PeneH3usi Ha IpoexkT
"Okcnepument BEKKEPEJID Ha yckoputensHoM kommiekce HYKJIOTPOH/HUKA"

[IpoekT HampaBieH Ha MPOsICHEHHE B3aUMOACUCTBUS JIETKUX SACp MPU HU3KUX SHEPTHUsX U
BO3MOXXHOT'O TIPOSIBJIEHUS KOHJeHcaTa bo3e-ODHHIITENiHA W3 o4acTULl IpPH PENITUBUCTKON
¢bparmenTanuu TKENbIX sAep. Ocoboe BHUMaHHME YIENsSeTcs MPOSCHEHUIO POJU  SACPHBIX
KJIaCTepOB (0-YaCTHYHBIX) B TaKUX peakmusx. SAnpo, Kak MHOro4yacTUYHAasi CHUCTEM, HMEET
UIMPOKUN CHEKTp BO30YKIEHUH, BKIIOYAIOUIUI HE TOJBKO OJHOYACTUYHBIE BO30YKIEHUS
(HYyKJIOHHBIE), HO M KOJUIGKTUBHbIC. JIJIsi TIOHMMaHUs TPOTEKAHUs SACPHBIX peaKlui
CYUIECTBEHHYIO pOJIb HUIPAlOT OCOOCHHOCTH B HENPEPHIBHOM CIHEKTpE, BKIOYAs sJIEpHbIE
PE30HAHCHl U sepHbIE KiacTepbl. [IpencraBieHus O CTPYKType M CBOMCTBAX TaKUX COCTOSHMM
(PHEpruM, IUPUHBI VIS SIIEPHBIX PE30HAHCOB) M BEPOSATHOCTH HMX 00Opa3oBaHUs (MHOTIA Kak
IIPOMEXKYTOUYHOTO COCTOSIHMSI) BaYKHO JUIsl IOHUMaHUs CUHTE3a s1ep BO BeeneHHol.

OcTaHOBHMCS Ha COOTBETCTBMU METOJa HCCIEAOBaHUS pellaeMbIM 3ajadaMm. B mpoekre
UCCIIEAYIOTCSI IPOAYKTHI (PparMEeHTALMU PENIITUBUCTCKUX s7Iep B 00JIACTH CIIEKTaTOPOB, IPYTHMMHU
CIIOBaMU B 00JIaCTM MaJjbIX YIJIOB, i€ MPOAYKTHI JUCCOLMALUU HMEIOT UMIYJIbC Ha HYKIIOH
ONMM3KMi K MMIIYJIbCy Ha HYKJIOH B HajeraiouieMm sjape. B kadectBe 0a30Boro jaerekropa
HCIIONB3YETCS METOJ suepHoil (oroamynbcuu.B obmactu ¢parMeHTanuu HaJeTaromero sjapa
XapakTepHBIC YTIIbI O ompenensatoTcs OTHOIIEHHEM uMITyiibca @epmu 11t HykioHa (pr~0.2 ['3B)k
UMITYJIbCY Ha HYKJIOH B HajeraromeMm sape (p,~4.5 Ha HyK/IOH).DTo maér aIs MPOTOHOB
crekTaTopoB yrisl pasiéra 8, < 0.04 pag. Cormacno pabore A. S. Goldhaber, Phys. Lett. B 53,
306 (1974)mn1s simepHBIX (parMeHTOB YIJIOBbIE pacrpeaeaeHus yKe, YeM ISl IPOTOHOB. Tak juis
0. 9acTHUIl, pOKIEHHBIX MpH (pparmentanuu yriaepoga 6, < 0.01 pag . He BnaBasicy B netanu
ClIeyeT OTMETHUTh, YTO MPENAINOJIOKEHUE COXPaHEHUSI UMITyJIbca Ha HYKIIOH, HCHOJIb3yeMoe MpHU
BBIYUCIICHUH 3(()EKTUBHON MACCHI, BHIIOTHACTCS AJIS 0L YaCTHIl TOYHEE, YeM Ui IPOTOHOB. DTO
TaKKe OJTHO M3 CJICACTBUI [IUTUPYEMO BBIIIEC PAOOTHI.

Emé onHOlt OCOOEHHOCTBIO HCCIENOBAaHUN ¢ SAEpHOH (OTOIMYIbCHEH SBISETCS
BO3MO>XHOCThH HaOJIOJIEHHS CIIEZIOB HECKOJIBKUX si/iep B KOHYyce (hparMeHTanuu. T.e. OTKpbIBAIOTCS
BO3MOXXHOCTH Ul KOPPEJSLIMOHHBIX HCCIEIOBAHUNA. B Takux yClIOBHSIX OTHOCHUTENBHBIE YIJIbI
y)Ke Mexay (¢parMeHTaMu Ha MOPSAOK MEHbILIE YKa3aHHBIX BbIIE. TpPyaHO MpEeACTaBUTH
NEKTPOHHBIA JKCHEPUMEHT, C TaKUM BBICOKMM Kak B OMYJIbCHUM IPOCTPAHCTBEHHBIM
paspelleHueM M, 4TO CBS3aHO, C YIJIOBBIM pazpemeHueM. [1oMcKk BO3MOMKHBIX MpPOSBICHUI o
KOHJIEHCAaTa JEJUIaeT TaKWUE€ HCCIECJOBAHMs SIBJSIIOTCS MHTEPECHBIMM M TOJE3HBIMHU. TpyAaHO
HAJESIThCS, YTO B MPOEKTEe OYyAYT MOJY4YeHbl HCUEPIBIBAIOIIUME OTBETHl O CBOMCTBAX TaKOIO
KOHJIEHCATa, HO TaKOT0 Pojia UCCIIEOBAHNS HE TOJIbKO MHTEPECHBI KaK IIOUCKOBBII AKCIIEPUMEHT,
HO MHEOOXO0MMBI JTsi O0JIee TITyOOKOTO TOHUMAaHHUS CBOWCTB aIpOHHOM MaTEepHHU.

Cunraro, 4TO MPOEKT JOJUKEH OBITh MOjJepkaH. B moib3y 3TOro roBOpST HE TOJBKO
MpUBEAEHHBIC BbIIIE APIYMEHTHI, HO U OO0JIBLIIOE YKCIIO OMyOIMKOBAaHHBIX CTaTeH MO pe3ynbTataM
NPEBIAYIINX UCCIEI0BaHUi B pedepupyemMbIX skypHanax. ToIbKO 3a Mpeaslaynme S5 et ObUIio
onyonmkoBano 19 pabor. C 2008 roma m 10 HACTOSIIETO BPEMEHH IO TEMAaTHUKE MPOEKTa OBLIO
3aluIIeHo 6 KaHAWAATCKUX M OJHA JOKTOpcKas aucceprauus. [IpoekT BakeH Al OCBOEHUS
HAYMHAIOIIUMU UCCIIEIOBATEISIMU MPEJCTABICHUN U METOJIOB PENIATUBUCTKOMN SAEpHON (PU3UKH.

3HAUMMOCTb ~ MCCJIENOBAaHUS  OTBEUAeT  3ampalliuBaeMblM  pecypcam.  Mmeercs
UCCIIEIOBATENbCKUI MaTepuai Ha MpeajiaraéMblil eproJ, 1 MEepCreKTUBa MOMy4YeHUsI HOBOTO Ha
OoJiee MyuyKax TSOHKENBIX sifiep MpH Oosiee BHICOKON sHepruu. HemaBHO mosyueH MOTOPHU30BaHHBIN
MHUKPOCKOII, TIO3BOJISIIOLIMN pacCUMThIBATh HA PE3KOe YBEIMYEHHE U TMOJIHOTY aHalu3a.
WNudopmanus 00 3TOM 3KCIIEPUMEHTE MOJTHO MPEACTaBISIETCS Ha caifTe.
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Project review
“The BECQUEREL experiment at the NUCLOTRON/NICA accelerator complex”

The project is aimed at studying interactions of light nuclei at low energies and possible
manifestation of the a-particle Bose-Einstein condensate in relativistic fragmentation of heavy
nuclei. Particular attention is to the clarifying a role of nuclear clusters (a-particles) in these
reactions. The nucleus, as a many-particle system, has a wide range of excitations, including not
only single-particle excitations (nucleon), but also the collective ones. To understand the course
of nuclear reactions, singularities in the continuous spectrum, including nuclear resonances and
nuclear clusters, play an essential role. Ideas about the structure and properties of these states
(energy, width for nuclear resonances) and a probability of their formation (sometimes as an
intermediate state) are important for understanding the synthesis of nuclei in the Universe.

Let us dwell on correspondence of the research method to the tasks being solved. The
project studies fragmentation products of relativistic nuclei in the region of spectators, in other
words, in the small angle region, where dissociation products have a momentum per nucleon
close to a momentum per nucleon in a projectile nucleus. The nuclear emulsion method is used
as a basic detector. In the fragmentation region of a projectile nucleus, the characteristic angles 6
are determined by the ratio of the Fermi momentum for a nucleon (pr ~ 0.2 GeV) to the
momentum per nucleon in the projectile nucleus (p, ~ 4.5 per nucleon). This gives the spectator
protons expansion angles 8, < 0.04 rad. According to A. S. Goldhaber, Phys. Lett. B 53, 306
(1974) for nuclear fragments, the angular distributions are narrower than for protons. So for the
a-particles produced during carbon fragmentation 8, < 0.01 rad. Without going into details, it
should be noted that the assumption of conserving the momentum per nucleon used in
calculating the effective mass is more accurate for a-particles than for protons. This is also one
of the consequences of the work cited above.

Another feature of studies with nuclear emulsion is an opportunity of observing tracks of
several nuclei in the fragmentation cone. It opens opportunities for correlation studies. Under
such conditions, the relative angles between the fragments are an order of magnitude smaller
than those indicated above. It is difficult to imagine an electronic experiment with such a high
spatial resolution as in the emulsion and, what is related, with an angular resolution. The search
for possible manifestations of a condensate makes such studies interesting and useful. It is hard
to hope that the project will provide comprehensive answers about the properties of this
condensate, but these studies are not only interesting as a exploratory experiment, but also
necessary for a deeper understanding of the properties of hadronic matter.

I think that the project should be supported. This is justified not only by the above
arguments, but also by a large number of publications based on the results of previous studies in
peer-refereed journals. Only in the previous 5 years, 19 papers were published. Since 2008 till
the present moment, 6 candidate and doctoral dissertations have been defended on the project
subject. The project is important for young researchers to master the concepts and methods of
relativistic nuclear physics.

The significance of the study is in line with the resources requested. There is research
material for the proposed period, and the prospect of obtaining new material on more beams of
heavy nuclei at higher energies. Recently, a motorized microscope has been obtained, which
makes it possible to count on a sharp increase and completeness of the analysis. Information
about this experiment is fully presented on the site.
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