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Scientists of Hungary and the Joint Institute farchéar Research have
been collaborating for many decades. Starting from year of JINR
establishment in 1956, Hungarian engineers and ighbis whose creative
contribution to the implementation of scientific ogrammes has been
considerable, joined the research at the Institatwratories. Among the
initiators of the cooperation were such outstandiiiggarian scientists as Lajos
Janossy, Lénard Pal, Albert Konya and many others.

The main traditional JINR partners in Hungary wiewve major scientific
organizations of the Hungarian Academy of Scien¢esS), viz. the Central
Research Institute for Physics (KFKI) in Budapest #éhe Institute of Nuclear
Research (ATOMKI)in Debrecen. Hungarian specialistsk advantage of the
unique opportunities at JINR in their research lementary particle physics,
nuclear physics, theoretical physics, physics drahustry of condensed matter,
computer technology, and in applications of nucfg@aysics methods in various
fields of science and technology.

While some time ago the cooperation prioritiesHngary were studies
in elementary particle physics and in low- and nmediate-energy nuclear
physics, today they are primarily in condensed-engihysics and in heavy-ion
physics.

Staff members of KFKI were among the first joinithg work to produce

various experimental facilities (a xenon bubblernchar, a one-meter propane
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chamber, a semiautomatic measuring device for cbhammbages), as well as
being involved in the elaboration of new theordtroadels.

The first experiments in high-energy physics withrtigipation of
Hungarian specialists were conducted with the @iseidear photoemulsions at
the synchrophasotron of the Laboratory of High Gres; later they were
successfully continued in electron studies of JiNRhe IHEP accelerator U-70
(Protvino). Collaboration in nuclear physics begdath the studies of nuclear
reactions on light nuclei and in experiments at BB reactor. Theoretical
physicists took part in the studies of the intetiqtien of phenomena that occur
in weak and strong interactions, to describe symnm@bperties and elementary
particle systematics.

The research trends at the Institute of Nucleare&es (ATOMKI) in
Debrecen were focused around issues of nucleatiaracnuclear spectroscopy
and applied research. Specialists from Debrecek padt in joint JINR studies
in nuclear spectroscopy at the synchrocyclotronthef Laboratory of Nuclear
Problems. Hungarian scientists successfully worleedthe Laboratory of
Neutron Physics where they studied nuclear reagtam light nuclei with an
electrostatic generator. Theorists studied mesoataperties during their visits
to the Laboratory of Theoretical Physics.

Scientists and specialists from Hungary were and permanent
participants of international scientific conferemceymposia and seminars held
in JINR Member-States.

The important role of JINR in training young Hunigar physicists,
chemists and engineers deserves special mentioMogt of them occupied
later leading positions in their career, both &RJland in various Hungarian
institutions. In the period from 1956 to 1992, ab@00 Hungarian specialists
worked at JINR; more than 20 theses were defente acientific councils of

the Institute.
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Hungarian scientists took part in the activities tbé governing and
advisory bodies of JINR. Academician DézKiss was JINR Vice-Director
(1976-1979) and JINR Director (1989-1992), Profedswin Fenyves was
JINR Vice-Director (1964-1966). At different tim&seputy Directors of JINR
Laboratories were Janos &rGyorgy Szenes, Norbert Kroo, Laszl6 Cser and
Zoltan Zamori. Until 2002, Norbert Kro6 was, preygnDénes Lajos Nagy is
Member of the JINR Scientific Council.

On 1 January 1993, Hungary terminated its membershJINR. Since
that time Hungary has changed its relation withRlité the level of bilateral
agreement with HAS, thereby regrettably reducingpesation to a large extent.
However, mutual interest to revive fruitful scidittities has been growing
lately. Nowadays a new generation of young sientists developed successful
cooperation of JINR with research institutes of H&®l with university groups
in the field of experimental condensed-matter ptg/sand materials sciences
using neutron scattering and heavy-ion implantaasnwell as in theoretical
physics.

Today, the round-table discussion on JINR-HAS coatpen will serve
the mutual interests and, undoubtedly, will promstieengthening of scientific
ties both in basic and applied research. Furthportant impact of the meeting

Is expected from mutual presentations of JINR aA& Kdpin-off enterprises.

A.N. Sissakian
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JOINT INSTITUTE FOR
NUCLEAR RESEARCH

The Joint Institute for Nuclear Research (JINR) is a
international  intergovernmental  scientific  researclorganisation
established through the Convention signed on 26cMag56 by eleven
founding States and registered with the United dvestion 1 February
1957. It is situated in Dubna not far from Moscow the Russian
Federation.

The Institute was established with the aim of ugitihe efforts,
scientific and material potentials of its Membeat8s for investigations of
the fundamental properties of matter. At preséitR has 18 Member
States: Armenia, Azerbaijan, Belarus, Bulgaria, &ulihe Czech
Republic, Georgia, Kazakhstan, Democratic PeogRepublic of Korea,
Moldova, Mongolia, Poland, Romania, the RussianeFatibn, the Slovak
Republic, Ukraine, Uzbekistan and Vietnam. Agreetsi@me signed with
Germany, Hungary, Italy, Serbia and the RepubliSadth Africa.

The history of JINR is associated with outstandicigrgtists
from JINR Member States, including those from Rasssuch as
A.M.Baldin,  D.l.Blokhintsev,  N.N.Bogoliubov, V.P.Dbelepov,
G.N.Flerov, I.M.Frank, N.N.Govorun, V.G.Kadyshevsky.Kurchatov,
A.A.Logunov, V.A.Matveev, [|.N.Meshkov, M.G.Meshckakov,
Yu.Ts.Oganessian, B.M.Pontecorvo, F.L.Shapiro,  Bhlfkov,
A.N.Sissakian, A.N.Tavkhelidze, V.l.Veksler and manthers.

The main fields of JINR activity are theoretical agxperimental studies
in elementary particle physics, nuclear physicsg] aondensed matter
physics. The research policy of JINR is determimgdthe Scientific
Council.

Academician A.NSissakian (left
meets president of the Russ
FederationD.A. Medvedev (right
during his visit in JINR.

There are 7 Laboratories at JINR, by the scope iehsfic activities each being compatible with a
large research institution. JINR staff totals ab8500 people, including more than 1200 scientests] about
2000 engineers and technicians. The JINR UnivefS#gptre provides annual practice at the Institatlifies
for university students from Russia and other coest

Available at the Institute is a unique choice of exikpental facilities: the first in Europe
superconducting accelerator for heavy ions the dttah, the U400 and U400M cyclotrons with recorde
parameters used for experiments on the synthesisafy and exotic nuclei, the unique neutron pursedtor
IBR-2 and the proton accelerator the Phasotron tmechy therapy. JINR possesses powerful and bjgged
computing environment integrated into the world poiter nets. Plans for basic facilities upgradiagenbeen
developed at the Institute, as well as the orgdinizaof new frame projects to increase the attvactéss of
scientific, educational and innovative programme#i&R.

An important aspect of JINR activity is its extemsinternational scientific and technical cooperatio
collaborates with nearly 700 research centres amnkrsities in 60 countries of the world. Only img$gia — the
largest JINR partner — the cooperation is condueaiigl 150 research centres, universities, indusgmgerprises
and firms from 40 Russian cities.




JINR DAYS IN HUNGARY 3 — 7 December 2008

About 1500 research papers and reports represapimgximately 3000 authors are submitted every
year by JINR to editorial boards of journals in mamuntries and to organizing committees of confees.
JINR publications are sent to dozens of countrfebeworld.

JINR accounts for more than 40 discoveries in nuctgg/sics. The decision of the International
Committee of Pure and Applied Chemistry to awaré tiame “Dubnium” to element 105 of the
D.Mendeleev Periodic Table can be regarded asradfigecognition of the outstanding achievements of
JINR staff of researchers in modern physics andncstey.

Address: 141980 6 Joliot-Curie st., DybMascow region
Tel.: (+7-49621) 65-059; Fax: (+7-495) 632-78-80

E-mail: post@jinr.ry http://www.jinr.ru
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REACTOR NEUTRONS IN APPLIED RESERACHES IN THE 80es
WITH PARTICIPATION OF THE HUNGARIAN SCIENTISTS

Frontasyeva M.V.
Frank Laboratory of Neutron Physics, JINR

Since the 70es of the last century in the LaboyatdrNeutron Physics a group of
specialists from CIFI (Budapest) under leadersHigro.S. Yazvitsky and V.M. Nazarov
(LNP JINR) took part in employing neutrons in thegestigation of semiconducting materials,
very actual in that period of rapid developmentetdctronics. This group comprised J.
Bogancs, A. Nagy, A. Szabo, Z. Seres and others.

Experiments on determination of boron atoms in senductors based on silicon
were carried out at the 16-meter time-of-flight da$ one of the channels of the pulsed fast
reactor IBR-30 of LNP JINR. To determine boron mardjstribution implanted in silicon
19B(n,0) Li reaction was used. The results obtained werdighéd in the JINR Preprints and
in the international journals [1-6]. These investigns were both of methodical and applied
importance. Due to high efficiency of interactioh tbermal neutrons with boron, it was
possible to use the suggested methodology not ianllge material science, but also in the
medical and biological investigations on neutroptaee therapy [7]. Later A. Nady initiated
implementation of boron characteristics in the stigations of boron glasses [8, 9].

In the end of the 80es, at thetime of burst of rede to high-temperature
superconductivity, young Hungarian scientists BthTand B. Sily together with V.M.
Nazarov suggested a simple noncontact method ferrdaation of critical temperature of
superconductors [10]. International collective loé tsector of applied research of LNP was
well known for its intense studies on neutron rgdaphy to which in the 80-90es the
Hungarian specialists contributed as well. Instrtsdor visualization and processing of
imagines were developed using neutron radiograplsgd on time-of-flight method [11].

Participation of the Hungarian specialists in n@utactivation analysis at that time
was limited by studying high-purity material suck lgquids [12], as well as metals. The
unique results on the distribution of impurities high-purity aluminum produced in the
process of zone melting were obtained using eprthk(resonance) neutrons [13].

Since the early 90es, in connection with the resigHungary from JINR, for a long
period of time participation of the Hungarian spdisis in the applied researches with
neutrons was terminated.

In 2006, during the Summer School in Dubna forngudungarian specialists, the
leader of the delegation Laszlé Rosta (KFKI) expeglsparticular interest from the Hungarian
side to revive joint applied investigations withetlsector of NAA of the Department of
Nuclear Physics of FLNP. Then in January 2007 iddpest a discussion of the program of
joint investigations of Sector of NAA (head M.V.datasyeva) with the relevant unit of NAA
at KFKI (head Ro6zsa Baranyai) was organized. Jwiojects in Life Sciences to be realized
at the KFKI reactor at present and at the rea@®&-2M after its reconstruction in 2010 were
outlined. The first experience of the revived dodietion in the field of neutron activation
analysis on interlaboratory comparison of the tssofl NAA of the environmental samples is
demonstrated in [14].

References:

1. J. Bogancs, S. Deme, J. Gyulai, A. Nagy, V.M.Nazafo Csike, Yu. S. Yazvitsky.
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A method for the determination of boron rangesoim-implanted silicon by th€B (n )
nuclear ReactionlINR Preprint Dubna, P14-8295, 1974.

2. J. Bogancs, J. Gyulai, A. Nagy, V.M. Nazarov, ZteSe Yu.S. Yazvitsky. Use of reaction
19B(n,0) Li for determination of boron range distribution silicon. Izotopenpraxis 11,
Jahrgang Helf 12/1975, p. 429.

3. A. Nagy, V.M. Nazarov, J. Bogancs, Z. Seres, YY.&zvitsky. Determination of boron
range distributions in ion—implanted silicon BYB(n,0) reaction. Izotéptechnika
(Budapest), Vol. 20, 1977, p. 53-71.

4. A.Z. Nagy, J. Bogancs, J. Gyulai, A. k&, V.M. Nazarov, Z. Seres, A. Szabo,
Yu. Yazvitsky. Determination of boron range disttions in ion—implanted silicon by
the °B(n,a)’Li reaction.Journal of Radioanalytical and Nuclear Chemistkol. 38,
1977, p. 19-27; .

5. J. Bogancs et al. Determination of boron rangeidigions in ion—implanted silicon by
the °B(n,a)’Li reaction. Radiochemical and Radioanalyticl Letteigol. 39, 1979, p.
393.

6. J. Bogancs et al. UcnmombsoBanme peakmun °B(no)’Li s onmpeneneHus
pacrmipeneneHus 0opa, HMMIUTAHTHPOBAHHOTO B KpeMHUU. [Ipubopvl u mexHuka
axcnepumenma. Beim. 1, 1979¢. 58 — 63.

7. 5. Boranu, M. Heronaun, A. Hags, B.M. Hazapos, A. Cab6o, 3. lllepem. Ucnons3oBanue
IyYKOB HEUTPOHOB Ul M3YyUeHHs pacrpeseieHus aToMoB Oopa B marepuanax. GSl,
Scientific Report1989, p. 131-146.

8. A.Z. Nagy, B. Vasvéri, P. Duwes, L. Bakos, Z. SerésBogancs, V.M. Nazarov.
Variation of boron concentration in metallic glasisbons. Preprint KFK1979-91,
Budapest.

9. A.Z. Nagy, V.M. Nazarov. Variation of boron conceation in metallic glass ribbons.
Phyzica Status SolidV/ol. 61, 1990, p. 689-692.

10.B. Téth, B. Sily, V.M. Nazarov et al. Simple, nomtact method used for determination
of critical temperature of high-temperature supeduetors.JINR Communicationl8-
89-824, Dubna, 1989.

11.0. Avarzad, J. Molnar, V.M. Nazarov, V.P. Sysoeavstiuments for visualization and
processing of imagines by neutron radiography usmg-of-flight method. Apparatura
dlya polucheniya i obrabotki izobrazhenij v nejtna radiografii po vremeni proleta
(Tezisy dokladov str.21). (in Russian}4 International Seminar on nuclear electronics.
Warsawa, Poland. 25-28 September, 1990.

12.H. Rausch, |. Sziklai-Laszl6, V.M. Nazarov, P. Baodol. Erdélyvéri, B. Toth.
Determination of impurities in high-purity solvenbsy nuclear chemistryJournal of
Radioanalytical and Nuclear Chemistiyol. 148, 1991, p. 217-225.

13.10.U. bensikoB, B.WU. MenpmmukoB, B.M. Hazapos, B.B. Cepmiok, JLII. Ctpenkona,
C.b. Tomunos, B.II. YUunaeBa, U. OpaeiiBapu. Vcnonb3oBaHne pe30HAHCHBIX HEMTPOHOB
JUISL aHaJlli3a aTlOMHHUS 0c000i unctoThl. [Ipenpunm OUAHU, P18-88-204 Jlyona, 1988.
Yu.l. Belyakov, V.. Men’shikov, V.M. Nazarov, V.VSerdyuk, L.P. Strelkova, S.B.
Tomilov, V.P. Chinaeva, I. Erdélyvari. Use of reanne neutrons for analysis of high-
purity aluminumJINR Preprint P18-88-204, Dubna, 1988.

14.0.A. Culicov, M.V. Frontasyeva, A. Pantelica, CBadita, R. Séke, |. Sziklai-Laszlo,
R. Baranyai. Instrumental neutron activation analygerlaboratory comparison based on
short-lived isotopes. Book of Abstracts, ISINN-16-14 June, 2008, Dubna.
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DEZS0O KISS, JINR DIRECTOR FROM 1989 TO 1992

Professor DeZsKiss was born in Debrecen, in 1929. He got histeradegree in
Debrecen, in 1951. He began his research workeargtbup of academician Sandor Szalay.
Later he joined the group of Lajos Janossy at tket@l Research Institute for Physics
(KFKI) in Budapest. He made there his Candidat®loysical Science (PhD) thesis in 1955
about muon lifetime measurements in cosmic rays.iterest then turned to the low-energy
nuclear physics and measured neutron spectroscatpyadl the Budapest Research Reactor.
Between 1960 and 1963, he studied nuclear reactadlosving neutron capture at the Joint
Institute for the Nuclear Research, Dubna, as d lbéa group at the Laboratory of Neutron
Physics headed by I.M. Frank.

Since then, KFKI and Dubna
were the dominant places in
his life. In 1966 he finished
his Academical Doctoral
thesis about experimental
nuclear physics. Between
1967 and 1969, he worked at
the Niels Bohr Institute in
Copenhagen. In 1970, he
turned back to particle
Physics. He participated in
Dubna-organized experiments
at the Institute of High Energy
Physics (Serpukhov) studying
the formation and decay of
kaons and pions in high-
energy reactions. For these
experiments with two coworkers he won the prizéh&f Hungarian Academy of Sciences.
From 1975 he collaborated in CERN experiments stgdgeutrinos. In 1976, he returned to
Dubna and until 1979 he was a vice director of JIMRring that time, he participated in
designing a new, electronic neutrino detector.

Between 1979 and 1989, he was the vice direct&iF¢fl. In 1976, he was elected to
be a corresponding member, and in 1985 an ordim&myber of the Hungarian Academy of
Sciences. He wrote several textbooks on atomic ramdear physics and gave regular
undergraduate and graduate courses at Roland EBwdersity in Budapest. In 1984, he
joined the neutrino experiments at the Lake Baikigh a Hungarian group. Between 1989
and 1992, he was the director of JINR as the odeoaty non-Soviet/Russian director of the
Institute. He participated in the neutrino reseapcbjects at the Lake Baikal and in the
Borexino experiment at the Italian Gran Sasso Matidaboratory until the end of his life.
Dez$ Kiss passed away in 2001.
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CsOK (YOK), spectrometer — first time-of-flight small anglescattering machine in the
world

L.Cser
KFKI Research Institute for Solid State Physics @mtics of HAS, Budapest, Hungary
A.l. Kuklin
Frank Laboratory of Neutron Physics, JINR

Small angle neutron scattering is the powerful métho study different types of
objects with typical sizes of nanometers in biologglymers, colloidal and material science
field. Nowadays it is well established method witle big numbers of installations all over
the world [1], including machine “Yellow Submarinat Budapest Neutron Centf. [

First SANS machine on steady-state reactor wastaarted in ILL. First machine on
“white” neutron beam was constructed in JINR atctea IBR-30 on beam N5. Neutron
wavelength on such reactors is determined using-tf¥flight (TOF) of neutron from reactor
to the detector system. The idea of spectrometeings to Yuri M. Ostanevich and Laszl6
Cser. They suggested that TOF spectrometer mugt &dwet of advantages in comparison
with constant- wavelength machines. In particulssing white neutron beams with high
wavelength resolution allows reduce uncertainty@fitron momentum transfer at scattering
processe only to geometrical parameters of thetispeeter. The spectrometer got name
“CsOK?”, after names of its principal creators — €Ckaszlo, Ostanevich Yuriy and Kozlov
G.A. Word “CsOK?”, by the
way, is conformable with
Hungarian *“csok”, which
means “Kiss”.

The spectrometer had been
build from “zero” level in
short period of pair months.
CsOK consisted of detector
system, built from 8 boron
counters (NMI-52 type),
situated on the left and right
from the direct beam (see
photo). Such geometry of
SANS installation is called
“rectangular”. The central
part of the detection plane

Detector system of the CsOK spectrometer. On the ~ With central beam passing

photo — Yu. Ostanevich and L. Cser. through it, remains free
from counters and any

construction materials. By
this type of construction, an effective reductidribee direct beam background in the detector
space can be obtained. It was the idea, which cbeldised for ring-wire detectors for
spectrometer MURN at IBR-2. In addition to this el#brs used the moved counter for
measurements of the direct beam and symmetry cehtiye detectors (prototype of direct
beam detector at MURN spectrometer). The amplifeerd discriminators (KFKI-NK-213)
were manufactured in Hungary. Simultaneously indkperiment were used 8 detector and
256 memory channels to one detector. It was dividemfour groups with 64 channels each
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one and width of channel was increasing for eaclugg twice. This idea is very powerful
and used up to present moment.

The first experiments on the CsOK was done wiiblogical objects, namely,
hemoglobin solution, 50 S ribosome and collageendkom a rat’s tale with moistened with
light water and heavy water. For hemoglobin andS5tbosome was obtained average value
for the radius of gyration. For collagen with 40Befs was obtained the value 65,4 nm for
wet samples and 64 nm for dry one. The first expents with proteins in solutions
confirming the method as well as the basic charisties of the spectrometer were briefly
described in the publication. It is interestingniate that a new type of detector of thermal
neutrons for the SANS instrument — circular muliies Hé detector with a central hole were
presented before this publication. Namely such teaier was the main part of data
acquisition system of SANS instrument at IBR-2 dgnmore than 20 years. Later this type of
the detectors allowed us to propose and experirigngalize in 2000 a new approach to the
collection of time-of-flight SANS data by using twaetector systems at the YuMO [3]
(named in honour of Yu M. Ostanevich). The SANSugrdried to preserve this good
tradition doing modernization of the instrumenstallation of a two detector system as well
as a new type two dimensional position sensitiveaer at the YuMO.

At the present moment the scientific activitieshet YuMO: Biophysics research on
model and biological lipid membranes, their stroetyroperties and interactions; interactions
of membranes with biologically active moleculesusture of membranes and biomolecules
under high pressure; membrane proteins: their tsireic interactions with detergents,
structural changes, behaviour of lipidic systemsanse of membrane protein crystallization.
Physical chemistry of surfactants and colloidavestigations of behaviour of micellar
solutions under normal conditions as well as urigh pressure in a wide temperature range,
in particular, kinetics of phase transitions of etliar solutions to crystals under high pressure.
Polymer physicsstudies of structure, properties and self-assgmbmodified polymer gels;
structure of polymer gels with covalent and nonatemt bound hydrophobic chains to
understand a regulation of responsive propertiesghef gels; association behaviour of
PEO/PPO star copolymer with hydrophobic terminakk$ in aqueous solution and micelle
solutions of three-layer nanoparticles preparegpdlymerization of methyl methacrylate in
polystyreneblock-polymethacrylic acid and polymethyl methacrylateekpolymethacrylic
acid; structure of polycarbosilane dendrimers vdifierent molecular architecture (shapes
and sizes to be determined to clarify controvelgiature data on properties of dendrimers).
Nanoparticle and material sciencevestigations of structure of technical and biopatible
ferrofluids (effect of magnetic particle concentrat and temperature variation on the
structure of mono and double layer stabilizationfesfofluids); properties of FeCu alloys;
structure of nanoparticles ofgunder different conditions as well as differentdkiof
artificial membrane Mathematical methodsdevelopment of new methods of treatment of
SANS data in case of small statistics; creatioa aew program to treat SANS data obtained
from PSD detector.

References:
1. http://www.ill.eu/html/Iss/more/world-directory-cfans-instruments

2. http://www.kfki.hu/~sans/
3. http://flnp.jinr.ru/135/
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Yu.M. Ostanevich’s and L. Cser’'s common publicatios related to small angle scattering
investigations:

1. LA.Gladkih, Zh.A.Kozlov, Yu.M.Ostanevich andQdser, “The Neutron Small Angle
Scattering by the Time-of-Flight Method” (in RugsiaJINR Communications, (Dubna) 3-
7655 (1974)

2. I. Gladkih,Yu.M. Ostanevich, L.Cser, “A Spectreter for Investigation of the Neutron
Small Angle Scattering by the Time-of-Flight Meth@theory)”, (in Russian) JINR
Communications (Dubna) P3-8389 (1975)

3. L.Cser, “Investigation of biological macromoléusystems with a pulsed neutron source”
in Neutron Scattering for the Analysis of Biolodi&iructures, Brookhaven Symposia in
Biology No0.27 VII.1.-VII.29. (1975).

4. Zh. Kozlov, Yu. M. Ostanevich, L. Cser, “A rerkabout Small-Angle Scattering of
Neutrons by the Time-of-Flight Method”, in:Proc. Meon Diffr. Conf., Petten (1975), RCN
Report, RCN 234, p.101 (1975).

5. L. Cser, I. Gladkih, Zh.A. Kozlov, L.S. Nezlikl.M. Ogievetskaya and Yu.M. Ostanevich,
“Neutron Small Angle Scattering Studies of the Gah8tructure of Immunoglobulin G
Molecule”, FEBS Letters 68, 283-286 (1976)

6. B.l. Voronov, I. Gladkih, N.I. Luzanov, A.B.Kuhenko, Yu.M.Ostanevich and L.Cser, “A
Spectrometer for Investigation of the Neutron SrAalljle Scattering by the Time-of-Flight
Method” (in Russian), JINR Communication,(Dubna)2us1, (1976)

7. L. Cser, F. Franek, I. Gladkih, R.S. NezlinNdvotny and Yu.M. Ostanevich, “Neutron
Small Angle Scattering Study of Two Different Ppting Types of Pig anti-DNP
Antibodies”, FEBS Letters 80 329-333 (1977)

8. I. Gladkih, A.B. Kunchenko, Yu.M. Ostanevich dndCser, “Spectrometer for the
Investigation of Small-Angle Neutron Scattering hdsthe Time-of Flight Method”, Journal
of Polymer Science 61, 359-368 (1977)

9. I. Gladkih, A.B. Kunchenko, Yu.M. Ostanevich dn€ser, “Investigation of Small Angle
Neutron Scattering in Axial- Symmetric Geometryi Russian), JINR Communications
(Dubna) P3-11487 (1978)

10. L. Cser, F. Franek, I. Gladkih, R.S. NezlinfNdvotny and Yu.M. Ostanevich, “Distance
between the two Binding Sites of the Same Antibldyecule”, FEBS Letters 93, 312-316
(1978)

11. 1. Gladkih, J.Novotny, Yu.M.Ostanevich, F.Framad L. Cser, “Determination of the
Distances between Antibody Binding Sites (An Appio&sing X-Ray and Neutron Small
Angle Scattering)”,(in Russian) Preprint of JINRufiha) P14-12477 (1979)

12. L. Cser, F. Franek, I. Gladkih, J. Novotny afidM.Ostanevich, “Measuring of the
Distance between two Approach Employing X-Ray SrAaljle Scattering and Neutron
Small Angle Scattering”, Immunology Letters, 3151839, (1980)

15. L. Cser, “Investigation of Conformation of Immaglobulins”, (in Hungarian), MTA
Biol.Oszt.K6zl. 223, 309-318 (1980)

16. E.P. Kozlova, Yu.M. Ostanevich, L. Cser, “Médatures of axially symmetric geometry
of small angle scattering”, Nucl.Instr.Meth. 169,/5599 (1980).

17. L. Cser, F. Franek, I. Gladkih, A.B. Kunchergda Yu.M.Ostanevich, "General Shape
and Hapten- Induced Conformational Changes of RigrBinitro-Phenyl Antibody” (in
Russian), Preprint of the JINR P14-80-478 (1980)




JINR DAYS IN HUNGARY 3 — 7 December 2008

18. L. Cser, F. Franek, I. Gladkih, A.B. Kuncheraqa Yu.M. Ostanevich, “General Shape
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IBR-2 REACTOR AS THE MAIN BASIC FACILITY OF JINR FO R
CONDENSED MATTER RESEARCH

A.V.Belushkin
Frank Laboratory of Neutron Physics, JINR

IBR-2 reactor is the main basic facility at JINRdoated to condensed matter research.
Other facilities are used for different activitiesm time to time. The IBR-2 operates as a fast
pulsed reactor. Its main distinctive property, whimakes it differ from other nuclear
reactors, is the mechanical modulation of the re#gctby means of a movable reflector.
IBR-2 is the most intense pulsed neutron sourcehm world (IAEA-TECDOC-1439,
February 2005). Producing a record neutron fluxt@f n/cnf /s in the pulse, the IBR-2
reactor is also an economical and relatively inespe facility. Activation of the equipment
and the burn up of the active core are slow dubdédow mean power. The IBR-2 reactor is
mainly used for investigations in the fields of densed matter physics (solids and liquids),
biology, chemistry, earth and materials scienceer@ng experience has shown that it is a
very effective neutron source; in most areas ofliegion it compares well with the best
neutron sources based on proton accelerators. édept, this experience is of special
importance in connection with the increasing irgerne long-pulsed neutron sources.

The IBR-2 has some specific features which make thacility very efficient for

experiments which require:

* Broad momentum transfer range

» Broad energy transfer range

» Fixed scattering geometry

* Simultaneous measurements of elastic and inelssittering

» Tight collimation of the neutron beam
Different experimental techniques, many of thenguei have been developed at the IBR-2
reactor to study the properties of condensed madtteecent years, IBR-2 spectrometers have
provided important results in determinations of fhrecise structure of high-temperature
superconductors and colossal magneto-resistancepatords, and in studies of the
peculiarities of elementary excitation spectra upesfluid helium. Work to investigate the
spatial structure of ribosomes and biological memnbs and to model biologically related
objects has been performed. Very efficient and pctde research activities have been
realized in the field of nanoscale heterostructucbsracterization using the neutron
reflectometry technique. At the present time, aggplinvestigations are being actively
developed. Analytical work aimed at solving probgerm the field of environmental
protection (bio-monitoring of industrial regions,ulirelement analysis of atmospheric
aerosols) is being carried out using neutron atitimaanalysis. At the FSD spectrometer,
investigations of internal stresses in metals hytnoa diffraction have been started. The high
penetrating power of neutrons makes it possibléing internal defects and to determine
stresses in components that cannot be studied usaafitional non-destructive testing
methods.

The user policy at the IBR-2 allows specialistenirdifferent organizations to gain
access to the experimental facilities. The pararaedad potentialities of the spectrometers
are detailed in the “User Guide”, and the resulish® research activities are regularly
published in the Annual Reports of the Laboratory.

The long-standing experience of using pulsed nuckeactors in Dubna shows that these
facilities are effective and economical, and thadyt offer unique possibilities for neutron
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investigations in many fields of modern scienceeSéhreactors play an important part in
forming ideas and providing technical solutions wlweeating new neutron sources all over
the world. The successful operation of the IBR-&cter for more than twenty years provided
the basis for the development of a new trenthe creation of long-pulse neutron sources.
This provides reason enough to further upgradéBRe2 pulsed nuclear reactor.

To summarize: the successful completion of the ongoing reactodennization program
by 2010 will provide a world class neutron souroélihe year 2035.1BR-2 modernization
in accordance with the approved plan (2000-2010)caspletely feasible within the
framework of the allocated budget. Prolongationtioé Agreement with Rosatom will
accelerate the completion of some activities antl edmpensate for the budget deficit
inherited from previous years. The available mamgraw general satisfies the project needs.
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RADIOBIOLOGY WITH ACCELERATED HEAVY IONS: A NEW
RADIOBIOLOGY

E.A. Krasavin
Laboratory of Radiation Biology, JINR

High-energy heavy charged particles are ediiective toolof solving fundamental
problemsof radiobiology. Classics of quantitative radidbiy pointed out the necessity and
fruitfulness of using different types of ionizingdiation with different physical characteristics
for studying the mechanisms biological action afizing radiation. In recent decades, a
number of important practical tasksve emerged, the answers to which require alektai
study of the mechanisms of biological action ofedeated heavy ions. These tasks are
associated, first of all, witbpace radiobiologyroblems related to working out the measures
of radiation protection of the crews on long missitveyond the Earth's magnetosphere; using
accelerated heavy ions in the treatment of oncodbgliseases; and resolving the problems of
standardizing the radiation exposuoé the staff working in mixed fields of differekinds of
radiation.

At the Laboratory of Radiation Biology (LRB), vaigse research into the regularities
and mechanisms of the biological action of heavgrgéd particles of different energies is
performed at heavy ion accelerators. The researéimed at studying the specifics of the
damaging action of the heavy charged particleshencellular DNA in different organisms
and studying the mechanisms of the lethal and neaiagaction of multi-charged ions. Using
accelerated heavy ions, one of demtral problem®f radiobiology was solved — the problem
of relative biological efficiency of different raation types; the mutation mechanisms in pro-
and eukaryotic cells were determined; and the lkeglDNA damage character and reparation
regularities were found. The specific featuresha interaction between high-energy heavy
ions and biological object allow charged partidied®e considered a unique tool for resolving
a number of fundamental and practical problems adem biology.

For solving the problem of the biological effecfsheavy charged patrticles, the data
on the regularities and mechanisms of their geraticon on cells with different genome
organization levels seem to be extremely imporféné character of the DNA damage caused
by heavy charged particles is substantially difierérom that caused by gamma-rays.
Accelerated heavy ions, unlike gamma-rays, indueiniy the cluster-type damage in the
DNA. These kinds of lesions are the combinatiorsiafultaneous disorders of a DNA part
with the formation of single-strand breaks, modifion of bases, and sugar modification. The
events of this kind result from a local energy dgfpon which happens when a heavy charged
particle travels through a DNA thread. The clusyge damage determines the specifics of
the lethal, mutagenic (induction of gene and stnadtmutations in prokaryotes and formation
of chromosome aberrations in higher eukaryoticsgelind transforming action of radiation
on cells with different genome organization levdlse LRB has acquired ample experimental
material regarding the genetic action of heavy gbdparticles.

Among the topical but still poorly studied issuasthe biological action of heavy
charged particles is their cataractogenic effebe @vailable data on the cataract formation
regularity in experimental animals irradiated byghienergy heavy ions (argon and iron)
show that the doses as low as 0.01 cGy cause raciaitathe distant future. At the LRB, both
in vivo and in vitro detailed studies of the catar®rmation mechanism under the effect of
high-energy heavy ions are underway.
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The issues of the damaging action of heavy chapgeticles on the central nervous
system are important and remain unresolved in miaays. Research in this field seem to be
extremely topical for solving space radiobiologpldems as there is evidence that behavioral
functions of the experimental animals irradiatethwieavy ions have been disordered. Low
doses of accelerated iron ions cause an irreversiidorder of the cognitive and other
functions in an irradiated organism. Research is itnportant field has also been started at
the LRB.

Thus, versatile studies of the biological actidrheavy charged particles of different
energies are performed at JINR's accelerators. mhm fields of research include the
mechanisms of the genetic action of accelerategyhieas; regularities and mechanisms of
this type of radiation acting on the crystallinedeand retina; high-energy heavy ion action on
the central nervous system; and mathematical muagledf radiation-induced effects of
charged particles. The special features of theaotmn between high-energy heavy ions and
biological objects allow such ions to be considesedinique tool for resolving many
fundamental issues. This all gives us a grounceg¢@and high-energy heavy charged particle
radiobiology as a new radiobiology different fronet'classical" one.
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FUNDAMENTAL AND APPLIED RESEARCH USING HEAVY ION BE AMS

S.N. Dmitriev, A. G. Popeko
Flerov Laboratory of Nuclear Reactions, JINR

In the last few decades, heavy-ion physics hasrbedbe most intensively developing
field of low- and intermediate-energy nuclear phgsiThe main directions of progress are:
synthesis and investigation of nuclear, physical ahemical properties of transfermium
(Z2>100) and superheavy (SHE) elements, producti@hsaudy of properties of exotic light
nuclei, investigation of fission-fusion and quassfon processes in interactions of massive
heavy ions, studies of reaction mechanisms wittelacated ions of stable and radioactive
isotopes.

Basic studies

A fundamental outcome of the macro-microscopic theis the prediction of an
“island of stability” of superheavy elements. Thetaral predictions of the position of this
“island” vary strongly depending on the model. Thleell correction amplitude has a
maximum for the superheavy nucléd& 14 in macro-microscopic models. After calculations
performed using the Hartree-Fock method or usirggl&consistent relativistic mean-field
model, the proton shells are predicted at Z=1202§. Following the well-known neutron
shell with N=126 1°®Pb), the next closed neutron shell is expected=di8¥. For nuclei with
Z > 120 the unusual bubble structure has beenqieedi
Complete fusion reactiong®U+*Ca, ***Pu+®Ca, **Am+*Ca, ?****Cm+*Ca and
249%cf+*®Ca were investigated in attempts to synthesize reepey nuclei located in the
immediate vicinity from the predicted proton andutmen magic numbers. The results
obtained during 2000-2008 demonstrate thdf@a-induced reactions one can produce and
study new nuclei in a wide range of Z and N. Deaafythe heaviest isotopes of Rf, Db, Bh,
Hs, Mt, Ds, Rg and isotopes of the new elementsliBland 118 were observed.

First experiments on the chemical identification eement 112 produced via
“8Ca+3% were carried out using the gas transportatiorhotetThe experimental data point
to “Hg-like” behaviour of element 112 and ratheobte gas like” behaviour of element 114.
This observation is the first indication of thelignce of relativistic effects on the properties
of superheavy atoms. This problem is fundamentaif@dern chemistry.

Another important result on the study of the phgsiand chemical properties of
superheavy elements and the identification of th&tomic number is the chemical
identification of dubnium (Db) as a final produntthe alpha-decay chain of element 115.

One of the most important tasks for the future iélthe exact determination of Z and
A of the isotopes synthesized in reactions Wftba. The traditionally used-o-correlation
method is inapplicable in that case.

Long lifetimes of the isotopes produced in reactiovith “*Ca make it possible to
change the approach to the synthesis of superheasigi. The properties of superheavy
elements are predicted to be similar to those tHtve elements Hg, Tl, Pb, Bi, Po, At or Rn.
Now one can use an off-line separator. For preammsurements of masses and for
investigations of chemical and physical propertiesuperheavy elements, the Mass Analyzer
of Super Heavy Atoms “MASHA” was designed at FLNR.experiments with an ECR-ion
source, the mass resolutiam/m of 310* was achieved for Kr, Xe and Hg isotopes. The
MASHA set-up surpasses all known facilities in @#ncy of the production of superheavy
atoms and in extracting information on their massebdecay characteristics.




JINR DAYS IN HUNGARY 3 — 7 December 2008

Experiments with radioactive beams produced inctlireactions were carried out at
the ACCULINNA, COMBAS and MULTI set-ups.
Secondary beams of 25-35 MeV/arfitHe, **'Li, ***Be, ®B nuclei are produced using
primary U400M cyclotron beams &fi, 1B, *°C, **N and*®0. Intensities of 1A0° and 710°
pps, respectively, were obtained for 25 MeV/dtde and®He nuclei.
Manifestations of théHe-nucleus structure in elastic scattering andsfeanreactions of
150 MeV ®He from hydrogen and helium nuclei have been studiéis study provided the
first direct experimental verification for the thggoredicting “di-neutron” configuration of
the neutron halo ifHe. The ground-state resonancétéfivas obtained in the reaction

Applied research

In the field of applied research the most succéssioning project at FLNR is the
design and semi industrial production of the stedahuclear filters. These filters are used for
cleaning of gaseous and liquid media and for prowuof nanostructures.

The abundant experience gained during several dechg the development and
upgrade of the FLNR accelerators allowed to elakaieseries of cyclotrons: DC-60, DC-72,
RC350, covering manifold needs both in applied basic studies. The accelerators can be
equipped with different types of ion sources: hiffequency, “warm” 14 GHz and
superconducting 18 GHz ECR also developed at FLNR.

Special attention is given to the development ofhoeés of radioisotope production in
(o, xn) reactions at the U200 cyclotron and in phatbear reactions at tidT-25 microtron.
The studies will be performed to improve the radratcontrol in the environment and the
technological safety in nuclear plants, to devetmyel technologies of the radioactive
materials treatment, to apply nuclear methods laan medicine (diagnostics and therapy)
using the following isotopes’Cu, ~As, #zr, “Mo(**Tc), “Ru, **°Tb,' W "®Ta), 1*Re,
188Re’211At’ 225Ac, 237U, 236Pu,237Pu.

The modernization of the U400-U400M accelerator mlem and the full-scale
realization of the DRIBs project will allow furtha@nvestigations in heavy-ion physics,
including experiments on the synthesis of heavy exatic nuclei using ion beams of stable
and radioactive isotopes and studies of nucleartioes, heavy-ion interaction with matter,
and applied research at the world level duringnidnet 20 years.
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NUCLOTRON-BASED ION COLLIDER FACILITY (NICA) ATJIN R:
NEW PROSPECT FOR HEAVY ION COLLISIONS AND SPIN PHYSICS

A.N. Sissakian, A.S.Sorin
Bogoliubov Laboratory of Theoretical Physi¥&ksler and Baldin Laboratory of High Energy
Physics Joint Institute for Nuclear Research, JINR

The Joint Institute for Nuclear Research (JINRPubna is an international research
organization established in accordance with thergovernmental agreement of 11 countries
in 1956. At the present time, eighteen countries e JINR Member States and five
countries, having an Observer status. The JINRcHasility for high-energy physics research
is represented by the 6 AGeV Nuclotron. It hasaepdl the old weak focusing 10 GeV proton
accelerator Synchrophasotron, which delivered ths& fiuclear beams of the relativistic
energy of 4.2 AGeV in 1971. Since that time thedgtof relativistic heavy ion physics
became one of the main directions of the JINR rebeprogram. The new flagship of the
JINR is the NICA/MPD project. The main goal of theoject is to start in the coming years
experimental study of hot and dense strongly icterg matter at the new JINR facility. This
goal will be reached by: 1) development of the taxgs Nuclotron accelerator facility as a
basis for generation of intense beams over atonaissmmange from protons to uranium and
light polarized ions; 2) design and constructiontted heavy ion collider having maximum
collision energy of\/% =9 GeV and averaged luminosity of 1027 cf-2 and 3) design
and construction of Multipurpose Particle Dete¢tdPD) at colliding beams. Realization of
the project will provide unique conditions for thrld community research activity. The
NICA energy region is of major interest becausehigdest nuclear (baryonic) density under

laboratory conditions can be reached there. Gaoaraf intense polarized light nuclear
beams aimed at investigation of polarization phesrans foreseen as well.

NICA/MPD Goals and Physics Problems

= = = — The investigations are
2 200/ Y S d el relevant to
= = O% ( ~ g F2Sankgdndlblucns understanding of the
& =4 Crli;lp;a_l pgrn_tz;, Z .
= 2 @ 5. evolution of the Early
& . X R A Universe after Big Bang,
£ 100f l . % i
£ _ : > formation of neutron
= stars, and the physics of
heavy ion collisions.
@ ® ‘ Color super- .
Nucl / e o Neutronm The new JINR fa.Clllty
. . . .
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Fig. 1. Phase diagram of nuclear matter (artisésvy study in-medium

properties of hadrons
and nuclear matter equation of state, including earch for possible signatures of




JINR DAYS IN HUNGARY 3 — 7 December 2008

deconfinement and/or chiral symmetry restoratioasghtransitions and critical endpoint in
the region of./SNN =3-9 GeV by means of careful scanning in beam enanglycentrality

of excitation functions The first stage measurememiclude: multiplicity and global
characteristics of identified hadrons including tsirange particles; fluctuations in
multiplicity and transverse momenta; directed ahigte flows for various hadrons; HBT
and particle correlations. Electromagnetic prolpgs{ons and dileptons) are supposed to be
added at the second stage of the project.

The beam energy of the NICA is very much lower ttrenregion of the RHIC (BNL)
and the LHC (CERN) but it sits right on the toptbé region where the baryon density is
expected to be the highest. In this energy rangesyistem occupies a maximal space-time
volume in the mixed quark-hadron phase (the phaseexistence of hadron and quark-gluon
matter similar to the water-vapor coexistence-phaldee net baryon density at LHC energies
is predicted to be lower. The energy region of NIl allow analyzing the highest baryonic
density under laboratory conditions.

The conditions similar to NICA are expected to bproduced at FAIR facility (GSI)
after put the synchrotron SIS300 into operatior2@i6. Two different approaches — fixed
target experiment CBM at FAIR and collider expemm&PD at NICA will allow a wide
variety of methods to be used in these studies.refbie both facilities, FAIR and
NICA/MPD, can be considered as two complementasycbtacilities aimed at the study of
relevant physics of Hot and Dense Baryonic MatB5$] and JINR have already a long-term
experience of successful cooperation.

NICA General Layout
The NICA (Fig. 2) will consist of a cascade of decators. The multicharged ions
will be generated in the unique ion source "KRIGdVeloped at JINR, and accelerated in
linear accelerator up to 6 MeV per nucleon. Thaythre injected in the Booster-Synchrotron
— a new machine to be built, accelerated in thetgaeted and stripped on a carbon foil into
"bare state". Transferred to the Nuclotron they aceelerated up to experiment energy.
Before extraction the ion bunch is compressed agxbines of 30 cm length. Such ion
bunches are injected, cycle by cycle, into collidegs and provide in collisions the required
luminosity. Construction of the new facility is leals on the existing buildings and
infrastructure of the Synchrophasotron and NuclotrbJINR.
The peak design kinetic energy of U92+
ions in the collider is 3.5 AGeV. Beam
cooling and bunching systems are foreseen.
The collider magnetic system is fitted to
the existing building. The project design
e presumes realization some of fixed target
LT : experiments. Collider operation with
astnebeamiines|  pOlArized deuteron and light ion beams is
foreseen as the second stage of the project
development.

Superconducting collider rin

| 2 NICA General layout
Fig. 2. NICA General Layout. The accelere
chain includes: heavy ion sourceRFQ injectol
— linac - booster ring — Nuclotron
Superconducting collider rings.

MPD for Mixed Phase experimens
~ The proposed MPD (Fig. 3) has to detect
the high multiplicity events and perform
particle identification. The tracking system inabsdinner Tracker (IT) - silicon strip detector,
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Time Projection Chamber (TPC) — the main trackerte®©Tracker (straw barrel detector) and
End Cap Tracker (straw wheels). This system is imgtinto homogeneous magnetic field
of 0,5 T of superconducting solenoid with the gasallel to the beam direction. The detector
provides reconstruction and momentum measuremesttasfjed particles in the regioyj4 1.
In the extended region off|| >1 the accuracy of momenta measurement is |lokar.the
particles identification Time of Flight (TOF) Systebased on the RPC is proposed. This
system allows pion, kaon and proton identificatiorthe momentum range of 0.2 - 2 GeV/c.
The TPC option of the tracker could provide alsatipie identification by measuring its
ionization energy loss. For the electron/positrod gamma detection in the central region the
crystal Electromagnetic Calorimeter (ECal) is cdesed. Two counter systems (Beam-Beam
Counters) are located symmetrically at the edgeshefdetector along the beam axis to
provide the trigger information and for precise idigbn of interaction point.Two Zero
Degree Calorimeters (ZDC) provide the energy mesamsant of spectators and determination
of “centrality” in the ion-ion collision.

Some basic parameters are: Interaction rate of ddunts at luminosity of 1027 cm-
2(8-1 is of 10 kHz (interaction rate of central eweistof(1500 Hz); the accuracy of vertex
reconstruction by means of IT is better then 0.2;ttv@ TPC produces ~ 50 hits on track and
provides momentum measurement accuracybfso in the range of 0.2 — 2 GeV/c;
TOFsystem has resolution @fL00 ps and provides pion and kaon separationpvdhability
of 5% below 2 GeV/c.

TOF EMC Yoke SCCoil Cryostat Fig. 3. The MPD schematics. IT —
inner tracker (silicon strip detecto
TPC dime Projection Chamb
(main tracker), OT (Outer Tracke
straw), ECT (Endzap Tracker
straw), TOF (Time of Fligh RPC
chambers), BBC - beabean
counters, ZDC - Zero &yree
Calorimeters, ECT - End Capdkcker
(straw chambers).

Summary and Outlook
The new facility at JINR in Dubna will allow to sty very important unsolved
problems of strongly interacting matter. The NICA/M commissioning is scheduled in
2014. The design and organization work has beetedtal he first issue of the NICA/MPD
Conceptual Design Report is completed. We suppesdeaworld cooperation with many
Laboratories both at R&D and construction stagesak. Important innovation aspects of
the activity are supposed.
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UNIVERSITY CENTER AND EDUCATIONAL PROGRAM OF JINR

D.V. Fursaev, S. Z. Pakuliak
University Center, JINR

The key element of JINR's policy as regards trgnimesearch staff has always
consisted in understanding that the graduate stsiddould be trained in their specialty at the
Laboratories under the supervision of the Instisuseientists. With this aim, in 1961 JINR's
first Director, a Corresponding Member of the Aaagleof Sciences of the Soviet Union Prof.
D.l. Blokhintsev and the Director of JINR's Labangt of High Energies, a Member of the
Academy of Sciences of the Soviet Union Prof. Véksler succeeded in opening in Dubna
two Departments of Lomonosov Moscow State UnivergMSU): the Department of
Theoretical Nuclear Physics and the Departmentl@inEntary Particle Physics (headed first
by Profs. D.I. Blokhintsev and V.l. Veksler, respeely). Up to now, these two departments
have been successfully functioning as part of thibria branch of the MSU Institute of
Nuclear Physics. Many of those who did very muclstaslents’ supervisors at JINR were
outstanding people who shared their knowledge apeéreence of educating physicists — for
example, Members of the Academy of Sciences ofSibvet Union Profs. S.N. Vernov and
B.M. Pontecorvo.

Later it became clear that the branch alone caprmtide JINR with a wide
range of specialists. Therefore in 1991 JINR, M3ldd Moscow Engineering Physics
Institute (MEPI) jointly established the JINR Unisgy Centre (the UC). A great contribution
to the establishment of the UC was made by the JM&ctor Prof. A.N. Sissakian, former
director of JINR's Laboratory of Neutron PhysicefPW.L. Aksenov, former director of the
MSU Institute of Nuclear Physics Prof. I.B. Tepland many other scientists. In 1993 a
JINR-based Department of Moscow Institute of Ptg/sicd Technology (MIPT) was opened,
which also joined the UC. Also in 1993, the UC beeaa JINR's subdivision entrusted with
the organization, running, and development of JiNRducation Programme. The first UC
Director (1993 — 2005) Prof. S.P. Ivanova made gehaontribution to the creation and
development of the UC. In 1995, JINR's own postgatel studies were opened, whose
functioning is also entrusted upon the UC.

In 1994, another important event took place: wiité participation of JINR and the
Russian Academy of Natural Sciences (RANS), Dubmarhational University for Nature,
Society, and Man was established. In 2003, a negesbf Dubna University's education
process began: graduate programs in physics watediat the University beginning with the
first year of studies. To prepare this, the Departirof Theoretical Physics (headed by the
present Director of JINR, a RAS Member A.N. Sisaakiand the Department of Nuclear
Physics (headed by a RAS Member Prof. Yu.Ts. Ogaaeswere opened. Besides these,
three JINR-based Departments are hosted also byDiliena University. These are
Department of Biophysics (head - Prof. E.A. Kraggvithe Department of Distributed
Computing Systems (head - Prof. V.V. Korenkov) aadently organized Department of
Nanotechnologies and New Materials (head - ProA. @sipov). At about the same time in
2003, the programs beginning with the first yeastoflies were started for physics students at
the two JINR-based departments of the Dubna brasfctMoscow Institute of Radio
Engineering, Electronics, and Automatics: Electtenfor Physics Facilities (head of the
department - Prof. A.l. Malakhov) and Informatioechnologies for Computing Systems
(head of the department - Prof. V.V. Ivanov).
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The UC's activity is many-sided and includes thkovang fields: development of special
module lecture courses for graduate students, suppthe JINR postgraduate programs, and
organization of JINR's major international actioms¢luding the International Summer
Student Practice.

The International Student Practices have been @egdusince 2004 on the initiative of
the UC, Moscow Engineering Physics Institut
Moscow Institute of Physics and Technology,
number of Polish universities, and the Cz
Technical University in Prague. During 2008 the
has organized three International Student Practicesft &

o June 29-July 20 Students from Bulgaria, &

participants)
» September 11-27 Polish students (2
participant)
» September 22-October 10South African
students (21 participant)

The photo demonstrates the meeting of Pol
and South African students in Dubna.

The UC is one of the organizers of the regular
International Summer Schools ,Nuclear Physi
Methods and Accelerators in Biology and Medicine
Students from Hungary participated in the previo
School, which was held on July 8-19, 2007 in Pradgilmversity Centre invites Hungarian
students to participate in th& Fternational Summer School to be held in Bratislan July
6-15, 2009.

Traditional for the UC is its secondary-school otezl work, which includes: Weekly
classes for 2—-3 groups of Dubna second
school pupils at the UC School Practicum
part of an optional course of physics; ann
(since 2003) visits to the UC by pupils fro
lyceums of Poland and Germany; ops
conferences of Moscow Region’s second
school pupils on modern issues of natug
sciences (since 2005; 50-60 participang
annually) The photo shows the meeting ¢¢
academician Yu.Ts. Oganessian wi
participants of the Summer school “Mode
physics - 2008". y

The UC has good equipment, whi
Is promptly developing. It includes lecture room#$wnodern multimedia means for lectures
and presentations, computer classrooms, and a Isphgsics practicum. The UC is using
specialized licensed software, which allows orgatimn of the distance courses in different
fields of physics. In 2006, a new structure waal@ghed at the UC: the student laboratories,
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which are developed jointly with the JINR-basedatépents of higher education institutions
with the help of international funds and privatargs.

On the basis of JINR, physicists are trainedriany renowned Russian institutions of
higher education in the following specialties: Naarl Physics, Elementary Particle Physics,
Condensed Matter Physics, Theoretical Physics, flieashPhysics, and Radiobiology. The
UC works out and coordinates a unified study predes the JINR-based departments with
the aim of training highly skilled staff for JINRhd its Member States. To provide this, the

UC involves JINR's leading specialists as faculgmmbers and helps to organize the research
work of the graduates at the Institute's teams.
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JOINT INSTITUTE FOR NUCLEAR RESEARCH AND THE SPECIA L
ECONOMIC ZONE IN DUBNA

A.V. Ruzaev
Joint Institute for Nuclear Research

The Joint Institute for Nuclear Research (JINR) Dwmbna is the international
intergovernmental scientific organization, whicts ltzlebrated its $0anniversary in March,
2006. Eighteen independent countries of Europea Asd Latin America are the members of
JINR. In addition, agreements have been signed ®#hmany, Hungary, Serbia and the
Republic of South Africa. Today our Institute coogges with more than 700 organizations in
60 countries of the world and takes part in doz#rjeint projects. JINR is the famous centre
in the field of fundamental research in physicsl &ms actively participating in education and
innovation areas.

This triad "science-education-innovation” is theecof JINR development strategy.
For the purpose of our meeting | have to stressialbethe innovative part of the triad. For
its realization JINR uses all basic so-called &stAbancial institutions for development”
existing in Russian Federation — special economigceg (SEZ), venture and investment
funds, federal scientific-and-technical programand also the programs of European Union
and other international projects. As a result walldhe able to attract significant financial
resources in the innovative projects of the Instimnd of our region.

One of the most effective mechanisms of state stpjpo innovations has been
already proposed and launched in Russia (albeh saime delay) — setting up of special
economic zones which activities are regulated leyRbderal LawNe 116 — FZ, dated July 22,
2005 "On special economic zones in Russian FedetatiCurrently, the four special
economic zones of technological-innovative type ehabeen founded: in Moscow
(Zelenograd), Dubna, St. Petersburg, and Tomsk.reTta®e more than 70 companies
registered as SEZ residents and engaged in highktesiness in these zones, including 32
residents in Dubna SEZ.

The special economic zone of technological-innaeatiype was established in the
territory of Dubna in December of 2005 under thes§2an Governmental Order. This is the
result based mainly on the development of JINR diration belt” in recent years, which has
given start for a number of innovative companieswgr out of the applied research of our
scientists.

The distinctive
features of JINR have
reflected in the “soft”
orientation of Dubna SEZ —
it is mainly nuclear-

] physical, nano and

information  technologies.

? Dubna SEZ consists of two

{ ) I plots of territory on the left

&) N and right banks of Volga

. river (see fig).

ht—harkplut Ne 2 The right-bank plot is
located closely to the Joint

Map of special economic zone in Dubna
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Institute and we are partially responsible forbtssiness content and development. | shall
name some of objects planning to be built: bushresgbator, congress-centre, SEZ
residents’ and VIP offices, multi-access centreagiipment etc.

There are currently following SEZ types in Russipindustrial-production zones, b)
Technology-innovative zones, c) Tourist-recreatiomanes, d) Port zones. It must be
emphasized that the essence of special economieszisnnot to create “the hot-house
conditions” for investors, but is in the developmesf standard management, in the
elimination of excess barriers, in the introductinthe principle of “Single Window”, in
creation of the infrastructure required for.

Residents are guaranteed transparent and permdndats of game”. Such
mechanism has successfully proved himself in mamnties.Tax benefit for residents of
technology-innovative special economic zone isféflewing:

* Exemption from Organizations Property Tax

* Exemption from Land Tax

* Reduced rate on the Unified Social Tax up to 14.0%

* Reduced rate on the Organizations Profit Tax byfd9b years

* Exemption from the Transport Tax
Guaranteesgranted to SEZ residents: according to Chapteof38e Federal Law 116-FZ,
the acts which threaten the position of the taxepay- SEZ residents cannot be applied to
them in the period of the action of the Agreemamtconducting of technological-innovative
activities. In the special economic zones the gusteegulations ofree customs zonere in
force. It's a special issue to talk about but oram dind the information easily. The
managementof the Special Economic Zones is entrusted to bHothFederal Agency of the
executive power which is authorized to perform filmection of management of the SEZ and
to its Regional Offices.
Also there is Supervisory Board consisted of VIPthe Moscow region authorities, Federal
agency, SEZ residents, scientific and educationgdrozations et al. JINR Director Alexei
Sissakian is the member of Supervisory Board ardChairman of the Scientific-technical
Council on nuclear-physical and nanotechnologies.

An individual entrepreneur or a commercial compaall be recognized as a
resident, except for unitary enterprise, if theg eggistered in accordance with the legislation
of Russian Federation in the territory of the mipatentity, within the boundaries of which a
special economic zone is located, and if they haorecluded the agreement on technology-
innovative activity with the management bodies pésal economic zones. The special
regime of business activity operates in the tawitf special economic zones, and with the
aim to develop hi-tech business the state crededavorable conditions for commercial
enterprises, being SEZ residents, at the expen§&rasft of tax, customs and administrative
preferences, favorable land use treatment, asasaluarantee against unfavorable change of
Tax legislation of Russian Federation.

The specific character of JINR activities has besffected in the directions of the
Special Economic Zone: they are nuclear — physigahotechnologies and information
technologies. In actual practice it means thatcttre of the left- and right-bank sites of SEZ
will be those fields where JINR and other Dubna pames (“Dubna” University, CR
“Raduga”, DEP-Kamov, “Tenzor”, “Atoll” and other tprises) have already accumulated
innovative results. JINR innovative projects are #xamples of start-ups for SEZ in the
following fields:

a) Nanotechnologies: materials and nanostructureshenbtsis of nuclear tracks for
electronics and microelectronics; flexible printagtuits; silicon-on-insulator etc,
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b) Safety and “antiterror” systems: detector systemms idlentification of dangerous

substances in close-space object,

c) Biomedical technologies, radiation medicine: meldiczelerator equipment, radiation

medicine technologies, radiopharmaceuticals.

In its innovative activity JINR uses all forms amg:chanisms of technology transfer and
venture financing existing in Russia and Europe. &@ample, in 2005-2006 we have taken
part as a winner in the EuropeAid project for elsshing of Centers for science and
technology commercialization. This experience we tashelp our residents and our partners
in order to get comfortable conditions for theirsimess. Just now we have registered 5
companies connected with JINR through charter aba# the SEZ residents.

One has to know some information about Russiantutisins in the sphere of venture
financing. The main player in this market is statened “Russian Venture Company” with
the volume of investment resources about 15.0ohiliubles — it is “Fund of Funds”. In 2007
the first competitive selection of public-privatenture funds was held, which resulted in
founding thete. "VTB-Venture Fund“ — the main strategic partneoaf Institute.

In addition to that, the Ministry of Economic Dewpiment, jointly with the subjects of
Russian Federation, has spurred the emergence gibned venture funds for small
technological firms. One of them in the Moscow cegwith our another good partner — asset
management company “Troika-Dialog”.

At the meeting of the State Council Presidium & fussian Federation in Dubna on
April 18, 2008, President Dmitri Medvedev emphadizkat ,...we have a society with a
brilliant innovation potential, creativity of ouration is talked about everywhere, in many
different places, and we ourselves realize thatkgecapable of rapid and creative thinking" .
President Medvedev stressed that our prioritiesirarne so-called concept of four "I's™
institutions, infrastructure, investments, and wat@ns.

During the visit President Medvedev has supportedeslarge-scale projects proposed by
JINR and especially stressed Institute’s role a&sdéntre for international cooperation. For
example the International Innovative NanotechnolGgytre in Dubna is one of such projects
and it was supported by JINR Committee of Plenipiieies. We are going to combine JINR
possibilities and the conditions of SEZ in ordecteate modern and dynamic nanocentre for
science, education and business. Our main pariméngs project- “Kurchatov Institute” and
the “Russian nanotechnology corporation” with itisial capitalization of 130.0 billion rubles
from the federal budget.

On the whole the modern innovation infrastructur&kussia includes about 300 facilities
with varying degrees of government support. By Heginning of 2008 Russia had 55
technological parks and 66 innovation technologytees, employing 1200 small enterprises
with total staff of about 20,000 people and an autporth over 30 billion rubles a year; 80
business incubators and 86 technology transfeecent0 national information and analytical
centers to monitor global and Russian scientifid tathnological potential. Joint Institute is
one of the leaders in the innovation sphere.

Finally, I would like to underline that we havelDubna the good opportunity to create the
special economic zone as a real international oogen and dynamic. JINR Member states to
my mind have the keen interest in this issue andaWweady had a lot of negotiations
concerning common actions with governments, s@etbusinessmen. And we indeed try to
strengthen and develop existing scientific andrmess contacts with Hungary.
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Heavy lon Collider NICA at JINR

(Nuclotron-based lon Collider fAcility)

Superconducting collider ring

Booster | Nuclotron Collider
Cireumference [m] 216 252 215
Final kinetic energy [GeVin] 04 1-35 1-35
Rigidity, [T-m] 24-15 B.2- 16 14 - 36
| B field, [T] 0,17-1.8] 037 -1.64 1.56 - 4
Beam emittance |7 -mm-mrad] .26
Bunch number per ring 4 1 15
5 i 24
Pressure, [Torr] 10" 10" 1
Beam intensity iz’ 1.1-10° 15x1.10"
Average luminosity for UsU, - . L110"
|15 GeViu Jem-2.5-1]

NICA is a new accelerator complex constructed
on the JINR site. It is based on the experience
and technological achievements at the Nuclotron
facility and incorporates new technological concepis.

Energy density £ (MeWVifm g
. i

A

Hadranic fresze-out

I e e
NICA &

o, Ve =8 MG

T

Nt baryon density ., (fm

http://nica.jinr.ru
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The MultiPurpose Detector — MPD
to study heawy ion collisions at HICA

A MultiPurpose Detector is proposed to study the hot and dense matter i llisions of
hezsy ions ower stomic mass ange A=1-Z38 3t 3 canter-of-mass enargy up to }?‘Qﬁq =9 Gl
The MPD experment is foreseen to be carried ot =t the future JINR accelerstor comples: of
hezsy ions — the Muclotron Based lon Collider fAcility [MICA] which is designed to reach
required parmmeters with an average luminosity of L=10% cm2=-1,

TERCAL HESIM

| ? i L] L] W
narl baryan Sermity Pgfng

T pliaas diagram demon rirates, that
domaln of #elted dente baryoni: mathr
3228 1ble In H1s planned MPD sperimant
11 located roughly betesen H1e dimamieal
rajsetorsn pre sented for tvo colliding lon
anarglen. Tie adronle phars at g net
baryon denultles and moderats
temparature p3 0 vl 3 0 naw itatan of the
matter beyond s deconfinem ent chiral
tranuition and miced phars may be
ragelted In thin psctor of s phans

diagram .
The detector should meet the following » i
requirements: 3 1R e p
- efficient reconstruction of ewentswith high angular i
and momentum resolution for charged particles [from

100 ke to 2000keavic ]

-carmpatibility for the ewvent ate upto 10 kHz with = ‘ ‘
rdltiplicity up to 1500 charged particles;

-reliable identification of charged particles and =-. o
possibilityto detect photons and mis; I

- prowide reliable infor mation for "cantrality” definition. TR S Masa (SeVie®)
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ACCELERATION COMPLEX e
FLEROV LABORATORY of NUCLEAR oy
REACTIONS wx\

N I ___.-“I Duh;;-a_

The complex includes four cyclotrons U400, U400MR,

U200, IC100, the microtron MT25 and provides faemse accelerated beams of heavy ions

are being used in FLNR for fundamental researchagpdied studies.

Technical parameters of the cyclotron U400MR
Parameters U400MR U400 IC100

Pole diameter, m 4 4 1
Magnetic field, T 2 2.1 2
Voltage at the dee, 150-200 80 50
kV 11.5-24 5.4-12.2 20-21
HV frequency, MHz
Energy of
accelerated ions, 20-120 4-20 1-1.25

MeV/nucleon
AlZ 2-5 5-12 5.3-6
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ACCELERATION COMPLEX
FLEROV LABORATORY of NUCLEAR
REACTIONS

FRONT VIEW OF [IMPLANTING CYCLOTRON [IC-100
— Flerov laboratory of nuclear reactions

Injection System ECR-source
\\ /
\

5m

Second floor

A
Platform

2m

Wall

1m

Stairs

Pillar

Copyng?ﬂ;' 12003, V. Bashevoy

FlerovLab Switchyard floor Chamber 1C-100 Equipment Room
101 Building

Industrial production of nuclear filters has bémplemented at the IC-100 cyclotron complex
of the Laboratory of Nuclear Reactions at the Jdmstitute for Nuclear Research. After the
complete upgrade, the cyclotron was equipped vhi¢éhsuperconducting ECR ion source and the
system of external axial beam injection. The imfd&an complex was equipped with the special
transportation channel with the beam scanning sysiad the setup for irradiation of polymer
films. Intense beams of heavy ions Ne, Ar, Fe, X&, |, and W with an energy of ~1 MeV/nucleon
were obtained. the properties of irradiated crgstaere studied, different polymer films were
irradiated, and several thousands of square metfdrack membranes with pore densities varying
in a wide range were produced. Other scientific @molied problems can be solved at the cyclotron

complex.
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The IBR-2 Fast Pulsed Reactor

The IBR-Z is a fast pulsed reantor with Reactor's histury

mechanical modulation of raaclivily by L . - )
maveable relactar 1877 cR;:ualglt'ir cammissioning without liguid sodium
} THET Reacler cammigsioning will ligquid sodium

(R

sinldng coolant, first power

4 1082 Reactor stari-up, first experimants

[Ep— 1834 - Reqular aperation for physical

. wenzel = 2006 experiments

B aingheal
sdding

lwf” Source parameters

IER-2
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Jaskat e eelar
‘Modernization Program |
Comparison of reactor’s design Design scheme of the IBR-2 core (left)
parameters before and after modernization and the IBR-2M core (right)
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-ual Full, 20, L ! Lotk nothindsn
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Frank Laboratory of Heutren Physics, Jolnt Institute for Nuclear Research, Dubna, Russla
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Neutron Instrumentation

at IBR=2 Fast Pulsed Reactor

IBR-2 12 a fast pulzed reachor
with a mechanical modulation
of reactivity by moveable
reflectora.

Sawrze Paramiziers

Pulse rescidlion raos 5 He
1INy 191 ef thenral =
LEREETE R o) L e
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U= e N )

24 570" niurs)
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[nstruments

Diffractometers:
ﬁ High Resalution Fourler Difractometer HRFD
Max resolution: Adfd = Q0005 atd - & 5

‘ General Purpose Diffractometer DMN-2
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sz by I K ez
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u Fourler Stress Diffractometer F50
Max resolution: Adid = 0.003 atd =2 A
Small Angle Spectrometer:

Small Angle Scattaring Spectromeatar YulMO
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Spectrometer of Polarized Meutrons REMUR
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Inelastic Scaltering Spectromebers:

Direct Geometry Spectrometer DIN s o
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Frank Laharatary of Naniran Physics
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HUNGARIAN SCIENTISTS AT JINR FACILITIES

During the last decade, the JINR facilities haverbmainly used in condensed-matter
and heavy-ions physics. Majority of the experimentark in condensed matter physics was
conducted at spectrometers of the pulsed reac®+2BA series of experiments on magnetic
layered nanostructures [1-4] has been performeti@polarized neutron spectrometers SPN-
1 and its successor REMUR [5] by a group of scamtirom the Nuclear Solid State Physics
Section (head: L. Bottyan) of the Department of IHac Physics (head: D.L. Nagy) of the
KFKI Research Institute for Particle and Nucleary$tts of the Hungarian Academy of
Sciences (KFKI RMKI HAS) in collaboration with FLNPcientists (V.L. Aksenov,
Yu.V. Nikitenko, V. Lauter-Pasyuk, Yu.N Khaiduko®.V. Petrenko and others). The most
extensive study in this field was done on the magnelomain structure of
antiferromagnetically coupled Fe/Cr multilayers.riRation and transformations of the
domain structure as a function of the magneticdfieistory as well as the influence of
ultrasound excitation on the distribution of themdons have been established.

Three-dimensional nanoparticles of different conmpws introduced in solid or liquid
matrix solution, have been studied on the smalleangutron scattering spectrometer YuMO
[6]. Further systems investigated by the groupeaftron spectroscopy (head: L. Rosta) of the
Research Institute for Solid State Physics andd@pif HAS (SZFKI HAS) in collaboration
with FLNP groups of A.l. Kuklin and M. V. Avdeev ¢tuded magnetic ferrofluids [7],
different gels [8] and mixtures [9]. During the neodization period of the reactor IBR-2 until
2010, these investigations are being continuedharaeutron centers including the Budapest
Neutron Center (BNC).

Hundreds MeV heavy ions produced at the U-400 &1d0d0 FLNR cyclotrons are
another kind of particles extensively used by Huiagascientists. An example of effective
utilization of swift ion beams is experiments ainedstudies of nanoscale surface structures
produced by single high energy ions and findingdbweelation between surface and material
bulk radiation damage. An example of effectiveizailion of swift ion beams is experiments
aimed at studies of nanoscale surface structureduped by single high energy ions and
finding the correlation between surface and mdtdmidk radiation damage. Collaborative
work of groups of K. Havancsék, Z. Homonnay andKé&zmann from EO6tvds Lorand
University, Budapest, the group of Zs Kajcsos (KHRMKI HAS) and group of V.A.
Skuratov addressed the elucidation of dense idoizaffects in radiation-resistant insulators,
like MgO and A}Os [10], amorphous alloys and metals [12].

Common work of groups of K. Havancsék, Z. Homonrad E. Kuzmann from
E6tvos Lorand University, Budapest, the group oKagsos (KFKI RMKI HAS) and group
of V.A. Skuratov addressed the study of the progeuf crystalline oxide of Al and Mg [10],
different states of iron [11] etc, after bombardimgheavy ions. By changing the conditions
of such bombardment like intensity, the energyoofsi temperature of the target, etc. one can
tune the properties of modified systems.

Another use of heavy ions is studying differentripdraena in nuclear physics. One of
the examples is the clustering in nuclear fissieactions caused by ion bombardment, a
phenomenon, which is the subject of a common projstween the group of A.
Krasznahorkay of the Institute of Nuclear ReseaftHAS, Debrecen (ATOMKI HAS) and
the FLNR group headed by D.V. Kamanin in collaboratwith the Moscow Engineering
Physics Institute (Yu.V. Pyatkov). The first papafr this new project on the study of
tripartition fission in the reactiof?®U+*He has been recently published [12].
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There is an increasing interest from Hungarian sideotentially using JINR facilities
producing neutron and ion beams for life sciencg3],[ medicine [14] and industrial
applications. Nevertheless, after its re-openingdh0, most probably the modernized reactor
IBR-2M will be the key facility initiating new frafiul collaborations between Hungarian and
JINR scientists.
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INCOMPLETE NONEXTENSIVE AND RENYI STATISTICS

Alexandru Parvan
Bogoliubov Laboratory of Theoretical Physics, Jdmdtitute for Nuclear Research,
141980, Dubna, Russia

Tamas S. Bir0
KFKI Research Institute for Particle and NucleanBlts of HAS
P.O. Box 49, Budapest, H-1525, Hungary

The statistical mechanics based on the nonextefisatis entropy [1] finds support
in recent studies due to non-Gibbs phase distohutinctions which appear to be successful
in analyzing certain experimental data [2]. In thé@svestigations the statistical Boltzmann-

Gibbs entropy is modified by the additional paraened , appearing both in the distribution

function and in the equation of state of the systébhe incomplete nonextensive

thermostatics or the Wang's formalism of the gdirem statistical mechanics is based on
Tsallis' definition of the statistical entropy [Hnd on the incomplete normalization condition
for the phase distribution function [3],

s:—kjdrpl_f;q, [drpa =1 1)

This is conform with a modified expectation valdexaynamical variableA
(A =[drapd, @

where o9 is the phase distribution functiondl" is an infinitesimal element of phase
space, k is the Boltzmann constant amgil]R is a real parameterg 1[0, ] .
In this respect for the Tsallis statistics two peohs occur: the problem of the physical

interpretation of the parametd and the problem of connecting such statistiegttnents to

equilibrium thermodynamics [4]. The latter giveserito theoretical discussions in the
literature due to the difficulties in the proof tife zeroth law of thermodynamics which is
closely connected to the principle of additivitym the Tsallis statistics the principle of
additivity is violated as the initial statisticahteopy is nonextensive due to its definition. In

the case when the parameidr is a universal constant all attempts to proofzéeth law of
thermodynamics for finite systems failed and thernimodynamical limit is incompatible with

the Gibbs limit, 4 ~ 1, However, an unambiguous connection betweersttati mechanics
and equilibrium thermodynamics can be provided amithe special thermodynamic limit [5]
when the parameterl/(q— 1is an extensive variable of state [6,7]. In tbése the final
Tsallis entropy becomes extensive, the zeroth lawhermodynamics and the principle of
additivity are restored, all functions of state arther extensive or intensive in conformity
with the requirements of equilibrium thermodynamics

The Rényi thermostatics is based on Rényi's defimif statistical entropy with a usual norm
equation for the phase distribution function
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Fig. 1. The single-particle distribution functioor fclassical nomelativistic ideal gas of nucleons
Wang's formalism of Tsallis statistics at the pemature T=100 MeV and the specific volu
v=3/p, for two treatments of a parameter ga) a universal constant [8] for N=10 and diffet
values of z' =20, 30, 10&», -100, -30 and20 (the curves 1,2,3,4,5,6 and 7, respectively)af
extensive variable of state [7] in thermodynamiitifor different values of the specific z' =B, -
3 (solid lines 1,4,7, respectively). The dotted a@aghed lines (b) correspond to the calculai
considering z' as an universal constant [8] for 8 and numbeof particles N=10,50 (lines 2,3) a
z' =-3 and N=50,10 (lines 5,6). The line 4 on both panabrresponds to the conventio
Boltzmann-Gibbs statistics.

In our paper [8] the microcanonical and canoniceleenbles of the Wang's formalism for the
Tsallis statistics and the corresponding ensenmfolethe Rényi statistics were compared. It
was shown that in Wang's formalism for the Tsatetistics both in the microcanonical and
the canonical ensembles the zero-th law of thermawhycs and the principle of additivity are

violated, as long as the parameQris a universal constant. This conclusion is absa for
the Rényi statistics in the canonical ensembleti@rother hand the microcanonical ensemble
of the Rényi statistics coincides with the Gibbse,ohence, all laws of the equilibrium
thermodynamics are satisfied in the thermodynamiit.|

In the paper [9] Wang's formalism of the Tsalligtistics was compared to the Rényi
one in the thermodynamical limit [6,7]. An unambogs connection between both statistical
mechanicses and the equilibrium thermodynamicses ravealed. For this purpose
expressions obtained in Wang's formalism of Tsadliatistics and the Rényi one were

rewritten in terms of a new extensive variabletatesz, related to the entropic parameiQr

For the incomplete nonextensive statistics thentlbelynamical variable of statez is
expressed through the parametay as z=q/(1-q) and for the Rényi statistics as
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z=1/(g-1) . The functions of state were regularized by aipglythe limiting procedure of
the thermodynamical limit. We obtained that in thmit Wang's formalism of the Tsallis

statistics in the terms of the extensive varialiestate Z completely coincide with the
original Tsallis thermostatics in both the microgaital and the canonical ensembles.
However, the Rényi statistics resembles the uso#ikBann-Gibbs thermodynamics. In the
microcanonical ensemble we proved for both the Ramg Wang's statistics that in the
thermodynamical limit all laws of thermodynamias,particular the zeroth law, the principle
of additivity, the Euler theorem, the fundamentgiaion of thermodynamics and the Gibbs-
Duhem relation are valid. To put it simply both tfieallis and the Rényi entropies are
extensive in the thermodynamical limit, providecea@omposes subsystems with the proper,

and hence differentd -values.

In the canonical ensemble, however, only the furetaal equation of
thermodynamics, the first and the second laws waeeved in general terms. For
demonstrating further principles of equilibrium m®dynamics in the framework of the
canonical ensemble, both for the Rényi statistind #or Wang's formalism of Tsallis
statistics, exact analytical results were utiliZedthe ideal gas of identical particles. It was
shown for this particular example that in the thedynamical limit for both thermostatics the
main thermodynamical equations, the zeroth law thedprinciple of additivity are satisfied.
All functions of state are either extensive or insi®e. Moreover, in the canonical ensemble in
the thermodynamical limit both the Tsallis and Rényi entropies are extensive. For the ideal
gas of identical particles in both thermostatice #quivalence of the canonical and the
microcanonical ensembles in the thermodynamicait limas demonstrated. This is a very
important property to be verified for the self-ctsnt definition of any statistical mechanics.

Fig. 1 shows the dependence of the single pardisitution function on the momentuiP
for the ideal nucleon gas in the incomplete nonmesitee statistics.
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During last years large amount of data on partggdectra have been collected in
relativistic heavy ion collisions at the Super-BrotSynchrotron (SPS, CERN) and at the

Relativistic Heavy lon Collider (RHIC, BNL) at c.nenergy of -/s=10-200 GeV in a
wide transverse momentum rang@< pt <20 GeV. Since the microscopic mechanisms of

hadron production in hadron-hadron and heavy idhsmmns are not fully understood, it is
very important to improve our theoretical underdiag on this field. The forthcoming
hadron and heavy ion experiments at the Large Ha@Gadlider (LHC, CERN) at-/s =5500
GeV will increase the transverse momentum window @x pt <50 GeV. Thus LHC
experiments will become a decisive test betweelerdiit perturbative and non-perturbative
models of hadron formation, especially in the higl= region.

Theoretical descriptions of particle productionhigh energy pp collisions are
based on the introduction of chromoelectric fluge('string’) models, where these tubes are
connecting the quark and diquark constituents ef ablliding protons. String picture is a
good example of how to convert the kinetic enerfjyaaollision into field energy. New
hadrons will be produced via quark-antiquark amgudrk-antidiquark pair production from
the field energy, namely from the unstable flux esib These models can describe
experimental data very successfully at smalt , especially at pt <2-3 GeV. At higher
pT one can apply perturbative QCD-based models, Iwlg@n provide the necessary
precision to analyse nuclear effects in the nuatedisions.

However, at RHIC and LHC energies the string dgnsiexpected to be so large that
a strong collective gluon field will be formed ihet whole available transverse volume. The
properties of such non-Abelian classical fields dethils of gluon production were studied
very intensively during the last years, especialymptotic solutions.

The main subject of this paper [1] is the transgemsomentum distribution of
produced fermions as well as the longitudinal mam@nin a wide rapidity range. In our
previous paper on this topic (see Ref. [1]) we stigated the Abelian case, namely particle
pair-production in a strong external electric fiellle have demonstrated a scaling behaviour

in time and transverse momenta, namdalSEcl)/2 and kT /E(l)/2 . The kinetic equation and

the numerical calculation yielded a fermion domueem the mid-rapidity region. In case of

realistic Bjorken type time evolution our numericasult on fermion spectra has overlapped
the boson spectra obtained in 1+2 dimensionalctattialculations both in magnitude and
shape.
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In recent paper [2] we solve the kinetic model e fpresence of an SU(2) non-
Abelian color field. We focus on the determinatadfithe appropriate kinetic equation system
and its numerical solution in case of differentialiconditions.

The fermion production in a strong external spacendgeneous field can be
characterized by a Wigner functionW(k;t) . The evolution of this Wigner function is

investigated by the kinetic equation in the franfethee covariant single-time formalism,
where a time-dependent Abelian A4 ) [3-5] or non-Abelian (A/fj} ) external field is
included. Here we choose a longitudinally dominemior vector field in Hamilton gauge

described by the 4-potential
A/f’} = (0,-Aa) = (0,0,0, Ag). Q)

Starting from the QCD Lagrangian we obtained tme#c equation forw(k;t )

0w+ 32w, Fy + o .y} - [F )=
=ik, (/) W} - im[y° W] +ig[A [y W]

(2)

Here m is the current fermion mass amgl is the coupling constant.
The color decomposition withSU(N¢ )generators in fundamental representatid@ () is
given by

W=ws+wata, a=12..,Né-1, (3)

where WS is the color singlet andVa is the color multiplet component (triplet iBU  (2)
with Ng=2).
The spinor decomposition is the following:

W = a® +biy +cfo + dify S +iey (4)

Solving the kinetic equation for the Wigner functiove can define bulk properties of the
quark plasma. However the physical interest is atswentrated on the distribution function
of produced quarks. In the Wigner function formalishere is no straightforward way to
define the distribution function. We suggest pheanalogical guess of the distribution
function definition.
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FIG. 1: The momentum dependences of the Coloreslingbmponentsbé(ku,ks) (left panel) and
bl (k,,k,) (right panel) at = 2/ EZ? for the Bjorken expanding scenario.
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FIG. 2: The momentum dependences of the colorestircgbmponentsbé(km,ke,) (left panel) and
bg(kD,kg) (right panel) at = 2/E(])/2 for the Bjorken expanding scenario.

Comparing the energy density of produced quark&Vigner formalism with the
expression for usual energy density we obtain that

(k1) = ma®(k,t) +k b®(k,t) +1
(k) 2
(5)
where «(k) is one particle energyaw(k) =+'k2 +m2 . The distribution function (DF) is
positively defined and equals zero in vacuum.
Since the mass of light quarks is small, we negleetmass term in our SU(2) calculation. In
this case the distribution function for masslegsnfens is only depend onbS . The zero
fermion mass leads to the simplification of theekio equation, which is splitted into two

independent parts: one for asla,cfla,cgla,esla and another one for
bcs)la,bsla,dcs)la,dsla. For the sake of simplicity we assume color iggsgyramong different
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color components of the external fieldh@ = A? in general case, and\; = A’ . Then the

kinetic equation has the following particular sauat ba =b®, da =d¢ .

In heavy ion collisions, one can assume three rgiffetypes of time dependence for the
isotropic color field to be formed: a) pulse-likelfl develops with a fast increase, which is
followed by a fast fall in the field strength; byrination of a constant field Eg ) is

maintained after the fast increase in the initiadet period; c) scaled decrease of the field
strength appears, which is caused by particle mtomtuand/or transverse expansion, and the
decrease is elongated in time much further thamptiee-like assumption.

Three sets for the time dependence of the extéeidl[1] are given by:

Epuselt) = By flL-tant?(t/ 0)] 6)
0 Egulse( )att < O
Epulse( ) { EO att > O (7)
EO
Egcaled( ) pU|Se( )att © O (8)
(1+t/t )k att=0
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FIG. 3: Left panel: the Iongitudina(k3) spectra for fermions at k,/EY? =05 andt=2/E¥?in
the three physical scenarios: pulsed(line); constant field E,(blue ling; scaled decreasgréen

line). Right panel: three transverse momentum speatrifmions atk, = Oandt = 2/ E(])/2 .

In eq. (6) we choose) = 0.1/ Ecl)/2 , which corresponds to RHIC energies. In eq. (ES)
the value Kk =2/3 indicates a longitudinally scaled Bjorken expansiwith
tg = 001/ E}/2 .
As it was outlined above the distribution functioht (kj,k3) of massless quarks depends
only on bS (kD,kg) and bS(kD,k3 ). Figure 1 display the magnitudes of these quaatit
in 2-dimensional plots. Thekz -symmetry of b3 (kD,kg ) can be seen clearly, as well as

the asymmetric behaviour dﬁ35(kD,k3 J)
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The distribution function ff (kj,k3) is color neutral, thus the color quantities

b%(km,kg) and bg(kD,kg ) do not contribute directly. However, they playpontant role
in the kinetic equation. Their oscillating behaviaan be seen on Figure 2.

The left panel of Figure 3 indicates the behaviahe longitudinal momentum spectra
at small transverse momentum value, where we chokisg Ecl)/2 = 05 . Pulse-type time

dependence leads to a narrows -distribution (ed ling), which mimics a Landau-type

hydrodynamical initial condition. The longitudingppectra from constant field scenarimuge
line) leads to a flat distribution function ikg . This result agrees well with a 1-dimensional,
longitudinally invariant hydrodynamical initial cdition, as we expect. For the scaled field
scenario green ling time dependence is very similar to the pulse-tgase, thus the
similarity in the longitudinal spectra is evident.

The right panel of Figure 3 displays the transversenentum spectra for the three

different physical scenario at momentukg =  @nd time t = 2/EC1)/2 . Pulse-type time

dependence leads to exponential speated (ine, f¢ Uexpky /T) with slope value

T= 154[5(1)/2 . In the other two cases, we obtain non-exponkespiectra generated by the

long-lived field. Here the spectra from constadiué¢ line$ and scaledgreen line} fields are
close, because the production and annihilationsratdance each other. Slight differences
appear because of the fast fall of the scaled fietdediately aftert =0 .

Further analysis of the kinetic equation at higindverse momentum reveals the scaling
between U(1) result obtained in [1] and [Z]SU(Z) I fu = 3/4 . ltis also was shown that

assuming specific condition for singlet and musitptomponents, namelyv? = bS , one
can derive analogy of U(1) Abelian kinetic equation
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The off-specular neutron, x-ray and Mdssbauer ceflaetry spectra can be described
similarly in terms of the Distorted Wave
Born Approximation (DWBA). Here we
report on a new theoretical 100
approximation of off-specular
Synchrotron Mdossbauer Reflectometry 80
(SMR) resulting in time-effective
algorithm, which finally can be used in § 60
iteration procedure of data <
analysis programs. S 40
Indeed, the strong energy ®
dependence of the scattering amplitude
of nuclear resonance scattering requires
performing the calculations with proper
resolution for the energy range of the
hyperfine interactions. Unlike in case of
neutron reflectometry, where, in the 190
range of interest, the energy dependence
of the scattering amplitude is negligible,
the SMR calculation is to be performed
for more thousands of energy channelss

and, therefore, the standard DWBAg %

approach of diffuse SMR results in a™
slow algorithm for statistical fitting of o 40
reflectograms.

Based on perturbation theory, a 20
new theoretical description of off-
specular SMR and polarized neutron
reflectometry (PNR) was given [1] 20 40 60 80 100
leading to an algorithm about 13 times g, (mrad)

faster then the standard DWBA. The new, _ , . _ .
theory, Distorted Incidence Wave 19- 1 Simulatedfin-0ou¢ PNR diffuse intensity

Approximation (DIWA), differs from the Maps for the MgO[Fe(2.62nm)/Cr(1.28nmy

usual expression of diffuse intensity oftntiferromagnetic multilayer stru'cture.(.wnh 0.4
DWBA in such a way that the"M of wavelength). The intensities are
“distortions” are only considered on thr:pormalized and shown on a logarithmic color

incident path while the exit path is lefScale. BA (a) and SDIWA (b)™" intensities are
undistorted.  Therefore a  DIWAShown. A unique domain bias parameten®s0.1

calculation is considerable faster but it i£/as used.

80
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not expected to be invariant with respect
to exchanging the source and detector (a
condition widely called “reciprocity”).
The approximation is valid if the
outgoing angle is significantly larger—
then the critical angle. The range ofc
validity can be extended by mirroring%
the valid range as long as the conditiong?
of the reciprocity theorem are fulfilled
(always the case for neutron scattering).
After developing the
corresponding software [2], simulations
of diffuse scattering maps of an
antiferromagnetically coupled
MgO/[°'Fe(2.6nm)/Cr(1.3nm}
multilayer were made. The simulations
show the different character of diffuse
SMR and PNR in Figs. 1 and 2,
respectively. The off-specular intensityz
depends on the material parameter
(index of refraction, layer thicknesses)—
through its dependence on the specul&”
intensity, but it is also dependent on the
lateral structure through the correlation
lengths characterizing the lateral
inhomogeneities of the layers. This type
of approach may model both natural
(magnetic domains) and artificial lateral
structures (magnetic lines, dot arrays,
etc.), through a suitably chosen in-plane
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ig 2 Simulated@n-0,i¢ SMR diffuse intensity

of

7
correlation function. maps Mgof[ F_e(2.62nm)/Cr(1.28nnad
) . . ntiferromagnetic multilayer structure around the
Figs. 1 and 2 display simulate

e . ., 1/2-order antiferromagnetic Bragg peak using the
PN‘R and SMR tW.O d|men5|o_na|9.n BA (a) and the SDIWA (b). The intensities are
Oout Maps, respectively, fo =1um .
. ) : .shown on a logarithmic color scale and are
correlation length with a unique domain . . A
) _ . " normalized. A unique domain bias parameter of
bias parameten = 0.1 in BA (£' Born ~0.1 was used
Approximation) and DIWA 17 '
approximation. The intensity is maximal along th&gdnal specular line, and a broad diffuse
intensity is observed around the half-order Braggks. Theé, <6y« semi-plane was
mirrored onto thedi, > 6, Semi-plane. The Kiessig fringes are observed iin BRNR and
SMR diffuse scatter since the source for the ddfudensity is the specular field. Due to the
negligible absorption of the neutrons, the Kiessigtrast is stronger in PNR than in SMR. As
expected, the diffuse intensity around the stratt@ragg node ath,= 0= 52 mrad is
missing since the diffuse scattering here is ofejyjumagnetic origin and the magnetic
contributions cancel each other at the momentumstea corresponding to the first order
Bragg peak. Moreover, because of the 2:1 layektigss ratio of Fe/Cr, the 3/2-order Bragg
reflection is forbidden.
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The SMR map in Fig. 2b shows a number of featurfereint from that of PNR in
Fig. 1b. Due to the dominance of energy-dependeswration for resonant x-rays, unlike in
case of PNR in Fig. 1b, the SMR BA and SDIWA marastically differ from each other [1].
Since, independently, due to the stronger absaorptiee Kiessig fringes are suppressed in the
SMR map in Fig. 2b, the intensity does not os@llagar Yoneda wings. The total-reflection
peak, being in the critical region, is somewhaticlift to distinguish from the 1/2-order AF
Bragg node in Fig. 2 b.

Discussion of simulated SMR and PNR-scans and rshpw that, except for exit
angles below and around the critical angle of totélection, the presented DIWA approach
satisfactorily describes both the PNR and the SMRspmecular intensities. The new
algorithm and the corresponding program cods aaéadte from [2].

Effects in the specular reflectometry caused byitkerface and surface roughness of
the thin layers were also studied. Based on thehodebf characteristic matrices, a new
formalism was worked out to separate the magnaticséructural roughness. [3].
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STUDY OF CLUSTERING PHENOMENA IN NUCLEAR FISSION
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Although the fission of actinide nuclei has beaerdstd for a long time, there are many
interesting phenomena still unexplored. For examiple predicted cold multi-fragmentation
states, which are like sticking giant molecules #relpredicted cold valleys of the collective
potential energy surface, provide tests for ourewsidhnding of the physics of fission. The
study of fission and mass distributions of theidisgproducts from the 2nd and 3rd valley of
fission potential can help us to understand thecgg® much better. On the other hand
exciting results were obtained in studies of thghtlinuclei along the N=Z linen{clusters
nuclei). Just to mention the exotic subjects beinder study in this field such aschain
moleculesga-ring molecules, hollows-nuclei and so on. It is believed to be physicallagy
of the exotic states mentioned in much heavierearctystems such as actinides where the
role of strongly bounded clusters likeparticle are played by magic nuclei. Thus seaghin
for manifestations of clustering of actinides segémige of great interest and importance.

After discovering the hyperdeformed (3:1 axis rastates in uranium isotopes, we
have been investigating superdeformed and hypeardefb states in ATOMKI, Debrecen
already for more than 10 yeas (see Ref. 1-4 amthst significant publications). Resonances
were observed in the fission probability, the eattiin energies and the angular distributions
of fission fragments were measured using magnegctsometers. In this way, the energies
and spins of these states were determined. The amakgotal kinetic energy distributions
(TKE) of the fission fragments are peculiar. Thesgects are most pronounced in cold
fission, when the fragments are not excited or Weakcited. The mass distributions and
TKE distributions have been deduced from the enegg time of flight of the fission
fragments.

In a series of experiments using different timdhgit spectrometers group from
JINR (Dubna) [5-8] observed an unusual decay mdd&“ef (sf) which was treated as
“collinear cluster tripartition”. So far experimahtmanifestations of this decay channel were
obtained in the frame of the “missing mass” metHbdieans that only two almost collinear
fragments were detected in coincidence and theg werch smaller in total mass than initial
nucleus. It is reasonable to suppose that the fngssnass corresponds to the mass of
undetected fragment (or fragments) flying apartagtmalong a common fission axis. Shell
effects in the resultant fragments seem to be decfer the process of interest. One of the
examples is shown in fig.1. A pronounced rectangiifa structure is observed in the
fragments mass-mass distribution gated by neutims rectangle is bounded by well known
magic nuclei. Analysis of the neutron data frons texperiment let one to conclude that the
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cluster mode observed manifests itself as a newgoamce of high multiplicity ~6) to be
almost in rest [9].

The first results of an experiment aimed at seacghior collinear cluster tripartition
channel in the reactioff®U+*He (40 MeV) have been published recently [8]. A {avm
TOF-E (time-of-flight vs. energy) spectrometer withicro- channel plate detectors and
mosaics of PIN diodes was used. Among ternary eveeitected there are some presumably
due to the decay of Pu shape-isomers built on #ies of magic clusters. Fission of these
states results in forming of long lived di-nucleaolecule like systems which can disintegrate
via inelastic scattering on the materials on tighflpath, as they reported.

We are planning a joint and complementary set atliss on the exotic fission
processes of highly deformed (molecule-like) stateATOMKI, Debrecen using special
detectors built in Dubna and vice versa joint expents in JINR (Dubna) using neutron
multi-detector facility.

Fig.1. Fission fragments
mass-mass distribution gated
by neutrons from?°Cf(sf).
Rectangular-like structure
bounded by magic clusters
manifests itself as a neutron
source of high multiplicity to
be almost in rest.

Mb (a.m.u.)

Ma (a.m.u.)
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JINR-BNC DEVELOPING COLABORATION: NAA IN LIFE SCIEN CES

Baranyai F. R., Sziklai-Laszlo 1., Simonits A.,éRe R.
Budapest Neutron Center, KFKI Atomic Energy Redearstitute of HAS,
Konkoly Thege ut 29-33., H-1121 Budapest, Hungary

Culicov O.A., Frontasyeva M.V., Pavlov S.S.
Joint Institute for Nuclear Research, 141980 DulfRassia
* National Research and Development Institute flacEical Engineering,
ICPE-Advanced Research, Splaiul Unirii, 74204, Barest, Romania

In the 70 and 80es of the 20 century the collabmrabetween FLNP JINR and
Central Research Institute for Physical (KFKI), Bpdst in the field of NAA was carried out
following the world wide interest in semiconductoesearch.

Nowadays, the NAA proves its advantages in LifeeSBce research, due to high
accuracy, non-destructive approach, lack of bi@algmatrix influence.

In this field of activity, the Neutron Activationrfalysis Department of FLNP (JINR)
and Neutron Activation Analysis Group of BNC (MTAFKI) decided to join their efforts.

The first step in this collaboration was an intedeatory comparison based on short
lived isotopes. Samples of soil and vegetable smletrom a series connected to a joint
project between IFIN-HH in Magurele (Romania) atdR) were irradiated both at IBR-2
reactor in Dubna and BRR reactor in Budapest. Tigje alues of the correlation coefficient
for majority of determined elements and the resoli$ained on quality control process
encourage the counterparts to extend their stdioiiesbroader spectrum of elements.

This work was financially supported by the contraRil3-CT-2003-505925
(BRR_175) and JINR-Romanian Governmental Plenig@snRepresentative in JINR grant
Ne 359/01.06.07 p.10.
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PARTICLE STRUCTURE AND INTERACTION EFFECTS IN FERRO FLUIDS BY
SMALL-ANGLE NEUTRON SCATTERING
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Frank Laboratory of Neutron Physics, Joint Instdior Nuclear Research, Dubna, Russia

Gy. Torok, A. Len, L. Rosta
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Budapest, Hungary

D. Bica, L. Vékas
Center for Fundamental and Advanced Technical Reeg®omanian Academy,
Timisoara Branch, Romania

V.M.Garamus, A.Schreyer
GKSS Research Centre, Geesthacht, Germany

Dispersions of magnetic nanoparticle:
coated with surfactants (Fig.1) are known sinc
1960s as ferrofluids. The particle size ~10 nr
corresponds to the single domain state in the
magnetization.

Due to specific properties in a magneti
field ferrofluids are actively used in different
industrial, technical, and biomedical
applications. The knowledge about the
microstructure of ferrofluids is very important
to understand and control the mechanisms
their  stabilization.  Small-angle  neutron
scattering was actively used to reveal structul
of different types of ferrolfuids at scale 1-10(
nm. Among them are polar ferrofluids with
double surfactant layers including alcohol:
(Fig.2) and water, as well as a new type c
ferrofluids based on non-polar organic liquids
(benzene, cyclohexane, decohydronaphthaleréy.1. Schematic view of ferrofluids
where magnetite nanoparticles are coated withstiucture showing one-domain magnetic state
single layer of short chain length monoof nanoparticles dispersed in liquid.
carboxylic acids (myristic and lauric acids).

Highly stable new magnetic fluids in non-polar orgaliquids obtained with short chain length
mono-carboxylic acids, reveal a great differencénm particle size distribution function, partialyaa
decrease in the characteristic particle radiusagmetite when lauric and myristic acids are usetkad

of oleic acid.
The studied samples are synthesized at the Lalbprato Magnetic Fluids of the Center of

Fundamental and Advanced Technical Research (LMATE], Timisoara Branch of Romanian
Academy of Sciences.
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Fig. 2. Experimental = SANS  curv
- (points) for doubly stabilized ferroflu
. magnetite/oleic
acid/dodecylbenzenesulphonic acid/h-
pentanol with various volume fraction
m~ - dispersed materiaf,. Lines are best fi
for model of non-interacting spheregy(=
4 0.006) and polydisperse hard spheggs<
~@  0.038). Obtained thickness of ‘haridyel
(surfactant shell), 2.3 nm, reve
significant interpenetration of surfact
sublayers. Inset shows effective structure-
factors, where softening of interactior
seen for high concentrations. Dashed
01 o2 o2 04 0s o o oe corresponds to Porod law reflect
g, nm* smooth surface of magnetite nanoparticles.
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APPLICATIONS OF SMALL-ANGLE NEUTRON SCATTERING
IN STUDY OF NANOCARBON
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Small-angle neutron scattering (SANS) was applied gtudying microstructural
features in a number of nanocarbon systems. Planiguthey include shungites (Fig.1) -
natural form of carbon- and nanodiamond powderse €bomplex pore size distribution
function and fractal characteristics of the pomcttres in these systems were analyzed.
Absorption of DO was used to reveal difference in organizatioomén and closed pores.
Also, the method was effectively used in the stafiiiquid dispersions of different forms of
nanocarbon including colloidal fullerene water ¢$ols (FWS), shungite aqueous
dispersions, and dispersions of detonation ultracastalline diamond in different liquids.
The use of isotopic substitution hydrogen/deuterinnthe liquid carrier made it possible to
conclude about quantitative characteristics of #temic distribution density inside the
dispersed nanocarbon particles.

10000 o Maksovo powder 10000 5 o

& Maksovo powder + DyO ° o Shunga powder

22 g 4 Shunga powder + D5C

1000 10004 q o

100
100 o

I(q), cm™

10
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104

0.1

0.1 1 015

Fig 1. SANS analysis of the two-level structurestiningites from Maksovo (left) and
Shunga (right) deposits. Changes are observed, thiegpowders absorb heavy water.
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Due to their incompatible nature, singlet supedumtivity (S) and ferromagnetic
(FM) order do not coexist. The exchange field, imagnetically ordered state, tends to align
spins of Cooper pairs in the same direction, thmesenting a pairing effect [1]. Conversely,
ferromagnetic ordering is unlikely to appear in thgerconducting phase. The energy for
ferromagnetic ordering decreases and, instead radnfiagnetism, a non-uniform magnetic
ordering (‘cryptoferromagnetism’) may appear inkonhaterials [2]. However, due to the
great progress of high-quality hybrid S/FM prepiars, coexistence of S and FM can easily
be realized in thin film heterostructures. On tine dhand, Cooper pairs can penetrate the FM
layer and in the interface region of a few nanomseteay induce superconductivity even in
the presence of a relatively large exchange f@ldthe other hand, magnetic order penetrates
the SC layer and various novel FM and SC statesforay with spatial oscillations and non-
monotonic temperature variations with promising eloapplications of structures like-
Josephson junctions, and S/FM spin-valves.

An S layer has been reported to affect the magratperties of the FM with
scenarios — beside cryptoferromagnetism [2-4]— afymetization leakage from FM into S
layer [5,6], as well as a change of indirect exggaeoupling of neighboring FM layers
through S layer [7]. It is rather difficult to exjprmentally verify these theoretical predictions.
This is why only a few experiments have been peréat to study the influence of
superconductivity on FM. In Refs. [3,4], for examplthe observed reduction of
magnetization below. in an S/FM bi-layer was interpreted as a cryptoi@agnetic effect,
however, the experiment could also be interpreted eonsequence of magnetization leakage
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(an ‘inverse proximity effect’), namely, by an irghal negative magnetization in S layer and a
suppression of the magnetization in the FM layer.

In order to judge
‘ Cu(B2nm)N(@onm)/FMINgO upon the interpretatior)s one
—— V(40nm)/FM/MgO has to perform experiments
with  methods of depth
/\ resolution matching the layer
1007 L - thicknesses, like Polarized
] e / Cu " Neutron Reflectometry
17 © (PNR). PNR is sensitive to
— the magnetic depth profile
° M(r). In order to be able to
observe  such  proximity

N
/Slayer \ / effects, samples of layer

Jany
o
sal

W@ Q=Q,,

13 (vanadium) systems with ultra-thin FM

l(;OO ' 8(‘)0 ' 6(‘)0 ' 4(‘)0 ' 2(‘)0 ' 0 ' -2‘00 ' -4‘00 Iaye r an d pOSSi b Iy Wlth
z,A reduced exchange coupling
Fig. 1. Density of neutron flux inside a waveguide swge  Stength (as manifested by a

Cu(32 nm)/V(40 nm)/57Fe(0.5-1rBn)/MgO with and withou  decreased Curie temperature
Cu layer at Q = 0.009 A- (solid black and dashed red lin  Tcurie) are necessary.

resp.). SLDs of matials are schematically shown Simulations reveal that a
rectangular and incoming and reflected beams apavrstby  straighforward usage  of
arrows. conventional PNR, it is

impossible to detect such

weak magnetic signals. In order to increase thenet@gsignal the enhanced neutron standing
wave (‘waveguide’) regime is to be used. In ordeehhance standing waves, we place the
S/FM interface between two layers with high scatteipotentials. Such optimization study
has been performed for several candidate materj8]s Accordingly, using the
Cu(320 A)/V(400 A)?'Fe(5-15 A)/MgO structure, one can increase theroeuftux by two
orders of magnitude (Fig.1) near the S/FM interféaeQ = Qws (0.009 A in the present
case). Such a flux increase leads then to an eahsent of quasi-secondary radiations (spin-
flip scattering and diffuse scattering) at the saalee ofQ.

Several Cu/\V'Fe/MgO(001) samples (size ~20x10x2 Hwith different thinkness
of, and different exchange field in the FM laydre(tlatter achieved by co-evaporation of V
with >’Fe in different proportions) have been preparedhi KFKI Research Institute for
Particle and Nuclear Physics, Budapest by molechkam epitaxy (MBE) and, using
magnetron-sputtering, further multilayers have bgeepared in the Institute of Nuclear
Research in Debrecen. To check structural, magmaeticsuperconducting properties of the
samples, various experimental techniques were mexh as small- and wide-angle X-ray
scattering, Rutherford backscattering (RBS) (ofiuml ions), Secondary Neutral Mass
Spectrometry (SNMS) and SQUID magnetometry. X-ragaBurements have shown good
guality of majority of the samples with layer stiwre close to nominal. For example, in Fig.
2a an x-ray reflectogram of the sample Cu(32 nm)/Mid®)/Fe(0.5 nm)/MgO is shown. The
curve shows a total reflection region and cleadgoived Kiessig oscillations giving an
evidence of a well layered structure with smallerface roughness. RBS and SNMS of
samples with all layers grown at 300 C by MBE réweaonsiderable mixing of the Cu layer
with the V underlayer. Samples therefore have Wweagrown at 300 C (Fe and V layers) and
cooled down before Cu layer growth, eliminating thiging.
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Magnetic and superconducting properties of the ptesnwere analysed using a
Quantum Design SQUID magnetometer at the Reseasthute for Solid State Physics and
Optics, Budapest. All measured samples showed ite fmagnetization at 5 K (see for
example Fig. 2b). Saturation magnetization andaroigy of the FM layer afl ~ 10 K were
found to beMs,: = [0.2-1.4] kOe andH; = [0.04-0.18] kOe, respectively.

The superconducting transition temperattligeof the S layer was found by taking
temperature scans of the magnetization in the rfh@10] K in a magnetic field of =
10 Oe. A change of the magnetizationTat 3 K was observed for several samples. The
absence of superconductivity for the rest can lppagned by a substantial intermixing of Cu
and V at the Cu/V interface or its suppressionargé exchange coupling in the FM layer.

T
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Fig. 2. Characterization curves for the sample €unfd)/V(40 nm)/Fe(1 nm)/MgO: a) X-ray reflectivity
curve, using Cu K b) Hysteresis loop measured by SQUID at T = 10 K.

In order to check the waveguide properties of Hanples, room-temperature
measurements were performed by polarized neutrbrieeaNREX+ reflectometer [9] of
FRM-II, Munich, Germany. The presence of waveguielgime was searched for in the spin-
flip channel. Spin-flip scattering originates fromagnetization in FM layer non-collinear
with the direction of the external magnetic fiéldIn order to induce such a magnetization in
our samples, the samples were magnetized to daturétten rotated by 90for the
reflectometric experiment in a magnetic fieitl,with 0 <H < H,. In Fig. 3, polarized neutron
reflectivities in the different spin states arewhan black (R ) and red (R).

The presence of the waveguide mode is proved bdithen the R * and the peak in
the R~ reflectivity curves at Q = 0.008A at a value closed to the expected one.The change
in the relative intensity at the dip and the peek &%and 10%, respectively.By fitting the
reflectivity curve using the FitSuite code [10]ethbsolute value of the magnetization and the
angle between the external field and the magneirzaf the FM layer were found to be M =
0.9 + 0.2 kOe and 35+ 5° respectively.The intensity of the peak and the alie very
sensitive to the change of the magnetization vec@ur calculations show that using the
present experimental setup (intensity of incomiegr, resolution) and the above described
multilayer structure, it is possible to observe lae as 1% change in the FM layer
magnetization. This is why such systems are eslpesiatable for studying the weak effects
exerted by the superconducting film upon the FMetayn proximity to it below the
temperature of superconducting transition.
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In conclusion, strong waveguide enhancement ofraeuttanding waves have been
forseen by simulation and observed in various CE&IO layer structures. The
enhancement is large enough to detect weak mageepal of the thin (~1 to 4 nm)
ferromagnetic Fe layer and changes in it by possitwerse proximity effects due to the
superconducting transition of the V layer in pro#ymTwo series of samples were prepared
by molecular beam epitaxy and by magnetron spuotieriThe samples were well
characterized by different techniques. Room-tentpegaPNR measurements proved that the
well layered samples show waveguide properties,elvew in case of layer mixing, the
extended interface region decreases wave guideneefhmeent and the superconducting
temperature of the sample simultaneously. The chteniaed samples with step-like depth
profile are suitable for the scheduled PNR measeangsnat helium temperature [11].

This work was supported by the Hungarian Acaderhysaences, the Hungarian
National Fund (OTKA) and the National Office for $&arch and Technology of Hungary
under Contract Nos. MTA-DUB/01, K62272 and NAPVENEUD5, respectively. One of the
authors (Yu. Kh.) gratefully acknowledges the ficiah support by The Foundation for
Assistance to Small Innovative Enterprises of Rarssiederation (grate 8455 UMNIK-08-
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INVESTIGATION OF MAGNETIC NEUTRON WAVEGUIDES
BY SPECULAR REFLECTION AND OFF-SPECULAR SCATTERING
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Recent advances in biochemistry and semiconduwootechnology demand new
methods of characterization. A neutron beam witlalseross section may be used as such
method. In order to produce submicron neutromisefl], we are developing neutron
waveguides (NWG). The large magnetic neutron csession allows to fabricate guides in
which the optical index can be dynamically modulajg]. We produced NWG with the
following tri-layer structure: Py(20nm)/Ti(80nm)/®@nm)/flass The samples are produced
by RF sputtering. The top permalloy layer actshesdoupling layer with the incident beam,
the Ti layer as the guiding layer and the bottoyetaas the reflecting layer (see Fig. 1).

We have characterized our systems by polarizetroreueflectometry (specular and
off-specular) on the reflectometer HADAS [3] at th& Julich. The effect of the different
imperfections (interface roughness, magnetic ndirearity, dispersion of the layers
thickness) on the reflectivity have been investidatA polarized neutron bearm# 4.52 A)
iIs sent onto the sample with an incident glancingla(; (Fig. 1). A position sensitive
detector is set after the sample and the scattetexdsity is recorded as a functioniot. The
neutron wave function (WF) density for “+” spin t&tas shown in Fig. 2 as a function of the
sample deptlz and the incident angle;. In the Ti guiding layer there are 3 resonanctesta
(orderm=1, 2, 3) in the total reflection region. The@erder resonanaa = 0 is absent for
this system. The WF density is enhanced at thefades in the Ti layer by a factor 10 to 30.

At the resonance conditions, one observes dipE51%: in the total reflection [4]. The
reflectivities have been fitted with the progr&mulRefled5]. The resonances in guiding
layer led to enhanced off-specular scatteringrat const andas= const (Fig. 3 a). Off-
specular intensity consists of 1-2 % from totaleefon and cannot explain the large dips in
reflectivity. To fit the total reflectivity data weeed to introduce artificially high absorption in
the Ti guiding layer (60 times the tabulated vabfi€s.09 barn). However, we think that the
neutrons are actually lost because they channegdltee sample (over a distance up to 3mm),
exit at the edge of the sample and are lost fosgeeular reflectivity.

Off-specular scattering has been modeled usingotbgramsdms|[6] based on the
DWBA approximation [7]. It is possible to qualitadly account for the data by describing the
system with magnetically collinear homogeneousraysee Fig. 3 b). The shape and position
of the diffuse scattering due to the guide efféatsng the white lines) are easy to reproduce:
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it is simply necessary to introduce an in-planegtmess correlation lengéhof the order of
100 um. It is thus possible to reproduce the spbenhanced intensity corresponding to the
intersections of 2 resonant modes. However, thghmoeiss parameter cannot be evaluated.
The modeling does not account for the absoluteevaluthe diffuse scattering and thus the
absolute intensities cannot be adjusted to obtaial@e foro. For the following progress in
off-specular scattering calculations we intend dmpare it withEFFI program [8, 9] based
on off-specular scattering formalistieveloped in [10].

In conclusion, with these measurements, we hawe/rsh(i) neutron resonance states
in magnetic neutron waveguides lead to enhancedpeffular scattering up to 10(ii) the
amplitude of resonances on the reflectivitiy (10®@inly depends on wave guiding effect in
Ti guiding layer and only a negligible part is ceoted to off-specular reflection.

This research project has been supported by thepEan Commission under the 6th
Framework Programme through the Key Action: Streeging the European Research Area,
Research Infrastructures. Contract n°: RII3-CT-2608925.

Also this investigation has been supported by Hrdfigngarian-Russian collaboration in the
frame of ECO-NET project No. 16273ZA.

in-plane geometry reflection

Fig. 1. Scheme of experiment.
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Fig. 2. Wave function density “+” inside the wavetgistructure vs the incidence angleand the
sample deptlz (calculated using SimulReflec [5]). The Ti guidilager is 80 nm thick.




JINR DAYS IN HUNGARY 3 — 7 December 2008

experiment  a) ipha1 mrad) theory b)
_ . 0 -
‘m=3 specular - r

alpha_f (mrad)

1
alpha_i (mrad) alpha_i (mrad)

Fig. 3. Off-specular scattering (UP-UP) in theusatted state: (a) experiment; (b) simulation.
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DEPTH PROFILING OF MECHANICAL STRESS
IN Al ,0O3:Cr INDUCED BY SWIFT HEAVY ION IRRADIATION
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Lattice damages produced by swift heavy ions are@atrated within small volume,
surrounding ion trajectory, in so-called ion traeigion. This inevitably results in generation
of local mechanical stress, which in own turn mdfec final defect structure. The
knowledge about of such a high energy heavy iooktessisted stress is of considerable
practical value in view of simulation of fissiongaluct impact in radiation resistant oxides
and ceramics, as candidate materials for nucleastenmanagement (inert matrix fuel hosts)
and prediction of their long-term radiation stalgi[il].
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Figure 1. R-lines spectra as a function of depth)- (intact and (b) — Kr (245 MeV,
3x10" cn¥) ion irradiated ruby specimens. lon projected eaisgl8um. The residual stress level is
defined through the shift of the R —lines positionke spectra on top are measured at depth marked
by dashed lines.

To evaluate the stress level in some dielectricenas one can use the well-known
piezospectroscopic method, utilizing the relatiopshetween the stress and changes in
optical spectra. Regarding ruby, the piezospeobtqusceffect consists of in stress-induced
shift of the Raman an@-lines luminescence positions. Recently, we hapented the firstn
situ piezospectroscopic estimates of the mean stresd ie ruby crystals during €&)
MeV/amu Ar, Kr and Bi ion bombardment at relativéby ion fluences[10" cm® [2]. In
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particular, there was shown, that mechanical steesse registered for bismuth ions only,
when the average electronic stopping power was tal3®u keV/nm. Underin situ
ionoluminescence measurements we registered itéglgRdines emission signal influenced
by radiation defects and mechanical stresses &h pobbed volume. Evidently, non-uniform
energy deposition along swift heavy ion path sutgyeébe complicated dependence of
luminescence efficiency on target thickness. Td fime residual stress profiles trough the ion
irradiated layer, laser confocal scanning microgod©SM) technique has been applied. The
depth-resolved photostimulatdgtlines spectra from ruby specimens were acquiredgus
SOLAR TII experimental set-up. Figure 1 shows Biknes spectra as a function of depth,
registered on AD3:Cr (0.023 wt. %) single crystal irradiated with52MeV Kr ions in
comparison with data gathered from virgin part led same sample. As can be seen, swift
heavy ion irradiation results in broadening of tRdines and appearance of shoulders
extended towards lower wavenumbers, which arebated to residual stress effect. As
known, the frequency shift toward lower energiesansethat irradiated target layer is under
compression [3]. The shape of tRdines measured from irradiated part of the spenime
clearly indicates that photoluminescence signale #@rmed by contribution of the
characteristic emission of chromium atoms, whichh a€ individual piezosensors, from
differently stressed regions. Analysis of the striésld based on piezospectroscopic relations
given in [3] shows that upper boundary of the strémvel approaches the magnitude
comparable with ultimate stress lini2 GPa.

The residual stresses, as seen from Fig. 1 (b)mapemal in the near surface layer.
Since electronic stopping power is also maximathis region, one can state that lattice
disorder induced by collective electronic excitaioplays dominant role in generation of
mechanical stress.
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Positron annihilation spectroscopy (PAS) has begrtessfully used in studying
irradiation-induced defects in different materiatg;luding radiation-resistant insulators like
Al,O3. The aim of this work is to get additional infortie@ on the defect production and
evolution in alumina after the swift Kr ion irratien utilizing the high sensitivity of the
positron annihilation methods.

Al, O3 (0001) single crystal samples with a typical thieks of few hundred of
micrometers were irradiated at room temperaturé @45 MeV Krypton ions at the U-400
FLNR JINR cyclotron in Dubna. The fluence range @a4® — 1.6x10" ion/cn?. In situ
positron annihilation Doppler broadening measurdmean a function of energy were carried
out at room temperature with a magnetically guidemlv positron beam in Coimbra [1],
whereas the in situ positron lifetime measuremevege performed at the pulsed positron
beam facility in Munich [2] at 16 keV positron beanergy. These two set-ups were used to
characterize the damaged region from the surfade tBum depth.

In Fig. 1, the Dopple® parameter values as a function of positron impléo energy
E are shown for the reference sample and for soradiateda-Al,O; samples. Th&(E)
parameter values have all been normalized to thevalue of the reference sapphire sample.
As can be observed for all irradiated samples, it values above ~10 keV of incident
positron energy are constant. This behaviour iagreement with our expectation that near
the surface, in the first fewm depth of the material, a homogeneous distributibdefects
exists. EachS(E) curve was fitted using the VEPFIT [3] computarde to determine the
normalizedSsampie Value in this region of the irradiated sample €fad surface contribution)
and the positron diffusion length.. In Fig. 2, the normalize&ampie values as a function of
the ion fluence in the range from't@p to 1.610* ion/cnt are presented.
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Figure 1. Doppler S parameter vs. incident posigoergy E for the defect-free reference and for the
Kr- irradiated sapphire samples.
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Figure 2. The S values of irradiated sapphire saspbrmalized to the defect-free reference sample
in the fluence range of Y0~ 1.6<10" ion/cm?. The line is only to guide the eyes.

In the fluence range of 1b— 102 ion/cn?, the normalizeds values do not change
indicating that there is a saturation trapping @ff@he corresponding Doppl& value is
approximately 2.5% higher than the defect-free bautil this value can be related to the
annihilation of positron in a monovacancy. For leigtfluences, theS values increase
drastically and a value of ~1.15 is achieved fdluance of 1.610" ion/cnf. This highS
value can only be explained due to the appearahaenew trapping site, i.e., large vacancy
clusters or voids, where a longer-living trappedifion state can be formed. The increase
observed in the positron diffusion length for flaes above ¥§ion/cn? (L.= 15+1, 391 and
44+1 nm for 16 5x10° and 18* ion/cnt, respectively) combined with a reduction of tHe F
center ionoluminescence signal produced abovedhe $luence values [4], indeed strongly
suggest the clustering of these first kind of traes, the clustering of monovacancies sets in.

In a previous work [5] the lifetimes related to$keéwo kinds (with differing sizes) of
trapping sites induced by the swift ions in sapphirere identified as 186 ps and 500 ps,
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respectively. The creation of the extended positraps yielding in longer lifetimes was
associated with the overlap of individual ion efecAn estimation of the effective region
radius can be obtained through the mean distaneeebe the near-neighbour regions. In the
simplest description (Eg. 1.) the relation betwé®n region radius, the fluence=, and the
mean distancd, can be written as:

d(nm) =10"/JF - 2r. (1)

From Fig. 2 it can be seen that the second trapgitecappears for fluences abové®10
ion/cn? and assumingl = 0 at this fluence the use of eq. 1 provides ppeu limit for the
region radiusimit ~1.6 nm.

In order to understand the nature of structuralerfgctions and their pattern induced
by swift ions, a new set of Kr irradiated sapplsisenples in the fluence range 5%305x13°
was used and analysed utilizing the pulsed posibeam at Munich. The sensitivity of
Doppler broadening measurements for this fluenngeas weak as compared to the lifetime
measurement. For each irradiated sample the olskemean lifetime was below 186 ps, the
value given above for saturation monovacancy tragppilThe analysis of each spectrum
indicates that the positron annihilates in twoatiét places, a defect-free sapphire bulk state
(tp = 145 ps) and in a trapped state related to theowarancy defectsr{ = 186 ps). For
example the intensitly takes values of 3%, 64:1% and 8%1% for fluences of 610,
2x10'° and 510" ion/cnt, respectively.

For the fluence range of this sample set, if @3sumed that the positron trapping sites
(monovacancies) are inside a cylindrical volumeuatb the ion path, the radius of the
effective ion region can be estimated. In factthe vicinity of the surface, far from the
projected range of the implanted ions, it is expeédhat each ion produce an independent
cylindrical volume full of defects around the ioradk [6,7]. Consequently, the positron
implanted into the irradiated sapphire sample dégi until the fully defected cylindrical
volume around the ion path is reached and thanroit®i trapping and the annihilation.
Assuming this picture, the trapping of positronsnsted by diffusion and the mean distance,
d, between the border of these cylinders aroundtwte near-neighbour paths, and those
parameters should define the trapping kataf positrons through eq. 2 as [3]:

_l L+ 2_
kraﬁdmj q 0

where r, = 145ps andL. represent the positron lifetime and the positrdfusion length,
respectively, in the defect-free bulk sapphire damphe positron diffusion length valuke,
= 62+1 nm was obtained by the VEPFIT [3] program appliedthe SE) curve of the
unirradiated sample shown in Fig. 1.

Figure 3 shows the experimental values of trappeig as a function of the ion
fluence obtained from the mean lifetime values&s |

=2l ©
Tb Td =T
where 7 is the mean lifetime of positron in the irradiasaimpler, = 186ps is the lifetime

of positrons trapped in a monovacancy agc- pd3he positron lifetime in the substrate.
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Combining egs. (1) and (2) and adjusting the vatadbe experimental data in Fig. 3,
the effective radius of the cylindrical volume anduthe ion track can be estimated. The best
agreement is obtained for an effective radius value5 nm. This value agrees well with the
upper limit value ofrjinit~1.6 nm obtained above when the overlap of tracks taken into
account to explain the creation of extended defemtsaled by the second, longer lifetime
component.

In summary, positron annihilation measurements wift sheavy ion irradiated
samples have identified monovacancies as dominafiects inside the damaged cylindrical
volume around the ion path. A value of ~1.5 nm wakulated for the effective cylinder
radius, a value that is in good agreement withettemation of tracks overlapping above3L0
ion/cn? fluence value. The overlap of cylinders/tracksnsee¢o lead to the aggregation of
monovacancies forming large vacancy clusters odsjorevealed by the setting in of a
second, longer-living trapped positron state.
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The aim of the present work was to determine wheghectrochemically prepared
crystalline Fe can be transformed into the amorplstate by swift heavy ion irradiation. On
this basis’’Fe conversion electron Mossbauer spectroscopy (CEA8)used to examine the
deposits.

The Fe electrodeposits were prepared using a eanisflow plating system [1]. The
irradiation of samples was carried out with 246 Menergy®°kr®* ions at room temperature
at the U-400 FLNR JINR cyclotron, Dubna. The CEMedpa were recorded at room
temperature by a conventional Méssbauer spectrorMtESSEL) with a flowing gas (96%
He, 4% CH) proportional counter and°4Co(Rh) source of 1.85 GBq activity. Isomer shifts
are given relative ta-Fe. The evaluation of Mdssbauer spectra was peddrby least-
square fitting of the lines using the MOSSWINN paog [2].
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Fig. 1.°'Fe Mdssbauer spectra of the
electrodeposited Fe foils before (a)
and after (b) the irradiation with 246
MeV energy’®Kr®*ions.
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Fig. 1 and Table 1 show th&e Mdssbauer spectra and the Mdssbauer paraméters o
the electrodeposited Fe foils before and afteirtiagliation with 246 MeV energ{Kr®* ions.
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The Moéssbauer spectrum of the non-irradiated saffde 1a) was decomposed into a sextet
(S1) and a doublet (D1). The sextet represettis. The doublet appears due to the oxidation
of the surface, where the Mdssbauer parameteris dhe range characteristic of amorphous
iron oxides and oxyhydroxides.

Table 1:
Mdssbauer parameters of the electrodeposited Fe foi
before and after the irradiation with 246 MeV enef¥r®*ions
Sub- Mdossbauer parameters non-irradiated irradiated sample
spectrum sample
g, mm s 0.0 0.0
S1 B, T 32.8 32.6
A % 95.4 57.9
5, mm st 0.32 0.31
D1 A, mm g' 0.75 0.75
A % 4.6 4.5
5, mm &' - 0.14
S2 B, T - 25.6
A % - 21.5
5, mm §' - 0.05
D2 A4, mm g' - 0.38
A % - 16.1

J, 4, B and A denote isomer shift, quadrupole splitting, effeetimagnetic induction and spectral area,
respectively

The>’Fe Méssbauer spectrum of the sample irradiated (™ ions with a fluence
of 10" ion-cm? (Fig. 1b) exhibit considerable changes comparethéonon-irradiated one.
The most striking change is the appearance oéw ferromagnetic component (sextet S2)
with isomer shift around 0.14 mnt-sind effective magnetic induction around 26 T. This
magnetically split pattern with six broad linex@nsidered as a superposition of a number of
subspectra belonging to iron atoms being in shgtifferent microenvironments. In general,
sextet S2 is typical for ferromagnetic materialsngein amorphous state. The Mdssbauer
parameters of sextet S2 are similar to those foeemtier for amorphous iron in samples
prepared sonochemically from Fe(G@8] and by vacuum deposition of 70 nm thick filofs
iron on Si wafers with subsequent heavy ion irrtolia[4].

Based upon this comparison it can be assumedhbe2 sextet component assigned
to ferromagnetic amorphous iron phase formed dueswdt heavy ion irradiation in
electrodeposited Fe foils is a reasonable assumptio

Beside sextet S2 a new doublet (D2) appears inMbiesbauer spectruraf the
irradiated sample. The isomer shift of doublet Dakle 2) is characteristic of metallic iron.
Consequently, this doublet D2 can hesociated with metallic Fe atoms being in the
paramagnetic state [1,5]The wide linewidth may indicate the amorphous oghty
disordered character of this paramagnetic phasmei due to swift heavy ion irradiation,
represented by doublet D2.

The appearance of both sextet S2 and doublet Brieispectrum of irradiated sample
occurs on expense of the sextet S1 belonging tetadtiype alpha iron. At the same time no
change was observed in the relative area of dotdldiminor component) due to irradiation.
This means that the surface oxide layer is notudhsd by the irradiation. However, a
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considerable transformation of crystalline iron eskplace into amorphous and/or
superparamagnetic Fe phases.

Another effect induced by the swift heavy ioradiation is the change in the relative
area of the ¥ and %' lines compared to that of'land &' lines of sextet S1, reflecting
crystallinea-iron, in the Mossbauer spectrum. The intensitynges of 2 and %" lines are
connected with the changes of the average directiagnagnetic moment in the sample [6].
The relative intensity of the absorption lines efaradiation is As Ais = 1/3 while after
the irradiation this ratio is A/ A16 = Y. This indicates that the spins turn toward the
direction perpendicular to the surface of the ewpthus changing the magnetic anisotropy in
the samples. This may be mainly associated witlrchiamge of the orientation of spins as an
effect of the stresses formed around the defeciduzed by the swift heavy ion irradiation in
the samples.

There are two main mechanisms of irradiation ieduamorphization of crystalline
solids: (1) continuous accumulation of defects \Wwtdestabilize the crystal structure at some
critical level, and (2) rapid quenching of irradat induced liquid in the thermal spike
regions [7]. For the irradiated iron deposits ih ¢@e assumed, that the thermal spike, i.e. the
electronic excitation mechanism is the dominant. ofl@s is supported by results of the
calculations made using the SRIM 2003 code [8],cwishow that the electronic stopping
power is muchhigher than the nuclear stopping power in Fe igtdi with 246 MeV energy
%Kr®*ions.

For the iron electrodeposits the condition of ttradiation, namely the electronic
stopping power exceeds the reported values at wambrphization can be obtained in
metallic systems [7]. Thus, the appearance of amrpinous phase due to heavy ion
irradiation in the deposits can be expected. Usduailar irradiation conditions to those used
for the electrodeposits the occurrence of new ahwrp phases was observed in electro-
and/or vacuum deposited FeNiCr multilayers [1,5vall as vacuum deposited Fe layers [9].

Further investigations to elucidate the effecttlod irradiation conditions (fluence,

energy and kind of ions) on the formation of amamhFe will be reported later.
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