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FRANK LABORATORY OF NEUTRON PHYSICS
OF THE JOINT INSTITUTE FOR NUCLEAR RESEARCH

The Joint Institute for Nuclear Research (JINR) is an international centre for
experimental and theoretical investigations in the fields of elementary particle physics,
nuclear and neutron physics, condensed matter research and related topics.

The JINR structure is determined by the fact that it is governed internationally and
has many research specializations. Current scientific and financial affairs of the Institute’s
Laboratories, common services as well as the work of specialized departments are guided by
the Institute Directorate.

The Frank Laboratory of Neutron Physics is one of the eight JINR Laboratories. It
was established in 1956, soon after the foundation of JINR.

In 1960 a principally new source of neutrons - the IBR fast pulsed reactor of periodic
operation - was created at FLNP under the leadership of Prof. D.I.Blokhintsev (11.01.1908 -
24.01.1979). The birth of this reactor gave rise to a new direction in the development of
research neutron sources.

An extended scientific program with this reactor was initiated under the leadership of
Nobel Prize Winner and Laboratory Director Prof. I.M.Frank (23.10.1908 - 22.06.1990) and
Deputy Director Prof. F.L.Shapiro (06.04.1915 - 30.01.1973). Since 1960, a whole family
of unique pulsed neutron sources for nuclear physics and condensed matter physics has been
developed and constructed. The latest in the family, the IBR-2 high flux pulsed reactor, was
commissioned in February 1984. The Laboratory was named after Prof. I.M.Frank in 1992.
In the same year, in JINR the 1.M.Frank Prize for Neutron Physics was established.

At present, the scientific activity of the Laboratory focuses on two fields of physics,
namely nuclear physics and condensed matter physics. The first involves investigations of
the neutron as an elementary particle and studies of compound states in neutron induced
reactions. The second investigates pressing problems in the physics and chemistry of solid
states, surfaces and liquids, and in molecular biology. Applied investigations are also

carried out using nuclear physics methods.



PREFACE

We would like to offer the readers the report on the scientific activity of the Frank
Laboratory of Neutron Physics for 2006. The first part presents a brief review of the
experimental and theoretical results achieved in the main scientific directions — condensed
matter physics, neutron nuclear physics and applied research. The second part includes the
reports on the operation of the IBR-2 pulsed reactor and realization of the IREN project. The
third part is concerned with the development and creation of elements of neutron
spectrometers for condensed matter investigations. The fourth part presents the experimental
reports that cover the main scientific directions in greater detail. The list of publications for
2006 completes the report.

In 2006 the IBR-2 reactor operated 2250 hours for physical experiments. The main

results of the IBR-2 modernization in 2006:

The main task of the year — manufacturing of fuel assemblies (FA) for the IBR-
2M reactor — has been successfully fulfilled. In July, 2006 the license for manufacturing FA
in JINR was obtained, and on 12.07.2006 the first FA was made in the presence of a special
commission. On 16.11.2006 the work was completed: 89 FA were manufactured, which
provided an initial charge of the new reactor (63 FA) and burn up margin of about ~ 40 %.

In JINR Experimental Workshops: The manufacturing of rolling shielding was
completed, its check assembly and tests were carried out. The control systems of the reactor
were manufactured (emergency system units, compensating regulators, manual regulator).

Automated Safety Control System (ASCS) of IBR-2M: The prototype model of
ASCS (SNIIP-SYSTEMATOM) was manufactured and tested at the IBR-2 reactor. In SNIIP-
SYSTEMATOM the work on standard ASCS (including a new control panel) was started. In
the Institute of Electronic Control Machines (INEUM) the work to develop a system to
control technological parameters was continued. In JINR EW a prototype model of
compensating device (CD) drive was manufactured, work on a prototype model of emergency
shutdown system drive is in progress.

Complex of moderators for IBR-2M. In December, 2006, the manufacturing of
CHF-700/15 in “Heliymash”; detail design of moderators for 3 directions: beams 2-3, beams
4-6, beams 7-11 (NIKIET); design of technological part (SSDI); detail design of cryogenic
pipeline and intermediate heat exchanger (Heliymash) were completed. In FLNP the
calculations and experimental work on transportation of frozen CgHj, pellets were performed,;

design documentation on pellet generator was worked out.



Program of works at the IBR-2 reactor in the temporary shutdown mode (2007-
2010). The program of works at the IBR-2 reactor during temporary shutdown as well as the
schedule of works on modernization of IBR-2 in this period were developed, agreed upon and

approved.

IREN Project. The main tasks of the Frank Laboratory of Neutron Physics and the
Laboratory of Particle Physics in 2006 were the completion of disassembling of the IBR-30
reactor and the assembling of the available equipment of the first stage of the LUE-200 linac.

Decommissioning of IBR-30. In accordance with the approved working schedule of
the decommissioning the following works were carried out: «Report on Nuclear and
Radiation Safety Assessment of the Research Pulsed Reactor IBR-30 in 2005» was prepared
and submitted to Rostehnadzor of RF; all equipment from the reactor hall except for beam
shutters, which would be used for the first stage of IREN, was dismantled and moved to
building 117/b; All rooms of building 43 adjacent to the reactor hall were cleared; the
decontamination and preparation of the reactor hall to repair were carried out.

Works on the LUE-200 linac. The theoretical substantiation of the possibility to
obtain required parameters of an electron beam at the first stage of the linac was completed.
The MK1 klystron modulator was assembled at the regular place and adjusted. The modulator
and pulsed transformer for the electron gun were mounted at the regular place. Test
assembling of the SHF-path of the first section was carried out. The power frame of the
vacuum pump system of the LUE-200 first section was fully equipped. Test assembling was
carried out. Test assembling and certification of the buncher coil were carried out. In building
43 the focusing solenoid of the first accelerating section was mounted with geodetic tie. The
electron gun was assembled at the regular place. The pipeline laying-out of water supply for
the water-cooling and thermostabilization system of LUE-200 was completed.

At the IBR-2 neutron spectrometers a number of experiments were carried out in
currently central research directions.

In addition to the complex manganese oxides (manganites), whose main peculiarity is
the effect of colossal magnetoresistance, growing interest is being shown in the complex
cobalt oxides (cobaltites) of the Ln;.xMxCoO3 type, where Ln — lanthanide, M — alkaline-earth
element. From the scientific point of view, cobaltites are of interest due to strong correlations
between lattice, charge, spin and orbital degrees of freedom. And from the viewpoint of
practice cobalt oxides are of importance since they are used as electrodes in current power

supplies. The peculiarities of phase transitions in cobaltites are connected with the imbalance



between the intra-atomic Hund energy and the energy of crystal field corresponding to the
configuration of octahedrons of CoOs. As a result, the Co®* ion may be in three different spin
states: low-spin (LS, ty’e,’), intermediate (1S, tog°e") and high-spin (HS, e ?) state.

At the IBR-2 reactor the investigations of atomic and magnetic structure of cobaltites
were carried out (including experiments at high external pressures). At the HRFD
diffractometer the composition of PrysSrpsCoO3 was studied, in which several magneto-
structural phase transitions had been observed earlier. The diffraction spectra were measured
in a wide range of temperatures (10 — 780 K) mainly in the mode of sample heating. In this
range two phase transitions (T; = 120 K and T, = 300 K) were detected, in the course of which
magnetic and crystal structures of the sample change. On heating the symmetry sequentially
varies from triclinic to rhombic and then to rhombohedral one. The transitions are greatly
spread over temperature, and between 120 K and 300 K the phases coexist (Fig.1). The
magnetic measurements confirm that the structural transition at 300 K coincides with the
Curie ferromagnetic point. The nature of the magnetic transition at 120 K remains unknown
so far.

At the DN-12 diffractometer the investigation of the crystal and magnetic structure of
hexagonal frustrated manganites RMnO3 (R=Y, Lu) was performed at high pressures of up to
6 GPa. The obtained experimental data, along with the results of the previous investigations
of other hexagonal manganites, made it possible to relate the symmetry of triangular AFM
state with the parameter of distortion of triangular lattice s formed by Mn and O atoms. The
obtained generalized magnetic phase diagram allows one to explain the observed changes of
the symmetry of magnetic state at chemical substitution (change in the ion radius R of the
element) and on application of high pressure due to variation of s.

Undulation forces of lipid membranes. Membranes belong to the so-called random
fluctuating surfaces, which include a wide class of objects: from biomembranes to strings in
the modern field theory trying to describe all fundamental interactions from a single
viewpoint. This accounts for close attention of modern theoretical physics to biomembranes
and, in particular, to lipid membranes. The establishment of the law and an initial estimate of
the universal constant of interactions of such objects made by W. Helfrich in 1978 became a
significant result in the statistical physics of random surfaces. His estimate gave the value of
the universal constant 3m%/128. To appreciate the significance of the obtained result it may be
safely said that this law is as important for the physics of random surfaces as the perfect gas

laws for the point particle physics.



In 1986-89 C.R. Safinya et al. using the analysis of the shape of diffraction peaks from
amphiphilic multilayers obtained at X-ray high-resolution diffractometers on synchrotron X-
ray sources, interpreted the results of their experiments as complete quantitative verification
of the results of the undulation force theory including the distance dependence of the force
and the constant value 3m%/128. That was a triumph of W. Helfrich’s concept. But as the
further advancement of research in this field showed, it was a short-time triumph. Several
groups, including theoretical physicists concerned with the quantum field theory,
independently of one another and using different theoretical methods succeeded in obtaining
an exact value of the universal constant of these interactions. Their results coincided, but the
obtained value (close to 3m%/256) was twice as large as the experimental value. Such
contradiction of theoretical and experimental results has received the name "enigmatic" and
actually meant severe crisis in this field. In the work carried out with the participation of the
FLNP physicists, new approaches to study intermembrane interactions and to determine the
universal constant based on the investigation of temperature dependence of intermembrane
interactions by means of complementary use of small-angle thermal neutron scattering and
high-resolution diffraction on a synchrotron source have been developed. In particular, the
value of the constant 3m%/256 has been obtained that coincides with the theoretical
predictions. It also has been shown that the transition from multilamellar to unilamellar
membranes proceeds in accordance with a two-state model. In addition, for the first time the
true significance of undulation forces has been demonstrated — they really make a
considerable contribution into the balance of intermembrane interactions, and what is more,

become dominating at intermembrane distances larger than 20.5 A.

In 2006 a number of experiments were carried out and some interesting results were
obtained in the field of nuclear physics. The work to manufacture a full-scale facility to
measure a neutron-neutron cross-section on the YAGUAR reactor was completed. First
calibration measurements on rare gases with the well-known cross-sections were carried out.
The data from the experiment carried out at the reactor in ILL (Grenoble) to observe a change
in the neutron energy at passing through accelerated matter were processed. The existence of
the effect follows from the validity of the equivalence principle and detailed neutron-optical
calculations. The change in the neutron energy detected in the experiment is of the order of
2x107% eV, which is at the record level of accuracy attainable at the present state of the art.

The experiment aimed at checking the efficiency of control over the polarization of thermal



and epithermal neutrons using a radio-frequency field was carried out on beam H8 of the
KENS pulsed neutron source (KEK, Japan). The polarization of neutrons and analysis of their
polarization were performed by the devices on the basis of polarized *He with optical
pumping developed by the KEK-FLNP JINR collaboration in 2003-2005. The experimental
results agree well with the calculations and have demonstrated high efficiency of the proposed
method. The developed technique will be used to control neutron polarization in the
experiment to verify T-invariance in interaction of polarized neutrons with polarized nuclei.
The experiment is planned to be carried out on the JSNS source, which is under construction
at present. In the framework of experiments to search for neutral currents in nucleon-nucleon
interactions and to determine weak m-meson coupling constant, in collaboration with PNPI,
ILL and TU Munich on beam PF1B of cold polarized neutrons (ILL, Grenoble) a “zero”
experiment was performed to determine the background asymmetry for a series of
measurements of P-odd asymmetry in the reaction °Li(n,a)H.

Within the collaboration Jyvéskyla-Darmstadt-Dubna-Gatchina in JYFL (Finland) a
series of experiments to study fission using two mosaics of semiconductor detectors was
carried out. In the first experiment angular and mass-energy correlations of fission fragments
in the reaction 2*U + “He (40 MeV) were investigated. The angular resolution of the facility
made possible a direct search for the ternary collinear decay events. A number of effects,
which could give indirect evidence to the existence of exotic fission modes, were discovered.
In the second experiment a precision measurement of energy distributions of a-particles and
nuclei of °He emitted in the process of *°°Cf ternary spontaneous fission was performed. A
significant deviation of spectra from the Gaussian shape was observed in a low-energy region.

In the framework of collaboration with ISR RAS the specialists from FLNP and LRB
performed calculations of angular dependence of efficiency of the Lunar Exploration Neutron
Detector (LEND) (one of the instruments of the NASA Lunar Reconnaissance Orbiter 2008)
intended to map the flux of neutrons from the lunar surface to search for evidence of water ice
and provide measurements of the space radiation environment which can be useful for future
human exploration. Also, experimental calibrations of the laboratory prototype of the
instrument were carried out.

In the framework of the International Program «Atmospheric Heavy Metal Deposition
in Europe — Estimations Based on Moss Analysis» a series of works that involved
simultaneous collection of samples in 2005-2006 in a number of regions in Central Russia,

Southern Urals, Belarus, Bulgaria, Slovakia, Poland, Romania, Serbia, Macedonia, Croatia



and Greece for multielement activation analysis at the IBR-2 reactor was completed. The
results of the analysis on 13 elements: Al, As, Cd, Cr, Cu, Fe, Hg, Ni, Pb, Sb, Ti, V and Zn
will be submitted to the European Atlas of Atmospheric Heavy Metal Deposition. Similar
studies were carried out in Mongolia and Vietnam. The results of the analysis of moss-
biomonitors from biosphere reserves (Prioksko-Terrasny and Voronezh biosphere reserves)
obtained in collaboration with the Institute of Global Climate and Ecology (Moscow) are of
particular interest.

In conclusion, it might be well to point out that great interest is being expressed by the
JINR Member States in the work in the field of neutron investigations. It is also significant
that in the last few years a lot of young people have come to the Laboratory. All these facts
confirm that the Laboratory continues to develop successfully and dynamically, carrying out

investigations in the interests of the JINR Member States.

04.04.2007 A.V.Belushkin

Director






cTeneHsMmn cBobofbl. OKcuabl KobasibTa BaXKHbI A1 MPAKTUKN B CBA3U C MX UCMO/Ib30BAHWEM B
KayecTBe 3/1eKTPOAOB B WCTOYHMKAX Toka. OCOBGEHHOCTWM (ha30BbIX MepPexofoB B KOGanbTUTax
CBAi3aHbl C HapylleHneM OanaHca MeXxpay BHYTPUMATOMHOM 3Hepruend XyHZa W 3Hepruew
KPUCTa/IINYECKOrO MONS, CBA3aHHOM C KOHMUIypaLyeii okTasgpos CoOs. B pesynbTate, noH Co>*
MOXEeT HaxOAWUTbCA B TPEX pPasHbIX CMWHOBLIX COCTOAHUAX: HU3KOCNMHOBOM (LS, tzgﬁego),
MPOMEXYTOUHOM (IS, tag eq") BLICOKOCTIMHOBOM (HS, trg'ey?).

Ha peaktope WBP-2 npoBefeHbl MCCMeAoBaHUA aTOMHOM W MarHWTHOM CTPYKTYpbI
KO6aNbTUTOB, B TOM 4MCNe MNPU BbICOKUX BHEWHWX pAaBneHusx. Ha gudpaktometpe PABP
n3yyasncs coctas PrysSrpsC003, B KOTOPOM paHee Hab/oaIMCh HECKO/IbKO MarHUTO-CTPYKTYPHbIX
(ha3oBbIX nNepexofoB. [AuMpakUMOHHbIE CMEKTPbl ObLIM  M3MEpPeHbl B LUMPOKOM [ManasoHe
Temnepatyp (10 — 780 K), B OCHOBHOM B peXume HarpeBa obpasuya. B 3Tom AmanasoHe
06Hapy>xeHbl aBa (a3osbix nepexoga (T1 = 120 K n T, = 300 K), B X0fe KOTOPbIX U3MEHSOTCA
MarHUTHas W  KpUCTa/indeckasd  CTPYKTypbl o6pasua. [lpy  HarpeBaHuM  CUMMETPUS
nocnefoBaTeNlbHO MOBbIWAETCA OT TPUKIMHHON [0 POMOUYECKOM M 3aTeM O POMOO3LPUYECKOIA.
Mepexofbl CUNbHO pa3mbIThbl N0 Temnepatype a mexay 120 K n 300 K hasbl COCyLLECTBYHOT.
MarHuTHble U3MEepPEHUs MOATBEPXKAAIOT, UTO CTPYKTYpHbIA nepexoa npu 300 K coBnagaeT ¢
(heppomarHUTHOW Toukoi Kiopu. MNpupoga MarHWTHOro nepexofa npu 120 K noka ocrtaetcs
HEeN3BeCTHOM.

Ha pandpaktometpe [AH-12 npoBefeHO WUCCNeAOBaHWE KPUCTA/IIMYECKOW WM MarHUTHOM
CTPYKTYPbI FeKcaroHaslbHbIX (PPYCTPUpPOBaHHbIX MaHraHuToB RMnOs; (R=Y, Lu) npu BbICOKMX
faBneHnax Ao 6 [Tla. lMonyyeHHble 3KCNepUMeEHTaslbHble AaHHble, BMECTe C pe3ynbTaramu
npeablaywmx WCccnefoBaHMn ApYyrux rekcaroHalbHbIX MaHraHUTOB, MO3BOAWAN YCTaHOBUTb
B3aVIMOCBA3b MEXAY CUMMETpUein TpeyrosibHoro A®M COCTOSHWUA C MapaMeTpoOM MCKaXKeHWs
TPeyrofibHOW peLleTkn s, 06pa3oBaHHON atomamy Mn 1 O. lNMony4yeHHas 0606LeHHas MarHMTHas
(hazoBast guarpamma Mno3Bo/sieT OOBLACHWUTL HabnojaeMble U3MEHEHWUS CUMMETPUU MarHUTHOrO
COCTOAHMSA MPU  XUMWYECKOM 3aMelleHUn (U3MeHeHMM WOHHOro paguyca R anemeHTa) U
MPUIOXKEHNN BLICOKOTO [aB/IEHNS 3a CHET BapuaLun s.

OHAYNAUMOHHbIE CUMbI MNUAHBIX MembpaH. MembpaHbl OTHOCATCA K TaK Ha3blBaeMbIM
clyyqaiHbIM  (hYKTYUPYIOLMM  MOBEPXHOCTAM, K KOTOPbIM  MPUHALNEXUT  LUMPOKWIA  Knacc
06bEKTOB: OT 6MOMeMOpaH O CTPYH B COBPEMEHHOW TeopuMn MOAS, NbITaloLWENCcs ONMcbiBaThb C
eIMHON TOYKM 3peHMns Bce (DyHAAMEHTa/IbHbIE B3aMMOAENCTBUSA. ITO ABNASETCA OLHON U3 NPUUUH
BHMMaHUA COBPEMEHHOIN TEOPETUYECKON (DM3UKM K GMOMeMOpaHam W, B YaCTHOCTU, K INMUAHLIM
mMeMbpaHaM. 3HauuTe/IbHbIM Pe3y/IbTaTOM CTAaTUCTUYECKON (U3NKMU CNyvalHbIX MOBEPXHOCTEMN
Ob1/10 ycTaHoBNeHMEe B 1978 rogy B. Xenb(puxom 3akoHa M OLEHKa YHMUBEPCa/IbHON KOHCTaHTbI

B3aMMOAENCTBMS TakMX OOBEKTOB. Ero oueHka fdana 3HayeHWe KOHCTaHTbI 3n%/128. OTmevas



3HaYMMOCTb NOJTYYEHHOro pe3ysibTaTta, MOXHO CKasaTb, YTO 3TOT 3aKOH UrpPaeT Takyto e posib B
(hr3rKe cnyyaiiHbIX NOBEPXHOCTEN, KaK M 3aKOH MAeabHOr0 rasa B PU3nKe ToUeUHbIX YacTuy. B
1986-89 rogax C. CalvHbs M Ap., UCMONMb3yS aHanM3 (POPMbl ANKDPAKUMOHHBLIX MUKOB OT
MY/IbTUCNONHBIX aMUUIbHBIX MYNIbTUC/OEB, U3MEPEHHBIX HA PEHFEeHOBCKUX AM(pakTOMeTpax
BbICOKOTO  paspelleHnss Ha CUHXPOTPOHHbIX  WUCTOYHMKAX  PEHTrEHOBCKOIO  M3/y4YeHus,
WHTEPNpPeTMpoBa/IN  pe3yfibTaTbl  CBOMX  3KCMEPUMEHTOB  KaK  MOJIHOE  KOJIMYECTBEHHOE
MOATBEPXKAEHME pPe3y/bTaToB TEOPUW OHAYNALMOHHBIX CWA, BKIKOYas 3aBUCUMOCTb CWUbl OT
pacCcTOAHUA N KOHCTaHTY 3n%/128. 310 6bINO Tpuymdom kKoHuenuun B. Xenbpuxa. Ho Kak
nokasano fda/bHelillee pasBUTME WUCCNeA0BaHWI B 3TOW 06/1aCTW, 3TO Obl1 BPEMEHHBIA TpUyMd.
Heckonbko rpynmn, B TOM Yucie (PU3MKN-TEOPeTUKN, paboTaroline B 06/1aCTW KBAHTOBOW Teopuwu
Mons, He3aBMCUMO Apyr OT Apyra W WCMo/fb3ys pasfinyHble TEOPeTUYeCKMe MeTOAbl, CyMenu
MOMYUYNTb TOYHOE 3HAYEeHWE YHMBEPCA/IbHOW KOHCTaHTbl 3TUX B3aMMOLENCTBUIA. VX pe3ynbTaThl
COBManM, HO MOMY4YeHHOe 3HaueHue, 6inMskoe K 3m%/256, B fBa pasa OT/MYaeTCsd  OT
9KCMEPMMEHTA/IbHOr0 3HayYeHUs. Takoe MNPOTMBOPEYME TEOPETMYECKUX W 3KCMEepUMEHTaNIbHbIX
pe3y/ibTaToB MOMYYNN0 Ha3BaHWe “3arafloMHOro” W (hakTUYeCKWM O3Ha4vasio ryooKWUin Kpusnc B
AaHHON o6nacTn. B paboTe, BbIMNOMHEHHON C y4yacTueM (PU3NKOB JIH®, 6binn pasBuUTbl HOBblE
MoAXoAbl ANA UCCNefoBaHWs MeXXMeMOpaHHbIX B3aMMOAENCTBUIA U OnpefenieHns YHUBepCabHOM
KOHCTaHTbl, OCHOBaHHble Ha MWCCNefoBaHUM TeMMEPaTyPHON 3aBUCUMOCTM MEXMEMOPaHHbIX
B3aVIMOAENCTBUIA C MOMOLLBIO KOMM/IEMEHTApPHOIO WCMO/b30BaHWUS Masioyr/IoBOrO  paccesHus
TENNOBbIX HEWTPOHOB U AM(PaKLMN BbICOKOTO Pa3peLleHnss Ha CUHXPOTPOHHOM WUCTOYHWKe. B
YaCTHOCTM, MOMYYEHO 3HAYEHMEe KOHCTaHThI B3aWMOfelicTBus paBHoe 3m°/256, coBnajaroLlee ¢
TEopeTUYeCKn npefckasaHHbIM. MoKa3aHO TakxKe, YTO MePEXof OT MY/IbTUCIOMHbLIX K OAUHOUYHBIM
membpaHaM MPOUCXOAMT B COOTBETCTBUM C TEOPETUYECKM MPeACKA3aHHOM MOLeNbio  [ABYX
COCTOSiHWIA. Kpome TOro, BnepBble MOKa3aHO, KakoBa UCTUHHAS BENMUYMHA OHAYALUMOHHbLIX CUN -
OHW [eNCTBUTENIbHO BHOCAT 3HAYMTE/IbHbIVA BKaL B 6afaHC MeXXMeMOpaHHbIX B3aMMOLEACTBUN 1,

60oriee TOro, 3TV CUfbl CTAHOBATCS AOMUHUPYIOLMMM Ha PacCTOAHMAX 60/bLie 20 A.

B 2006 r. 6bin BbINOMHEH pAd PaboT U MNOMyYeHbl UHTEPECHbIE pe3yrnbTaTbl B 061acCTy
AAEPHON Pr3MKK. Bbinn 3aBepLUeHbl paboTbl MO M3rOTOBIEHMIO NOMHOMACLLTA6HON YCTaHOBKN A5
M3MEPEHUSA CEYEHUSA pacCesHNS HEMTPOHa Ha HeTpPOoHe Ha peakTope AYAP. BbinonHeHb! nepsbie
KanMObpoBOYHbIE N3MEPEHUS HA MHEPTHBIX ra3ax ¢ XOPOLLO U3BECTHbLIM CEYEHMEM.

O6paboTaHbl 3KCMEPUMEHTANIbHbIE [aHHbIE 3KCMEPUMEHTa MO HabMOAEHUIO W3MEHEHWUS
SHEPrUM HEMTPOHA MPY MPOXOXKAEHUN Yepe3 YCKOPEHHOe BELLeCTBO, NPOBEAEHHOMO Ha peakTope
AN (FpeHo6nb). CyulecTBoBaHMe  3dbekTa CredayeT U3 CNpaBed/iMBOCTM  MpUMHLMNA

IKBUBA/IEHTHOCTU N AE€Ta/IbHbIX H€I7ITpOHHO-0I'ITI/N€CKVIX pacyeToB. I3MeHeHne 3Heprum HEI7ITpOH&,



3apernucTpUpPOBaHHOE B OMbITE COCTABAANO BeMNUYMHY nopsagka 2x10™° 3BuTo aBnseTCA pekopAHbIM
MO YPOBHIKO TOYHOCTM Ha cerofgHsi. Ha nyyke H8 mMMMNynbCHOro HEMTPOHHOro UcToYHMKa KENS
(KEK, AnoHusa) npoBefeH 3KCMEepPUMEHT, LefIbl0 KOTOPOro fAB/snach NpoBepKa 3P(eKTUBHOCTM
ynpas/ieHns nonsipusaumeli TENOBbIX U 3MUTEN/IOBbIX HEATPOHOB C MOMOLLBIO PaAMOYacTOTHOIO
nons. lMonspusaums HEMTPOHOB M aHa/IN3 UX MOMAPU3aLMN OCYLLECTBAA/INCL YCTPOMCTBAMU HA
OCHOBE MO/APWN30BAHHOI0 *He C ONTUYECKOM HaKauKoiA, Co3aaHHbIMK Konnabopaumeit KEK-NTH®
ONAN B 2003-2005 rr. Pe3ynbTaTbl 3KCNepUMEHTa XOPOLLIO COracyroTcs C pacyeTammn 1 nokasaam
BbICOKYIO  3(PEKTMBHOCTb  MPeL/IOKEHHOr0  MeTofa. PaspabotaHHas MeToavka  6yget
MCNOMb30BaHa AN15 YNPaB/ieHUs HEeWTPOHHOM nonspusauneid B 3KCMepuMMeHTe Mo nposepke T-
MHBaPWaHTHOCTW BO B3aUMOZENCTBMMN MOMSAPN30BaAHHbLIX HEMTPOHOB C MOJISPU30BaHHLIMU SApaMu,
MOCTAaHOBKA KOTOPOro MiaHUpyeTca Ha cTposLemca UcTouHnke JSNS. B pamkax 3KCnepuvMeHTOB
MO NMOUCKY HeWTpasibHbIX TOKOB B HYK/TIOH-HYKNOHHbIX B3aUMOZAENCTBUAX 1 ONpeseNieHnto cnaboii
T-ME30HHOW KOHCTaHTbl CBA3W B Konnabopauum ¢ MUAAD, UM n TY MioHxeHa npoBeaeH
«HY/NIEBOM» 3KCMEPUMEHT MO  ONpefeseHnt0  (POHOBOW aCMMMETPUM Ha MyYKe XONIOA4HbIX
MoNsSiPU30BaHHbIX HenTpoHoB PF1B (11, TpeHobnb) Ans uMkna W3MepeHuid P-HeyeTHOM
acMMeTpum B peakumu °Li(n,a)*H.

B konnabopauun HOBsckiona-Aapmwtaar-Ay6Ha-MatumHa B JYFL (®uHnaHans) 6bina
NnpoBefeHa Cepus 3KCMEPUMEHTOB MO W3YYEHUIO [efleHUsi C WCMOMb30BaHWEM [ABYX MO3auK
NoNynpoBOAHMKOBLIX [ETEKTOPOB. B nepBom 3KcreprMeHTe UCCNeA0Ba/INCL YI/I0BbIE U MacCOBO-
3HEpPreTNYeCKne Koppenaumm OCKO/IKOB [eNeHns B peakumu 28y + “He (40 Ma3B). ¥Yrnosoe
paspeLleHne YyCTaHOBKM MO3BOMSNO BECTU MPSAMOMA MOWUCK COObITUIA TPOMHOIrO KOMNMHEApHOro
pacnaga. bbin 06Hapy>keH psaf 3ddeKToB, KOTOpble MOryT AaBaTb KOCBEHHOE YKas3aHuwe Ha
CYLLIECTBOBAHME 3K30TUYECKUX MOA [efieHns. Bo BTOPOM 3KCMepvMeHTe 6bl10 MpoBeLeHO
MPeLV3OHHOe N3MEPEHIe SHEPTeTUYECKNX pacnpeaeneHunii a-yacTuL, v aaep *He, ncnyckaembix B
MpoLecce TPOMHOTO CMOHTAHHOTO feneHust 2°?Cf. Habnioganoch CylecTBEHHOE OTKMOHEHMe
CMeKTPOB OT [MayCCOBCKOM (DOPMbI B HU3KO3HEPreTUYECKOW 061acTH.

B pamkax cotpyaHuuyectea ¢ MKW PAH cneunanuctamn JIH® n JIPB 6binv NpoBefeHbl
pacyeTbl  Yrf0BOM  3aBMCUMOCTU  3ppeKTMBHOCTM  nabopaTopHoro  npubopa  JIEHA,
NpegHa3HaYeHHOro [A/19 aHanm3a HEWTPOHHOrO M3/yvyeHMss Ha opbute JlyHbl B COCTaBe
op6utanbHoro annapata HACA Lunar Reconnaissance Orbiter 2008. Bbinn TakXe MpPOBeeHbI
3KCMeprMeHTasTbHble KaIMBpPOBKKN NabopaTopHOro NpoToTmna npuoéopa.

B pamkax mMeXxayHapogHoi nporpaMMbl «ATMOCHEPHbIE BbIMaAEHUA TSHKENbIX METasNoB
(TM) B EBpone — OLEHKN Ha OCHOBE aHann3a MXOB-OMOMOHWTOPOB» 3aBEpPLUEH GO/MbLUIOW LMK
paboT, CBA3aHHbIX C O[HOBPEMEHHbIM c6opoM 06pa3uoB B 2005-2006 rr B psige paioHOB

LleHTpansHoi Poccun, KOXHoro Ypana, benopyccumn, bonrapum, Cnosakum, Monbin, PyMblHUK,



Cepbun, MakefoHumn, Xopsatuu u I'peunn ons nNpoBefeHUs MHOTM03/1EMEHTHOIO aKT1BaLMOHHOIO
aHanm3a Ha peaktope MBP-2. PesynbTatbl aHasm3a no 13 anemeHtam: Al, As, Cd, Cr, Cu, Fe, Hg,
Ni, Pb, Sb, Ti, V n Zn 6yayT nepefaHbl B EBponenckmii ATnac aTMocgepHbIX BbinageHnii TM.
AHanornyHble unccnefoBaHus nposedeHbl B MoHronmm u  BbeTHame. Oco6blil  MHTepec
NPeACTaBNAT  pe3ynbTaTbl aHanM3a MXO0B-OMOMOHMTOPOB M3  OMOCKEPHBLIX 3arnoBefHUKOB
(Mpriokcko-TeppacHOro n BOpPOHEXCKOro), nosyyeHHble B COTPYAHWYecTBE C VHCTUTYTOM
rno6anbHOro KnMmMara u skonorum (Mocksa).

B 3aknto4eHne MOXHO OTMETUTb, YTO HabMOAAeTCA POCT UHTEpeca CTpaH-yvacTHUL ONAN
K pabotam B 061aCTV HEATPOHHbIX WUCCNeAOBaHWA.  BaxHo, 4TO B MOCNegHWE ToAbl B
JTabopatopuio MpULLIO [0BOMIBHO MHOFO MOJIOAEXW. Bce 3TV (pakTbl MOATBEPXAAOT, YTO
JNabopatopus NpofosikaeT YCMEeWwHo W [AMHAMWUYHO pa3BMBATbCH, MPOBOAA WCC/MefoBaHWS B

NHTepecax cTpaH-yyacTHUL OVAN.

04.04.2007 A.B. beaywikun
Jupexmop



