 
Institute fur Physik, Monachium, Germany 

[E19] INTAS 
“Installation and Commissioning of the ATLAS Transition Radiation Tracker (TRD) End-
caps at the LHC”  (2006–2009); Coordinator: Lund University 

[E20] INTAS 
“Higher Order Eff ects in e+e- Annihilation and Muon Anomalous Magnetic Moment”  
(2006–2009); Coordinator: Universita’ di Parma, Italy 

[E21] INTAS 
“Experimental Study of dd Radiative Capture in Muonic Deuterium”  (2006–2008) 
Coordinator: Delft University of Technology, the Netherlands 

[E22] Integrated Infrastructure Initiatives 
(Baltic Grid)  (2005-2008); Coordinator: KTH, Sweden 

[E23] Integrated Infrastructure Initiative (I3); 
“Detector R&D Towards the International Linear Collider” (EUDET)  (2006–2010); 
Coordinator: University of Hamburg, Germany 

[E24] Specifi c Targeted Research Project STREP 
“Dynamics in Nano-scale Materials Studied with Synchrotron Radiation” (DYNASYNC)  
(2004-2007); Coordinator: IKiFP PAN, Kraków, Poland 

[E25] Marie Curie European Reintegration Grant 
“Towards Observation of Hadronic tau Decays in the ATLAS Experiment with the First 
LHC Collisions: Key for Observability of the New Physics and Higgs Boson(s)” (ATLAS-
IFJ-TAUHAD)  (2006–2007) 

II. Project to which IFJ PAN contributes, but is not a signatory to the contract

[E26] Integrated Infrastructure Initiatives I3; INFRASTR-2.1 - Integrating activities combining 
cooperation networks with transnational access and research projects 
“EUROpean Nuclear Structure Research” (EURONS)  (2005-2008)
Th e North East European Network (NEEN) in Nuclear Structure 
Coordinator: (Poland, Czechy, Hungary, Slovakia): (IFJ PAN, Kraków, Poland and National 
Centre for Scientifi c Research “Demokritos”, Greece 
Th e East-West-Outreach Nuclear Physics Network (EWON); Coordinator: IFJ PAN

[E27] Advanced Gamma Tracking Array for Nuclear Spectroscopy; Project: “4π gamma tracking 
spectrometer” (AGATA) (2003-2009); Joint Research Activities JRA2 which is a part of 
EURONS
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[E28] Marie Curie Reseach Training Network 
Project: “Entering the high-precision era of fl avour physics through the alliance of 
lattice simulations, eff ective fi eld theories and experiment” (FLAVIAnet) (2006–2009); 
Coordinator: Universitat de València, Estudio General 

[E29] Marie Curie Action - Host Fellowship for Early Stage Research Training (EST) 
“Role of arbuscular mycorrhizal fungi on the accumulation of radiocaesium by plants” 
(MYCOREMED)  (2006–2010); Coordinator: Th e Ceter of Study on AM Monoxenics of 
the Microbiology, Université Catholique de Louvain, Belgium 

[E30] Network of Centres of Excellence (NoE) 
“Molecular Approach to Nanomagnets and Multifunctional Materials” (MAGMANet)  
(2005-2009); Coordinator: INSTM, Italy 

[E31] Marie Curie Reseach Training Network RTN 
“Polarized Helium Lung Imaging Network” (PHeLINet)  (2007–20010) 
Coordinator: Universite Claude Bernard Lyon 1 

[E32] SUSTDEV “Priority Global Change and Ecosystems” - STREP 
Project: “A European Network for Atmospheric Hydrogen observations and studies” 
(Eurohydros)  (2006–2009) 
Coordinator: Universtiy of Frankfurt, Institut für Atmosphäre und Umwelt, Germany

[E33]  Life Science and Health – Specifi c Support Action 
Project: “Diagnostic Applications of Synchrotron Infrared Microspectroscopy” (DASIM) 
(2005-2008); Coordinator: Forschungszentrum Karlsruhe, Institute For Synchrotron 
Radiation (FZK/ISS), Germany 

[E34] INCO Specifi c Measures in Support of International Co-operation (STP) 
“Assessment of Environmental Risk for Use of Radioactively Contaminated Industrial 
Tailings” (INTAILRISK) (2004-2007); Coordinator: IBES, Brussels, Belgium

[E35] Integrated Infrastructure Initiatives I3; Research Infrastructures Action 
“Integrated Large Infrastructures for Astroparticle Science” (ILIAS)  (2004-2007) 
Coordinator: Laboratorio Subterraneo de Canfranc (LSC-Spain), Working group 4 
(Radiopurity of the materials); Coordinator: Laboratoire Souterrain de Modane, LSM-
France

[E36] Euratom Research and Training Programme on Nuclear Energy 
“A Coordinated Network for Radiation Dosimetry” (CONRAD)  (2005-2007) 
Coordinator: EURADOS, PTB Braunschweig, Germany

[E37] Euratom Research and Training Programme on Nuclear Energy 
“Association between the European Atomic Energy Community (EURATOM) and the 
Institute of Plasma Physics and Laser Microfusion (IPPLM)  in the fi eld of nuclear energy 
with the priority thematic area fusion energy” (2007–2012)
Coordinator: IPPLM, Warsaw, Poland

II. Other international programmes

[E38] Rare Isotope Spectroscopic Investigation at GSI (RISING) (2004–2009)
[E39] COST – European Cooperation in the Field of Scientifi c and Technological Research

Action P19: Project: “Multiscale modeling of materials” (2006–2010) 
[E40] Project: “European Semantic Portal on Workplace Safety and Occupational Cancer 

Prevention” (EuroWorksafe) (2006–2008) 
Coordinator: Softeco Sismat,  Genova,  Italy

European Science Foundation ESF

[E41] Programme: Research Networking Programmes in Physical and Engineering Sciences
Project: ”Th e New Physics of Compact Stars”  (CompStar) (2008–2013) 
Member at IFJ PAN: dr Sebastian Kubis

[E42] Project:”Towards Atomistic Materials Design”; Electronic Structure Calculation of Solids 
and Surfaces” (Wk) (2003-2007) 
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European Space Agency (ESA)

[E43] Project: “Experiment Matroshka 2a i 2b: Measuring Radiation Hazards in Space” (MTR-2) 
(2005-2009); Coordinator: German Aerospace Centre, Cologne, Germany 

[E44] Programme: Space Life Sciences And Space Science  – ISS Combined Radiation Dosimetry 
Package inside Columbus module on ISS
Project: “Dose Distribution inside ISS” (DOSIS) (2008–2009)
Coordinator: German Aerospace Center, Cologne, Germany

III. Consortia 

Th e Institute participates in 14 national scientifi c consortia. 

Five of them are coordinated by the Institute: 

[K1] National Consortium for Hadron Radiotherapy
[K2] COPIN - National Consortium for the scientifi c collaboration with French IN2P3 Institutes
[K3] ILLPL - Consortium of Polish scientifi c and educational establishments - carrying out research 

with the use of neutron beams and instrumentation of Institute Laue-Langevin, Grenoble 
[K4] PAN-AKCENT - National Consortium of the Institutes of Polish Academy of Sciences
[K5] National Consortium of the radioactive isotopes innovative applications

Other Consortia:

[K6] Atomic Centre „CeAt” 
[K7] Consortium of Advanced Technologies for Natural Resources, Hydrocarbons and Renewable 

Energy SUPERGO
[K8] IZATEM – Interdisciplinary Center for Advanced Medical Technologies
[K9] IOITOB  Interdisciplinary Centre for Innovative Techniques of Biomedical Imaging
[K10] National Consortium „FEMTOFIZYKA” 
[K11] National Consortium „XFEL-POLSKA”
[K12] National Consortium „Polski Synchrotron”
[K13] National Consortium of HESS Experiment
[K14] NANOTECH Consortium

We are also  partners in 18 international consortia connected with our participation in 
projects of the EU Framework Programmes.

[K15] BAMOD (2006–2009)
[K16] CELLION (2004–2008)
[K17] DRIVE (2004–2008)
[K18] DYNASYNC (2004-2007)
[K19] EUDET (2006–2010)
[K20] HEPTOOLS (2006–2010)
[K21] HYCONES (2006–2009)
[K22] I3 EURONS (2005-2008)
[K23] MAESTRO (2004-2009)
[K24] MicroMR (2007–2010)
[K25] c2c (2006–2009)
[K26] CAMPTOPH (2004-2008)
[K27] BalticGrid (2004-2008)
[K28] BalticGrid II (2008–2010)
[K29] HAMLET (2008–2011)
[K30] SMW (2008–2010)
[K31] LAGUNA (2008–2010)
[K32] SPIRAL2PP (2008–2010)
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III. National Th ematic Networks 

Th e Institute carries out research within 30 Th ematic National Networks. 

Six of them are coordinated by the Institute. 

[S1] POLTIER – Nat ional Consortium of scientifi c Network “Polish calculation system for 
experiments at LHC”

[S2] Polish Network “Neutrons- Emission-Detection”
[S3] Polish Network of Nuclear Methods for Geophysics 
[S4] Polish Network of Tools and Precision Calculations for High Energy Physics
[S5] Polish Network of Radiation Protection and Nuclear Safety 
[S6] POSMAT – Polish Network “Positron Annihilation in Materials Research”

Other Networks:

[S7] AIRCLIM-NET International Th ematic Scientifi c Network for Problems of Air Pollution and 
Climate Change

[S8] BIONAN – Molecular mechanisms of interactions in biological nano-systems and in biologically 
active systems modifi ed by nano-compounds

[S9] Eko-Kat – Innovative Catalytic Materials in Ecosystem Protection
[S10] Pharmacological and Genetical Protection and Cytoprotection in Pathologies of Central 

Nervous System
[S11] FiTAL – Polish Network for Physics and Technology of High Energy Linear Accelerators
[S12] Physics and Chemistry for Medicine
[S13] Cracow Centre of Physico-Chemical Research for the Environment Protection 
[S14] National Scientifi c and Educational Network of Radiochemical Laboratories 
[S15] LUMDET – Scientifi c Network for Luminescence Detection of Ionizing Radiation
[S16] MAGELMAT – New materials for magnetoelectronics
[S17] MANAR – New layered materials with controlled architecture and functionality
[S18] Well logging geophysics – numerical modelling and comprehensive interpretation
[S19] Modelling and experimental production of metastable nanocrystalline structures from powder 

materials
[S20] NanoMedPL Research Network – Modern applications in nano-medicine and nano-technology
[S21] NeutroNET – Research Network of Polish academic and research institutions using neutron 

beams 
[S22] New Applications in Prospecting and Exploitation of Hydrocarbon Reservoirs 

via Directional and Horizontal Wells
[S23] Polish Network for Astroparticle Physics
[S24] Polish Network of Flavour Physics
[S25] Polish Neutrino Network
[S26] Polish Network of the Project ”Cherenkov Telescope Array”
[S27] Non-Governmental International Scientifi c Network – Th e Radon Centre
[S28] Relativistic Heavy-Ion Network
[S29] Polish Nuclear Physics Network
[S30] Gas-prone Pennsylvanian coal-bearing rocks beyond the known coal basins in Poland
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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
 Maciej Budzanowski, 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, then full professor at the Henryk 
Niewodniczański Institute of Nuclear Physics (IFJ PAN), since 
September 2004 Director General of IFJ PAN; 1995–2003 associate 
professor, then full professor at the Institute of Physics of the Silesian 
University, Katowice, Poland; since 2003 full professor at the AGH 
University of Science and Technology. 

Since September 2007 Member of the Council of the National Centre for Research and Development 
(appointed by the Minister of Science and Higher Education).
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.
Prizes: Laureate of 2007 of the Marian Mięsowicz Prize for the work QCD Corrections to Semileptonic 
Decays of Heavy Quarks published in Nuclear Physics B 314 (1989).

 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 Stanisław Jadach, Prof.

  Division of Applications of Physics 
 and Interdisciplinary Research Urszula Woźnicka, Prof. 
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A.2 Scientifi c Council

A broad range of prerogatives of the Scientifi c Council of IFJ PAN, essentially identical to 
those available to University councils, include conferring Ph.D. degrees, conducting habilitation 
procedures, submitting professorial candidates for state nomination, evaluating the work of Scientifi c 
Departments and of the Institute’s International Post-Graduate Study Course, and submitting 
membership applications to the Polish Academy of Sciences (PAN). 

In the years 2007–2008 the Scientifi c Council conferred the Ph.D. degree on twenty-three 
candidates, nine habilitation procedures were completed and three nominations for the title of 
professor were accepted.

In 2007 the Scientifi c Council bestowed the title of Honorary Professor of the Institute of 
Nuclear Physics on Professor Albrecht Wagner in recognition of his outstanding contribution to the 
fi eld of particle physics as well as his untiring support of scientifi c collaboration between Deutsches 
Elektronen Synchrotron and IFJ PAN.

Scientifi c Council (term 2008 – 2011):

 honorary chairman Andrzej Hrynkiewicz,  Prof.,
 chairman Tadeusz Wasiutyński,  Prof.  
 deputy chairmen Antoni Szczurek,  Prof. 
  Agnieszka Zalewska,  Prof. 
  Piotr Zieliński,   Assoc. Prof.
 scientifi c secretary Andrzej Horzela,   Assoc. Prof.
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Andrzej Białas, Prof. 

Piotr Bożek, Assoc. Prof.
Rafał Broda, Prof.
Wojciech Broniowski, Prof.
Andrzej Budzanowski, Prof.
Stanisław Drożdż, Prof.
Krzysztof Fiałkowski, Prof. a)

Jan Figiel, Prof.
Wojciech Florkowski, Prof.
Bogdan Fornal, Assoc. Prof.
Krzysztof Golec-Biernat, Assoc. Prof.
Andrzej Horzela, Assoc. Prof.
Andrzej Hrynkiewicz, Prof.
Stanisław Jadach, Prof.
Jerzy Janik, Prof.
Kazimierz Jeleń, Prof. b)

Marek Jeżabek, Prof.
Danuta Kisielewska, Prof. b) 

Marek Kowalski, Assoc. Prof.
Barbara Kubica, PhD.
Marek Kutschera, Prof.
Wojciech M. Kwiatek, Assoc. Prof.
Tadeusz Lesiak, Prof.
Leonard Leśniak, Prof.

Adam Maj, Prof.
Piotr Malecki, Prof.
Maria Massalska-Arodź, Prof.
Paweł Olko, Assoc. Prof.
Krzysztof Parliński, Prof.
Grzegorz Polok, Ph.D.
Maria Różańska, Prof.
Kazimierz Strzałka, Prof. c)

Jan Styczeń, Prof.
Antoni Szczurek, Prof.
Michał Turała, Prof.
Jacek Turnau, Prof.
Tadeusz Wasiutyński, Prof.
Władysław Węglarz, Ph.D.
Henryk Wilczyński, Prof.
Małgorzata Witko, Prof. d)

Marta Wolny-Marszałek, Assoc. Prof.
Barbara Wosiek, Prof.
Urszula Woźnicka, Prof.
Wojciech Zając, Ph.D.
Agnieszka Zalewska, Prof.
Kacper Zalewski, Prof.
Piotr Zieliński, Assoc. Prof.
Mirosław Ziębliński, M.Sc. Eng.

a) Jagiellonian Univ., Institute of Physics
b) AGH Univ. of Science and Technology, Faculty of Physics and Applied Computer Science
c) Jagiellonian Univ., Faculty of Biochemistry, Biophysics and Biotechnology
d) Institute of Catalysis and Surface Chemistry PAN

Members:



A–4 Annexes

Scientifi c Degrees Earned During the Years 2007–2008:

I.  Professor State nominations:

 U Maria Różańska
 U Tadeusz Lesiak

II.   Degrees achieved by the candidates’ own pursuit:

 Habilitations: 

Degree Holder Post-Doctoral Dissertation
Maria Bałanda Relaxation properties and magnetic phases of low dimensional 

molecular magnets
Agnieszka Chrzanowska 
(Cracow University of Technology)

Elastic and granular properties of two-dimensional hard needles

Lidia Görlich Th e Hadronic Final State in Deep Inelastic ep Scattering at Low 
Bjorken-x at HERA

Andrzej Horzela Boson Normal Ordering and Ensuing Combinatorial Structures
Małgorzata Lekka Th e use of atomic force microscopy as a technique for the 

identifi cation of cancerous cells 
Bogusław Tomanek Innovative Mutually Inductively Coupled Radiofrequency Coils 

for Magnetic Resonance Imaging and Spectroscopy
Adam Trzupek Transverse Momentum Distributions of Charged Particles in 

Nuclear Collisions at RHIC Energies
Mariusz Witek A study of neutral current processes at LEP
Marta Wolny-Marszałek Nano-scale interface modifi cation of the Co/Cu system: metallic 

surface modifi ers in the growth of smooth thin fi lms

 Ph.D. degrees: 

Degree Holder Ph.D. Dissertation Supervisor

Tomasz Banasik Investigation of water diff usion anisotropy 
in spinal cord using MRI. Application in 
diagnostic imaging

Prof. A. Jasiński

Aleksandra Białek Transversal polarization of electrons 
emitted in the decay of free neutrons

Prof. Kazimierz  Bodek 
(IF UJ)

Aleksandra Dąbrowska Protein unfolding studies by using AFM Assoc. Prof. Wojciech M. 
Kwiatek

Joanna Dąbrowska Infl uence of the size of the medium on the 
energy distribution of the pulsed thermal 
neutron fi eld

Assoc. Prof. Krzysztof 
Drozdowicz

Andrzej Dąbrowski 
(Holycross Cancer Center)

Ocena geometrii napromieniania pacjentów 
wiązkami zewnętrznymi promieniowania 
jonizującego

Assoc. Prof. Janusz 
Braziewicz ( Jan Kocha-
nowski University in Kielce)

Agnieszka Dobrowolska Spectroscopy Investigation of Ferroelectric 
Liquid Crystal Composed of Banana-
Shaped Achiral Molecules

Assoc. Prof. Wojciech 
Otowski (Cracow University 
of Technology)
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Degree Holder Ph.D. Dissertation Supervisor

Mirosław Gałązka Equations of state in the scaling hypothesis. 
Application to uniaxial ferroelectrics.

Assoc. Prof. Piotr 
Zieliński

Agnieszka Gawron Resummation of perturbation expansions 
using the method of generating functions 

Prof. E. Kapuścik 

Sylwia Heinze-
Paluchowska

Fast methods of MR imaging and their 
application for in vivo investigations of 
transgenic mice Tgq*44 hart failure

Prof. Andrzej Jasiński

Elżbieta Kochowska Standard and nonstandard 
electroconvection in nematic liquid crystals 

Assoc. Prof. Wojciech 
Otowski (Cracow University 
of Technology)

Ewelina Kornaś Proton and antiproton production in 
Pb+Pb collisions at relativistic energies

Assoc. Prof.  M. Kowalski 

Kateryna Lebed Atomic force microscopy studies of 
micropatterned proteins

Prof. J. Styczeń

Adam Matyja Search for B  D(*) decays at the Belle 
experiment

Prof. M. Różańska 

Jadwiga Mazur Dynamics of the process of radon 
exhalation from ground in connection 
with meteorological parameters and soil 
properties

 Prof. Urszula Woźnicka

Joanna Najman Elaboration of GC helium concentration 
measurement method in groundwater for 
dating in hydrology

Assoc. Prof. Ireneusz 
Śliwka

Jan Pękala Atmospheric scattering of light emitted by 
extensive air showers

Prof. Henryk Wilczyński

Tomasz Pietrycki Reactions with real and virtual photons at 
high energies

Prof. Antoni Szczurek

Monika Puchalska Radiation risk assessment for astronauts 
during an Extra Vehicular Activity (EVA)

Assoc. Prof. Paweł Olko

Tadeusz Szymocha Prospects for the bbH, H   
observability for masses below 200 GeV 
with ATLAS detector at LHC

Prof. Elżbieta Richter-
Wąs

Grzegorz Tracz Th e secondary neutron sources for 
generation of particular neutron fl uxes

Assoc. Prof. Krzysztof 
Drozdowicz

Dariusz Twaróg Surface waves in auxetics Assoc. Prof. Piotr 
Zieliński

Oleksandr Veselov Irradiation of cells with targeted ions using 
optical automatic recognition

Prof. J. Styczeń 

Sławomir Wolski 
(Rzeszów University of 
Technology)

Anisotropy of mechanical and acoustic 
properties of crystals

Prof. Tadeusz. 
Paszkiewicz (Rzeszów 
University of Technology)

Ph.D. degrees, cntd.:
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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: #103, #104, #107, #108, #109, #601
Research staff : 13, Technical staff : 6, Ph.D. students: 7, M.Sc. students: 4

 Department of Hadron Structure (NZ12)  – Head: Prof. Jan Figiel
Research project: #102
Research staff : 5, Ph.D. students: 1, M.Sc. students: 1

 Department of Linear Collider (NZ13) – Head: Assoc. Prof. Leszek Zawiejski 
Research project:  #109
Research staff : 6 Technical staff : 4, M.Sc. students: 1

 Th e ATLAS Experiment Department  (NZ14) – Head: Prof. Barbara Wosiek 
Research projects: #107, #205, #601
Research staff : 16, Technical staff : 3, Ph.D. students: 6, M.Sc. students: 9

 Department of Cosmic Ray Research (NZ15)  – Head: Prof. Henryk Wilczyński
Research project: #105
Research staff : 5, 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 : 6, Ph.D. students: 1, M.Sc. students: 1

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 : 19, Technical staff : 3, Ph.D. students: 6, M.Sc. students: 2

 Department of the Structure of Atomic Nucleus (NZ22) – Head: Prof. Adam Maj 
Research project: #202, #504
Research staff : 13, Technical staff : 4, Ph.D. students: 4, M.Sc. students: 2

 Department of the Ultrarelativistic Nuclear Physics (NZ23) – 
Head: Assoc. Prof.  Marek Kowalski
Research projects: #204,  #206
Research staff : 4, Technical staff : 1, M.Sc. 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 projects: #301,#302
Research staff : 16+1/4, Technical staff : 2+1/2, Ph.D. students: 10
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 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 : 8, Ph.D. students: 1

4. DIVISION OF THEORETICAL PHYSICS (NO4)
 Head: Prof. Stanisław Jadach

 Department of Th eory of Structure of Matter (NZ41)  – Head: Assoc. Prof. Piotr Bożek
Research project: #208  
Research staff : 13 (including 3 people on unpaid leave), Ph.D. students: 6

 Department of Particle Th eory (NZ42) – 
Head: Assoc. Prof. Maciej Skrzypek 
Research project: #110
Research staff : 9, Ph.D. students: 3, M.Sc. students: 2

 Department of Th eoretical Astrophysics (NZ43) – Head: Prof. Marek Kutschera 
Research projects: #111, #112
Research staff : 11, Ph.D. students: 3, M.Sc. students: 1

 Department of Th eory of Complex Systems (NZ44) – Head: Prof. Stanisław Drożdż 
Research project: #401  
Research staff : 4, Ph.D. students: 1, M.Sc. students: 12

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

 Head: Prof. Urszula Woźnicka

 Physical Chemistry and Surface Engineering Laboratory  (NZ51) – 
Head: Dr. Bogusław Rajchel
Research project: #412
Research staff  : 5, Technical staff : 3, Ph.D. students: 2

 Department of Applied Spectroscopy (NZ52) – Head: Assoc. Prof. Wojciech M. Kwiatek 
Research projects:  #407, #411, #506 
Research staff : 11, Technical staff : 7, Ph.D. students: 8, M.Sc. students: 7

 Department of Microstructure and Microdynamics of Crystal Systems (NZ53) – 
Head: Assoc. Prof.  Paweł Wodniecki 
Research project: #303
Research staff : 3

 Department of Radiation Transport Physics (NZ54) – Head Assoc. Prof. Krzysztof 
Drozdowicz 
Research project: #402  
Research staff : 8, Technical staff : 2, M.Sc. students: 1
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 Department of Radiation and Environmental Biology (NZ55) – 
Head: Prof. Antonina Cebulska-Wasilewska  
Research project: #405, 
Research staff : 6

 Department of Magnetic Resonance Imaging (NZ56) – 
Head in charge: Dr. Władysław Węglarz  
Research project: #406
Research staff : 7, Technical staff : 2, Ph.D. students: 4, M.Sc. students: 4

 Department of Nuclear Physical Chemistry (NZ57) – 
Head: Assoc. Prof. Jerzy W. Mietelski
Research projects: #403, #404, #409, #413 
Research staff : 10, Technical staff : 5, Ph.D. students: 2, M.Sc. Students: 9

 Department of Radiation Physics and Dosimetry (NZ58) – Head: Assoc. Prof. Paweł Olko 
Research projects: #410, #502, #503
Research staff : 9, Technical staff : 10. Ph.D. students: 4, M.Sc. students: 11

 Department of Physicochemistry of Ecosystems (NZ59) – 
Head: Assoc. Prof. Ireneusz Śliwka 
Research project: #408 
Research staff : 5, Technical staff : 1, Ph.D. students: 2, M.Sc. students: 3
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A.4 Centres of Excellence  and  Centres of Advanced Technology

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 Centre, 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 modelling of surface processing, construction of CNC 
IBAD and CVD machines, modelling of carbon based nano- and microstructures, development of 
new equipment.

Kraków Centre IONMED is a member of the Interdisciplinary Centre For Advanced Medical 
Technologies (IZATEM), a consortium managed by the Institute of Fundamental Technological 
Research PAN (IPPT), Warsaw. Contact at IFJ PAN: Bogusław Rajchel, Ph.D.

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.

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 in 2006–2007 the IFJ PAN carries out the investment project CHIMERA for forming 
the spectrometric and dosemetric fi eld laboratory.

Inter-Departamental Laboratory of Silicon Detectors. Inter-Departamental Laboratory of 
Silicon Detectors. Contact: Henryk Pałka, PhD.  Established in the 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 BELLE (KEK) and ILC, participation in the R&D projects: SOI pixel 
detector and low noise VLSI chip (KEK), DEPFET pixel detector (MPI Munich), silicon strip 
detectors for FCAL (DESY).

Th e Inter-Departamental LHC Computing Grid. Contact: Henryk Pałka, PhD, Andrzej 
Olszewski, PhD. A close cooperation between IFJ PAN and ACC Cyfronet AGH, as well as 
accomplishing several successful EU grid projects (CrossGrid, GridStart, EGEE, EGEE II, 
BalticGrid, BalticGrid-II) laid the ground for the development of computing grid infrastructure in 
Poland, compatible with the European standards (currently more than 1000 cores and 200 TB disk 
storage are located at the computing centres of Kraków, Poznań and Warsaw). It has allowed Poland to 
become a full member of the WLCG project (as distributed Tier2) – a corresponding Memorandum 
of Understanding has been signed. A small local cluster of  72 cores has been established and integrated 
in the GRID that serves as a Tier3. Th is infrastructure is used by ATLAS, ALICE, LHCb, CMS, 
and several other experiments (BELLE, H1, ZEUS).
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A.5  Technical Sections
Division of Scientific Equipment and Infrastructure Construction (DAI) 
Head: Marek Stodulski, Dr. Eng., Deputy: Jerzy Michałowski, Dr. Eng. Staff  members – 30 (15 
engineers and doctors, 15 technicians).
Division Structure: 
Composite Materials Section – Head: Jerzy Michałowski, Dr. Eng.
Electronic and Electrical Equipment Section – Head: Andrzej Kotarba, M.Sc.
Scientifi c Equipment Section – Head: Marek Stodulski, Dr. Eng.
Scientifi c Infrastructure Section – Head: Zenon Sułek, Ph.D. 

Main activities in 2007 - 2008: 

1. Design, construction and commissioning of the ATLAS experiment at CERN:

 Cooling systems:

 — Design, manufacturing, installation and commissioning of of  Muon and General Purposes 
cooling systems,

 — CFD simulations, design, installation and commissioning of the Lucid detector cooling 
system during bake-out,

 — Installation, connection and commissioning of the vacuum argon beam pipe cooling system 
during bake-out,

 — Piping, connection and commissioning of the Toroid diff usion pumps cooling system.

 Gas systems:

 — Design, manufacturing, installation and commissioning of safety extraction system for TGC 
fl ammable gas, 

 — Piping, connection of various Muon sub-systems to distribution manifolds and racks.

2. Assembly and commissioning of LHC at CERN:

Electrical Quality Assurance (ELQA) group: 

 — Design, construction and programming of measuring equipments used for verifi cation of the 
LHC superconducting circuits,

 — Verifi cation of electrical circuits of the LHC superconducting magnets during installation 
and hardware commissioning phases,

 — Manufacturing of auxiliary superconducting cables.

Participation in Quality Assurance Plan for assembly of LHC interconnections:

 — Visual inspection of assembly works – cleanness of beam lines, state of compensation bellows 
and modules, welds of cryogenic lines,

 — Introduction and application of inspection methods and tools – microwave refl ectometry, 
video endoscopy (in the range of up to 100 m), ultrasonic defectoscopy, tracing ball.

3. Assembly of the W7- X stellarator in Greifswald:

Design of assembly tools:

 — Special tools used for handling and facilitating the assembly process have been designed for 
outer vessels of all W7-X stellarator modules. Deformation requirements for these modules 
have been checked by simulations using ANSYS code.

Assembly of superconducting bus bars for the fi rst module:

 — Revision and up-date of work procedures and other documents for quality assurance,
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 — Design and construction of tooling and equipment,
 — Installation and alignment of bus bar positioning holders,
 — Pre-installation of bus bars on the module and preparation of the bus bars for fi nal installation 

(about 50 operations in 5 work packages).

4. Design and construction of future experiments:

LUMICAL:

 — A new idea of LUMICAL detector belonging to the Very Forward Region of ILC 
(International Linear Collider) has been proposed. A complete design of the detector 
including 3D model and an analysis of deformations have been provided. Some prototype 
elements of the detector have been produced to check various technological methods.

T2K at J-PARC in Tokai, Japan:

 — A system stabilizing temperature of the magnet yoke including some prototyping was 
proposed for the T2K experiment. Th e design of the system was based on thermal simulations 
of the magnet yoke carried out by use of ANSYS code.

 — A design of SMRD modules and their installation procedures have been elaborated. Th e 
SMRD modules are to be assembled and installed in 2009.

Cherenkov Telescope Array (CTA) project: 

 — Collaboration with MPI-K Heidelberg on design of the smallest telescope structure was 
started in 2008. MPI-K Heidelberg designs the telescope structure while IFJ PAN provides 
FEM analysis. Th e analysis will enable an optimization of the design in terms of structural 
deformations to meet technical specifi cation.

 — A design of the composite prototype (OD - 600 mm, radius of curvature – 30 m) based 
on a sandwich structure has been proposed. Spherical layers to be coated are deposited on 
laminated plates by means of an infusion method. Th e prototype mirror is planned to be 
done in 2009 and then tested in H.E.E.S. I telescope.

5. Research and development of new materials, such as carbon-carbon (C/C) composites:

 — Elaboration of new methods of fabrication composite parts such as the Resin Transfer 
Molding (RTM) and the Vacuum Infusion Process (VIP), 

 — Fabrication and elaboration of carbon-carbon (carbon fi ber-carbon matrix) composites for 
application in high temperature and medicine.

The Cyclotron Division. Head: Jacek Sulikowski, M.Sc. Eng.; Deputy: Konrad Guguła M.Sc. 
Eng.  Personnel:  13 people of technical staff . Main subject of activity: modernization of the AIC–
144 cyclotron and its adaptation for medical purposes (proton therapy of the ocular melanoma). Th is 
program includes: providing the 60 MeV proton beam to the treatment room for eye irradiation; 
improvement of the cyclotron steering system. In the last two years, we completed the process of 
optimization and increase of the proton beam energy up to 60 ± 1 MeV (5% more than before). Th e 
work was done in cooperation with partners from JINR Dubna. We installed new power supplies for 
main magnet, magnet bend 70 degrees and for all elements of the proton beam line optical system. 
We also installed the new vacuum system based on turbomolecular pumps. Th e proton beam was 
delivered to the treatment room of the ocular melanoma.  

Computer and Network Support. Head: Zbigniew Natkaniec, M.Sc.
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A.6 International Post-Graduate Study Course
Head: Tadeusz Lesiak,  Prof. 
Doctoral studies at the Institute of Nuclear Physics were launched in 1984. We co-operate closely 

with the Tadeusz Kościuszko Cracow University of Technology and the Pedagogical University of 
Kraków and with the University of Rzeszów. Th ere is also a close collaboration, based on bilateral 
agreements, with the Joint Institute of Nuclear Research (Dubna), the Czech Technical University 
(Prague), the State Belorussian University (Minsk), the Bilkent University (Ankara), Université 
Pierre et Marie Curie in Paris (Paris VI) and Université de Lille 2.

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 yearly. 
Available subjects of study cover all areas of research done at the IFJ PAN: theoretical and experimental 
investigations of fundamental interactions (Nuclear and 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 modelling 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, manufacturing of radioisotopes for biomedical sciences, 
application of 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 last four years.

Currently, i.e. in the academic year 2008/09, we have 79 students, among them 8 foreigners (fi ve 
people from the former Soviet Union, two from Italy and one from Mexico). We observe a signifi cant 
growth in the number of foreign applications. In the last two years 15 students have received special 
grants for preparation of PhD theses, awarded by the Polish Ministry of Science and Higher education 

During the past 24 years of activity, we have granted the Ph.D. degree in physics to around 
140 young scientists (16 in the period 2007–2008). Th e most distinguished results, to name but a 
few, concerned the following topics: studies of the decay B " D* (Adam Matyja), atmospheric 
scattering of light emitted by extensive air showers ( Jan Pękala), atomic force microscopy studies of 
micropatterned proteins (Kateryna Lebed fromUkraine), dosimetry of cosmic rays and the health 
risks of astronauts in space (Monika Puchalska) and surface waves in auxetic materials (Dariusz 
Twaróg).
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Annex B. Personnel

Th e Institute of Nuclear Physics Polish Academy of Sciences (IFJ PAN) with its 486 employees, 
is the largest among the institutes of the Polish Academy of Sciences.

Since the year 2000 the number of scientists has been almost constant (about 200). 
During the fi rst half of the decade we saw the number of engineers gradually decreasing. Th is 

tendency reversed in 2004. Also since 2004, there has been fewer and fewer workers among the IFJ 
PAN staff .

Owing to International Ph.D. Studies, launched at IFJ PAN in 1984, the number of postgraduate 
students involved in scientifi c activities of the Institute has been systematically growing over the recent 
years. Currently, out of the total of 79 Ph.D. students, eight are foreigners (2 female and 6 male).

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

It is within our employment policy to increase the number of post-doc positions together with 
attracting the Ph.D. students. Since the last Review on Research Activities in 2006, the number of 
junior research positions available to young candidates has been signifi cantly reduced in order to off er 
more positions to Ph.D. students and post-doc scientists. At present, 31 young scholars (under 35 
years of age) holding Ph.D. degree are employed as research scientistsa). 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 diversifi ed as presented in Fig. 3.

a) Polish term for this position: adiunkt.  At IFJ PAN adiunkt is employed on a temporary contract of max. nine years.

Fig. 1. Structure of IFJ PAN staff  for the years 2000–2008

N
um

be
r o

f e
m

pl
oy

ee
s

Personnel IFJ PAN 2000-2008



B–2 Annexes

Fig. 2a. Structure 
of IFJ PAN 
staff  for the year 
2008.

Fig. 2b. Structure 
of IFJ PAN 
research staff  
for the years 
2004–2008.

Fig. 3.  Structure 
of the age groups 
among IFJ PAN 
research staff  
in 2008.
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Annex C. The Budget of  IFJ PAN

INCOME
 
IFJ PAN receives fi nancial support from various sources, including state, 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 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, and formulates opinions and provides advice 
on research priorities and policy of the Institute. Th e Academy, who is also fi nanced mainly from the 
State budget, supports organization of conferences, personnel exchanging scientifi c programs, as well 
as selected activities aiming at popularization and dissemination of research results. Th e Academy 
also partially supports access to on-line international scientifi c journals, but according to the new 
policy the contribution incurred by IFJ PAN has increased since the year 2008. In 2006–2007 the 
International Post-Graduate Study Course was supported by EU structural funds (EFS) and with a 
small amount by Polish Academy of Sciences (PAN).

In 2007 the Institute received 6,251,256 EUR (22,392,000 PLN) for its basic statutory R&D 
activity. In 2008 the core funding for statutory Institute activity amounted to 4,789,525 EUR 
(19,752,000 PLN). Th e exchange rate between Euro and the Polish Zloty 3.582 PLN/EUR 
(December 30, 2007) changed throughout 2008 to 4.124 PLN/EUR (December 30, 2008).

Small research teams and individual scientists apply to the Ministry of Science and Higher 
Education for research project grants (1,200 – 1,800 Euro in 2–3 years). Another source of state 
funds served the purpose of supporting 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 1,743,971 EUR in 2007 and 1,968,492 EUR in 2008. 
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 2007–2008 the 
Institute participated in the FP6 and FP7 EU projects (with the EC contribution of 550 kEUR in 
2007 and  600 kEUR in 2008), and also in some bilateral international projects (FZJ ( Jülich), GSI 
(Darmstadt), JINR (Dubna), ESA (Cologne)). In 2008 the Institute started to carry out a research 
project “Investigation of properties of a proton beam for radiotherapy of eye melanoma including 
treatment of pediatric patients” co-fi nanced by Norwegian Financial Mechanism, EEA Financial 
Mechanism in Poland and the Ministry of Science and Higher Education (357 kEUR). Th e project 
will be continued until 2011.

Th e Institute generates some of its own income by the activity of the Accredited Laboratories (see 
Annex E) and its technical units, which provide several specialized scientifi c and technical services.  
Acreditation process has been supported by a small subsidy from the National Atomic Agency (PAA).
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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 purchasing the 
new equipment and strengthening the infrastructure of our laboratories from  2006 till the beginning 
of 2008.

In 2007, the project entitled “National Centre for Hadron Radiotherapy –Phase 1:  Cyclotron 
Centre Bronowice” was put on the indicative list of about 500 major projects foreseen to be funded 
in Poland by the Structural Funds of the European Union over the years 2007–2013. Within the 
25 MEUR project IFJ PAN is preparing the open tender for a turnkey project for 230 – 250 MeV 
proton accelerator with building and support infrastructure.

In the years 2007–2008 we gained support from IAEA Technical Cooperation Project for the 
project “Establishment of a Proton Radiotherapy Facility for the Treatment of Cancer of the Eye 
in Krakow” (269 kUSD). Th e funds enabled us to purchase dosimetric equipment to the proton 
radiotherapy and complete the equipment for the cyclotron AIC-144. Th e aim of the project is to 
provide training and research facilities for clinicians, medical physicists, accelerator staff  and off er 
opportunities for broad international collaboration in this area. 

Th e facility has already have installed specialized medical equipment eg. Eye Th erapy Chair for 
patient immobilization and positioning as well as the control and steering system thanks to the joint 
project with the University Hospital in Krakow fi nanced from “National Program for Fighting Cancer 
Disease” by the Ministry of Health.

Th e project „X-ray Microprobe”, supported by the Foundation of Polish Science and Technology 
(460 kEUR, 2005–2008), resulted in a construction of a multipurpose X-ray microprobe with the 
spatial resolution of about 2 μm. Th e microprobe will be used for the computed microtomography 
with magnifi cation up to 1000x of new materials or medical and biological samples, for targeted 
irradiations of mammalian cells with a rate of about  1 Gy/s, for determination of 2D maps of trace 
elements concentration in samples, for micro-crystallography of proteins or for materials analyses by 
the SAXS method. Th e microprobe was constructed in the Department of Applied Spectroscopy.

Additional subsidies in 2007 to the statutory R&D funds 342 kEUR from the Ministry of Science 
and Higher Education enabled us to purchase:

 _ a gas chromatograph with the mass spectrometer  for the Laboratory of Chromatographic 
Trace Analysis, and a broad-band amplifi er (200–500 MHz) for a resonance tomograph for 
the Department of MR Imaging, 

 _ a new atomic force microscope (AFM) with very high resolution (0.02 nm rms) for the 
Department of Applied Spectroscopy.  Th e AFM is equipped with liquid cell of controlled 
temperature important especially for biological experiments. 

In the last few years the Institute has successfully undertaken several eff orts to modernize the 
buildings structure with governmental support. In the years 2007–2008 the next wing of the main 
building hosting several laboratories was completely renovated (at the total cost of 653 kEUR, with 
the governmental grant about 50% of the sum). At the end of 2008 we also started a modernization 
of the tower block building which will be continued in 2009 year (total cost of 380 kEUR).  We have 
also rebuilt (33.8 KEUR) the storage buildings for radioactive sources and waste. 

Regularly, the Institute invests into the computer network LAN to increase the computing power, 
especially for groups conducting research in particle physics. Th is work is supported by the statutory 
funds, by the EU grants and by a small, but systematic annual allocation /12–19 kEUR from the 
Ministry of Science and Higher Education.
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COSTS

In 2007 – 2008 above 60 % of the total cost, without grants for 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 Figure 2.

Table 1. IFJ PAN income in 2007 and 2008

Sources of  income 
2007 

[PLN]
2007 

[EUR]1

2008 
[PLN]

2008 
[EUR]2

Total (without fi xed assets grants3) 39 358 942 10 987 979 38 259 847 9 277 363

Basic state statutory R&D income 22 392 000 6 251 256 19 752 000 4 789 525

National Networks 1 804 793 503 851 993 426 240 889

State grants to support participation in 
international projects 

6 246 905 1 743 971 8 118 061 1 968 492

State grants for individual projects 2 059 090 574 844 2 350 060 569 850

Scientifi c conferences 40 669 11 354 311 755 75 595

EFS, PAN, PAA, other subsidy to 
statutory R&D

383 304 107 008 159 000 38 555

International projects – foreign grants 
(6FP, 7FP, GSI, COSY, other)

2 460 887 687 015 2 691 299 652 594

Business activity 2 140 566 597 590 2 429 476 589 107

Other income 1 830 728 511 091 1 454 770 352 757

Fixed assets grants3 1 478 356 412 718 685 714 166 274

Grants towards local infrastructure – 
state support 

1 080 000 301 508 550 000 133 366

Research equipment – UE support 398 356 111 210 135 714 32 908

Total income 40 837 298 11 400 697 38 945 561 9 443 637

1Exchange rate as of 30 December 2007 used (1 EUR = 3.582 PLN)
2Exchange rate as of 18 December 2008 used (1 EUR =4.124  PLN)
3Grants towards local infrastructure and research equipment
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Fig. 1. Structure of statutory costs 
with respect to particular 
fi elds of research activity in 
2007 and 2008

Fig. 2.  Structure of total cost of IFJ 
PAN in 2007 and 2008 
(without grants towards local 
infrastructure and research 
equipment).
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Annex D.  Research Infrastructure

Accelerators and Radiation Beams

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 

Neutron yield: 5108 n/s/4π, pulse duration: 25–100 μs, 
repetition time: 0.3–100 ms. Dual-line detection system for 
storing time distributions of the thermal neutron fl ux

4. Multipurpose X-ray microprobe

Source of radiation: open type X ray tube (Hamamatsu L9191) 
with microfocusing down to below 2 μm, equipped with Ti, 
Mo, Ag and W targets. Experimental stands for μ-CMT, 
μ-XRF, TXRF and targeted irradiations of mammalian cells. 
Acceleration voltage 20–160 kV. Maximum X-ray intensity 
equal to 31011 photons/sr/s. Cell irradiations facility delivers 
a monochromatic 4.5 keV beam focused to 8 μm spot with a 
dose rate of 0.7 Gy/s

5. Dual-beam ion implantator 

Main ion beam (most elements available), magnetic control, 
dM/M=1/350, ~5 mA, beam spot up to 10120 mm. 
Secondary ion beam (all noble gases) accelerated with 5–45 kV, 
densities: ~500 mA/cm2 

6.
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

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

8.
Calibration dosimetry laboratory 
with 137Cs beam

137Cs beam, kerma rate (in air) 0.1 μGy/h–1Gy/h, automatic 
remotely controlled calibration bench with ±0.5 mm positioning

9. Th eratron 780E 60Co unit

60C source activity equal to 95 TBq (2570 Ci), dose rate equal 
to 0,76 Gy/min, SCD = 80 cm – as on 1st Dec. 2008. 
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
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Main infrastructure for solid state physics research

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, antiferro-
magnets, spin-glasses) in the temperature range 3.5–350 K

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

13.
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

14.
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;  Helium Cryostate temperature range: 
(10–300) K

15.
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 

16.
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

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

18. MW CVD reactor
MW power 5 kW, frequency 2.45 GHz, working gases: H, 
CH2, O, N, Ar. Dedicated to the formation of diamond, thin 
complex fi lms and coatings based on carbon

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.
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

21. Spin coater Kl-SCV-15 Preparation of homogeneous fi lms of soft materials
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22. Mössbauer spectrometer
Measurements in transmission geometry and conversion electon 
geometry. Source 57Co, 3.7 GBq

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

24. Scanning force microscope (SFM) 
X/Y range: 250 μm, Z range: 3 μm. Resolution in X/Y: 
256256 points, resolution in Z: 1 nm

25.
Setup for four-point probe 
resistivity measurements in 
magnetic fi eld

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

26. Nd: 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

27. 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

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

29. 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

Main infrastructure for life science research

30.
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 5–300 K. Th e solid state 
pulse NMR spectrometer was enhanced by adding the second 
spectrometric channel and the automatic MAS speed controller

31. 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)

32.
Atomic force microscope (Xe-
120) 

X/Y range: 100 μm, Z range: 25 and 10 μm; noise level 
< 0.5 A (RMS). Measurements in liquid environment (open 
and close “liquid cells” with the temperature control from 4C 
to 70C; AFM modes: contact, non-contact, lateral force, force 
spectroscopy. AFM can work as a magnetic force microscope 
and conductive AFM (in ambient air)

33.
Atomic Force Microscope (home 
made device) 

X/Y range: 100 μm, Z range: 8 μm; resolution in Z: 1 nm. 
AFM working in contact mode, equipped with home-made 
“liquid cell”, measurements at room temperature; force 
spectroscopy mode
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34.
Quantitative DNA damage 
analysis system

Single cell gel electrophoresis set up with automatic image 
analysis on epi-fl uorescence Olympus microscope

35.
DNA damage and chromosome 
aberrations  analysis system

Image analysis systems: Komet 5.0 and Chromascan with epi-
fl uorescence Nikon microscope

36.
Automatic chromosome 
aberration analysis system

Two cytogenetic microscopes (Nikon) with automatic 
metaphase fi nders and chromosome image analysis systems

37. ZEISS  fl uorescence microscope
Full microscope equipment for classic and molecular 
cytogenetics analysis i.e. FISH technique

Main infrastructure for environmental monitoring and radiation dosimetry

38.
Gas chromatograph (GC)
gas chromatograph with mass 
spectrometer (GC/MS)

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. 
Gas chromatograph (Agilent Technol.) equipped with 
three detectors: electrons capture detectors (ECD), fl ame 
photometric detector (FPD) and with mass spectrometer (MS) 
for measurement of sulphur compounds (H2S, CS2, COS, 
CH3SH, C2H5SH, (CH3)2S, (CH2)2S2) in breath-gas

39.

Low-background spectrometry 
systems and aerosol collector 
systems for environmental 
studies in radioecology and 
environmental sciences

One ultra-low-background and four low-background gamma 
spectrometers, low-background liquid scintillation alpha/beta 
spectrometer, seven 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)

40.
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

41.
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

42.
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

43.
TRIATHLER portable liquid 
scintillation counter

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

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

45. BABYLINE 81 survey meter
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) 

46.
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)

47.
Th ermoluminescence 2-D clinical 
dosimetry system (self-developed)

TL reader equipped with a CCD camera for 2-D readout of 
20x20 cm2 detectors
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48.
Automatic thermoluminescence 
reader, Dosacus, RADOS Evaluation of 60 dosemeters/hour, dose range 1 nGy – 1Gy

49.

Barracuda X-ray multimetr (RTI 
electronics AB, Sweden), and 
Unfors Xi multimeter (Unfors 
Instruments AB, Sweden)

Multimeters for measurements of kVp, time, dose, dose rate, 
pulses, pulse rate, dose/pulse, mA, mAs, HVL, total fi ltration 
and waveforms in X-ray medical diagnostic like radiography, 
fl uoroscopy, mammo-graphy, dental, panoramic dental (OPG) 
and CT. 

50. Th erapeutic dosemeter UNIDOS  

UNIDOS (type 10001) and UNIDOS webline (type 
T10021) electrometers with TM31002, TM23343 TM30010, 
TM7861, TM7862  ionization chambers, dosimetric diode  
type TM60012 and diamond detector

Computer clusters

51.
High performance computing 
cluster

44 computing nodes of two 4-core CPU

52.
BALTIC GRID computer 
cluster

A small local cluster of  72 cores has been established 
and integrated in the GRID that serves as a Tier3. Th is 
infrastructure is used by ATLAS, ALICE, LHCb, CMS, and 
several other experiments (BELLE, H1, ZEUS)

53. McRadiat computer cluster
A small cluster of 48 processors in 6 nodes. Calculations 
of nuclear radiation transport in the matter

54. PYGMY computer cluster
Two computing nodes of two 4-core CPU (to be extended 
soon). Used for large scale nuclear potential energy 
calculations 
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Annex E. Accredited Laboratories

Since 2001, according to the Atomic Law Polish Act, only accredited dosimetry laboratories are 
allowed to perform individual dosimetry and calibration of radiation protection instruments. At 
that time several groups at IFJ, with considerable experience in the fi eld of dosimetry and radiation 
measurements, had to prove their competence and undergo the accreditation process.  On December 
21, 2001, the Laboratory for Calibration of Dosimetry Instruments (NLW) at IFJ PAN became the 
fi rst Polish calibration laboratory to fulfi l accreditation criteria. Th e calibration of some 1000 survey 
meters per year began. A year later, our Laboratory of Individual and Environmental Dosimetry 
(NLDa)) began its operation using, as the fi rst dosimetry service in Poland, LiF thermoluminescence 
dosemeters developed at our Institute. Starting in 2003 with a 200-badge service, by 2008 this service 
has been off ered to over 22,000 radiation workers in Poland. In 2007, with the aid of EU Structural 
Funds for Poland, the Laboratory of Radiometric Expertise (NLR) was established and accredited.  
Th is mobile radiometric laboratory, equipped with advanced dosimetry and spectrometry systems, 
enables in-situ measurements of environment doses and radionuclide activities to be carried out. In 
2008 the Laboratory of Radioactivity Analyses (LAP), specialized in measurements of very low 
activities, completed their accreditation procedure.  Recently, IFJ groups began to off er Quality 
Assurance tests of diagnostic X-ray equipment to medical institutions. With a total personnel of 
38 employees, the accredited laboratories of IFJ PAN are the largest provider of dosimetry and 
radiometry services in Poland.

Laboratory of Individual and Environmental Dosimetry NLD, (http://dawki.ifj .edu.pl). 
Head: Dr Maciej Budzanowski. Th e staff  of the laboratory consists of eighteen persons. NLD has been 
accredited by the Polish Centre for Accreditation since December 30, 2002, accreditation certifi cate No. 
AP-049. Th is Laboratory provides a dosimetry service for individual dosimetry in terms of personal 
dose equivalent Hp(10) and Hp(0,07) for photon and neutron fi elds, over the range from 0.1 mSv 
to 1 Sv, air kerma Ka over the range from 30 μGy to 1 Gy and environmental dosimetry in terms of 
ambient dose equivalent H*(10) over the range from 30 μSv to 1 Sv. All measurements are performed 
using thermoluminescence detectors (TLD) developed at IFJ. A RADOS DI-02 dosemeter is used 
for HP(10) and HP(0.07) monitoring, PI-01 fi nger dosemeters are used for extremity dosimetry, a 
RADOS DS-04 dosemeter for environmental monitoring, and a RADOS/Vinteen holder is used 
for Albedo neutron dosimetry. Dosimetry services are currently performed for ca. 24 000 radiation 
workers and monitored sites in Poland on a quarterly or monthly basis, mainly for oncology centres, 
hospitals, dentists, research institutes, food-, heavy-, light-, fuel industry, state border offi  cers, police, 
antiterrorist troops, prisons, museums and in many sites where the X- or gamma-ray systems are 
used for inspection.  Over 2500 environmental measurement points in Poland and at CERN around 
the LHC accelerator are monitored. In 2007–2008 the NLD considerably expanded its activities 
reaching in 2008 a total number of more than 160 000 measurements. Th e Laboratory had issued 
ca. 6500 measurement certifi cates in 2007 and ca. 9000 in 2008. Th e total income exceeded 2 000 
000 PLN. Th e Laboratory participated in the inter-laboratory comparison organized in 2007 by 
the Central Offi  ce of Measures in Poland and in two international comparisons organized by the 
European Dosimetry Group EURADOS (extremity dosimetry – 2006, whole-body dosimetry – 
2008), with very satisfying results.

Since March 2007 the NLD has also off ered Quality Assurance tests and constancy checks of 
X-ray machines used for medical diagnostics (http://rtg.ifj .edu.pl). Th e Laboratory is licensed to 
perform QA tests of radiography, fl uoroscopy, mammography, dental and panoramic dental systems 
and is equipped with dedicated instruments for this purpose (Barracuda and UNFORS), including 
a) Known as LADIS to its internal and external patrons.
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X-ray Si detectors, fi lters, phantoms and densitometers with sensitometers. Quality control of all 
X-ray diagnostic equipment is now obligatory in Poland and consists of yearly checks of the High 
Voltage Generator (kVp, dose, time), focal spot, geometry and AEC of the X-ray machine. Darkrooms, 
imaging processing, screens and luminance of view boxes also need to be verifi ed.  Up to now (end of 
2008) the group has performed over 1000 QA tests of medical X-ray equipment in Poland.

Laboratory for Calibration of Dosimetric Instruments, NLW (http:/wzorcowanie.ifj .edu.pl) 
Head: Dr.Paweł Bilski. Th e personnel of the laboratory consists of seven employees (two full-time 
and fi ve part-time employed). NLW has been accredited by the Polish Centre for Accreditation since 
December 21, 2001, accreditation certifi cate No. AP-029.  Th e laboratory performs calibration of 
radiation survey meters in terms of air kerma rate and radiation protection quantities, using 137Cs 
-rays, and in terms of surface emission (-particles from 239Pu and 241Am and -particles from 
90Sr/90Y, 36Cl and 14C), as well as calibration of individual and environmental dosemeters in terms 
of kerma in air,  HP(10) and HP(0.07).  At the beginning of 2007, with the fi nancial support of the 
Structural Funds of European Union, the laboratory was equipped with a new irradiator containing 
three, automatically exchangeable 137Cs sources, of activities: 1.84 TBq, 25 GBq and 250 MBq (Fig. 
1).  Using this irradiator and a 7 m-long calibration bench, it is possible to cover dose rates over the 
range between 1 μGy/h and 1 Gy/h.  

Over the years 2007–2008 some 1500 survey meters were calibrated for customers from all 
over Poland, providing a total income exceeding 320 000 PLN.   200 calibrations of individual 
and environmental dosemeters were also performed, mainly for the Laboratory of Individual and 
Environmental Dosimetry and for research purposes. Th e laboratory participated in inter-laboratory 
comparisons organized by the International Atomic Energy Agency in Vienna and in the profi ciency 
test organized by the Central Offi  ce of Measures in Poland, demonstrating results within 1% around 
the reference values. 

Fig. 1. Numbers of individual and environmental dosemeters used for monitoring ionizing radiation 
(gamma, X-rays, neutrons) by the NLD laboratory over the years 2002–2008.

Fig. 2. Th e calibration bench and the 137Cs irradiator 
of NLW laboratory.
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Laboratory of Radiometric Expertise NLR (http://radon.ifj .edu.pl), Head: Krzysztof Kozak, 
Ph.D.  Th e Laboratory staff  consists of 7 persons. Th e gamma-spectrometry methods for determining 
the activity of natural radioactive isotopes: potassium 40K, radium 226Ra, thorium 228Th  and radon 
222Rn have been accredited by the Polish Centre for Accreditation (certifi cate No. AB788, obtained 
in January, 2007). Th e mobile laboratory (CHIMERA Lab. – European Union funds) enables -ray 
dose rate, activity of -isotopes in the environment and radon concentration in air and water to 
be determined. During 2007–2008 the Laboratory issued 223 reports of K, U, Th  spectrometric 
measurements and 6 radiometric expertises for 26 customers.  Th e total income amounted to ca. 
120,000 PLN. 

Th e research activity of the Laboratory was focused on radon exhalation processes from soil. 
In cooperation with Jozef Stefan Institute (Slovenia) a map of radon gas concentration in soil in 
Slovenia was established.  It was shown that the highest values were observed in the southern part of 
the country where tectonic faults occur (Fig.3b).

Laboratory of Radioactivity Analyses NLP, Head: Jerzy W. Mietelski, PhD, Assoc. Prof., Th e 
Laboratory personnel is 6 employees. NLP is an accredited part of the Department of Nuclear Physical 
Chemistry.  Accreditation by the Polish Accreditation Center (PCA), Certifi cate No. AB 979, covers 
gamma spectrometric measurements of artifi cial radionuclides (mainly 137Cs) in air fi lters, soil, water 
and food products.  Most of the measurements performed in 2007–2008 were the analyses of Pu and 
Am activity in milk samples, tritium activity in water as well as total beta/alpha activity. Th e income 
from these measurements exceeded 29,000 PLN.  

NLP participated in several intercomparison measurements organized by the IAEA (Vienna), 
IRMM (Gel), NPL (London) and IChTJ (Warsaw).  In the profi ciency test organized by the National 
Atomic Agency PAA in 2007 all results of measurements of Pu, Am and 226Ra activities were found 
to lie well within the acceptance limits.

Fig. 3. (a): Field measurements of gamma radiation; (b):  Th e geographical distribution of radon gas
   concentration in soil in Slovenia.
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Annex F. Education and Popularization

The Institute actively cooperates with Polish universities not only in research but also in 
education. Its research staff  lecture full-time university courses at various universities and 

organize advanced seminars and laboratory practices for specialists. A few dozen Master Th eses 
yearly are being completed under the supervision of  our scientists.

Th e Institute spares no eff ort at the popularization of physics among general public with special 
emphasis on teenagers. Making science attractive to young people at primary and secondary schools 
is an important item on our agenda.

Every two years the Institute organizes the Open Day Event mainly addressed to high school 
students and pupils. Th e last Event was held on September 26, 2008. More than 800 students and 
teachers took advantage of open access to 27 research laboratories. Our staff  were happy to share 
their scientifi c interest and present the facilities they use in a way the visitors found simple yet serious. 
Th e visitors were also off ered a session of fi ve popular lectures on current topics. Oxford Debate of 
two high school teams on pros and cons of nuclear power plants evoked spontaneous discussion. Th e 
presentations were accompanied by a number of thematic exhibitions, posters and fi lms.

For the fi rst time, on September 26, 2008, IFJ PAN took part in the European Researchers’ 
Night – an event addressed to a very broad audience. Indeed, between 6 pm and midnight about 

1300 people from Kraków and its 
suburbs visited our Institute. Th ey 
took part in a guided tour “Institute 
by Night”, in a scientifi c discussion 
between physicists representing 
theory, experiment and applications, 
and in the exhibition “Physicists and 
their hobbies”. Th e most spectacular 
and most applauded by the public 
was the stage performance “Th e Spirit 
of Science”, written and directed by 
our colleague Jerzy Grębosz. All 
the characters were played by the 
prominent scientists of our Institute.

Th e Institute may be visited not only on the Open Day. 59 groups of (1678 individuals) pupils, 
students and teachers were welcomed in various laboratories during 2007 and 2008. One group 
usually visited 4–5 labs.   

As it happens every year, in 2007 and 2008 the Institute was actively involved in the Kraków 
Festival of Science (in May) and in Scientifi c Picnic of Polish Radio BIS in Warsaw (in May)  by 
organizing panel discussions and several thematic presentations in exhibition tents.

Particle physics and the CERN experiments were brought closer to high school teachers and their 
students during two hands-on workshops, one for each group of participants.

Th e Institute co-organized the Regional Physics Contest for pupils and funded awards for 
winners. 

In 2007-2008 our scientists gave more than 20 invited popular lectures on physics. Information 
concerning our  scientifi c events or anniversaries was published in about 50 articles and short notes 
in diff erent journals or mentioned on TV or on the radio.

„Th e Spirit of Science” on stage.
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In 2007–2008, High Energy Physics Outreach activities of the Division of PARTICLE 
PHYSICS AND ASTROPHYSICS [Statutory project 603] were directed to high school 

students and physics teachers and they also comprised exhibitions and presentations aimed at 
particle physics popularization in society. Each year, the International Particle Physics Master-
classes, organized at IFJ PAN since 2005 under the auspices of the European Particle Physics Out-
reach Group, gather about 50 high school students among 5000 young participants from Europe, 
USA, Brasil and South Africa. Th e stu-
dents, who attend lectures and perform 
measurements on real data from a high 
energy physics experiment, have a chance 
to experience research environment and 
to mirror the activities of researchers in 
particle physics. Providing opportunities 
for students and teachers to take part in 
an authentic research process is an inter-
esting and effi  cient way to improve the 
understanding of scientifi c research.

Launched in 2007, the physics teach-
ers’ project “Polish Teachers at CERN”, 
funded by the Ministry of Science and 
Higher Education, comprised week-long 

high energy physics lectures for the 
Polish teachers at CERN that were 
followed by a two-day workshop for 
30 teachers at IFJ PAN to review their 
newly acquired knowledge and to help 
them in transmitting it to students. 

IFJ PAN takes the opportunity 
of Science Festivals organized each 
year to popularize high energy phys-
ics among tax-payers. In 2008, the 
year of the LHC start-up, the LHC 
machine and experiments were pre-
sented at the Kraków Science Festi-

val and at the Polish Radio Science 
Picnic in Warsaw, probably the larg-
est popularization event in the world 
(about 100 000 visitors a day). Th at 
year, the opening of the LHC was 
also marked with our participation in 
the Symposium “Physics of Elemen-
tary Interactions in the LHC Era”, in 
the presentations of the ATLAS and 
LHCb experiments and in a number 
of popular articles. Th e IFJ PAN con-
tribution to the LHC construction 
was presented at the exhibition “Th e 
LHC” in Warsaw.
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