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AT THE LABORATORIES OF JINR

Jlabopatopus TeopeTuueckoi pusmukmu
um. H. H. Boronio6oBa

W3 MHKpOCKOIMYECKOTO TaMUIIBTOHHAHA MOTHON CH-
CTEMBI aHAJTUTUYECKHU MOITy4Y€Ha U PELIeHa CUCTEMA HEH-
HEIHBIX ypaBHeHUN Jlan)keBeHa [UIsl 3aTyXarollero rapMo-
HUYECKOTO OCHMIIIITOpA B TIpeenax OO CBA3N MEKIY
KOJUIEKTUBHON M BHYTpeHHeN moxacucreMami. IlokasaHo,
YTO YpaBHCHUSA ABUIKCHUSA IJIA KOJIJIGKTUBHOM MOACHCTCMbBI
YAOBIETBOPSIIOT KBAHTOBOMY (DITyKTyaI[IOHHO-ANCCHITAIIN-
OHHOMY COOTHOILIEHHIO. J[JIs1 IEPBOTO M BTOPOr0 MOMEHTOB
IMOJIYYCHbBI JIOKAJIbHBIC 10 BDEMCHU YPAaBHCHUSA, HO C TPAHC-
MIOPTHBIMH KO3 GUIHUEHTAMH, 3aBUCSAIINMH SBHO OT Bpe-
MeHH. [TokazaHo, 4TO CBSI3b 110 UMITYNBCY MEXKIY KOJIJIEK-
THUBHOU U BHyTpeHHeﬁ noacucTeMaMu MpUBOAMT K IOSABJIC-
HUIO TpeHUs U An(y3un 1o KOOPIUHATE, TOTA KaK CBSI3b
10 KOOpJMHATE OTBETCTBEHHA 3a TpeHue M Muddy3unio 1mo
UMITyJbCy. 1t HeMapKOBCKOM TMHAMHKH TI0JIy4eHbI Ha0O0-
pol auddy3noHHBIX K03 (QUITHEHTOB, KOTOPBIE COXPAHIIOT
COCTOSIHUE CHUCTEMBI YMCTBIM. [loKa3aHO, 4TO ypaBHEHUS
JUIA Koppenﬂuuﬁ HC NWACHTUYHbI YPABHCHUAM U1 CPCAHUX
n runore3a OH3arepa, CTpOro roBopsi, He BEpHa AJIsl HeMap-
KOBCKOIO 3aTyXaloIllero TapMOHHUYECKOrO OCLMIUIATOPA.
I'mnore3za OH3arepa crpaBeAiuBa JIMIIb MPU OMpPEeIcH-
HBIX YCJIOBUSX. Pa3BUTHIN MOAXO TOJIE3CH NIPH ONMCAHNHT

BPEMCH JKM3HH METAaCTaOWIBHBIX CHCTEM, MEPEXOIHBIX
TPOLIECCOB U IEKOTEPEHTHOCTH B KBAHTOBBIX CUCTEMAX.

Kanoxkos 3., Capecan B. B., Adaman I I, Aumonenxo H. B.
Hanpasneno B xxypHan « TM®».

ITokazaHo, 4TO CHEKTP MacC JIETKUX MCEeBI0CKASIPHBIX
*
(w,K,n,m") u Bexropubix (p,K ,w,() ME30HOB MOXKET

OBbITh OOBSICHEH Ha OCHOBE CIEIYIOIINX MPEANOTOKESHUI:
1) uMeeT MeCTO aHAIMTUYEeCKHi KOH(AaHHMEHT (Iporara-
TOPBI KBapPKOB W TIIIOOHOB SIBJISIFOTCS IENBIMU aHAJIHTHYC-
CKUMH (DYHKIIMSIMH rayCCOBCKOT'O THIIA), 2) ME30HBI BO3HH-
KalOT KaK CBS3aHHBIE COCTOSHUS KBAPKOB M IIFOOHOB (HC-
nojib3yercsi ypaBuenue bere—Comnnurepa B IpHOIMIKEHUN
OJTHOIIIFOOHHOT0 00MeHa) u 3) KoHcTaHTa cBsizu KXJI kak
(YHKIMS OT Macchl CBSA3aHHOTO COCTOSIHHSI M MOHOTOHHO
yObIBaeT. BbIMMCIIEHBI IOCTOSAHHBIE [ U fx .
Egumos I’ B. HanpasieHo B )xypHan «SaepHas Gpuznkay.

JlabopaTtopusi BbICOKMX 3HEPrumn
um. B. U. Bexkcnepa u A. M. banguHa

B 2004 r. Ha HyKJIOTpOHE OBIIIM HAYATHI PAOOTHI 110 CH-
CTEMaTHYECKOMY H3YYCHHIO d(pQeKTa pe30HaHCHOTO yCH-

Bogoliubov Laboratory of Theoretical Physics

Starting with the Hamiltonian of a complete system, the
system of nonlinear Langevin equations was analytically
derived and solved for the damped harmonic oscillator gen-
erally coupled with heat bath. The equations of motion for
the collective subsystem satisfy the quantum fluctuation—
dissipation relation. The equations for the first and second
moments of distribution function seem to be locally in time
but with time-dependent friction and diffusion coefficients.
While the coupling in momentum between the collective
and internal subsystems leads to the friction and diffusion in
coordinate, the coupling in coordinate leads to the friction
and diffusion in the momentum. For the non-Markovian dy-
namics, the sets of diffusion coefficients were found to pre-
serve the purity of the states at any time. The equations for
correlations are not identical to the equations for averages in
general case. For non-Markovian damped oscillator, On-
sanger’s regression hypothesis is true only for certain condi-
tions. The suggested approach is useful for the description
of metastable states, transient nuclear processes and deco-
herence in quantum systems.

Kanokov Z., Sargsyan V. V., Adamian G. G., Antonenko N. V.
Submitted to «Teor. Mat. Fiz.».

It was shown that the masses of light pseudoscalar
(w,K,n,m") and vector (p,K*,w,¢) mesons can be ex-

plained on the basis of the following assumptions: (1) ana-
lytical confinement (propagators of quark and gluons are
entire analytical functions of the Gaussian type), (2) mesons
are bound states of quark and gluons (the Bethe—Salpeter
equation in the one-gluon exchange approximation), and (3)
the QCD coupling constant & (( M) is a monotonic decreas-
ing function of the bound state mass M. The decay constants
[ and f are calculated.

Efimov G. V. Submitted to «Yad. Fiz.».

Veksler and Baldin Laboratory
of High Energies

In 2004 a systematic study of the effect of pion yield
resonance enhancement in proton- and deuteron-nuclear re-
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JICHUSI BBIXO/Ia TMOHOB B TIPOTOH- U AEHTPOH-AICPHBIX pe-
AKIUSIX TPH JHEPTHUSX ITydka B oomactu 350 MaB. D10t 3¢h-
ekt ObUT BHepBBIC OOHAPYKCH B DKCIIEPUMEHTE Ha
(azorpone JIAII OMAN u 3aTem moATBEpKACH B paboTax
Ha yckoputensix Caxie (Opannwms) u Tpourka. J{ist BeITION-
HEHHMS 9TOH 3a/1a4¥ ObliIa N3TOTOBJICHA M YCTAHOBJICHA BHY-
TPH BaKyyMHOW KaMepbl yCKOPUTEISI HOBAsl CTAHIUSI BHY-
TPEHHUX MUIIEHEH (cM. (OTO).

CraHnust BHyTPEHHUX MHIIEHEH COCTOUT U3 cheprde-
CKOTO KOpITyca, BaKyyMOIIPOBOJIa M IWJIMHIPUIECKON da-
CTH, B KOTOPOI pa3Memaercsi yCTpOHCTBO KPETICHHSI 1Ie-
CTH MuIIeHed. Pa3Mepsl craHnnm, ee KOHCTPYKIUS U TOJI-
muHa OOOJNOYKM BBIOpAHBI HCXOIS W3 ONTUMAIBHBIX

OOmwuii BU MeXaHU3Ma BHYTPCHHEH MUIICHU IIepe]] yCTaHOBKOM
B BAKyyMHYIO KaMepy yCKOPHUTEIs

3 WY

The general view of the internal target mechanism before the in-
stallation into the Nuclotron vacuum chamber

actions at beam energy near 350 MeV was started at the Nu-
clotron. This effect was detected for the first time at the
Dubna Phasotron [1, 2], then was confirmed at the accelera-
tors in Saclay and Troitsk. For realization of this search, a
new station of Nuclotron internal targets was manufactured
and installed inside an accelerator vacuum chamber (see
photo).

The internal target station intended for physics experi-
ments with the Nuclotron is composed of a spherical hull,
i.e., an ion tube and a cylinder where the target holder carry-
ing six targets is located. The dimensions of the station, its
construction and the thickness of the hull shell are opti-
mized for registration of secondary particles using external
detectors with the maximum achievable spatial angle and
minimum losses.

The first experiments with the new station were carried
out in March and June 2004 with the aim to measure a yield

YCIIOBUH PErncTpannyl BBIICTAIOIINX U3 MHIICHH BTOPHY-
HBIX YacTHUIl ¢ MHHUMYMOM IIOTEph MPH MAKCHMAIEHOM
TEJICCHOM YTJIE.

B 2004 . Ha HOBO¥i CTaHIINK OBUIH TIPOBEIICHEI ICPBEIC
9KCTIEPUMEHTBHI TI0 U3MEPEHHUIO BBIXO/IA IMOHOB HA ITy4YKax
MIPOTOHOB ¥ JAEHTPOHOB OT YIVIEPOJHOH, ATIOMUHHEBOH,
MEIHOH W cepeOpsHONW MUIICHEH ¢ IEeTbI0 OOHAPYKCHHS
aHOMaJnH B (DYHKIIMN BO30YXK/ICHHS 3TOH PEaKInH.

OCHOBHOW 4YacTblo yCTaHOBKHM «J/lenbTa-2» Ha BHY-
TpEeHHEH MHIIEHN HYKJIOTPOHA SIBIISIETCS! CIIMHTHIUISIIIOH-
HBII PoOekHBIN crekTpoMeTp ST it uaeHTHUKA 1
TOYHOTO M3MEPEHUs YHEPTUH 3apsDKEHHBIX yacThll. [Ipen-
BapHUTEIBHO TIOATBEpXkKAeHO Hammuue d3¢pdekra (oM.
PHCYHOK) Ha MHIIEHSX U3 Meau u cepeOpa. Ilepsoie mpen-
BapHUTENbHBIC pE3yAbTaThl ObUIH JookeHBl Ha XVII
Banmuackom MexyHapogHOM CeMHHApe 1Mo HpodieMam
(U3MKK BBICOKMX dHEprui «PensituBucTcKas siepHast Qu-
3MKa ¥ KBAHTOBAsI XpPOMOAWHAMUKa» (27 ceHTAO0pst — 2 OKTS-
Opst 2004 1.) 1 OyIyT OIMyOIMKOBAHEL.

1. Krasnov V. A. et al. // Phys. Lett. B. 1982. V. 108. P. 11.

2. Akimov Yu. K. et al. // JINR Rapid Comm. 1989.
No. 2[35]-89.

IIpenBapurenbHble pe3ynbTaThl 0 OUCKY PE30HAHCHOTO yCuUile-
HUSI BBIXO/1a ITHOHOB
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F On-line data, very preliminary!
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The preliminary results of the March and June 2004 Nuclotron
runs for the search of pion yield resonance enhancement

of pions on proton and deuteron beams from carbon, alu-
minum, copper and silver targets and search for singularities
in excitation function of this reaction.

The main part of the DELTA-2 set-up on the Nuclotron
internal target is a scintillation range spectrometer ST for
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Jla6opatopus c¢usmkm yacruy

10 aBrycra Ha cemuHape [{EPH Opum mpemcTaBieHsI
HOBBIE MpE/IBAPUTEIBHBIC PE3YJBTAaThl  IKCIIEPUMEHTA
NA-48 (yaactue OMSN B K0TOpOM BechbMa 3HAYUTEIHHO),
TIPECTABIISIIONINE OONBIION HHTEPEC [T MEXIyHAPOIHO-
ro HayqHOTo cooOmiecTBa.YcraHoBka NA-48, co3maHHAs
JUISL TOYHOTO M3MepeHust mpsimoro Hapymienust CP-cumme-
TPHU B pacnajiax HeMTPaJIbHBIX KAOHOB, YCIEIIHO BBITIOJ-
HUJIA CBOIO NepBOHavYalIbHYo 3a1ady B 2001 r. Ha ator pa3
OHa OblJIa MCIOJIB30BaHA JUISl PELICHHS IPYTOil MpoOiembl,
3arparuBaroniei (yH1aMEeHTaIbHbBIE OCHOBBI CETOTHSIIITHNAX
MIPEACTABICHNIT O OUHAMHKE CIa0BIX B3aUMOJICHCTBHM.
Peub et 06 SKCIIEpUMEHTAIBHON TPOBEPKE YHUTAPHOCTH
Matpuisl Kabn66o—Kabasmu—Mackassl (CKM), koTopas
OITCHIBAET CMEIINBAHNE KBAPKOB, YIACTBYIOIINX B CIIa0BIX
B3anmozeicTBusIX. [I0cKoNbKy HUKTO HE COMHEBAETCS B €€
YHATapHOCTH B MAaTeMaTHUECKOM CMBICIIE, UIMEETCS B BUIY
MIPOBEPKA TOJHOTHI CTaHAAPTHON Mozxenu. Hampuwmep, cy-
IIECTBOBAHNE JOMOJHUTEIBHBIX TOKOJICHHH KBApKOB MO-
1710 OBbI 03HAYaTh, YTO MATPHIA UX CMEIINBAHUS Ha CAMOM
JieTie UIMEET APYTYIO Pa3MEpPHOCTD, U ee (3 X 3)-CerMeHTt, Ko-
TOPBIM MBI HAOIIOAAEM C U3BECTHBIMH MOKOJICHHSIMH, MO-
JKET BIIOJIHE OKA3aThCsl HEYHUTAPHBIM.

C TOYKH 3peHHs COBPEMEHHOTO COCTOSIHUSI ATOH ITpo-
071eMBbl, HHTPUTA 3aKJIIOYACTCS B TOM, YTO IO CAMOTO IIO-
CJICTHETO BPEMEHH CPEIHEMHUPOBBIC JAHHBIC aBAJIN yKa3a-
HUE Ha HapyueHue yautapHoctu CKM-marpuusl. B yact-
HOCTH, CyMMa KBaJpaToB MOMYyJIEH €€ 3JIEMCHTOB,
CBSI3BIBAOIINX #-KBAPK CO BCEMHU JIPYTUMH, OTIINYAIACH OT
eMHUIIBI Ha BenmuuuHy (4,3 +1,9) - 1073.B JKCIIEPUMEHTE

NA-48 Ha 0CHOBE MOIYYEHHOU PEKOPIHOMN CTaTUCTUKU MO
pacriajiaM KaOHOB M HEUTPaJIbHBIX THIIEPOHOB ObUT U3MEPEH
Monyinb anementa CKM-marpungt |V, |, KOTOpbIi g0mkeH
0bITh paBeH 0,2274 +0,0021, eciu NpUHATH 32 OCHOBY 3Ha-
uenue|V |, morydennoe B padore [1], mpenedpeys 3aBeso-
MO Majoi BeIuuMHOH |V, | U MOTPeOOBaTh BBLITOIHEHHS
yautapHoctu Marpuiibl CKM. Jlist 3Toro ObUTH ¢ BBICOKOH
TOYHOCTBIO U3MEPEHBI BEPOSITHOCTH PacliajioB HEUTpalb-
HBIX M 3aPSDKCHHBIX KAOHOB Ha ITHOH, YJIEKTPOH U HEUTPHHO
(K ,3-pacmajpl), a TaKKe paciiafia HEeHTPanbHOIO KCH-THIIe-
pOHa Ha CUTMa-TUIEPOH, IEKTPOH U HEUTPUHO. Pe3ynbrar
NA-48, nonyueHHbIH U3 JaHHBIX 110 pacHay HeHTPaIbHbIX
KaoHoB, |V, |=0,2187 +0,0028, HECKOILKO BBILIE H3BECT-
HBIX U3MEPEHUH ATOW BEJIMYHMHBI, HO OCTAETCSl HUXKE TOTO
3HAYEHUS], KOTOPOE HEOOXOJMMO JIJIsI BBIIIOIHEHHUS YCIIOBUS
yHUTapHOCTH. OJIHAKO 3TOT Pe3yNbTaT COAEPKUT HETOUHO-

identification and energy gauging of charged particles. The
presence of the effect on copper and silver nuclei (see
figure) is previously endorsed. The first preliminary results
are submitted to the XVII International Baldin Seminar on
High Energy Physics Problems «Relativistic Nuclear
Physics and Quantum Chromodynamics», September 27 —
October 2, 2004, and will be published.

1. Krasnov V. A. et al. // Phys. Lett. B. 1982. V. 108. P. 11.

2. Akimov Yu. K. et al. // JINR Rapid Comm. 1989.
No. 2[35]-89.

Laboratory of Particle Physics

The NA48 collaboration, in which the JINR participa-
tion is quite considerable, presented at a CERN seminar on
10 August its new preliminary results that might be a matter
of large interest to the international scientific community.

The NA48 set-up was originally designed for the pre-
cise measurement of the direct CP violation in neutral kaon
decays and successfully reached its primary goal in 2001.
This time it was used to solve another problem related to the
fundamental ideas about the dynamics of weak interactions.

Namely, the new experimental check for the unitarity of the
quark mixing matrix introduced by Cabibbo, Kobayashi and
Maskawa (CKM) has been carried out. As nobody thinks
this matrix could be a nonunitarian in the mathematical
sense, such checks in fact concern the completeness of the
Standard Model. For example, the existence of additional
quark generations would mean that CKM matrix has anoth-
er dimension and its visible segment (3 X3) may be nonuni-
tarian.

The current experimental status of this problem is in-
triguing, as up to the latest time the world data led to hint of
the CKM unitarity violation. In particular, the sum of CKM
matrix elements squared norms, connecting the u quark with
all other ones, deviated from unit by (4.3 £1.9) 1073, In

the NA48 experiment the norm of the matrix element CKM
|V | has been measured using the largest data sample of
kaon and neutral hyperon decays. Its value has to be equal to
0.2274 £0.0021, if one accepts the well measured |V, ;| [1],
ignores the negligibly small |V, , |, and assumes the unitarity
of the CKM matrix. To do so, a high-precision rate measure-
ment was made for the decay of charged and neutral kaons

into pion, electron and neutrino (K .3 decays), and for the
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CTH, BHOCHMBIC IIJIOXMM 3HaHHEM (opMpakTopa pacrana.
A BOT U3MEPEHNE BEPOSITHOCTH 3aPSKEHHBIX KAOHOB IO Ka-
Hay K 3 nano sennuuny |V, |= 0,2241 +0,0026, kotopas
PacXOIMTCs C UMEBIIMMUCS IO HEJTAaBHETO BPEMEHH MHUPO-
BBIMU JJaHHBIMHU [2, 3], HO comlacyercsi Kak ¢ YHUTapHO-
ctbio CKM-MaTpuiipl, Tak M ¢ CaMbIM ITOCIIETHUM H3Mepe-
HueM, BbimoTHeHHBIM B BNL (CIIA) [4]. AHanu3 TaHHBIX O
pacriajzie HEMTPaJIbHOTO THIIEPOHA MPUBOAUT K 3HAUYCHHUIO
|V,s1=0,214+0,03, koTopoe B mpenenax cBoed OombIIon
HEONPEICICHHOCTH COTIIAaCyeTCsl ¥ C HOBBIMHM, M CO CTaphl-
MU U3MEPEHUSMH.

Bce 3T HOBBIE pe3ynbraThl OBIIM MPECTABICHBI Ha
32-it MexayHaponHoit KOH(DEPEHITUH 110 (PU3UKE BBICOKIX
sHepruit (I[lexun, 16-22 aBrycra 2004 1.) [5] y4acTHHKOM
xoyurabopannu NA-48 u3 Jly6ust JI. JlutoBeim. HoBas uH-
(bopmanusa o mMarpudHOM 3y1eMente |V, | o NA-48 Obia
BKJIIOUEHA B IUICHAapHBIA JOK’Ian, chaenaHHbil B. Ilatepa
(KLOE), n nmaxke B 3aKIIIOYATEIBHBIN JTOKIA] KOH(pEpeH-
mu, cnenanabiit 1. Ommucom (LIEPH). Bmecte ¢ mocnen-
HuMu pesynbraramu sxcnepuMenToB KLOE, KTeV u E865
pe3yabrat NA-48 BHEC CyLLIECTBEHHBIH BKJIa/1 B BBIBOJ KOH-

(epenuun o ToM, 4TO «cara |V, | 3aBepiicHay.
1. Savard G. et al. // Phys. Rev. Lett. 1995. V. 74. P. 1521.

2. Donoghue J. F., Holstein B. R., Klimt S. W.// Phys. Rev. D.
1987. V. 35. P. 934.

3. Bourquin M. et al. // Z. Physik C. 1983. V. 21. P. 27.

4. Poblaguev A. A. for the collaboration BNL-ES865.
hep-ex/0405036. 2004.

5. http://ichep04.ihep.ac.cn.

JNa6opatopus saepHbIX npobnem
um. B. . xenenosa

B Jlabopatopuu sinepubx npodiem um. B. I1. JIxemne-
noBa Ha (hazorpore OMSU npoBoauTCs MIMPOKAst IPOTpam-
Ma HCCIEJOBaHMH IO TpoOJIeMe MIOOHHOTO KaTainmsa B
dt-cmecu. [l mMpOKOro CHEeKTpa 3HAUYCHWH TeMIeparyp
(20-800 K), mmotHocTett (0:2—1:2 LHD) u xoHIIeHTpanuit
tputHsa (15-86 %) xommabopanueir n3z yousi, Poccun n
Tonmananu n3mMepensl napaMeTpsl dt-nukia.

Bom V. R. et al. IlpunaTo X onmyonukoBaHuIO B « KO TOy.

Jliist HU3KO0(hOHOBBIX TEPMAHUEBBIX JIETEKTOPOB OOJIb-
moro o0bema, padoTafoONIMX MPH JIOCTATOYHO HHU3KOW 3a-
rpy3ke B JUAIL, npemiokeH HOBBIA JIByXYpPOBHEBBIH HM-

decay of neutral ksi hyperon into sigma hyperon, electron
and neutrino. The result of NA48, based on the analysis
of neutral kaon decays, leads to the value
|V,s1=0.2187 £0.0028, which is still lower than it is neces-
sary for CKM-matrix unitarity, though it is somewhat high-
er than that given before by all known measurements. But
this result suffers from the uncertainties related to the poor
knowledge of the decay form factor, taken from the pub-
lished sources. On the other hand, the new measured decay
rate of the K, charged kaon decays yields
|V,s1=0.2241 £0.0026, which contradicts to the old estab-
lished data [2, 3], but is completely compatible with the
CKM matrix unitarity as well as with the last BNL measure-
ment [4]. The measurement of this value based on the neu-
tral hyperon decay rate leads to |V, |=0.214 £0.03, which
is in accordance with both old and new data due to its large
uncertainty.

These new NA48 results have been reported at the 32nd
International Conference on High Energy Physics (August
16-22, 2004, Beijing, China) [5] by the JINR participant of
the NA48 collaboration L. Litov. New information on the
|V,| from NA48 was included into the plenary report by
V. Patera (KLOE) and even into the final «Conference Sum-

mary», made by J. Ellis (CERN). Together with the last re-
sults from KLOE, KTeV and E865, the NA48 experiment
has contributed considerably to the final conclusion of the
conference that the V| saga is over».

1. Savard G. et al. // Phys. Rev. Lett. 1995. V. 74. P. 1521.

2. Donoghue J. F., Holstein B. R., Klimt S. W.// Phys. Rev. D.
1987. V. 35. P. 934.

3. Bourquin M. et al. // Z. Physik C. 1983. V. 21. P. 27.

4. Poblaguev A. A. for the collaboration BNL-ES865.
hep-ex/0405036. 2004.

5. http://ichep04.ihep.ac.cn.

Dzhelepov Laboratory of Nuclear Problems

At the Dzhelepov Laboratory of Nuclear Problems a
vast program of the experimental investigation of the
muon-catalyzed D-T fusion was performed on the JINR
Phasotron by JINR-Russia—the Netherlands collaboration.
Parameters of the D-T cycle were obtained in a wide range
of deuterium—tritium mixture conditions (temperatures of
20-800 K, densities of 0:2—1:2 LHD and tritium concentra-
tions of 15-86%).

Bom V. R. et al. // JETP (in press).
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mMynbC (pOPMHUPOBAHUS, B KOTOPOM BEPXHSS YacTh CTaH-
JAPTHOTO OCTPOKOHEYHOTO (Cusp) HMMIyJbCca 3aMeHEHa
napabonoii. CoxpaHeHne B HU)KHEH 4acTH MMITYJIbCa CTaH-
JTApTHON OCTPOKOHEUHOH (hOPMBI 00ECIIEUNBACT ONITHMAIIb-
HOE TTOJIaBJICHHE IIyMa, a napadonmyeckas popma Bepxy1-
KM UMITYJIbCa O3BOJISIET JOCTATOUHO XOPOIIIO KOMIIEHCHPO-
BaTh OaymmcTudeckuil nedumut. B pesynsrare ¢axTop
noJasJieHus ryMa yimy4dmaercs Ha 10—-12 % no cpaBHeHHUIO
CO CTaHAAPTHOM KBa3WrayCCOBCKOM (opmMoii mMmynbca
(hopmupoBaHUsI.

Kanunun A. U., beonaxos B.A. Tlpenpuar OWSAU
E13-2004-34. [y6na, 2004; mpuHATO K OITyOJMKOBAaHUIO B
«NIM Ap.

[Ipennoxena u onucana sueika st OIHOOCHOTO CKa-
THUS KPUCTAIUIOB 110 5 KOap, ucmonb3yeMas B uSR-sxcepu-
MEHTax I10 UCCIEI0BAaHUIO B3aUMOJCHCTBUS aKLUENTOPHOM
MPUMECH AJIOMUHUSL B KpeMHUU. Pa3Meprl uccienyemMbIx
o0pasmoB 9,5 X 9,5 X20 mM. KoHTpons maBieHUs ocylie-
CTBIISUICA KATHOPOBAHHBIMU TEH30PE3UCTOPAMHU.

Amnopeiixa /[. u op. llpenpuat OSSN P14-2004-111. {yGna,
2004; nHanpasneHo B xypHaI «[1TO».

I[aH O630p MCTOAOB U PE3YJIbTATOB BBIYHUCJICHUSA CIIH-
HOBBIX SACPHBIX MATPUYHBIX 2JICMCHTOB, KOTOPBIC HE00X0-
JAUMBI UIA pacydeTa BepOfITHOCTCf/’I BSaHMOHeﬁCTBHﬂ Mac-

Jy6Ha, 9 centsa6ps. OTKpeITHE MeMOpUaNBHOH Tocku podeccopy B. I1. ImMutpueBckomy
Ha (hacaze 31aHMs OT/IeNIa HOBBIX yckopuTenei Jlabopatopun saepubix npodiaem um. B. I1. xenenosa

T

Dubna, 9 September. Opening of the memorial plaque to Professor V. Dmitrievsky on the front wall of the building
of the New Accelerator Department at the Dzhelepov Laboratory of Nuclear Problems

For large-volume high-purity Ge detectors, working at
low counting rates, a new two-level shaping optimized for
ballistic deficit and electronic noise is proposed at the
Dzhelepov Laboratory of Nuclear Problems. The shaping is
based on a cusp-like form of the bottom part of the shaping
and a parabolic-like form of the top shaping part. Due to the
side wings of the cusp the well noise characteristics of the
shaping are conserved. On the other hand, the parabolic part
of the pulse shape allows rather satisfactory compensation
of the ballistic deficit. Calculation shows that the noise fac-
tor can be improved within 10-12% as compared with stan-
dard quasi-Gaussian shaping.

Kalinin A. 1., Bednyakov V. A. JINR Preprint E13-2004-34.
Dubna, 2004; Nucl. Instr. Meth. A (in press).

A cell for uniaxial stress of crystals up to 5 kbar, which
is used in the #SR experiments on investigation of the alu-
minium acceptor impurity in silicon, is proposed and de-
scribed. Dimensions of the samples to be investigated are
9.5%9.5x20 mm. The pressure control is performed with
the calibrated tensor resistors.

Andreica D. et al. JINR Preprint P14-2004-111. Dubna, 2004;
submitted to «Instr. Exp. Tech.».
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CUBHBIX CITa00B3aMMOJICHCTBYIONIIX YACTHI[ TCMHOM MaTe-
pud  c  sAApaMud  MUILIEHH — Jerektopa. [IpuBenen
MaKCHMAaJIbHO TIONHBIA HaOOp SACPHBIX BaKyyMHBIX CPE-
HUX MPOTOHHOTO M HEUTPOHHOT'O CIIMHOB, PACCUUTAHHBIX B
Pa3IUYHBIX MOZENAX. DTHU 3HAYEHMs] MO3BOJISIOT BbIYM-
CIIATH OKUAAEMYIO CKOPOCTH CYeTa COOBITHH MPSIMOTO Je-
TEKTHUPOBAHUS YACTHI] TEMHOU MaTepUH (PEIUKTOBBIX HEHl-
TPAJMHO) 32 CUET CITMHOBOTO B3aUMOACHCTBHSI 3TUX YACTHI]
C s IpamMu.

beonaxos B.A., Lumxosuy @. hep-ph/0406218; HanpaBieHO
B KypHAI « QYA .

B otnene HoBBIX yckopuTeneid JIabopaTtopuu sepHbIX
npobiem um. B. I1. [[xenenoBa coBmecTHo ¢ MHCTHTYTOM
ssmeproit ¢usukn Kpakosa (ITosbina) cosmaHa pessiOH-
Has 0a3a TaHHBIX TApaMeTPOB KOHTPOJIS U YIIPABIEHUS pa-
60T1oii n3oxpounoro ukiorpona (Isochronous Cyclotron
Data Base — ICDB). Ota 6a3a JaHHBIX HalmMcaHa Ha sS3bIKe
Transact SQL myis CYBJI MS SQL Server 2000 ¢ moMo1ipro
MS Enterprise Manager u MS Query Analyzer u ycraHo-
BJIEHA Ha cepBepe M30XpoHHOro Iukiorpona AIC-144 B
Kpakoge, paboTaromiem moj yrnpaBieHHEM OTIepalliOHHON
cucremsl MS Windows Server 2003 (Standard Edition).
Wurepdeiic 6a3bl nanHbIx Hanucad Ha C++ ¢ momorpio MS

Visual C++.NET u BCcTpoeH B mporpamMmy ITOMOIITH OIepa-
topy (Cyclotron Operator Help Program — COHP),
KOTOpasi HCHOJIB3YETCS ISl MOACINPOBAHUS PEXUMOB pa-
00TbI H30XPOHHOTO NUKJIOTPOHA. CBsI3b MPOTrpaMMBbI TOMO-
1M OTIEPATOPY C PEISIIMOHHON 062301 JAHHBIX OCYIIECTRIIS-
€Tcs Ha OCHOBE IPOTOKOJIA OTKPHITOH MEXKCBSI3M 0a3 JaH-
HBIX. Pensnonnas 6a3a TaHHBIX MAPAMETPOB KOHTPOIS U
yTpaBiIeHUs] pabOTOW M30XPOHHOTO ILHUKJIOTPOHA IIPEIHA-
3HAYAETCs, BO-TIEPBBIX, IS CHCTEMATH3ALNH BCEX KapT n3-
MEPEHHBIX W CMOJEGJIMPOBAHHBIX MAarHUTHBIX TIOJNIEH C
LENIBI0 UX aBTOMAaTHYECKOTO HMCIIOJIBb30BaHUS B ITpOIIEcce
MOZICTTMPOBAHUS PEKUMOB pabOTHI, BO-BTOPBIX, JUIS YIIOPS-
JIOYCHHSI COXPAHAEMBIX PEKHMOB PabOTHI € ENBI0 yIO0HO-
TO JOCTyNa K HUM, B-TPETBbUX, JUII YIPOIICHUS PaOOTHI
orepaTropa M30XPOHHOTO LUKIOTpoHA. PensimnonHas Gasa
JTAaHHBIX [TapaMETPOB KOHTPOJIS U YTIPABICHHS paboToH n30-
XPOHHOTO IUKJIOTPOHA OTPAXKAET €ro (PU3MUECKYIO CTPYK-
TYpY 1 JIOTHKY pabOTBhI €T0 oreparopa.

Kusan U. H., Bopoocyos C. b., Tapawrxesuu P. CoobuieHne
OUSIN P9-2004-123. My6Ha, 2004.

B otaene ¢usuku npomexyrtounsix sHepruid JISII
IpoBezieHa paboTa Mo CHCTEMaTU3aIlMi METOA0B BbIPAa0OT-
KA TpHUITEpa B DKCIIEPUMEHTAX CpEJHEro Macmrada Ha

A review of the calculation of spin-dependent matrix
elements relevant to scattering of weakly interacting mas-
sive dark matter particles on nuclei is provided. A compre-
hensive list of the proton and neutron total spin expectation
values calculated within different nuclear models is present-
ed and analyzed. These values allow a conclusion about the
event rate expected in direct dark matter search experiments
due to spin-dependent neutralino—nucleon interaction, pro-
vided neutralino is a dark matter particle.

Bednyakov V. A., Simkovic F. hep-ph/0406218; Particles and
Nuclei (in press).

At the New Accelerator Department of the Dzhelepov
Laboratory of Nuclear Problems, together with the Institute
of Nuclear Physics (Krakow, Poland), a relational data base
of control parameter of isochronous cyclotron (Isochronous
Cyclotron Data Base — ICDB) is created. The data is writ-
ten in Transact SQL for the MS SQL Server 2000 with the
use of MS Enterprise Manager and MS Query Analyzer and
was installed on the server of the AIC144 isochronous cy-
clotron in Krakow, which operates under the control of op-
erating system MS Windows Server 2003 (Standard Edi-

tion). The interface of the data base under consideration is
written in C++ with the use of Visual C++.NET and is built
in the Cyclotron Operator Help Program (COHP), which is
used for model of operational modes of isochronous cy-
clotron. Communication between the COHP and the rela-
tional data base is realized on the basis of Open Data Base
Connectivity protocol. The relational data base of the con-
trol parameter of the isochronous cyclotron is intended:
firstly, for systematization and automatic using of all mea-
sured and modeled magnetic field maps in process of mod-
eling of operational modes; secondly, for ordering of stored
operational modes and comfortable access to them; thirdly,
for simplifying of isochronous cyclotron operator work.
The relational data base of the control parameter of the
isochronous cyclotron reflects its physical structure and log-
ic of work of its operator.

Kian 1. N., Vorojtsov S. B., Tarashkevich R. JINR Commun.
P9-2004-123. Dubna, 2004.

The triggering in medium-scale experiments at high-
and intermediate-energy accelerators is systematically in-
vestigated at the Intermediate Energy Department of DNLP.
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YCKOPHUTEISIX BBICOKMX M NMPOMEKYTOUHBIX Hepruil. Pac-
CMOTpEHBI 001IHe TPeOOBaHUS K TPUTTEPHBIM CHCTEMaM, a
TaKKe 0COOCHHOCTH TAKHX CHCTEM B KOHKPETHBIX IKCIICPH-
MEHTAaX, MMO3BOJISAIOMINE BBHIMOIHATE d(PPEKTUBHBIN 0TOOD
COOBITHI M3ydaeMoro mporiecca. Vi3ydeHsl MeToIsI 0TOopa
COOBITHI, OCHOBaHHBIC Ha HCITOIH30BAHUU YHEPTOBEIICIIC-
HHsI, MHOKECTBEHHOCTH, BPEMEHH NPOJIETa, HOHU3ALHOH-
HBIX TIOTePh, MH(POPMAIHH C TPEKOBBIX IETEKTOPOB H JIPY-
TUX JAaHHBIX, IOCTYIIHBIX B peanbHOM BpeMeHu. [IpuBene-
HBl TNPUMEpPBl pean3allid MHOTOYpPOBHEBOIO TpHITEpa.
[MomuepkHyTa HEOOXOUMOCTH OIIEPATHBHOTO KOHTPOIIS 32
0TOOPOM COOBITHI, ITOCKOJIBKY HAPYIICHHS B €€ PabOTe MO-
TyT NPUBOAUTH K HEBOCIIOJIHUMOM MOTEPE TaHHBIX.
Kynukos A. B. HaripasieHo B sxypHal « QYA S».

B Jlabopatopuu sinepubIx npodirem um. B. I1. JTxemne-
10Ba BEAETCS COOPYKEHHE HOBOH 3KCIEPUMEHTAIbHON
YCTAHOBKM — HAKOIHTEJIsl TO3UTPOHOB HU3KOW SHEPIUU
LEPTA (Low Energy Particle Toroidal Accumulator). B aB-
rycre Obl1a 3aBepiieHa cOOpKa yCTAaHOBKH U HA4aTO TECTH-
poBaHue ee (HOKyCHUpPYIOLIEH CHCTEMBI MIEKTPOHHBIM ITyd-
koM. 10 ceHTsIOpsi ObUT OCYIIECTBIICH 3aXBaT MHKEKTHPO-
BaHHOTO 3JIEKTPOHHOTO ITy4Ka ¥ MOJIyYeHa ero yCTOWYHnBast
LUPKYISIHS B HAKOITUTEIEHOM KOJIbLIE.

DTa ycTaHOBKA IpeTHA3HAYCHA [T TCHEPAIIHH aTOMOB
MTO3UTPOHNS, BOSHUKAIONINX B PE3YNIbTaTe PEKOMOWHAIIHH
MTO3UTPOHOB M OXJIAKIAFONINX AICKTPOHOB B CEKIIUHU JJICK-
TPOHHOTO OXJIaXK/IeHHsI HakoruTes. [lo3utponuit hopmu-
pyercs B BUe HHTEHCUBHOTO, J10 10 4 ¢~ noroka atomos,
KOTOPBIN HMEET MaJIbIi, mopsika 1 Mpa, yriioBoii pa3dopoc
1 Menee yeM 104 oTHOCHTebHDII pa3dpoc yacTull 1o
CKOPOCTH.

bnaropapst mpUMEHEHHIO AIEKTPOHHOIO OXJIAXKICHHS
Ha 3TOH ycTaHOBKe OyayT MOJydYeHbl yHUKAJIbHBIC ITapaMe-
TPBI IIyYKOB OPTOMO3UTPOHUS, KOTOPBIE MMO3BOJSAT MPOBE-
CTH B IPUHIMIIHAIBHO HOBOH MOCTaHOBKE MIMPOKUN KPYyT
9KCIIEPUMEHTOB B obnacty (usnku yactun. Cpeau HUX —
nouck CPT- u CP-napymieHuii, npoBepka 3aKoOHa COXpaHe-
HUS DIIEKTPHYECKOTO 3apsia B e e -aHHUIHIISIIHH, Peliy-
3HOHHBIE M3MEPEHHS BPEMEHHU >KU3HU OPTOIO3UTPOHHUS,
BKJIIOUAs IPOBEPKY TUIOTE3bI CYIECTBOBAHUS KOPOTKOXKH-
ByILIEro 0030Ha U TUIIOTE3bI «3epKajbHON BeeneHHony.

Kpome Toro, yctaHOBKa SIBISETCSI TPOTOTUIIOM CHCTE-
MBI IEKTPOHHOTO OXJIaX/ICHNS aAPOHOB BHICOKOH HEPT NI
LUPKYJIAPYIOLIAM JIEKTPOHHBIM IYYKOM, YTO IPEICTABIIS-
eT OoNBIIoi MHTEpeC B (PHU3HUKE BHICOKUX dHEpruit. OgHUM
U3 BO3MOXHBIX IpUMeHeHuH Hakonurtenedl tuna LEPTA

General requirements to trigger systems are discussed and
the features of such systems in concrete experiments allow-
ing for effective event selection of the process in study are
also presented. The event selection methods based on ener-
gy deposit, multiplicity, time of flight, ionization losses,
tracking information and other available in real time data
are considered. Examples of using the multilevel trigger are
given. The necessity of permanent control for the event se-
lection process is stressed because its imperfections may re-
sult in irreplaceable loss of data.
Kulikov A.V. Submitted to «Particles and Nuclei».

A new experimental set-up, Low Energy Particle
Toroidal Accumulator (LEPTA), is being constructed at the
Dzhelepov Laboratory of Nuclear Problems. The assem-
bling of the set-up was finished in August and its focusing
system was tested with an electron beam. On 10 September
the injected electron beam was trapped and its stable circu-
lation in the storage ring was obtained.

This set-up is meant for the generation of positronium
atoms, which appear in the recombination of positrons and
electrons in the storage electron cooling section. Positroni-

um appears in the form of an intensive, up to 10 4571 flux
which has a small, about 1 mrad, angle spread and less than
10~4 relative spread of particles in velocity.

Due to electron cooling, unique parameters of the or-
thopositronium beams will be obtained that will allow a
wide range of experiments in particle physics in principally
new conditions. Among them are search for CTP and CP vi-
olations, check of the electric charge conservation law in
ete™ annihilation, precision measurements of the ortho-
positronium lifetime including the test of the hypotheses of
the short-lived boson existence and the «mirror universey.

In addition, the set-up is a prototype of the electron
cooling system of high-energy hadrons with a circulating
electron beam, which is of much interest in high-energy
physics. One of possible applications of the LEPTA-type
accumulators will be also generation of pointed antihydro-
gen fluxes with an intensity of up to several thousands of an-
tiatoms per second. A project of such a «generator» is dis-
cussed in the programme of the future GSI accelerator com-
plex.
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CTaHET TAaKKe T'eHepanys HalpaBJICHHBIX IOTOKOB aHTHBO-
JI0pOJia ¢ MTHTEHCHBHOCTBIO /10 HECKOJIBKUX THICSY AHTHATO-
MOB B ceKyHy. [IpoeKT Takoro «reneparopa» o0CyxaaeTcs
B IIporpamMme Oy/yIero yckoputeabHoro komrurekca GSI.

Ha moroke NO3MTPOHOB HHXKEKTOpA HAKOITUTEIS
LEPTA nnanupyeTtcst BBIIIOJIHUTE MPOrpaMMy HCCIIEA0Ba-
HUH TPUKIJIQJHOTO XapakTepa — M0 (PU3UKE TOITYIIPOBOI-
HUKOB.

HemanoBaxxHo, 9TO HOBast yCTaHOBKA, pa3paboTaHHas
B paMKax TeMbl «PH3MKa U TEXHWKA YCKOpHUTENei», Obuia
COOpY’)KCHA B 3HAUMTEILHON Mepe 3a cUeT BHEOIOPKETHBIX
CPEJICTB, TIOJyICHHBIX B PE3YJIbTAaTe BBITOIHEHHS padoT 110
3aKa3aM YCKOpHTENbHBIX meHTpoB Mmupa (FNAL, BNL,
RIKEN, FZJ u np.).

VYeranoska LEPTA siBiisieTcs Takke MPEKPaCHBIM «II0-
JUTOHOM» JUTS TTOATOTOBKH HAy4YHBIX Ka/IpOB, TaK KaK «Ka-
MEpHBII» XapakTep SKCIEPUMEHTOB, IIPOBOANMBIX Ha HEH,
TI03BOJISIET AKTUBHO BOBJICKATh HAyYHYIO MOJIOJCKD B BBI-
TIOJTHEHHE Pa3HOOOPa3HBIX pabOT C IOBOJIBHO OBICTPHIM H0-
CTH)KEHHEM DE3ylbTaToB. DTO, B CBOIO OYEpe/b, JAENACT
YCTAQHOBKY HPHUBICKATEILHON IUISi HAYYHBIX M Y4EOHBIX
LIEHTPOB cTpaH-ydyactHul OWSN.

HU. H. Mewxkos

Jlabopartopus HeUTpoHHOW hU3nKmn
um. U. M. @Ppanka

B JlabopaTopun HEHTPOHHOW (PH3UKH TPOIOIKAIOTCS
CHCTEeMaTH4YeCKNE MCCIICAOBAHUS BIUSHAS BHEIIHETO BBI-
COKOTO JIaBJICHHUSI HA aTOMHYIO M MAarHUTHYIO CTPYKTYpy
MaHranutoB Ry_ A MnO 5 (R — penxozemenbHbIH, A —
IIEJI0YHO3EMETbHBINA 3MeMeHThl). OTKphITHE dhdeKTa Ko-
noccanbHOro Marueroconporusienust (KMC) u pasHo-
o0pazue MarHUTHBIX U JIEKTPOHHBIX CBOHCTB MAHTaHUTOB
BBI3BAJIO 3HAUUTENBHBIH, HE 0CIa0eBAIOINI yKe HA TPOTS-
KECHUH PAZA JICT HHTEPEC K UCCICAOBAHUAM 3TUX COCIMHE-
Hui. OZHAKO BIMSHHUE BHICOKOTO JIaBICHUS HA CTPYKTYPY U
CBOMCTBA MAHTAaHNTOB HEJOCTATOYHO XOPOIIO U3yUEHO.

ATOMHass W MarHuTHas CTPYKTypa MAaHTaHUTOB
Pri_ Sr MnO; (x =0,5, 0,56) uccienopanack METOIOM
HEUTPOHHOW IU(PaKIUK B AUAINA30HE BHEITHUX BBICOKHX
nasienuit 04,8 I'Tla u remneparyp 15-300 K na criekrpo-
merpe JH-12 uMIyabCHOro BBICOKOIIOTOYHOIO pEaKkTopa
WBP-2. Tlpu HOpManbHOM MHaBICHHH 00a COCIUHCHHS
B 00JIaCTH TOCTaTOYHO HU3KHX TEMIIEpaTyp UMEIOT aHTH-
tdeppomarautHoe  (ADM) coctosHme A-tuma. B
Pr 551 sMnO; Takxe HaOTFOMaeTCs MIPOMEKYTOTHOE (hep-
pomarautHoe (PM) coctostHue. [Ipn BeICOKOM AaBiIeHUN

An application program on semiconductor physics
is planned to be implemented at the positron flux of the
LEPTA injector.

It is very important that this new set-up worked out in
the framework of the topic «Physics and Technology of Ac-
celerators» was developed to a large extent with nonbudget
means obtained through execution of orders from accelera-
tor centres such as FNAL, BNL, RIKEN, FZJ.

The LEPTA set-up is a perfect «ground» to train scien-
tific personnel, as the «chamber» character of the experi-
ments makes it possible to involve young scientists into dif-
ferent tasks obtaining rapidly results. In its turn, this makes
the set-up attractive for scientific and educational centres in
JINR Member States.

1. Meshkov

Frank Laboratory of Neutron Physics

At the Frank Laboratory of Neutron Physics the
systematic studies of the effect of external high pressures
on sthe atomic and magnetic structure of manganites

R_,A MnO; (R — rare-carth, A — alkaline-carth ele-
ments) are continued. The discovery of colossal magnetore-
sistance (CMR) effect and a variety of magnetic and
electron properties of manganites have attracted consider-
able interest in the studies of these compounds, which has
not waned in recent years. However, the effect of high pres-
sures on the structure and properties of manganites has not
been adequately investigated yet.

The atomic and magnetic structure of manganites
Pri_,Sr . MnOj (x =0.5,0.56) has been studied by the neu-
tron diffraction method at external high pressures of up to
4.8 GPa in the temperature range 15-300 K at the DN-12
spectrometer of the IBR-2 pulsed high-flux reactor. At nor-
mal pressure, both compounds in the range of rather low
temperatures are in antiferromagnetic (AFM) state of
A-type. In Pr(sSr,sMnO5 the intermediate ferromagnetic
(FM) state is observed as well. At a high pressure P =1.9
GPa in Pry,,Sr;s,MnO; a new AFM state of C-type,
which coexists with the initial AFM state of A-type in the
range of low temperatures, has been observed. In
Pr( sSrq sMnO 5 the effect of high pressure results in a sig-
nificant increase in temperature of phase transition from in-
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P=19TIlaB Pr0’44 Sr 0’56Mn03 HaOJIIONAJIOCh TTOSIBIIE-
Hue HoBoro AMM-cocrosinus C-Tumna, KOTOpOe cocylle-
cTByeT ¢ ucxomHeiM ADM-cocTostHreM A-Thria B 00JIacTh
HU3KHX Temmepatyp. B Pr sSr) sMnO 3 BoszeiicTeue BbI-
COKOTO JIaBJICHUS MPHBOJUT K 3HAYUTEIHHOMY BO3pacTa-
HHUIO TEMITepaTypsl (a3oBOro mepexoga M3 IMPOMEKYTOU-
Horo ®M-cocrosiuuss B ADPM-cocrosnue A-tumna. [lpu
P =2TTlaB obnacT HU3KHUX TEMIIEPATyp HAOIIOIACTCS CO-
cymectBoBanne ucxoqHoro AOM-cocTosHus ¢ (a3oi, He
TIPOSIBIISIONICH MPU3HAKOB HAINYMS JAJTbHETO0 MAarHUTHOTO
mopsiaka [1]. Habmromaembie MarHUTHBIC (ha30BEIC TIEPEXO-
JIbl YIAJIOCh YCTICIIHO OOBSICHUTH HAa OCHOBE PACCMOTPEHUS

MOJICJILHOTO TaMUJIBTOHHMAHA CHUCTEMBI.
1. Kozlenko D. P., Glazkov V. P, Jirak Z., Savenko B. N. //
J. Phys.: Condens. Matter. 2004. V. 16. P. 2381.

B niepuoz ¢ 16 utons mo 23 utons 2004 1. ObUTH BBITION-
HeHBI paboTsl 1o ycky MBP-2 n uccnemoBaHusaM OCHOB-
HBIX XapaKTEPUCTHK PEaKTopa ¢ HOBBIM MOAYJISITOPOM pe-
axtuBHOCTH [10-3. PaGOoTHI IPpOBOAMINCE KaK B CTAllHOHAP-
HOM pesknMme (6e3 Bpamenus [10-3), Tak U B IMITYIbCHOM
pexume Ha MotHOCTH 10 1,5 MBT. Kpome Toro, 6p11a mmpo-
BEJICHa JIOTPy3Ka aKTUBHOM 30HBI OIHOM TOIUIMBHOI Kacce-

termediate FM state to AFM state of A-type. At P =2 GPa
in the range of low temperatures the coexistence of initial
AFM state with a phase without any evidence of long-range
magnetic order has been observed [1]. It has become possi-
ble to successfully explain the observed magnetic phase
transitions on the basis of consideration of model Hamil-
tonian of the system.

1. Kozlenko D. P, Glazkov V. P., Jirdk Z., Savenko B. N. //
J. Phys.: Condens. Matter. 2004. V. 16. P. 2381.

During a period from 16 June to 23 July, work was per-
formed to start up the IBR-2 reactor and to study the basic
characteristics of the reactor with a new modulator of reac-
tivity MR-3. The work was carried out both in a steady-state
mode (without rotation of MR-3) and in a pulsed mode at a
power of up to 1.5 MW. Moreover, one fuel cell to ensure
reactivity margin for the future operation of IBR-2 was ad-
ditionally loaded to the active zone.

The obtained results proved to be close to the expected
ones: neutron pulse duration (halfwidth) is 245 us. It is
achieved by means of the modulator of reactivity MR-3,
whose speed is only 600 rpm, instead of 1500 rpm for the

TOH Uil oOecredyeHHWs 3armaca pEeakTHBHOCTH  Ha
nocJjenyromue rojapl 3kcrryaranuu MbP-2.

[MomyueHHbIe pe3yabTaThl OMN3KN K 0XKUJAEMBIM: [UTH-
TENIBHOCTh HEWTPOHHOTO HMITyNbCa (TIONYIIMPUHA) —
245 MKc. DTO AOCTUraeTcs MOAYJISATOPOM PEaKTUBHOCTH
I1O-3, ckopocth KoToporo Bcero 600 00./MUH BMecCTO
1500 00./mMuH Ha TpenpIIyIIX MamuHaX. Pactpenencare
MOIITHOCTH MEXJTy ABYMSI TTOCJIEIOBATEIbHBIMHI HMITYJIbCa-
MH BHHO Ha PUCYHKE.

13 centa0ps Bo3oOHOBICHA TuTaHOBass pabora MBP-2
Ha (pu3nYecKnii SKCIIEPUMEHT.

PaCHpCIICJICHI/IB MOLIHOCTU MEXAY ABYMS ITOCJIEA0BATCIbHBIMU
BCIIBIIIIKaAMH. I[aHHLIC HOPMHUPOBAHBI HA MAKCUMYM BCIIBIIIIKHA
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Distribution of power between two consecutive pulses. The data
are normalized to the pulse maximum

previous machines. Distribution of power between two con-
secutive pulses can be seen in figure.

On 13 September the scheduled operation of IBR-2 for
physical experiments was renewed.

Laboratory of Information Technologies

In cooperation with the International Solvay Institute
for Physics and Chemistry (Brussels, Belgium), the Depart-
ment of Mathematics of the Aristotle University (Thessa-
loniki, Greece) and the Moscow Engineering and Physics
Institute (Russia), the efficient resource distribution in eco-
nomics based on entropy has been investigated. The ap-
proach developed in previous work on the efficient resource
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JNa6opaTtopus MHPOPMALMOHHBIX
TexXHOomnornm

CoBMectHO ¢ MexayHapoaHbiM CoJbBEEBCKMM HWH-
crutryToM ¢usuku u xumun (bproccens, benbrus), hakyms-
TETOM MaTeMaTHKH YHuBepcureTa uM. Apucrorens (Caio-
HUKH, [permst) 1 MOCKOBCKAM WH)KEHEPHO-(DU3NICCKIM
nHCTHTYTOM (POCCHs) mpoBeneHBl UCCIENOBaHUSA IO (-
(heKTUBHOMY pacHpeAe]ICHHI0O PECypCOB B SKOHOMHKE Ha
OCHOBE SHTPOIIHH.

Bruto momyueHo obobmieHue momxoa, pa3padoTaHHO-
ro paHee N0 YPPEKTHBHOMY PACIPEICICHHIO PECYPCOB B
SKOHOMHYECKHUX CHCTEMAaX ¢ MaJICHbKUM Ha0OPOM dIIeMEH-
TOB Ha OCHOBE HTPOITHH. [[11 ydeTa acCHMMETPUIHOTO pac-
TIpeIeNICHIsI PECYpCOB OBLIT BBEICH HOBBIM HA0Op (PyHKITHIA
WHTEPIOJISIIINAY ¢ IBYMS apameTpamiu. [loka3zaHo, 94To MaK-
CHUMaJIbHOE 3HAUCHHE SHTPOIIHU JOCTUTACTCS TOJIBKO B CITY-
Yae aCHMMETPHYHOTO PacIIPeICIICHIS PECYPCOB.

[lepBEIe pe3yIbTaThl HCIIOIB30BAHUS TAKOTO 0000IICH-
HOTO TIOAXO/Ia JUTsl aHAIIN3a PACIPEACTICHHS JOXOI0B Hace-
nenus [Ieeruu u Poccuu mokasajiu, 4To HOBast cXeMa I10-
3BOJISICT JaBaTh d(PPEKTHBHYIO OLECHKY COCTOSHUS aHAJH-
3UpYyeMOH  CHCTEeMBl W  KOHTPOJHPOBaTh  MpOIECC
pacmpeneneHus pecypcos.

Anmonuy A., Heanoe B. B., Kpanes A. B., Mamoxun B. B.,
Llanosanos M. B. // Physica A. 2004. V. 336. P. 549-562.

B cBs3M ¢ 3KkCnIepMEHTaMH Ha YCTaHOBKAX «JHeEp-
rust + TpaacMyTanusas» 1 SAD MeTooM MOHTE-KapIIOBCKO-
IO MOJCTHPOBAHUS U3y4yaeTCs 3aBUCHMOCTh BBIXO/a Heil-
TPOHOB M TEIUIOBBICIECHHUS B MUILIEHSX JJIEKTPOSACPHBIX
YCTAHOBOK, OOTy4aeMbIX BEICOKOIHEPTETHIECKUMHE POTO-
HaMH, OT MaTepHaia, pa3MepoB U KOH(GUTypalluy MUIICHH.
PaccmoTpeH oiH U3 BapHaHTOB MUILICHHU [T CO3aBaeMO
B Jlyone ycraHoBku SAD Ha IPOTOHHOM ITy4Ke C DHEprHEl
660 M»B. [lokazano, uro B npenenax 5—10 % BbIxos HEH-
TPOHOB B BUCMYTOBOW, CBUHIIOBOW M BOJB(PAMOBOH MH-
IICHSAX OKa3bIBACTCSI MPAKTUYECKH OJJUHAKOBBIM U HE 3aBH-
CHT OT ITyOMHBI OKHA, Yepe3 KOTOPOE BBOANUTCS ITy4OK IIPO-
TOHOB, 3aBUCHMOCTb CTAHOBHTCSI CYIIIECTBEHHOM JINIIb JJIS
0YEHb NIyOOKNX OKOH. CBHHIIOBAsl 1 BUCMYTOBAsI MUIICHH
auameTpoMm 8 cM, a Bojib(paMoBas MHIICHb THAMETPOM
5-6 cM akkymyaupyroT Ha anuHe AZ =20 cM He MeHee
80 % TemoBBIIEICHUS, 00YCIOBICHHOTO HOHU3AIMOHHbI-
MH TIOTEPSMH HEpTruu NnpoToHoB. IIpu 3tom okomno 95 %
9THX TIOTEPb MPOUCXOJNT B LIEHTPAILHOM 00JacTH paguy-
coM R =1,5cm.

bapawenxos B. C., Kymasam X., Jlobanosa B. A., Cmeyen-
xo C. I Hanpasneno B xxypHai «Ilucema B DUAS».

distribution in economic systems with a small number of el-
ements based on entropy was generalized. To take into ac-
count the asymmetric resource distribution, a new set of
two-parameter interpolating functions was introduced. It
demonstrates that the maximal value of entropy is reached
only in case of asymmetric distribution of resources. First
results on application of the generalized approach to the
analysis of income distribution for Sweden and Russia pop-
ulation have shown that the new scheme allows efficient es-
timation of the state of the analyzed system and control over
the resource distribution process.

Antoniou I., Ivanov V. V., Kryanev A. V., Matokhin V.V,
Shapovalov M. V. // Physica A. 2004. V. 336. P. 549-562.

A dependence of the neutron yield and the heat produc-
tion in the targets of the installations «Energy + Transmuta-
tion» and SAD on their material, dimensions and configura-
tion of the target is investigated. As an example, one of the
variants of the target for the 660-MeV proton beam SAD
produced in Dubna is considered. It is shown that within the
limit of 5-10% the neutron yield in Bi, Pb and W targets is
practically independent of the material of the target and the

depth of the entrance window. The dependence becomes
significant only for enormous depths. The bismuth and lead
targets of diameter 8 cm and the tungsten target of diameter
5—6 cm accumulate on the length AZ = 20 cm about 80% of
the heat release due ionization losses of the proton beam.
Approximately 95% of these losses occur in the central re-
gion with the radius R = 1.5 cm.

Barashenkov V. S., Kumawat H., Lobanova V. A., Stecen-
ko S. G. Submitted to «Part. Nucl., Lett.».

A numerical temperature effect investigation of materi-
als exposed to high-energy heavy ions by using systems of
temperature conductivity equations for electrons and lattice
has been performed by LIT and FLNR researchers. The sys-
tem of equations for the electron gas and lattice around and
along the trajectory of heavy uranium ion with the energy
700 MeV in nickel at the constant of heat capacity and heat
conductivity taken at room temperature is solved numerical-
ly in a cylindrical axial-symmetrical coordinate system. On
the basis of the obtained temperature dependence of the lat-
tice upon the radius (coordinate r) and the depth (coordinate
z) around the ion trajectory, a conclusion was made that the
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Cortpyanukamu Jlaboparopun nH(MOPMAIIMOHHBIX TEX-
HoJjtoruit u JIabopaTopuu AEpHBIX peakIuii IPOBEICHO Y-
CJICHHOE HICCIIEIOBAHUE TEMIEPATYPHBIX 3(P(HEKTOB B MaTe-
pHanax npu OOMyHYEeHUM WX TSKEIBIMA MOHAMH BBICOKHX
SHEPruil B paMKax YPaBHEHHWH TEIIONMPOBOAHOCTH IS
SJIEKTPOHOB M PEUICTKH.

Cucrema ypaBHEHHUH JUTS TEMIIEPATYPbI AIEKTPOHHOTO
ra3a W PEmIeTKH BOKPYT M BJOJIb TPACKTOPHH TSIKEIIOTO
noHa ypana ¢ sHeprueid 700 MaB B HUKelle npu MOCTOSIH-
HBIX 3HAUCHMAX TETTIOEMKOCTH M TEIUIONPOBOTHOCTH, B3Sl-
TBIX TIPH KOMHATHOHM TeMIIEpaType, pelieHa YHCICHHO B aK-
CHAJIbHO-CHMMETPHUYECKON IMIIMHAPHIECKON CHCTEME KO-
opnuHat. Ha OCHOBE TIOMYYEGHHBIX  3aBUCHMOCTEH
TEMITEpaTypbl PEUIETKH OT pajuyca BOKPYT TPAaeKTOPUH
HMOHa (KOOPIMHATA ') U TITyOMHEI (KOOpAWHATA Z) TIOKa3aHo,
YTO HOHM3AIIMOHHBIC TIOTEPH YPHEPIHY HOHA YPaHa B HUKETIE
JIOCTAaTOYHBI JUISl TIJIABJICHUS U NCTIAPEHUsI MaTepHaa ¢ mo-
BEPXHOCTH.

CrenaHsl OIIEHKH pazMepa 001acTel ¢ MaKCHMAaIbHBIM
pamuycoM R .~ W IIyOMHON B MUIIEHU Z, , TIE IIPOHC-
XOJISIT TIPOLIECCH TJIABICHUS U UCTIAPEHHs MaTepHuana M-
LICHH.

Amupxanoe 1. B., [fuovix A. IO. u op. HaripaBieHo B xypHal
«ITucema B DUAS».

AHaTUTUYECKU U YUCIIEHHO HAWJEHbl PELICHUs pa3-
JIMYHBIX KPAEeBbIX 3aay sl ypaBHEHHS BBICOKOTO MOPSIIKa
C MaJIbIM MapamMeTpoM IpH CTapIIUX MPOU3BOAHBIX. [laH
aQHAJIM3 STUX PEUIeHUH. YCTaHOBIEHO, YTO AJII HEKOTOPBIX
BApUAHTOB CUMMETPUYHBIX TPAHUYHBIX YCIOBUH PELLICHUS
KpaeBoH 3a/1au sl ypaBHEHUH 4-10, 6-10 U T. JI. OPSIIKOB
nepexodsaT B peuieHue ypaBHeHus Llpeaunrepa npu € = 0
(¢ — maubrii mapametp). HaliieHHBIC pETIICHHS C Pa3TUIHBI-
MU y3JaMH OPTOTOHAIIBHBI MKy coboif. [IpuBeneHs! pe-
3yJIbTaThl YUCIEHHBIX PACUETOB.

Amupxarnos U. B., )Kuokos E. I1., Caprap H. P., Capxaoog H.
Cooburenne OUSN P11-2004-147. JTy6ua, 2004.

O'rnenel-me PAAUALMOHHLIX
n panuoﬁuonoruqecxux uccneqoBaHMM

[IpomomxkaroTcst MccaeqoBaHUs OMOJIOTHYSCKOTO eii-
CTBUSI TSDKEIIBIX 3apsDKEHHBIX YACTHIl Ha HyKJIoTpoHe. Of-
HOW W3 crenu(UIecKUX 0COOCHHOCTEH NEHCTBHS BBICOKO-
SHEPTeTUYHBIX TSDHKENBIX sIep Ha TEHETHUYSCKUH ammapar
KJIETOK siBisieTcs mHAaykuus nospexxaenuil JJHK kmacrep-
HoOrO TUTa. Takne MOBPEKICHUS SBIISTIOTCS CIICACTBUEM JIO-
KaJIbHOTO BBIICIICHHS 3HAYUTEIIEHOTO KOJTMYSCTBA SHEPTHH,

ionization energy loss was enough for melt and evaporation
of the material from the surface. The characteristic sizes of
maximum radius R . and depth Z . in the target where
the melting and evaporation processes take place were esti-
mated.

Amirkhanov I. V., Didyk A. Yu. et al. Submitted to «Part.
Nucl,, Lett.».

Solutions to various boundary-value problems for a
high-order equation with a small parameter at higher deriva-
tives have been found in the work «Investigation of Bound-
ary-Value Problems for a High-Order Equation with a small
Parameter at Higher Derivatives». An analysis of the solu-
tions is presented. It has been found that for some variants of
symmetric boundary conditions the solutions to the bound-
ary-value problem for equations of the 4th, 6th, etc. orders
turn to the solution of Schrodinger equation for e = 0 (¢is a
small parameter). The solutions with different knots are or-
thogonal with each other. The results of numerical calcula-
tions are given.

Amirkhanov 1. V., Zhidkov E. P., Sarker N. R., Sarhadov I.
JINR Commun. P11-2004-147. Dubna, 2004.

Division of Radiation and Radiobiological
Research

The investigations of biological effects of heavy
charged particles at the Nuclotron are continued. One of the
specific characteristics of genetic effects of accelerated
heavy charged particles is the induction of clustered DNA
damages. Such lesions are the result of significant energy
deposition in genetic structures. In this case the repair of
single- and double-strand breaks (DSB) of DNA may be
strongly suppressed, which reflects on different radiation-
induced genetic effects. It was established that DNA dam-
ages by the physical factors and different chemical muta-
genes induce two kinds of cell response. The first kind is the
repair of DNA damages and the second is the apoptotic cell
inactivation. The specific character of DNA damages due to
heavy charged particle irradiation can reflect on the damage
repair kinetics and influence the frequency of apoptotic cell
inactivation.

In order to study the regularities of DSB repair in hu-
man cells after heavy ion irradiation, the DNA comet analy-
sis method was developed. This method allows determining
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B PE3yNBTATE YEro OJHOBPEMEHHO MOBPEXKIAeTCs OOIbIIOE
KOJIMYECTBO XHMHYECKHX CBS3€H, COCTaBISIOMNX (par-
ment JIHK. Penapauus kimacTepHbIX OAHO- U ABYHUTEBBIX
paspsiBoB ([IP) JIHK moxeT OBITE pe3ko MmofaBieHa, U 3TO
OyzieT OKa3bIBaTh CYIIECTBEHHOE BIMSIHUE HA XapaKTep MH-
JTYLUHUPYEMBIX TSDKEIBIMU 3apsOKEHHBIMH YacTUI[AMHU TeHe-
THYECKUX 3(P(PEKTOB. YCTaHOBIEHO, YTO MOBPEXKICHUE
JHK daxropamu ¢pusndeckoii mpupoxns! 1 JJHK-TpomHbIMI
XMMHYECKUMHI areHTaMH BBI3BIBACT B KJICTKE JBA THIIA OT-
BETHBIX peaknnii — penapanuio HHAYIHPOBAHHBIX HOBpe-
KJICHUH M aloNTOTHYECKyio rubens kierok. Crenudurka
nopesxxnenmii JJTHK, oOycnoBnenHas BO3IeiicTBHEM yCKO-
PEHHBIX TSDKEJIBIX HOHOB, MOXKET OTPaKaThCsl HA KHHETHKE
penapanyy MOBPEXICHUI 1 BIUATh HAa YAaCTOTY Pa3BUTHS
arornTo3a B MOIMYIISALUH 00IyYEHHBIX KJICTOK.

C nenpio u3yyeHus: 3akoHoMepHocTeld uHaykuuu (P
JHK u ux penapauuu npu AeCTBUM pa3IMUHbIX YCKOPEH-
HBIX TSDKETBIX saep B OTAeneHnn paianioHHbIX U paio-
Omonornvecknx uccienoBannii 6su1 passut merox JJHK-
KOMET, O3BOJISIFOIINH OIIEHUTH COCTOSTHUE TeHOMA MH/JMBH-

3aBI/ICl/IMOCTI) OTHOCHUTECJIIBHOI'O KOJIMYECTBA llByHI/ITeB]:IX pa3p1>1—
BoB JIHK B numdormurax uenoBeka u Ux pernapariui 0T BpeMEHH
oOyueHHss HOHaMU yriepoa ¢ sHeprueii 0,5 ['9B/HykIoH 1 ram-
Ma-KBaHTaMH

T T T T
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The dependence of the relative amount of the double-strand breaks
of DNA in human lymphocytes and their repair on the time of irra-
diation with 0.5 GeV/nucleon carbon ions and gamma rays

the level of DNA damages in individual cells. It was shown
that efficiency of DSB induction by carbon ions with energy
of 0.5 GeV/nucleon is much higher in comparison with
gamma rays (see figure). After 6-hour cell incubation (at
carbon ion irradiation) the relative amount of DSB increases
again. This is evidence of the growth of cell population with
damages induced by the apoptosis.

JIyaJIbHBIX KJICTOK. BBIIO yCTaHOBIEHO, YTO yCKOpPEHHBIC
HOHEHI yriiepona ¢ sHeprueit 0,5 ['3B/Hykimon obnagaror 60-
nee BeIcOKO# 3 exkTuBHOCTHIO B mHAYKIMHU [P JIHK u xu-
Heruka penapauuu [P JJHK npu gelictBun noHoB yriepona
OTJIMYAETCS OT TAKOBOM MPH raMMa-o0IydeHUH (CM. PHCY-
HOK). [Tocne 6 4 MHKYOauK KIETOK, 0OIyYEeHHBIX TSIKEITbI-
MU 3apsDKCHHBIMH YacTHIIAMH, BHOBb OTMEYACTCS TObEM
OTHOCHUTEJBHOTO KOJIMYECTBAa HHAYIHpyeMbIX JIP, uTo Mo-
JKET CBUAETEIHCTBOBATH O BO3PACTAHNH (DPAKLIUH KIETOK C
Pa3BUBAIOIINMHUCS ANIONITOTHYECKUMH U3MEHEHUSIMH.

Yye6HO-HayUHbIN LEeHTP

Crynentst MU®U, MOTU, a Takxke By30B Poccun u
npyrux crpad-ydactHuly OUSAUN mpomomxaror B Y4eo-
HO-HAYYHOM LIEHTpE 00yUIeHHUE Ha IBYX MTOCICIHNX Kypcax.
Y4eOHbIe IUIaHbI TOTOTOBKU CTYACHTOB COCTABIISIFOTCS CO-
BMECTHO C KaeZpaMu By30B M JOTIOJHSIOTCS B COOTBET-
CTBHU C HAIIPaBJICHUSIMH HAYYHBIX HCCIIE0BAHUN 1abopa-
topuiit OUAU.

B ocennem cemecrpe 2004-2005 rr. mis CTYIEHTOB
CTApIINX KypCOB YHTAIOTCS CIICIYIOUINE KYPChI JEKIIUH:
C.Il. VBanoBa u H. B. Autonenko «Teopus sAepHBIX pe-

University Centre

At the JINR University Centre (the UC), students of the
Moscow Engineering Physics Institute, the Moscow Insti-
tute of Physics and Technology, and other higher education
institutions of JINR Member States study throughout two fi-
nal years of their graduate education. The curricula are pre-
pared jointly with the departments of their home institutions
and are expanded to reflect research carried out at JINR
Laboratories.

In the autumn semester of 2004-2005 the following
lecture courses will be given to the graduate students:
S. P. Ivanova and N. V. Antonenko, «Theory of Nuclear Re-
actions»; A. V. Kulikov, «Experimental Nuclear Physics»;
M. G. Sapozhnikov, «Elementary Particle Physicsy;
G. V. Trubnikov, «Introduction to the Theory of Accelera-
tors»; G. A. Shelkov, «Introduction to the Specialty»;
A. V. Efremov, «Standard Model»; V. V. Korenkov, «Data-
base Management System»; T. A. Strizh, «Internet Tech-
nologies»; and E. G. Nikonov, «Object-Oriented Program-
ming in C++». Courses of English are provided for graduate
and postgraduate students.
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akuuii»; A. B. KynukoB «OxcnepuMeHTanbHasi siepHast
¢uznkay; M. I CanmoxankoB «PU3UKa JIEMEHTapHBIX Ya-
ctuny; I. B. TpyOunukoB «BBeneHne B TEOpHIO yCKOpHUTE-
meit»; . A.lllenkoB «BBeaeHne B CIEHUAIBLHOCTBY;
A. B. Edbpemon «Crannaptaas monenb»; B. B. Kopenpkos
«Cucrema ynpasneHus 6a30it qanaeix»; T. A. Ctpmx «H-
TepHeT-TexHoNorum»; . I. HukoHOB «OO0BEKTHO-OpHECH-
THPOBAaHHOE Mporpammuposanue Ha C++». 1 cTyneHToB
1 aCIIHPAHTOB BEIYTCSI 3aHATHUS 110 AHIIIMHCKOMY S3BIKY.

JIist moJIepKKM TPaAWIIMOHHBIX CBs3eil B oOmacth
00pa3oBaHMs M TOJATOTOBKM KaJpOB, a TAK)XXE B COOTBET-
CTBHH C TUIAHOM MEX/yHapOJHOTO COTPYIHHYECTBA MPO-
JIOJDKAETCsT OOMEH CTyAGHTaMH MEXay YueOHO-HaydHBIM
LEHTPOM M yHUBEpPCHTETaMH cTpaH Bocrtounoii EBporbr.
Craso Tpagunueil npuHAMATh CTYCHYECKHE TPYIIIBI U OT-
JIETIbHBIX CTYJCHTOB, NIpHe3XKaomux B JlyOHy ¢ 03HaKOMH-
TENbHBIMU BH3UTAMH.

B cenTa0pe amst TpynIiel MOJIbCKUX CTYEHTOB H3 Ilo-
3HaHN Y4eOHO-Hay4IHBIM IIeHTpoM u JlabGopatopueii Heil-
TpouHO# pm3uku OVMAN Opita opranm3oBaHa HayYHO-TIPO-
M3BOJICTBEHHAsI IIPaKTHKa Mo TeMe «lcronb30Banue pacce-
SIHUSL HEHTPOHOB M CHHXPOTPOHHOTO  H3JIyUCHHUS.

[IpakTHka cocTosmack Omaromapsi MOAJEp)KKe 0oOpas3oBa-
TenpHOW wactu mporpammbl «boromobos—Hbensmy,
CIOCOOCTBYIOIICH Pa3BUTHIO M PACIIUPEHHIO CTyAEHYeE-
CKHX OOMEHOB.

Crynents! byxapecrckoro yausepcurera (Pymbians) n
MX TIpernojaBarens co 2 1mo 23 ceHTsOpsl HaXOAWIINCh Ha
MIPAaKTHKEe B YYeOHO-HAyYHOM IIEHTPE U J1a0OpaTOPHIX
OUAUN. Ins cTyoeHTOB OBLTH OPTaHU30BaHBI SKCKYPCHH B
JIH®, JIAP, JIALL, JIBD, JINT, oHK 1MO3HAKOMUIIUCH C HC-
cleIOBaHMSIMM Ha MeauUMHCKoM myuke JISII. OcHoBHYIO
4acTh BPEMEHHM PAKTUKAHTHI TIPOBOAMIN B Ta00PATOPHSIX,
TJIe IO PYKOBOACTBOM KypaTOpOB — CIICLMAINCTOB H-
CTHUTYTa Y4aCTBOBAJIM B TEKYIIMX HcciIeaoBaHusX. [Ipy BbI-
6ope MecTa POBEACHHS MPAKTUKN YUUTHIBAIHUCH JIMIHbIC
TIOKEJTaHWs U HAayYHbIE HHTEPECHI CTyeHTOB. [ pakTy-
KaHTOB OBIJI OpPraHU30BaHbI JICKIIMH, OHU IPUHAMAIIH y4a-
CTHE B MHCTHTYTCKHX ceMHHapaX. OIuWH U3 CTYICHTOB,
WBan Kpucruan, Beictynui Ha cemuHape B JIT®. [1o okoH-
YaHWUHM TPAKTUKH BCE CTYACHTHI IPEJICTABMIIM OTYETHI O
npoaenanHoi pabore. CTyleHTHI M UX MPENOaBaTelb BbI-
pa3uiIH 0J1arolapHOCTh OPTaHU3aTOPAM MTOE3IKH CO CTOPO-
Hbl IHCTUTYTAa, ¥ B 4aCTHOCTH Y 4eOHO-HAYYHOTO [IEHTPA, &

To maintain the UC’s well-established ties in education
and staff training, and in accordance with the JINR Topical
Plan for Research and Cooperation, student exchanges are
continued between the UC and a number of universities of
Eastern Europe. It has become a tradition to receive student
groups and individual students coming to Dubna for visits
of acquaintance.

In September, for a group of students from Poznan,
Poland, the UC and the Laboratory of Neutron Physics
jointly organized a practice in neutron scattering and syn-
chrotron radiation applications. The practice has become
possible thanks to the support from the educational part of
the Bogoliubov—Infeld Programme, which promotes the de-
velopment and broadening of student exchanges.

During 2-23 September, a group of students from
Bucharest University (Romania) and their instructor had a
practice at the UC and JINR Laboratories. Excursions were
organized for them to the Laboratories of Neutron Physics,
Nuclear Reactions, Nuclear Problems, High Energies, and
Information Technologies. They were introduced to re-

search carried out at the medical beams facility. They spent
most of the time at the Laboratories, where under supervi-
sion by the Institute’s scientists they participated in current
research. The places where the students had their practice
were chosen so as to meet their personal preferences and
scientific interests. The students were given a number of
lectures; they attended the Institute’s seminars. One of them,
Ivan Cristian, himself gave a seminar at the Laboratory of
Theoretical Physics. At the end of the practice, all the stu-
dents presented their practice reports. The students and their
instructor expressed gratitude to the organizers of the visit
on the part of the Institute — in particular, to the UC, and to
the Romanian Ministry of Education and Research and
Bucharest University. The visit was realized thanks to a
grant from the Plenipotentiary of Romania to JINR.

On 12-20 September, four students of the Czech Tech-
nical University in Prague and their instructor visited the
UC. Although their stay in Dubna was short, the programme
of the visit was very diverse. They learned about the UC ac-
tivities and had an excursion over the Laboratory of Infor-
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TaKKe OopraHu3aropam oT MHHHCTEpCTBa 0Opa3oBaHUS U
Hayku Pymbianm u ByxapecTtckoro yHuBepcutera. Busur
ObLT OCyIIECTBIIECH Oaroaps TpanTy MOJIHOMOYHOTO Ipe-
CTaBUTENS NpaBUTENbCTBA Pymbrann B OUSIN.

C 12 mo 20 ceHTs0ps 4eTBepo CTYACHTOB Yemckoro
TexHu4deckoro yuusepcureta (I1para) n ux mpenonasarens
ObuTH TOCTAMH Y4eOHO-HayyHOTO IeHTpa. HecmoTps Ha
KOpPOTKHMH cpok mpeObiBanust B JlyOHe, mporpaMma Obuia
OYCHB HACKHIIEHHOH. CTyICHTHI MO3HAKOMIIIACH C PabOTON
Y4eOHO-HAYYHOTO ILEHTPa, COBEPIIMIM 3KCKYPCHIO IO
JINT, B JIBD ocmotpenu cHHXpO(ha30TPOH, HYKIOTPOH,
KPHOTEHHBIE M OXJIX/AIOUINE YCTAaHOBKH, JKCIIEPUMEH-
TanbHbIH 321, B JISIIT — azoTpoH n MeTMIMHCKHE ITyYKH,

B JIAAP — nmknorpon Y-400M, B IH® — UBP-2, o3Hako-
MHJIUCH C HEHTPOHHO-aKTHBALIMOHHBIM aHAIN30M. B cBOMX
OTYETax-aHKETaX CTYJACHTHI JCIMINCH BICUATICHUAMH O
HayYHBIX KCKYPCHSIX, TOTYEPKUBAIN TOOpOKeIaTebHOe
OTHOIIEGHWE K HHUM COTpPYyAHUKOB VHCTHTyTa M BbICKa-
3BIBAJIM MOXKENaHus npuexars B JlyOHy Ha Oosee monrmit
CPOK JJIsl CTOXXHPOBOK M YYacCTHs B JICTHUX CTYJCHUYECKHX
IIKOJIax.

JIyist KaXKJ0¥ TPYNITBI CTY/IEHTOB OBIIIM OPraHU30BaHbI
skckypeun B Mocksy u Ceprues Ilocan.

Corpyanukamu n acnupantamu Y HII coBmecTHO ¢ Ha-
yaaeiMu coTpyaaukamMu JIT® (cexrop P. B. [Ixxomoca) u

YuuBepcutet «JlyoHa», 1 ceHT0ps. Berpeua mpodeccopeko-npenogaBaTeabckoro coctaBa kadeap
TEOPETHYECKOH U sAepHOH (QU3UKH CO CTyACHTAMH-TIEPBOKYPCHUKaMH Kadenp

University «Dubnay, 1 September. Professors and scholars of the chairs of theoretical and nuclear physics meet the first-year students

mation Technologies; at the Laboratory of High Energies
they saw the Synchrophasotron, Nuclotron, cryogenic and
cooling installations, and the experimental hall; at the Labo-
ratory of Nuclear Problems, the Phasotron and medical
beams facility; at the Laboratory of Nuclear Reactions, the
U-400M cyclotron; at the Laboratory of Neutron Physics
they saw the IBR-2 pulsed reactor and were introduced to
neutron activation analysis. In their reports, the students ex-

pressed their impressions of the excursions to JINR Labora-
tories, noted that JINR staff had always received them
friendly, and stated an intention to come to the Institute for a
longer time for practical experience and to attend summer
student schools.

Excursions to Moscow and Sergiyev Possad were pro-
vided for each student group.
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Yausepcurera ['nccena (I'epmanns) B TeUCHHE MHOTHX JIET
BEIYTCS UCCIICIOBAHUS B3AaUMOICHCTBHS TSDKEITBIX HOHOB C
simpaMu. B 9ToM oy OBLTH BRITIOTHEHBI pacYeThl BEKHBaC-
MOCTEH CBEPXTSKENBIX s1ep [1] B paMKax cTaTUCTUYECKON
MOJICITH U C YISTOM ITOCIICIHUX TEOPETHICCKUX MpejcKa3a-
HUU gJIepHbIX CBOWCTB [2]. st onpeneneHus MIOTHOCTH
YpOBHEW HCITOIBH30Bajach MOIENb (epMH-Ta3a M MOJCHb,
YYUTHIBAIOMIAS KOJUIEKTUBHOE YCHIICHHE TUIOTHOCTH YPOB-
Hel. Bepkusaemoct siiep ¢ Z = 102—-109, nomyueHHble Ha
OCHOBE TEOPETHUYECKUX NpeAcKazaHui [2], oxazaiuch
OJM3KAMU K BEDKABAEMOCTSIM, MTOTYICHHBIM Ha OCHOBE Te-
OpETHYECKUX Tpencka3annii pabotsl [3]. PaccunTans! ce-
YeHHs 00pa30BaHUS UCTIAPUTEIHHBIX OCTATKOB CBEPXTSIKE-
JBIX SIEP B PEAKIHAX XOJOMHOTO W TOPSIYETO CITUSHHS.
IIpenckaszansl ceueHus: o (2-3)p AT A1ep ¢ Z =103, 107—
109. Pe3ynbraTsl, NOJyYEHHBIE HA OCHOBE MOJAEIHU C KOJI-
JICKTHBHBIM YCHJICHHEM YPOBHEH, OKa3aiuch Ooiee dyB-
CTBHUTEIBHBIMH K YSTHO-HEUCTHBIM d(PPEKTaM, YeM Pe3yih-
TaThl Ha OCHOBE MOJICTTH (pepMHU-Ta3a.

Brepsbie nzyueHa BO3MOXKHOCTB [TOJTy4€HHUsI U30TOIIOB
cBepXTsiKeNbIX safep ¢ Z = 101-108 B peakuusix HEMOJIHOTO
cinustHusl [4]. BennuuHbl Mpencka3aHHbIX CEYEHHM Haxo-
JIITCSl BBILIE CYLIECTBYIOIIETO SKCIEPUMEHTAILHOTO Ipe-
Jiena.

Pesymnprarel, momyueHnsie B paborax [1, 4], OpuH 10-
JIOKEHBI Ha MeKAyHapoaHbIX KoHpepeHmmsax «NUCLEUS-
2004» u «KEXON-2004».

1. Zubov A. S. et al. Submitted to «Eur. Phys. J. A».

2. Parkhomenko O. et al. // Acta Phys. Pol. B. 2003. V. 34.
P.2153;

Muntian I. et al. // 1bid. P. 2073;
Muntian I. et al. // 1bid. P. 2141,
Muntian I. et al. // Acta Phys. Pol. B. 2001. V. 32. P. 691.

3. Méller P., Nix R. // At. Data Nucl. Data Tables. 1988. V. 39.
P.213.

4. Adamian G. G. et al. Submitted to «Phys. Rev. C».

Scientists and postgraduates of the UC, jointly with sci-
entists of the Bogoliubov Laboratory of Theoretical Physics
(a Sector headed by R. V. Jolos) and Giessen University
(Germany), have been studying for many years the interac-
tions between heavy ions and nuclei. This year, by using the
statistical model and recent theoretical predictions of nu-
clear properties [ 1], survival probabilities of superheavy nu-
clei have been calculated [2]. Level densities of the Fer-
mi-gas model and of a model with collective enhancement
are used. The survival probabilities obtained for isotopes
with Z=102-109 using the predictions of [1] are close to
those obtained with the predictions of [3]. The evaporation
residue cross sections of superheavy nuclei in cold- and
hot-fusion reactions have been calculated. The cross sec-
tions 0 (_3), for the nuclei with Z=103, 107-109 have
been predicted. The results obtained with the collective en-

hancement model are more sensitive to even—odd effects
than those obtained with the Fermi-gas model.

A possibility of producing new isotopes of the super-
heavy nuclei with Z=101-108 in incomplete fusion reac-
tions has been studied for the first time [4]. The predicted
cross sections are beyond the present experimental limit.

The results of [1, 4] were reported to the International
Conferences NUCLEUS-2004 and EXON-2004.

1. Parkhomenko O. et al. // Acta Phys. Pol. B. 2003. V. 34.
P.2153;

Muntian I. et al. // Ibid. P. 2073;
Muntian I. et al. // 1bid. V. 34. P. 2141;
Muntian I. et al. // Acta Phys. Pol. B. 2001. V. 32. P. 691.

2. Zubov A. S. et al. // Submitted to «Eur. Phys. J. A».

3. Mdller P, Nix R. // At. Data Nucl. Data Tables. 1988. V. 39.
P. 213.

4. Adamian G. G. et al. Submitted to «Phys. Rev. C».
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B. B. Hecmepenko, A. C. Copun

ACHMIITOTHYECKAS CBO00IAa —
TPUYM(P KBAHTOBOI TEOPUH MOJIS

B atom rogy HoGeneBckast mpemust 1o (GhU3UKE MPHUCY-
JKJAEHA TPEeM aMEepHUKAaHCKUM (U3UKaM-TEOpeTHKaM —
HpBuny I'pocey, HdsBuny Ilonutuepy u ®@panky Bumnbue-
Ky — «3a OTKpBITHE aCUMITOTHYECKOH CBOOO/IBI B TEOPUHU
CHIIbHBIX B3aUMOJICUCTBHI» (U3 mpecc-penu3za Hobenes-
CKOTO KOMHUTETA).

DTO OTKpBITHE Oa3UpyeTCs Ha JIOKATBHON TIEpEHOPMHU-
pyeMoii KBaHTOBOW TEOPUH TOJISA, KBAPK-IAPTOHHOM KapTH-
HE aJpOHOB U peHopMrpymIe. YToObI MpaBUIHHO OLIEHUTH
3HAQUEHHE JTAHHOTO OTKPBITHS ISl COBPEMEHHOH (hu3uKu
BBICOKHX YHEPTUi, UMEET CMBICI TPOCIEANTh, XOTSA OBI
KpaTKo, IMyTh HAYYHOTO TOMCKA, KOTOPBIA MPEeAIIeCTBOBAI
aToMy ycrexy. KoHeuHo, 371ech cieyeT HauaTh C TOTO, KaK
CO3/1aBajlaCh COBPEMEHHAsi TEOPHsI CHIIbHBIX B3anMOJIEH-
CTBUH — KBaHTOBas xpomoauHamuka (KXJI).

OO0beIMHCHUE KBAHTOBOI MEXaHHUKH C TCOPUECH OTHO-
CUTCJIBHOCTH ITPUBECIIO B MOCJICBOCHHBIC I'OAbI K 3aBCPIIC-

HUIO TIOCTPOGHHS ammapara KBAaHTOBOW TEOPHH OIS,
OCHOBHOH 3aJa4eil KOTOpOH OBIJIO ONMHCaHWEe B3aUMOJIEH-
CTBUSI 3JIEMEHTApHBIX YacTull. BepummHoil 3Toro moaxoaa
SIBIJIaCh KBaHTOBas snekTpoamHamuka (K3JI), xotopas
obuTa chopmynupoBana eie B 1930-¢ roasr B paborax Jlu-
paka, [Taynu, ®epmu 1 1pyrux Beigaromuxcs pusnukos. O-
HaKo TOJIbKO B 1950-X rogax TEOPETHKN HAyYHIIUCH «HU30a-
BIISATBCS» OT PACXOJMMOCTEH, HEM30EXKHO MPUCYTCTBYIO-
LIMX B JIFOOOH JIOKAJIbHON KBAHTOBON TEOPHUH ITOJIS.

Bce mombITKH npsiMOro pacrpocTpaHeH st popMau3-
ma KDOJ[ Ha cuIbHBIE B3aMMOJAEHUCTBUS OKa3aIHCh Oe3yc-
rrerrHbIMA. [110K, BEI3BaHHBIH 3TUM (aKTOM CpPEITU TEOPETH-
KOB, OBLUT HACTOJIBKO CHJICH, YTO HAa HEKOTOPOE BPEMS HHTE-
pec K KBaHTOBOW TeopHM MOJs ObUI TMOTEpsH. 3/1ech
YMECTHO BCIIOMHUTH CICIYIOIINI HCTOPHUCCKUN Ka3yc:
BbIJatomMics  ¢usuk-reoperuk, yuenuk JI. J1. Jlannay
. 5. Tlomepanuyk maxe 3akpbli B To Bpems (1955 1) cBoit

V. V. Nesterenko, A. S. Sorin

Asymptotic Freedom —

Triumph of Quantum Field Theory

The Nobel Prize in Physics for 2004 has been awarded
for «the discovery of asymptotic freedom in the theory of
the strong interaction» (from the Nobel Prize Committee’s
press release) jointly to David J. Gross, H. David Politzer,
and Frank Wilczek.

This discovery is based on the local renormalizable
quantum field theory, the quark-parton picture of hadrons,
and the renormalization group. In order to evaluate correctly
the importance of this discovery for present-day high-ener-
gy physics, it is worthwhile, though briefly, to trace the line
of the quest that preceded this success. It is good to begin
with the creation of the modern theory of strong interac-
tions, Quantum Chromodynamics (QCD).

In the post-war years the unification of quantum me-
chanics with the theory of relativity led to the construction

___________________________IB0J

of an apparatus of quantum field theory aimed mainly at de-
scribing interactions of elementary particles. This approach
culminated in Quantum Electrodynamics (QED), which
was formulated by Dirac, Pauli, Fermi, and other outstand-
ing physicists as early as the 1930s. However, only in the
1950s theoreticians learnt how to get rid of divergences that
are inevitably present in any local quantum field theory.
All attempts to extend the QED formalism to strong in-
teractions were unsuccessful. Theoreticians were so
shocked by this fact that interest in quantum theory faded
for some time. It is pertinent to note the following historical
casus: an outstanding theoretical physicist I. Ya. Pomeran-
chuk, a disciple of L. D. Landau, even cancelled his seminar
on quantum field theory at that time (1955). However, a
worthy candidate to replace quantum field theory was not
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CEeMHUHAap 0 KBAaHTOBOM TeopuH mnoiisa. OAHAKO T0CTOWHOTO
KaHAMU1aTa Ha 3aMEHy KBaHTOBOW TEOPUH IMOJS HAUTH HE
YAaNoCh, XOTS MPETCHICHTOB OBUIO HEMAaJlo: 3TO U S-Ma-
TPUYHBIN TMOIXON, U PEHKUCTUKA, U JyajibHble MOEIH.
Kcraru, B 9TOM IOTOKE UCCIIEIOBAHUIA TEOPETHUKHU BIIEPBHIE
paccMoTpenu CTPYHHBIE MOJAETH — TaK Ha3bIBaCMBIC
aJpOHHbBIE CTPYHBI.

«Cnac» KBaHTOBYIO TEOPHIO TIOJNIS MIEPEX0]] K Heabee-
BBIM KQJIUOPOBOYHBIM CHMMETPHSIM, BIICPBBIC PACCMOTPEH-
HbM Y. SHrom u P. Musuicom B 1954 . HenocpeactBeHHo
MPUMEHUTHh HeaOeJeBy KaIMOPOBOYHYIO TEOPHIO TIOJNSA
K ONHCAHWIO HaOMIOTAEMBIX CHIIBHOB3AMMOJICHCTBYIOIINX
4acTUI] — IMPOTOHOB, HEUTPOHOB, MU-ME30HOB U T. . —
HENb3sl, TaK KaK KaJHMOpOBOYHBIC TONI — Oe3MaccoBBIC
(4TO TPUBOAUT K AATBHOJACHCTBUIO), & SACPHBIC CHIBI —
KopoTkozeiicTBytomue. Hano Obulo mnepeiitu Ha Jpyroi
ypOBeHI) OINMCAaHUA 3TUX YaCTHUII. 3/160]) OYCHb HpI/IFOI[I/IJ'IaCI:-
TPaKTOBKa a/IpPOHOB KaK COCTAaBHBIX YacTull. J[emo B ToM,
YTO IKCIICPUMCHTATOPaMH ObLJI HAKOIUICH OIPOMHBIN MaTe-
puai mo cBOMCTBaM aapOHOB, KOTOPHIH MO3BOJIMII MPHUITH-
caTb MM LEJNbIA sl KBAHTOBBIX YUCEI: OApUOHHBIN 3apsil,
M30TOIIMYCCKUI CITUH, CTPAHHOCTh U T. 1. Ou3ndecKumu
HOCHUTEIISIMHU BCEX DTUX KBAHTOBBIX YHCEJ CYHUTAJIINCH DjIe-
MEHTapHBIE OJIOKH, M3 KOTOPBHIX IMOCTPOEHBI aJpOHBI —
kBapku, BBeneHHble M. I'emui-Mannom u I LBelirom B

1964 . Ho xiroueBBIM /17151 TATBHEHIIIETO Pa3BUTHS TCOPUN
OKa3aJI0Ch KBAHTOBOE YHCJIO Y KBAPKOB, BIIEPBHIC BBEICH-
Hoe B 1965 T. 17151 cornacoBaHus CIIMHA M CTATUCTHKY B pa-
6oTrax JyOHEHCKHUX YYEHBIX H. H. Boronro6oga,
b. B. Crpymunckoro u A. H. TaBxenuaze u HE3aBUCHUMO
M. Xana u M. HamGy, nonyunsiee BIOCIEICTBUN HA3BaA-
Hue nseta. Jlanee mocTpocHue HeabeIeBON KaarnOpOBOY-
HOW TEOPHH ITOJISl OCYILECTRIIICTCS TOCTATOYHO MPOCTO: Oe-
PEeM KBaHTOBYIO ICKTPOJAMHAMUKY U 3aMCHSICM B HEH JJICK-
TPOHBI Ha [BETHHIC KBAPKH, a JJICKTPOMATHHTHOE IIOJE
(poToHBI) — Ha HeabeleBO KaTHOPOBOYHOE MMOJIE (TJIFOO-
HBI). FIMeHHO 3T0 6e3MaccoBOE IOJIe U IEPEHOCUT B3aMO-
JeiicTBue Mexay kBapkamu. OZHAKO, B OTIMYHE OT TIOJIA
MaxcBermta, He HIMEIOIIETO 3apsaa, TIIIOOHHOE TI0JIe HECeT
3apsig — IBET, U YPaBHEHUS, OMICHIBAIONINE 3TO MOJIe, He-
nuHerHbl. HoBast Teopusi mosyunsia Ha3BaHUE KBAaHTOBOU
XPOMOIMHAMUKH, T. €. KBAHTOBOH ITHHAMHUKH IIBETOBBIX
cTerneHe cBoOOIbI.

Koneuno, 0000IIMB 3eKTpoarHAMUKY MakcBesia—
Jupaka Ha HeaOeleB ciiy4aii, Helib3sl ObLIO CUUTATh HOBYIO
TEOPHIO MIOCTPOCHHOI; e¢ Ha[0 OBLIO eIlle MPOKBAHTOBATH.
W 370 0Kazanock nanexko He TPUBHANBLHOM 3a1aueil. Puuapn
Oeitaman B 1963 1. nepBbIM [M0Ka3aj, 4YTO NpaBuja KBaHTO-
BaHUS AIIEKTPOIUHAMUKA HE paboTaloT B ciaydae Heabeme-
BOIl KaMOPOBOYHOM TPYTIIBI, & IMEHHO: OHU TIPUBOIAT K

found, though there were many contenders: an S-matrix ap-
proach, and Regge and dual models. By the way, in this
stream of investigations theoreticians considered for the
first time string models, the so-called hadron strings.

Quantum field theory was «rescued» by passing to
non-Abelian symmetries that were first considered by Yang
and Mills in 1954. The non-Abelian gauge field theory can-
not be directly applied to describe observable strongly inter-
acting particles — protons, neutrons, pi-mesons, etc., as
gauge fields are massless (which results in a long-range in-
teraction) and nuclear forces are short-range. A different
level of describing these particles was needed. In this case,
the treatment of hadrons as compound particles was of great
use. The fact is that experimenters accumulated vast materi-
al on hadron properties which made it possible to ascribe to
them a great variety of quantum numbers such as baryon
charge, isotopic spin, strangeness. Elementary blocks con-
stituing hadrons — quarks introduced by Gell-Mann and
Zweig in 1964, were thought to be physical carriers of all
these quantum numbers. However, the key moment for fur-
ther development of the theory was the quark quantum num-
ber first introduced in 1965 to interface the spin with

the statistics by the Dubna physicists N. N. Bogoliubov,
B. V. Struminsky, and A. N. Tavkhelidze, and independent-
ly by Hahn and Nambu, which was later called the color.
Then the construction of the non-Abelian gauge field theory
is carried out in a rather simple way: take quantum electro-
dynamics and replace in it electrons by colored quarks and
an electromagnetic field (photons) by a non-Abelian gauge
field (gluons). Just this massless field carries an interaction
between quarks. However, in contrast with the Maxwell
field having no charge, the gluon field carries a charge, the
color, and equations describing this field are nonlinear.
A new theory received the name of quantum chromodynam-
ics, i.e., quantum dynamics of color degrees of freedom.

By generalizing the Maxwell-Dirac electrodynamics
to the non-Abelian case, one could not of course consider
the new theory to be constructed; it had to be quantized. This
turned out to be rather a nontrivial problem. In 1963,
Richard Feynman was the first to show that the rules of
quantization of electrodynamics were not valid in the case
of the non-Abelian gauge group; namely, they lead to viola-
tion of unitarity. A brilliant solution of this problem was
suggested by L. D. Faddeev and V. N. Popov — they intro-
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HapyLIEHUIO YHUTapHOCTU. biiectdinee penieHne AaHHON
mpobiaembl  Obio0  mpemokeHo JI JI. @apmeeBpiM  H
B. H. ITonnoBeIM — OHU BBENH «JIyXW» B KBAHTOBYIO TE€O-
puto HeabeneBa KaTMOPOBOYHOTO IMOJISI M TEM CaMbIM BOC-
CTaHOBWJIM YHUTApPHOCTh. ClieicTBHS HeabeleBOCTH Kallu-
OpOBOYHOI CHMMETPHUH HAa KBAHTOBOM YPOBHE OBLIN HCCIIe-
noBaHel B paborax A. A.CrnaBHOBAa Y HE3aBHCHUMO
JIx. Talinopa — OHM MOJIyYHIIH TOXKJIECTBA, KOTOPBIE UT'pa-
10T LEHTPAIBHYIO POJIb B JIOKA3aTeIbCTBE IIEPECHOPMHUpYe-
MOCTH HOBO#1 Teopun. Toibko mocie 3Tux GyHaaMmeHTanb-
HBIX pabOT TEOPETHUKH CMOIVIM HCIIOIb30BaTh JNArpaMMbl
DeitHMaHa 1 B HeaOEIEBBIX TEOPHSX, T. €. IPUCTYIHTH K HC-
CJIEIOBaHMIO 3TOU TEOpUHU.

U 31ech, KOHEUHO, BHOBb BO3HHUK TOT € CaMbIi BO-
mpoc, uTo U B 1950-x roax: kak paborark ¢ TEOpUeii, KOTo-
past OIUCHIBAET CUIIbHBIC B3aUMOAEHCTBUS, T/Ie HETMHEHHO-
CTH HE MaJIbI U, KaK CJIEACTBHUE, HEIIb3s HCIOJIB30BATh TEO-
pHUIO BO3MYIICHHH MO HUCXOIHOW OOJNBIIONH KOHCTAHTE
B3anmozeicTeus. K 3ToMy BpeMeHH TEOPETHKH YKE HAy -
JIMCh MCCIIEIOBATh [TOBE/ICHHE BKJIA/Ia HETMHEHHOCTEH B Ha-
OJIroflaeMble  TIPOLIECCHI MIPU PA3IMYHBIX 3HAYCHUSIX DHEp-
rur. OCHOBHBIM MaTeMaTHYECKUM arapaTtoM 3AeCh SBIIs-
ercs (popMan3M peHOpMrpymbl. OpUrHHAIBHBIC WICH B
9TOM obmactu ObuM mpeiokeHsl O. llITiokensdeprom u
A. Tlerepmanowm, a Takxke M. I'enmn-Mauuom u @. Jloy eme
B 1950-X rogax, HO OKOHYATEJIILHO METOJ PEHOPMIPYIIIbI

0611 chopMynupoBaH U pa3sut B padorax H. H. Boromo6o-
Ba u [I. B. lllupkoBa. 31ech EHTPATBHYIO POJIb UTPAET IO~
HATHE A((PEKTHBHOTO 3apsiaa, 3aBUCHMOCTh KOTOPOTO OT
SHEPruM BO3HHMKAET B PE3yJIbTaTe yueTa B3aMMOJCHCTBUS
noJiei. MeTo peHOPMIPYIIITbI ACT MPOCTOM CIIOCOO BBIYH-
CJICHUS YIBTPa(UOICTOBBIX U HHPPAKPACHBIX ACHMITTOTHK,
(G PEKTUBHO CyMMUPYs JIHIUPYIOIIUE BKJIA/Ibl OeCKOHEU-
HOTO Kjacca quarpamm deitHmaHa.

Teneps MBI yXe€ BIUIOTHYIO ITOJONIIM K OTKPBITHIO
ACHMIITOTHYECKOM CBOOOBI, BCE HEOOXOMMMOE IJIsI DTOTO
ObUTO co3maHo K Hadairy 1970-x romoB: chopmymupoBaHa
HeaOesieBa KaIMOPOBOYHAS TEOPHsl, 3T Teopus OblIa Ipo-
KBaHTOBaHa, JoKa3aHa ee mepeHopmupyemocts (I. T’ XoodT,
1971 r.), MO’XKHO OBLTO pa3BUBATh TCOPUIO BOSMYIICHUH U
cTpouTh nuarpammel Oeitimana. OCTaIoCh TONBKO 3a/1aTh-
CSI IIENTBI0 MCCIIEIOBATh MTOBEICHNE HHBAPHAHTHOTO 3apsiia
B 2TOi Teopuu. Bor 310 M ObuTO cmemano M. ['poccom,
®. Bunbuexom u HezaBucumo /1. Tlomutepom B 1973 1. Ka-
KO METOJ MCTIONB30BaTh MTPH PEIICHUH 3TOU 3a/1auu, ObLIO
ITOYTH OYEBHUIHO — KOHEYHO K€, METOJ PEHOPMIPYIIITHL.
TexHuueckn MOTPeOOBANIOCH PACCYUTATh HECKOJIBKO JHa-
rpamMm dDeliHMaHa, TOUHEE, HAUTH UX ACUMITOTUKY U pe-
IIUTH PEHOPMTPYIIIIOBOE YpaBHEHHUE (3TO MU PepeHITHATH-
HOE ypaBHEHHE B OOBIYHBIX MPOM3BOJHBIX). 3aciiyra e
. I'pocca, @. Bunwsueka u /1. [lonuTiepa 3akitouaercs He
TOJIBKO U HE CTOJIEKO B 3TOM, CKOJIBKO B ITPABHIILHOI HHTEP-

duced ghosts in quantum theory of the non-Abelian gauge
field, thus restoring unitarity. Consequences of the non-
Abelian nature of gauge symmetry at the quantum level
were studied by A. A. Slavnov and independently by J. Tay-
lor — they derived identities that play a central role in the
proof of the new theory being renormalizable. Only after
these fundamental works theoreticians could use the Feyn-
man diagrams in non-Abelian theories as well, i.e., under-
take research into this theory.

There arose the same question as in the 1950s as to how
to work with a theory that describes strong interactions,
where nonlinearities are not small and, as a result, one can-
not use the perturbation theory in the initial large interaction
constant. By that time theoreticians had learned to investi-
gate the behavior of the contribution of nonlinearities to the
observed processes at different energy values. The main
mathematical apparatus here is the renormalization group
formalism. Unconventional ideas in this domain were put
forward by E. C. G. Stueckelberg and A. Petermann, and
M. Gell-Mann and F. E. Low as early as the 1950s; how-
ever, the renormgroup method was conclusively formulated

__________________________________}B}]

and developed by N. N. Bogoliubov and D. V. Shirkov. The
key role here is played by the notion of effective charge the
dependence of which on energy arises as a result of taking
field interactions into account. The renormgroup method
provides a simple way of calculating ultraviolet and infrared
asymptotics, effectively summing leading contributions of
an infinite class of Feynman diagrams.

We came now close to the discovery of asymptotic free-
dom, everything necessary had been established by the be-
ginning of the 1970s: the non-Abelian gauge theory was for-
mulated, it was quantized, its renormalizability was proved
("t Hooft, 1971), so one could develop the perturbation theo-
ry and construct the Feynman diagrams. It remained only to
study the behavior of the invariant charge in this theory.
This is just what D. Gross, F. Wilczek, and independently
D. Politzer did in 1973. It was almost evident which method
had to be used in solving this problem — the renormaliza-
tion group method, of course. Technically, a few Feynman
diagrams had to be calculated; more exactly, one had to find
their asymptotics and solve a renormgroup equation (a dif-
ferential equation in ordinary derivatives). The credit of
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MpeTanuy 00HAPYKEHHOTO MU BEChbMa HEOOBIYHOTO C TOY-
KM 3peHUsi OOBIYHOM AIIEKTPOIUHAMUKH [TOBE/ICHHS WHBA-
puanTHOrO 3apsiga. CyTh UX OTKPBITUSI COCTOUT B TOM, YTO
WHBapUAHTHBIA 3apsia (3dekTuBHAsS KOHCTaHTa B3aUMO-
neiicteust) B KX/, B ommrune or KDJI, yObiBaeT ¢ pocrom
sHepru# (T. €. Ha MaJIbIX PAacCTOSHHUSX). Terneph 3TO BOIILIO
B yYCOHHUKHU 110 KBAHTOBOW TEOPUHU HEAOECICBBIX KAIHOPO-
BOYHBIX TOJICH M XOPOLIO W3BECTHO cTyneHTaM. OJHaKo B
TO BpEMsi OT aBTOPOB MOTPeOOBAIACH He3ayPsiIHAS HAyIHAS
CMEIIOCTh M TIPCOJOJICHUE 3HAYUTEIBHOTO IICHXOJIOTHYC-
CKOTO Oapbepa, 4TOObI 3asBUTh 00 «HMCUYE3HOBEHUN» B3au-
MOJICHCTBUS B (DU3UKE aJ[POHOB.

TeopeTnueckoe  JI0Ka3aTelIbCTBO  CYNICCTBOBAHHS
acuMritoruaeckor cBooompl B KXJI BEI3BaIIO B CBOC BpeMs
00Ol pe3oHaHc. Jleo B TOM, 4TO K ITOMY BPEMCHHU Ha-
KOTTHJICS 3HAYUTEIIEHBIA SKCTICPUMEHTAIBHBIA MaTePHAI IO
aJIPOHHBIM B3aWMOJICHCTBUSIM, KOTOPBIA HENb3s OBLIO CO-
IJ1aCOBATh C MPEICTABICHHEM O TOM, YTO STH B3aMMOICH-
CTBUSI SIBJISIFOTCS CHJIBHBIMH. Tak, BO BTOPOH ITOJIOBHHE
1960-x Ton0B OBLTA BEIMIOIHEHA [IETast CePHs YKCIICPUMCH-
TOB M0 TIyOOKOHEYNPYroMy JICITOH-aIPOHHOMY paccesi-
HUIO Ha JIMHEHHOM yCKOpHUTele AeKTpoHOB B CTaH(DOpae
(CIIIA). VrimoBoe NOBEIEHHE CEYEHHs PACCESIHUS yaBa-
J0Ch OOBSICHUTH, TOJBKO IPEIIOIOKUB, YTO PACCESHHE
BHPTYaJIbHOTO BBICOKOIHEPTETUICCKOTO (DOTOHA MTPOUCXO-

JIUT Ha TOYCYHBIX COCTABIIONINX aJPOHA, KOTOPHIC MPaK-
THYECKH HE B3aUMOICUCTBYIOT IpPYr C IPYIOM, T. €.
SIBIISTIOTCS CBOOOIHBIMHE. Takyro KapTHHY BRICOKOYHEPTCTH-
YECKUX aJJPOHHBIX IPOLECCOB NpeIoKui B 1969 1. P. deii-
HMaH. OH Ha3BaJl HEB3aUMOJICHCTBYIOIIHNE COCTABIIIONIIEC
aJIpOHOB MAPTOHAMH, a caMa MOJIENb IMTONy4HiIa Ha3BaHUE
mapToHHOW Mojenu. OTKPBITHE aCHMITOTHYECKOH CBOOO-
IIBI OOBACHAIIO, TOYEMY TTAPTOHHI (T. €. T€ K€ KBapPKH ) BEIyT
ce0s1 Kak KBa3MCBOOOMHBIC YAaCTHIII HA MAITBIX PACCTOSHH-
sIX (TIPH BBICOKUX SHEPIHAX) U CHIBHO B3aUMOJCHCTBYIOT
Ha OOJNBIINX PAacCTOSHUAX. braromaps cBoelt GU3NIHOCTH U
HATSITHOCTH TTAPTOHHAS MOJETH MPOYHO BOILIA B COBpE-
MeHHbIH anmnapar KX/1.

AcuMnToTHYecKasi CB000/Ia YPE3BBIYANHO BaKHA IS
npaktideckoro npumeHenus: KXJI, a uMeHHo st pacyera
MPOIIECCOB CUIIbHBIX B3aUMOJICUCTBUN U COOTBETCTBYIO-
[IMX TEOPETHUESCKHX MPEICKA3aHH, TAK KAK OHA MI03BOJISIET
HCIIOJIb30BATh TEOPHUIO BO3MYIICHU# Ol1aroiapst BO3MOXKHO-
CTH OTJEJICHUS BKJIAJ0B MAJIbIX M OOJBIIMX PACCTOSHHUN B
aJIPOHHBIE TPOLECChI (TaK Ha3biBaeMast (haKTopU3aIus, 10-
Ka3aHHas, B YACTHOCTH, JyOHEHCKHMH TEOPETHKAMHU
A. B. Edbpemosim u A. B. Pamtomkuaev B 1978 1), Ecom
o0p1 KXJI He oOnamaa acHMITOTHYECKOH CBOOOMOM, TO
00J1acTh MPUMEHUMOCTH TEOPETHYECKUX PACUETOB B ITOM
TEOPUHU MpPaKTHYECKH ObLIa Obl paBHa Hyir0. [loaTomy B

D. Gross, F. Wilczek, and D. Politzer is not only this, but
rather a correct interpretation of a very unusual, from the
viewpoint of ordinary electrodynamics, behavior of the in-
variant charge. The main idea of their discovery lies in the
fact that the invariant charge (effective interaction constant)
in QCD, in contrast to QED, decreases with increasing ener-
gy (i.e., at small distances). Now this is well known to stu-
dents from text-books on quantum theory of non-Abelian
gauge fields. However, at that time the authors needed out-
standing scientific courage to overcome a great psychologi-
cal barrier to advocate that interactions in hadron physics
«disappear».

Theoretical justification of the existence of asymptotic
freedom in QCD touched off a great resonance. The fact is
that by the time considerable experimental material on
hadron interactions had been accumulated which could not
fit to the notions that these interactions were strong. Thus, in
the second part of the 1960s a series of experiments on deep
inelastic lepton—hadron scattering was carried out at the lin-
ear accelerator of electrons at Stanford (USA). The angular
behavior of the scattering cross section could be explained

only under the assumption that scattering of a virtual
high-energy photon proceeds at point constituents of hadron
which almost do not interact with each other, i.e., are free.
This picture of high-energy hadron processes was suggested
by R.Feynman in 1969. He called noninteracting con-
stituents of hadrons partons and the model was called the
parton model. The discovery of asymptotic freedom ex-
plains why partons (i.c., quarks) behave as quasifree parti-
cles at small distances and strongly interact at large dis-
tances. Being physical and simple, the parton model forms a
strong part of the modern QCD apparatus.

Asymptotic freedom is very important for practical ap-
plication of QCD, namely, for calculation of strong interac-
tion processes and the corresponding theoretical predic-
tions, as it allows the use of perturbation theory due to a pos-
sible separation of contributions at small and large distances
to hadron processes (the so-called factorization, proved by
the Dubna theoreticians A. V. Efremov and A. V. Radyush-
kin in 1978). If QCD did not have asymptotic freedom, the
range of applicability of theoretical calculations in this theo-
ry would be zero. Therefore, this discovery could be evalu-
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TTOJTHON Mepe 3HAYCHHE TAHHOTO OTKPBITHS
MOYKHO aJICKBaTHO OIICHUTH TOIBKO CITYCTS
JecaTuieTus, B reuenue kotopbix KX/ cra-
ma paboTocnocoOHOW TeopHuel CHIIBHBIX
B3aUMOJIEVCTBUM.

[Ipenckazanms, Oasupyrommecs Ha
ACHIMIITOTHYECKOW  cBOOONE, TIPEKPacHO
TTOTBEPIKIAOTCS TPAKTHYECKU BCEMHU JKC-
TIEPUMEHTAMHU, IMEIOIAMHU JIEJI0 C CHIIHHBI-
MU B3auMozelicTBusamMu. B atom miane Ho-
OCTICBCKII KOMHUTET MPUCYIWT TPEMHIO 32
OTKPBITHEC BAYKHOTO SIBICHUS B OKpYKaro-
meM Hac (PU3MYECKOM MHUpE, PEeIInB CIIOXK-
HYIO 33]1a9y BEIOOpA JIaypeaToB CPeIH Heco-
MHEHHO JIOCTOMHBIX HOMHHAHTOB.

Hamr HeOomnpmoit MCTOpUYECKHN JKC-
KypC ITOKa3aJl, B 9aCTHOCTH, CYIIeCTBEHHBII
BKJIaJ] POCCHICKHX (B TOM 9YHCJE TyOHEH-
CKUX) YYCHBIX B MHPOBYIO HayKy. Bricokas
OIleHKa (PyHAaMEHTAIBHBIX (PH3HUCCKUX HC-
CIICZIOBAaHWI TaKUM aBTOPHUTETHBIM Opra-
HOM, kKak HoOelleBCcKkmii KOMUTET, HECOMHEH-
HO, Ba)KHA JJIS BCEX (PU3UKOB-TCOPETHKOB,
paboTarmmx B JaHHON 00IaCTH.

1. U. 3apyoun

«beJblie 3Be31bD)
B PEJIATUBUCTCKON
(parmeHTannm Jerkux sijaep

(I)parMeHTamm CTAa0UJIbHBIX Aep

CiabocBsi3aHHbIE KJIacTepHble cucTeMbl. L{eab 3KcIepuMeHTOB 110
npoexkty BECQUEREL cocTout B u3y4eHHH KapTUHBI (Pa30BOTO Iepexoaa
SIIEPHON MaTepPUU U3 COCTOSIHUSI KBAHTOBOM KUAKOCTH B COCTOSIHME KBaH-
TOBOTO Ta3a, COCTOAMIECTO M3 OOJBIIOTO YHCIA HYKJIOHOB W JICTYAMIITIX
siep BOJIM3W DPHEPreTUYECKUX MOPOTOB TAKUX peakiuid. TepMUH «ierdai-
LIUE A7Ipay» BKIIIOUAET IEHTPOHBI, TPUTOHBI, Ipa 3He u *He, . e. craGuis-
HBIC CHCTEMEI, HE HIMEIOIIHE BO30YKICHHBIX COCTOSTHUH HIDKE ITopora pac-
11412 Ha HyKJIOHBEI.

CoBpeMCHHBIN MHTEPEC K UCCIICHOBAHMIO JaHHBIX (Da30BBIX MMEPEX0-
JIOB MOTHBUPOBAH IMPEICKa3aHUEM CBOHCTB TaKUX COCTOSHHHU, KaK ciabo-
CBSI3aHHBIC KJIACTEPHBIE CUCTEMBI. DTH CHCTEMbI MOTYT UMETh ITPOCTPaH-

ated in full measure only after decades dur-
ing which QCD became a workable theory
of strong interactions.

Predictions based on asymptotic free-
dom are well justified by almost all strong
interactions experiments. In this respect, the
Nobel Prize was awarded for the discovery
of an important phenomenon in the physical
world surrounding us. The Nobel Prize
Committee solved a very complicated prob-
lem of choosing laureates among undeniably
best nominees.

Our short excursus to the history shows
in fact a considerable contribution of
Russian (including Dubna) scientists to the
world science. Such a high appraisal of fun-
damental physics research by such a presti-
gious body as the Nobel Prize Committee is
undoubtedly very important for all theoreti-
cal physicists working in this field.

_______________________________}pJ|

P I. Zarubin

«White» Stars in Relativistic
Fragmentation of Light Nuclei

Fragmentation of Stable Nuclei

Loosely Bound Cluster Systems. The goal of our experiments on the
BECQUEREL project is the study of the picture of the phase transition of
nuclear matter from the state of a quantum liquid to that of a quantum gas
consisting of a large number of nucleons and the lightest nuclei that occur
near the energy thresholds. The term «lightest nuclei» implies deuterons
and tritons, as well as *He and “He nuclei, that is, stable systems having no
excited states below nucleon decay thresholds.

The present-day interest in the study of such phase transitions is moti-
vated by the prediction of the properties of such states as loosely bound
cluster systems. The spatial extension of these systems can essentially ex-
ceed the sizes of the fragments (Efimov’s states near the threshold of the de-
cay of three-body systems, light nuclei having the structure of a molecular
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CTBEHHYIO IPOTSHKEHHOCTD, CYIIECTBEHHO MPEBBIIIAIONTYIO
pasmep dparmentos (coctosiaus Edumoa BOIM3M mopora
pacmanga CHUCTEeM W3 TpeX Tel, JIETKHE Sapa cO CTPYKTypOi
MOJIEKYIIPHOTO TUIIA, 003e-KOHACHCAT Pa3peKeHHOro rasa
a-vactuny B Na-sipax). [Iponecc mysnsrudparMeHTany,
MIPOTEKAFOIINH C aradaTHIeCcKO mepeaadeii BO30YKICHUS
u 6e3 0OMeHa HyKJIOHAMU, MOYKET HHTEPIIPETHPOBATHCS KaK
HCUE3HOBEHUE KYJOHOBCKOTO Oapbepa BCIIEIICTBHE OJIHO-
BPEMEHHOTO YBEIWYCHUS PACCTOSHUS MEXKITY 3apsDKCHHBI-
MU KJIacTepaMu.

W3ydenue Takux coCTOSHHI B MaciiTabax, Xapakrep-
HBIX JUTS HYKJIOHHOHN 1 KJIACTEPHON CTPYKTYPHI Sapa, IPe-
CTaBJSIET MHTEPEC 1A siaepHon acTpodu3uku. Hanpumep,
Oiarojapsi CyIIECTBEHHOMY YMEHBILICHHUIO KYJIOHOBCKOTO
OTTAJIKMBAHUS B TaKUX MPOTSDKCHHBIX CHCTEMax, OHH MO-
TYT UTPaTh POJIb MPOMEXYTOYHBIX COCTOSHHN B IIpoIieccax
SIIEPHOTO CHHTE3a B 3Be3/1aX. YCTAHOBJICHHBIC TOIOJIOTHU
MOTYT OKAa3aThCs MOJIC3HBIMU IS TIPOSICHEHUSI BAPHAHTOB
CHHTE3a sJep KaK IIPOLECCOB, OOpaTHBIX IpoIeccaM HX
(dparmenranuu.

PeasiTuBucTCKast pparmMeHTanusi. 3apsIoBas TOMO-
jorust pparMeHToB IpH nepudepuIecknx B3auMoaeHCTBI-
SIX JIETKUX A1ep ¢ HadaabHOH »Hepruei Boime 1A I'3B mo-

KET CIYKHUTb SPPEKTHBHON XapaKTePUCTUKOW SBICHUS
MynbTH(dparMeHTanuu sep. B atoii obnactu sHepruii go-
CTHTACTCS PEXKHUM TPEIeNbHON (parMeHTanuy suep, T. €.
HEM3MEHHOCTH CIIEKTpa (JparMeHTOB IPHU N3MEHEHUH YHEP-
THH COYapEeHUs U COCTaBa siAep MUILIECHU.

Bo3mokHOCTH HAOIIOAEHUS U CIIEKTPOCKOIIMN KOHEY-
HBIX COCTOSTHUH 13 3apsDKEHHBIX (DPArMEHTOB MPH UCCIIEN0-
BaHWM MYJIBTH(PArMEHTAlNU B PEJIATHBUCTCKONH 0OIacTH
SHEPruil ONpeessAIOTCs TOYHOCTHIO YIVIOBBIX MU3MEPEHUM.
bnarogaps HawmyuiieMy HpOCTPaHCTBEHHOMY pa3pelie-
Huto (0,5 MKM) B sIIEpHON SMYIIBCHU JIOCTUTAETCS YIIIOBOE
paspeleHre CIIEIOB PEJIITUBUCTCKUX (PParMeHTOB OKOJIO
1073 pan. Oro obecnedMBaeT MOJHYI HaOII0AaeMOCTb
BCEX BO3MOXKHBIX pacIafoB BO30YXKJICHHBIX COCTOSHHUI
sinep Ha GpparmenTsl. Hanpumep, Ha [uimHe | MM yBepeHHO
pasiuyaercs Ipouecc 8Be = 24, IPOSIBIIIOMIMNCS [TPH
nMmmynbee 4,5A T'9B/c kak mapa ciiezioB B YIIIOBOM KOHYCE
oxono 21073 pan. Takue y3kue pacrajpl 10CTaTOUYHO Ya-
CTO HaOMOMAIOTCS TPH (PparMeHTAUU PEITATHBUCTCKIX
SIIEP KUCIOPOoa U Oosee TSHKEINBIX SAep.

JUist WiuTrocTpauuu KpuTepueB oTOOpa COOBITHH Ha
puc. 1 npezxcTaBiaeHo coObITHE MYTETH(PArMEHTAINN Spa
kpemaus ¢ ummyiascom 4,5A I'3B/c. OcHoBHO# mHTEpec

type, the Bose condensate of dilute a-particle gas in Na nu-
clei). A multifragmentation process going with an adiabatic
transfer of excitation and without nucleon exchange may be
interpreted as a disappearance of the Coulomb barrier be-
cause of a simultaneous increase in distances between
charged clusters.

The study of such states on the scale typical of the nu-
cleon and cluster structure of the nucleus is of interest for
nuclear astrophysics. For example, thanks to an essential de-
crease in the Coulomb repulsion in such extended systems,
the latter can play the role of intermediate states in nucle-
osynthesis processes in stars. The topologies established
can turn out to be useful for clearing up the variants of the
nuclear synthesis as processes inverse to those of their frag-
mentation.

Relativistic Fragmentation. The charge topology of
fragments in peripheral interactions of light nuclei of an ini-
tial energy above 1 GeV per nucleon may be considered as
an effective characteristic of the nuclear multifragmentation
phenomenon. In this energy range, a regime of limiting frag-
mentation of nuclei sets in; that is, the fragment spectrum is

invariable with respect to the collision energy and the tar-
get-nucleus composition.

In the investigation of the multifragmentation at rela-
tivistic energies, the possibilities of observing the final
states consisting of charged fragments and their spec-
troscopy are defined by the accuracy of angular measure-
ments. Owing to the best spatial resolution (0.5 um), the nu-
clear emulsion ensures the angular resolution of the tracks
of relativistic fragments of about 10> rad. This enables one
to observe completely all the possible decays of nuclear ex-
cited states to fragments. For example, over a track length of
I mm, one can surely distinguish a process 8Be = 2a,

which is revealed for a momentum of 4.5 GeV/c per nucleon
as a pair of tracks within an angular cone of about
2+1073 rad. Such narrow decays are rather frequently ob-
served in the fragmentation of relativistic oxygen nuclei, as
well as heavier ones.

For the sake of illustration of the selection criteria,
Fig. 1 presents an event of the multifragmentation of a 28gj
nucleus of momentum 4.5 GeV/c per nucleon. Of particular
interest is a group of projectile fragments with total charge
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IpelCcTaBIseT Ipynna (pparMeHTOB HAJIETAIOIEero sApa B
Y3KOM KOHYCE YIJIOB IOPsAIKa HECKOJIBKUX TPAITyCOB C CyM-
MapHbIM 3apsaaoMm Z = 13. Bennunna koHyca onpeemnsieTcs
OTHOILIEHHEM TOIEPEYHOr0 UMITyIbca PepMu K UMITYIbCY
Ha HYKJOH nepBHYHOro siupa. Ciembl pelnITHBHCTCKHX
(parMeHTOB JIOJTO OCTAIOTCSI B OIHOM AMYJIbCHOHHOM
CJIO€, YTO AOCTATOYHO AJISl PEKOHCTPYKIUH HEIPEPHIBHOTO
3-MepHOro 0o0pasa 3ToH rpynisl TPEKOB. B aMysbcuu Bo3-

poJa U rejus 1o Macce 4epes onpeeseHle CPeaHero yria
paccesHUs CIIE/IOB U CBA3aHHOIO C HUM IIOJIHOT'O UMITYJIBCA.
BesmuuHBl NPOJONIBHEIX UMITYJILCOB (DparMeHTOB HA HY-
KJIOH C TOYHOCTBIO HECKOJIBKHX IIPOLIEHTOB PaBHbI HMITYJIb-
caM HYKJIOHOB TI€PBUYHOTO s/ipa. DHEPrusi BO3OYKACHHS
cHCTeMbI ()parMEHTOB OTPEIEIIETCS] UX MHO)KECTBEHHO-
CTBIO U yIiIaMu pasiera. OHa MOXKET OBITh OIpeeIeHa KaK
Pa3HOCTh MEXIy MHBAapUAHTHOH Maccoil (parMeHTHpyro-

MO>XKHa I/I)_ICHTI/I(i)I/IKa].[I/Iﬂ PEITATUBUCTCKUX M30TOIIOB BOJIO- e CHCTEMBI K MaCcCOU TMEPBUYHOTO siApa U COCTABIIACT BE-

Puic. 1. CoGpiTre dparMeHTariy sapa >*Si ¢ sneprueii 3,65A 5B B mepudepiaeckoM B3auMOISHCTBIN Ha sape SMyIbci. Ha BepxHeMm
($oTO BH/IHA BepIINHA B3aUMOJICHCTBHS H CTPYS ()parMEHTOB B Y3KOM yITIOBOM KOHYCE BMECTE C YETHIPHMSI COIIPOBOKIAIONIMMH OJJHO3a-
PSIHBIMH YaCTHLIAMH B IIMPOKOM KOHYCE M TPeMsl OCKOJIKAMH Apa MUIICHH. [Ipy cCMeleHnH 110 HalpaBIeHUIO CTPYH (parMeHTOB (HUX-
Hee (OTOo) MOXKHO pasnuuuTh Tpu (pparmenta H u msate ¢pparmenroB He. lHTeHCHBHBIH ciien Ha HIDKHEH (oTorpaduu (TpeTuil cBepxy)
HICHTHDHIMPOBAH KK OYEHb y3Kas 10 YTy Ilapa (pparMeHTos ¢ Z = 2, COOTBETCTRYIONIAs paciafy supa “Be. TpexMepHbIit 06pas coGbIThs
PEKOHCTPYHPOBaH Kak IUIOCKask MPOEKLUS ¢ IOMOIIBIO aBToMaTHyeckoro mukpockona ®HMAH xommiekca [IABUKOM

5

Fig. 1. Event of the fragmentation of a **Si nucleus of an energy of 3.65 GeV per nucleon in a peripheral interaction on an emulsion nucleus.
On the upper photograph one can see the interaction peak and the jet of fragments in a narrow angular cone along with four accompanying
single-charged particles in a wide cone and three fragments of the target nucleus. Moving toward the fragment jet direction (upper photo-
graph) it is possible to distinguish three fragments of hydrogen and five fragments of helium. An intensive track on the upper photograph
(the third one from above) is identified as a very narrow pair of Z = 2 fragments corresponding to the *Be decay. A three-dimensional image
of the event was reconstructed as a plane projection by means of an automated microscope (Lebedev Institute of Physics, Moscow) of the
PAVIKOM complex

determination of the mean angle of track scattering and the
total momentum connected with it.

Z =13 within a narrow cone of angles of the order of a few

degrees. The magnitude of the cone is defined by the ratio of

The longitudinal momenta of fragments per nucleon
are equal, within a few percent, to the momenta of the nucle-
ons of the primary nucleus. The excitation energy of a sys-
tem of fragments is defined by their multiplicity and the
emission angles. It can be estimated as the difference be-
tween the invariant mass of the fragmenting system and the
mass of the primary nucleus and amounts to a few MeV per

the transverse Fermi momentum to the momentum per nu-
cleon of the primary nucleus. The tracks of relativistic frag-
ments remain in one emulsion layer for a long time, suffi-
cient for reconstructing a continuous three-dimensional im-
age of this group of tracks. The mass identification of
relativistic H and He isotopes in emulsion is possible via the

_____________________________pyaay _________________________________
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JMYUHY NOPsAAKA HECKOIbKUX M3B Ha HykJIOH (parmeHTa.
VYI10BBbIE KOppENsuy pparMeHToB OTPaXKaIOT YIIIOBOH MO-
MeHT oOpa3oBasielics cuctembl. Ha puc. 1 B 6onee mupo-
KOM KOHYCE BH/IHBI CJIE/Ibl C MUHUMAJIbHOM HOHU3aLUEH OT
pOXIeHHBIX Me30HOB. Kpome Toro, B BepiInHe B3auMoei-
CTBHSl NPHUCYTCTBYIOT CJIEIbl OT CHIBHOMOHU3UPYIOMINX
OCKOJIKOB $I/Ipa MUIIEHH C 3HEPrueil mopsaKa HECKOIbKUX
necsTkoB MaB. Takum 00pa3oM, BO B3aUMOICHUCTBUH OT-
YETIIMBO MPOSIBISACTCS pa3elieHne KHHEMAaTHIECKUX 00Ia-
CTeil ()parMeHTalNy CTATKUBAIOIIUXCS SAEP.

MyasTH(GparMeHTanus B «0eabIX 3Be3nax». [lpu
HabOpe CTaTUCTHKHU 1O MYJIbTU(pPArMeHTallu siep OTOu-
parorcst coObITHsI 0€3 CJIeIOB OT 3apsDKEHHBIX YacTHIl Me-
KTy oOmacTsIMu (pparMEeHTAIlNK HAJIETAIOMIETO SApa U Aapa
mumieHd. Kak npaBuiio, B TaKuX COOBITHSIX HMPOUCXOIUT
TIOJTHAs Tiepesada 3apsijia MepBUYHOIO S/Ipa B Y3KHH yIyIo-
BOIl KOHYC (parmeHTannu. Hanbonee sicHas nHTEpHpeTa-
Ui 00CCIeYMBACTCS JJIs1 COOBITHI, KOTOPBIC HE COMEpPkKAT
CJIe/IOB 1 OT (hparMeHToB siziep MutieHH. OHK1 00pa3yIoTCs B
cllyyae MHHUMAJIBHOW Nepeaun S3HEPIun K pparMeHTHPY-
toremy siipy. CoOBITHS TAKOTO THIIA U3-33 UX BUJIa HA3bIBA-
10TCsl «OesbIMU 3Be3iaMmu». VX noist ot odmero yncia He-
YOPYTHX COOBITHI COCTABIAET HECKOIBKO MPOoneHTOB. Ha-

3BaHHE OTPAKAET HE TOJIHKO BHEUIHUI BHJ COOBITHS, HO U
Pe3KOE YMCHBIICHUE MTOTEPh HA HOHU3AIUIO (B IPEICIBHOM
ciydae B Z pa3) npu Mepexo/ie OT Clie/ia MEPBHYHOTO sIpa K
Y3KOMY KOHYCY BTOPHYHBIX clieoB. OOpa3oBaHue «Oenbix
3BE3/» MPOUCXOAUT IMPH AICKTPOMATHUTHBIX B3aMMOJICH-
CTBUSIX C BUPTYaIbHBIMH (DOTOHAMH SIJIEP MUIICHH U TPH
J(paKkIMOHHOM paccesiHuM Ha nepudepruuecKix HeHTpo-
HaX MUIICHU.

BakHbIM MPaKTHYECKUM YIOOCTBOM IMPU MOUCKE CO-
OBITHH TAKOTO THIIA SIBIIIETCS TpeOOBaHNE COXPAHECHHUS 3a-
pAaa, 94To TO3BOJISCT UCKITFOYUTh BKJIA OT IPUMECH B ITyd-
ke OoJiee JIErKUX sijiep ¢ ONM3KUM OTHOIICHHEM 3apsijia K
Macce. DTO CYIIECTBEHHO TPH OOJYYEHUH IMYJIBCHU BO
BTOPUYHBIX ITyYKaX PaIUOAKTUBHBIX SIICpP, UMCIONIUX J0-
CTAaTOYHO CIIOXKHBIA cocTaB. OTMETHM, YTO OIHCAHHBIC
KpHUTEpUH 0TOOpa «OeNbIX 3BE3[» COBMECTHO C YCIOBHEM
COXpaHCHUS MIOTOKA YHEPTUHU B KOHyCE (pparMEeHTAIIMU MO-
r'yT OBITh UCTIOJIH30BAHbI B Oy/IyIIEM KCIIEPUMEHTE TI0 HC-
CIIEIOBAaHMIO TJIOOANBHBIX OCOOCHHOCTEH (parMeHTaIuu
TSDKEJIBIX sITIEp B Ipoleccax mnepudepuyeckoil auccoiua-
LU,

3apsinoBast TomoJorus. TOMOJIOTHYSCKUE XapaKTePH-
CTHKHU COOBITHI B JUCCOIMAIMH JIETKUX siiep B nepudepu-

nucleon of the fragment. The angular correlations of frag-
ments reflect the angular momentum of the produced sys-
tem. In Fig.1, one can see, in a broader cone, t