PeueH3usi Ha MpoeKT
«IkcnepumenT BEKKEPEJIb na yckopureabnom komiuiekce HYKJIOTPOH/NICA»

SIByieHME AMCCOLMAIMU PENIATUBUCTCKUX sIep, HaOlloJaeMoe ¢ BBICOKOW 3()()EeKTHBHOCTHIO B
sIepHON aMyIbeu (S19), MO3BOIISET U3y4aTh aHCAMOJIM HYKJIIOHOB U JICTYAWIIHX SIEpP, PECTABIISFOIINE
uHTEepeC s siaepHod ¢u3uku U actpopu3uku. OCOOEHHOCTH H3y4aeMbIX SAEp MPOSBISIFOTCS B
BEPOSTHOCTSIX KaHAJIOB AUCCOUMANNU. JJOCTOMHCTBA METOAUKH 1D BKIIIOUAIOT PEKOPIHOE pa3pelrieHue B
OTIpEICIICHNH YTIJIOB BBUIETA PEISATUBUCTCKUX (PPAarMEHTOB M BO3MOXKHOCTH MICHTU(HUKAIIMH CPEIH HUX
n3otonoB He m H myrem m3aMmepeHuss MHOTOKpaTHOTrO paccesHus. Ha 3Toil OCHOBE B DKCHEPUMEHTE
BEKKEPEJIb na nykmorpone OWAN wusywaercs KiacTepHas CTPYKTypa JIETKUX CTaOWIBHBIX H
pPaZMOAaKTUBHBIX H30TONOB. B wacTHOCTHM, MO MHBApHAHTHOW Macce Map M TPOEK PEIATUBUCTCKUX
¢parmentoB He u H B nuccoumanuu u30TONOB ‘Be, B, Cu C UACHTU()ULIMPOBAHBI HECTAOUIIbLHBIE
sapa Be u B.

MoTuBanuei mpoekTa sSBISETCs MOUCK METacTa0MIIBHBIX COCTOSTHUN aHcamOJiel JIETKUX siep
U HYKJIOHOB. Takue COCTOSIHUS MOTYT CIY>KUTh IPOMEXYTOUHOH cyOcTaHIMEl B acTpOpU3NIECKUX
mporeccax HYKJICOCHHTe3a. B03MOXHOCTh Takoil ¢a3pl OapuOHHON MaTepuu, KaK TMpeneabHO
pa3peKeHHON U XOJOMHOW B SASPHOM MaciiTade, MPEeICKa3bIBACTCS TEOPETUKAMHU U HMEET
HECOMHEHHOE (YyHIaMEHTalbHOE 3HAaYeHUE. ODKCIEPHUMEHTAIbHOE HCCIe0BaHne Tako (hasbl
3aTPyJHUTENILHO U TpeOyeT CHenualn3upOBaHHON METONMKH. B MpOeKTe MOKa3hIBaeTCs
BO3MOXXHOCThH €€ BOCHPOU3BEACHUS U HAOIOJIEHUS B Y3KOM KOHYCE HCCOIMAIMU PENATUBUCTCKUX
anep. [IpoaykTsl Aucconuanuy perucTpupyrorcs B 0.

[IpoekT HampaBieH Ha TpPUMEHEHHWE METONUKH SO s uccimenoBaHus (parMeHTaIuu
CpeIHUX U TsKENbIX siaep. E€ mpuMeHeHue W pa3BUTHE SIBISETCS JIOTUYECKUM IPOJOJIKEHHUEM
npuMmepHo 15-netHero nmkia wucciaegoBanuil mo skcrnepumeHty BEKKEPEJIb na HykinoTrpone
OUSIU, u eme 6osee paHHUX PabOT MO PEISATUBUCTCKON siiepHOM Qu3uke. B 0cHOBY mpoekTa jernia
000CHOBaHHas HKCIIEPUMEHTAILHO BO3MOKHOCTh HAOIOJCHUSI MHOKECTBEHHON (hparMeHTaIlH siiep
c mnomompbio D. Dra TEXHHWKAa OCTaeTcsi E€IUHCTBEHHBIM CPEJICTBOM  HCCIIEIOBAHUS,
00ecneurBaIIUM BBICOKOE pa3pelIeHHe PEeTrMCTPalUd YacTUIl B Y3KOM KOHYCE IHCCOLUAIUU.
ObecrieuynBaeTCs TOCTATOYHASI CTATUCTUYECKAs] TOYHOCTh U HAAEKHAS UACHTUDUKAIIHS JIETKUX sIIep.
Branenne aBTOpamMM METOIOM HE BBI3BIBAET COMHEHMH. B OTHOIIEHMM aHain3a pa3BUT METOA
MHBAapUAHTHOM MacChl Ha OCHOBE PEKOPIHOIO pa3pelieHUss B NPUMEHEHUU K PEeISITUBUCTCKOU
(dbparMeHTaIuu, MO3BOJUBIINN HACHTH(PHUIIMPOBATh HECTAOUIIBHBIC Sapa ®B u °B, a Takxe TPYIIIHI O
YacTUll ¢ OJU3KUMH UMITYJIbCaMH, Ha3bIBAEMBIMU COCTOSIHUSAMU Xoia. JleMoHcTpupys pa3pelieHue
METOAa, 3TU pe3yJbTaThbl CTAHOBSTCS BEXaMHU K OMNPEIEICHUI0O YHUBEPCATBHON pPOJIU ITHX
METacTa0MIBHBIX OOBEKTOB B JUCCOIMAIIMU OOJiee TSOKENBIX SACp W TOUCKY 0oJiee CIOKHBIX
COCTOSIHMH, COOTBETCTBYIOIIMUX MpEACKa3aHHOMY alb(a-dyacTuyHOMY KOHHeHcaTy. [loumck Takux
COCTOSIHMM BO3MOXKEH B Hambojee Y3KHX KOMIOHEHTax cTpyi (parmentoB. CdopmynupoBaHa
nporpamMma HuccienoBanuid. MMeercs marepuan Uisi HEMENJICHHOTO Hadajla MCCIEAOBAaHUM U
MpEeAJIOKEHUsT HAa nepcrnekTuBy. Ha 3TOM myTH ecTh BO3MOYKHOCTh HEOXKHIAHHBIX OTKPBITUH B
AepHON (hu3HKe.

Pesynbrarthl mpoekTa mMO3BOJNAT OOOCHOBAaTh HOBBIE MPEAJIOKEHUS sSAEpHO-(DU3MUECKUX
UCCIIeIOBaHN Ha YyckopuTenbHOM Komiuiekce JI®BD wu B nmpyrux wnentpax. Ilpoext Oyner
CIOCOOCTBOBAaTh COXPAaHEHHWIO W pa3BUTHIO MeTona 3. BaxkHoe 3HaueHHWE WMEET MOATOTOBKA
MOJIOJBIX YYEHBIX, BIAACIOUIUX METOIUKOW D M TroTOBBIX K €€ NPUMEHEHHIO B SIIEPHBIX
OKCIIEPUMEHTAX, JO3UMETPUH, pPaJUAlIOHHOM MenunuHe U 3KoJorud. (OcoO0eHHO BaXXHO
MIPUMEHEHUE ITOTO METOJA B CBSI3U C MEPCIEKTUBHBIM Pa3BUTHEM aBTOMATUYECKUX MUKPOCKOMOB U
MPOTPECCOM TPOTpaMM  pacliO3HABaHUs M300paKeHWH (MCKYCCTBEHHOTO WHTEIUIEKTa). Takoe
pa3BuTHE OYAET aKTyalbHBIM MPOAODKEHHEM Kiaccuueckoi TexHuku S19. Takum oOpa3oM, MpoekT
BEKKEPEJIb 3acnykuBaet noaaepxKu.

a B. A. Hukutum.

I'maBubIi HayuyHbI coTpyaHuk JIOBD OUAN.
JIoKTOp (PU3UKO-MATEeMAaTUYECKUX HAYK.
[Tpodeccop



Project Review
“BECQUEREL experiment at the NUCLOTRON / NICA accelerator complex”

The phenomenon of dissociation of relativistic nuclei observed with a unique completeness in
the nuclear track emulsion (NTE) makes it possible to study ensembles of nucleons and lightest
nucle1 of nterest to nuclear physics and nuclear astrophysics. Individual features of the nuclei under
study are manifested in probabilities of dissociation channels. Advantages of the NTE technique
include unsurpassed resolution in determining emission angles of relativistic fragments and
possibility of identification of He and H i1sotopes among them by multiple scattering measurements.

The motivation of the project 1s the search for metastable states of multiple ensembles of the
lightest nuclei and nucleons. Such states can serve as an intermediate substance in astrophysical
processes of nucleosynthesis. The possibility of such a phase of baryvonic matter as extremely rarefied
and cold on a nuclear scale is predicted by theorists and has undoubted fundamental significance.
Although at first glance, an experimental study of such a phase is impossible, a hypothesis has been
put forward in the project about its reproduction in the narrow cone of dissociation of relativistic
nuclei.

The project 1s aimed at the intensive application of this technique to study the fragmentation of
medium and heavy nuclei in the unified approach. It is a logical development of the approximately
15-year cycle of research on the BECQUEREL experiment at the JINR Nuclotron, and even earlier
work on relativistic nuclear physics. The project 1s based on the fact that, in relation to multiple
fragmentation of relativistic nuclei, nuclear emulsion remains the only means of observation that
provides not only observations that are unique in resolution and sensitivity, but also provide
reasonable statistics and also identification of the lightest nuclei. Possession of the method by the
authors in all aspects is not in doubt. In the respect of the analysis an invariant mass method based on
record resolution is developed and tested widely enough in application to relativistic fragmentation,
which made it possible to identify unstable “B and ‘B nuclei, as well as the Hoyle state.
Demonstrating the resolution of the method, these results become milestones for determining the
universal role of these metastable objects in the dissociation of heavier nuclei and the search for more
complex states corresponding to the predicted alpha-particle condensate. The search for such states is
possible in the narrowest components of fragment jets. All this is well described in the project. A
clear research program has been formulated. There 1s material for the immediate start of research and
suggestions for the future. On this path there 1s the prospect of unexpected discoveries i nuclear
physics.

The project results will substantiate new proposals for nuclear physics research at the NICA
complex. The project will contribute to the preservation of the method and the training of young
scientists who own it, its use in nuclear experiments, dosimetry, radiation medicine and ecology. The
active use of this method is particularly important in connection with the promising development of
automatic microscopes and the progress of image recognition programs (artificial intelligence). Such
a development will be at the forefront of today's time - the classic nuclear emulsion. Thus, the
BECQUEREL project undoubtedly deserves full support.
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