Review report on
"The BECQUEREL-2022 experiment at
the NUCLOTRON/NICA accelerator complex”

The BECQUEREL experiment is dedicated to the use of relativistic nucleus beams to
study nuclear clustering phenomena. The alpha clustering of many nuclei affects nuclear level
spectra, nuclear reaction dynamics and characteristics, and in recent years has been actively
studied theoretically in microscopic ab initio approaches based on first principles (D. Lee, Front.
Phys. 2020; doi: 10.3389/fphy. 2020.00174). Information about nuclear clustering is important
both for understanding many phenomena in nuclear astrophysics and for practical applications in
nuclear medicine and other areas related to the use of nuclear technologies.

Traditional methods of experimental study of the cluster structure of nuclei - cluster
transfer reactions, photo-disintegration of nuclei, knocking out ol clusters by protons, electrons,
and other probes despite their detailed development and wide application, do not cover all
possible aspects of multiple cluster phenomena. The method of studying the fragmentation of
relativistic nuclei in nuclear emulsions used in the BECQUEREL experiment in combination
with the vuse of a computerized microscope has important advantages and can make a significant
contribution to these studies. At the previous stages of this experiment, the contribution of the
unstable "Be and °B nuclei and the Hovle state of the "“C nucleus to the processes of dissociation
of a number of light nuclei, including radioactive ones, was identified by the invariant mass
method. The approach was later extended to the fragmentation of medium and heavy nuclei.

The current stage of the project is focused on studying the predictions of the well-known
in the literature concept of the alpha-particle Bose-Einstein condensate (H. Tohsaki et al. Rev.
Mod. Phys. 89 (2017) 01100), the simplest manifestations of which are assumed to be the *Be
nucleus and the Hoyle state. The experiment is aimed at studying the increase in the yield of “Be
nuclei and the Hoyle state found in e fragmentation of heavy nuclei, as well as at searching for a
4-alpha analogue of the Hoyle state. To solve this problem, there are necessary prerequisites -
nuclear emulsions exposed to krypton nuclei and a high-performance microscope.

Within the framework of the project, it is planned to expose nuclear emulsions with
heavier nuclei and to study in detail the isotopic composition of fragmentation of heavy nuclei.
The study of the fragmentation of light nuclei will also be continued in order to search for highly
excited nuclear-molecular formations in decays of isobar-analogue states. It is planned to expose
to relativistic muons. The results expected in this case can be applied in nuclear geology and
radiobiology.

In general, the study of the phenomenon of the formation of multiple states in the
dissociation of relativistic nuclei in nuclear emulsions is currently an alternative to traditional
research by methods of low-energy cluster physics. The scientific significance of the project is
high. The first results of the project are published in peer-reviewed publications. The requested
resources correspond to the objectives of the project. The attention of the authors is drawn to the
progress in the microscopic description of Hoyle's condition and the importance of close
collaboration with theorists. The stylistic shortcomings of the text are nutr_d In general, the
project deserves suppaort. N
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OT3BIE HA NPOEKT
«3IkcmeprumenT BEKKEPEJIB-2022 Ha yCKOPHTENBHOM KOMILIeKce
HYKJIOTPOH/NICA»

IkcnepriMenT BEKKEPEJID mocesijeH WCNo/b30BAHHIO PENATHBWHCTCKMX — IIYYKOB
ATOMHBIX Si/IEp A5 M3YUYEHHS AB/IEHHA KNacTepu3alH B aapax. Anb(a-KiacTepH3alHsa MHOTHX
fAep BJIHAET HA CTeKTPhl 5ePHLIX YPOBHEH, AMHAMUKY H XapPaKTePHCTHKN AEPHBIX peaKLyi 1
B MOCAEQHME TOABLI AKTHBHO WMCCIENVETCH TEOPETHUECKM B MHKPOCKOMWYeckWx ab initio
NogxXo4ax, OCHOBAHHBIX Ha nepewix npuuimnax (D. Lee, Front. Phys. 2020; doi:
10.3389/fphy.2020.00174). Huadopmaiua o kKiacTepy3alHH ANEP BawHA Kak 1A [IOHHMaHHA
MHOPHX SBAEHHIl B S0epHoil acTpodM3MKe, TAK M JUIH PAKTHYECKOT0 IPHMeHeHHA B A/iepHOH
MeMIMHE W APYTHX 06/acTsxX, CBA33HHBIX C HCTIO/B30BAHHEM A0EPHBIX TEXHONOTHH.

TpaguUMOHHEIE METO/IB! IKCIIEPHMEHTATLHOTO HMCC/IEA0BAHHS KIACTEPHOH CTPYKTY P
slep — peakljyM Nepejsaud Kiactepos, (oro-pacienneHve sgep, BLIOHBaHHE KIacTepos
MPOTOHAMH, JIEKTPOHAMH M JPYTHMH MPOOHHUKaMM, - HECMOTPSA Ha HX JIETaNLHYH) pa3paboTKy u
IIMPOKOE MPMMEHEHHE, HE OXBAThIBAIOT BCE BOIMOMKHBIE aCTeKTEl My/IbTHK/IACTEPHBIX AB/ICHHH.
Metog  H3y4eHHs ()parMeHTalliH  DENHTHBHCTCKHX S/IEp B AAEPHBIX IMY/IbCHAX,
MCIO/b3Y EMBIH s okcnepumente BEKKEPETIL B COYETAHHH C TIpHMEHEeHHeM
KOMILHTEPHIHPOBAHHOI0 MUKPOCKOMa, ofinafaer BEKHBIMH JOCTOHHCTBAMMU W MOXKET BHECTH
3HayMMblil BKAAN B 3TH Wconegopanud. Ha mpejuiecTBylOnX 3Tanax 3ToOro 3KCNepUMeHTa
METOZOM WHBADHAHTHOH MacChl MAeHTH(HIMPOBAH BKna/j HectabMILHLIX Amep 'Be, B u
cocrosiima Xoiina sAgpa “C B MpOLECCh /IMCCOLMALMH PAJ@ Jerkux siep, B TOM HWCne
pafHoaKTHeHBIX. [To3guee mogxoy| Obul pacnpocTpaHeH Ha (parMeHTalHio CPeJHUX M TAKE/bIX
anep .

CoBpeMeHHLIH 3Tan MpoekTa OPHEHTHPOBAH HA M3y4eHHe NpeJiCKasaHui W3BeCTHOH B
mureparype (H. Tohsaki et al. Rev. Mod. Phys. 89 (2017) 01100) koHuenuuu aibpa-
YACTHMHOrD KoHjgeHcata bBose-DifHwumeiiHa, [OpPOCTEHNIMMW  NPOABAEHHAMH — KOTOpOro
mpeano/aralnTcs AApo “Be W cocTosHMe Xoiina. DKCMePHMEHT HalefleH Ha HCC/IefoBaHHe
ofHapyeHHOro BO (parMeHTalMM THKe/bIX ANED YCHIEeHWS BLIXOAa fAflep "Be W cocrosHUs
Xoiina, a Taloke Ha nowck 4-anba ananora cocroanua Xoiina. [lns pewseHds 9ToH 3azaum
MMEHOTCH HenOX0ZHMbIe TPe/NOCkUIKH —S/IEPHEIE IMYILCHM, 0B/IyYeHHbIe fApaMid KPUITTOHA, |
BLICOKOMPOHIBOAHTENEHLIH MHKPOCKOIL.

B paMKax MpoekTa [UlaHMpyeTcs nposecTH obnydeHWe sjepHbIX 9MYy/IbCHA Bonee
TIDKENBIMM H/IPAMH H JIETa/IbHO MCC/IeI0BATh W30TONHUECKHH COCTaB (parMeHTalui THKe/bIX
agep. Mccnemoranue parMeHTAIHN ETKHX RAED Takke DyieT NPOjO/LUKEHO C Lie/Ibi0 MDMCKa
BBICOKOBO3DYKIEHHBIX fi/|ePHO-MOIEKY/IAPHBIX 0DpazoBaHHH B pacnajax n30Dap-aHanoroBeIx
cocrosuwi.  [lnanupyerca Beinoauute obnyuenwe sgep  PENIATHBHCTCKMMH - MHIOHAMH.
OsugaeMbple TPW 3TOM Pe3yIbTaThl MOTYT WMETb NPHMeHeHWe B AAEPHOH Teo/oTHH M
paarofMoa0r i,

B uenom, WCCIefoBaHHe fABAeHWs  0DPA30BAHHA MHOMECTBEHHBIX COCTOAHWH B
JMCCOLMALIAH Pe/IATHBMCTCKMX AfIEp B AJEPHBIX IMY/ILCHAX B HAacToslee BpeMms ABIAETCA
AMLTEPHATHBON  TPAAMLMOHHBIM ~ MCCIIEJOBAHHAM METOJAAMH KIACTEPHOH  (H3MKM HHMIKHX
suepruil. HayyHas 3HauMMOCTE TIDOEKTa BhiCOKA. [IepBble pe3yibTaTsl NPOEKTa Oy DIHKOBaHbI
B peLEH3HPYEMBIX W3/jdHHAX. 3anpaiiHeaemble PeCYpPChl COOTBETCTBYHOT 3a[auyaM MPOEKTA.
BHuMaHue apTopoB 00panjeHo Ha IMPOrPecc B MWKPOCKOMNHYECKOM — OMHWCaHMH COCTOAHHA
Xoiila ¥ BaKHOCTE TECHOTO COTPYAHM4ECTBA C TeopeTHKamu. OTMEYeHbl CTHTHCTHUECKHE
HeN0CTATKH TeKeTa. B uenom, IpoekT 3acayAHBaeT MoJJepHKKH.

< iy ' H).H. ¥3uKoB,
BeAyIMiA HayuHbili COTPYAHMEK, A.0.-M.H.



