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PaccMarpuBaeMblit IPOEKT HAIlEJIeH Ha U3ydeHHe JIErKuX runepsiep. IIpeaiaraemble skcie-
DHMEHTHI IMEIOT J[BE OTJIMYUTEIbHbIE YePTHI: 1) THIepsapa (41pa, KOTOpble KpoMe OObIMHBIX
HYKJIOHOB COZIep’KaT CTpaHHYI0 A-4acTuily) oOpasyioTcs B fpO-siIEPHBIX CTOJIKHOBEHHSX
6naromaps peakuuu (p, K1); ii)Bo3HuKIIIE€e THUIIEPAAPO MOKKUIAET MUIIEHb, IPOJIETaeT HEKO-
TOpOE PACcCTOSHME M PAcHajaeTcs. JTO HO3BOJIET YBEPEHHO yCTAHOBHTb BHJ, rumepdpar-
MEHTa M €r0 BpeMsl YKU3HU.

Ha mepBoM 3Tale paccMaTpUBAE€MOIO IPOEKTa OydyT H3ydeHbl peakluu OOpasoBaHUs
HECKOJIbKIX M30TOINOB ruiepsojgopona, 'Li+ C — 3’4fH + ... I'mnepsazpa 3H u {H 6bumn
o6Hapy>KeHbl paHee B JyOHMHCKUX KCIIEPUMEHTaX, U HeJJaBHO UX CYIIeCTBOBAHUE IIOLTBED-
nuna xomnatopanust HyperHI B GSI (8 peaxuuu °Li + C). Tunepsiapa 3H u 4H cocrosT u3
A-runepoHa u cTabUILHOTO sIEPHOTO KOPA, AEHTPOHA I TPUTOHA, COOTBETCTBEHHO. Y THuIle-
paapa QH Her Takoil cTabHIbHON CepIUEBUHBI, U OHO MOXKET CYIIECTBOBATEH TOJIBKO, €CJIHI
OpHuCyTCTBUE A-9acTHIbl 32aMETHO YBEIUYUT SHEPTUIO CBA3H.

Heckonbko Jer Hasaz Koinaboparus FUNIDA, uzyuas peakuuio Kg,p, + °Li, Hara Tpu
COOBITHS, KOTOpPbIe yKa3blBaJIl Ha 00pa30BaHUe TUIepsApa 8H crabuipHOro OTHOCHTEIBHO
BbLIETA HEATPOHOB. 3aTeM Kostabopaius E10, paboraomas Ha yckopurene J-PARC B fno-
HUN, 3asBIIIA, uTo B peakiuu SLi(m~, K1) H crabuibHoe runepsapo ¢ H e 6b1710 06HADY 2Ke-
HO. DKCIEepPUMEHTHI, 3aI/IaHMPOBAHHbIE B TAHHOM IIPOEKTE, OydyT Ype3BbIYaiiHO IOJIe3HBIMU
JIJIsT paspelleHns: 3TON KOJTH3UHU.

Vsmepenne cedenuit obpasobanus B peakiuu ' Li+C runepsanep 3 H, 4H u §H 6yayT ouens
[OJIE3HBIME JJIS U3YUYeHHsl KaK IPOIECCOB POXKJIEHHUsS CTPAHHBIX 4acTHll B 6apuoH-GapHoH
CTOJIKHOBEHUSAX, NPOUCXOAAINIMX BHYTPH SIIEDHOI'O BEIIECTBA, TaK M MeXaHHU3Ma SIEPHBIX
peaxnuit Ipyu 3HEPTrUsiX B HECKOIbKO ['9B/Hykion. Vamepenne BpeMeHu >KU3HU M SHEPruu
CBSI3M Tunepsep Oy/leT WHTEPECHBIM, IOCKOJBKY NO3BOJMT OIEHUTh B KaKO# Mepe CTpaH-
Hble YACTHIbl BJIUSAIOT Ha SHEPIMU CBA3U (M CKUMAEMOCTh) CHCTEM C OOJIBIINM H30BITKOM
HEUTPOHOB.

DKcIlepuMeHTaIbHOe MCC/IeJ0BAHNE CIEKTPOB raMMa-KBaHTOB, UCIIYIIEHHBIX FUIePsApa-
MU p-000JI09KH, TIOKa3aJ10, YTO A-TUIIEPOH OYeHb OBICTPO 3aHUMaeT HHKalllee S-COCTOsSIHUE
B cpexHeM mojte siapa. CliefoBaTebHO, OCHOBHOE cocTosiHue rumepsiapa 3 H Mmoxer GbiTh
PACIIENIeHO B COOTBETCTBUU CO 3HAYEHUsIMH IIOJIHOTO ciuHa mapsl mpotoH-A (S = 0,1).
OHepreTruyeckas IIeJb MEXKJy CHHIJIETHBIM M TPUIUIETHBIM COCTOSHMAMH MOXKET IaTh J0-
[OJIHUTEJIbHBIE CBEJIeHUS O 3aBHCAIIEH OT CIIMHA YACTH T'MIIEPOH-HYKJIOHHOI'O B3auWMOoZeii-
CTBUA IPU HU3KUX SHEPrusix. dra uHGOpMaIud OyleT MOJIe3HOH /171 N3yd9eHUs ypaBHEHUs
COCTOSIHHS $1JIEPHOIO BEIECTBA, B KOTOPOM BO3MOXKHO BO3HUKHOBEHUE CTPAHHBIX YaCTHII.

[TpoekT mpeaycMaTpUBaeT HECKOJIBKO HAIPaBIEHUN JasbHelnero pa3suTus. Hanpumep,
BpeMst »ku3Hn QHe 110 cux mop HemspecTHO, u u3ydenue peakuuu °Li 4+ C — QHe + ... —
6i + 7~ moMoOXKeT 3aIOJHUTBL 3TOT npobesn. VHTepec mpejcTaBiseT TakxKe MOHCK Oosiee
TsKenoro runepsiapa § H.




B msoronax rumnepsBojopoia A-runepoH pacrnagaeTrcs u3-3a ca1aboro B3aMMOJEHCTBUS Ha
7~ U IPOTOH, TMOCKOJBKY KOHKypupylomas Mmoia pacmaga A — 70 4+ n nonasieHa B cuiy
npunnuna Ilaymu. B 6onee Tsokenbix runepsiapax (Z > 2) mpomecc A — 77 + p Takxe
3a610KMpoBaH npuHIMIOM [laynu, u mpoucxonuT 6e3Me30HHBIH c1abblit pacnag A, npu Ko-
TopoM A-runepoH caabo B3auMOJEHCTBYeT C OJHIM WM HECKOJIbKHMH HyKJIOHaMu. B sure-
paTrype MMEITCsI [0 MEHBIINH Mepe IMSITh Pa3HBIX TEOPETUYECKUX MOJeselt, ONMUCHIBAIONIINX
cnabbiii 6e3me30HHBIN pacnaa. Hexkoropoe Bpems Hazan JI. MaiiumHr nokasas, 4To nake
HeIIOJIHbINA HAOOp IIMPUH (-PACIaioB, COMIPOBOXKIAIOMIUX CJIa0bIi Oe3ME30HHbBIH pacraj u-
nepsiziep A'Be u 10B, 6yner upe3BbIYAiiHO MOJIE3HBIM B BHIOOPE MOAXOSIIEH MOAEIH CJIab0ro
AN-BzanmozeiicrBusi. TakuMm 06pa3oM, SKCIIEPUMEHTHI, IIJIAHUPYEeMble KaK JaJbHeillnee pa3-
BHUTHE IIPOEKTA, SIBJISIIOTCSI OY€Hb 3HAYUMBIMH.

Bce BbIensiokeHHOe IO3BOJISIET paccMaTpuBaTh MpoekT “CTpaHHOCTH B HYKJIOHAX U
sapax”’ Kak OYeHb MHTEPECHBIN, 1 HACTOWYMBO PEKOMEHOBATH ITOT IIPOEKT JIJIsi OCYIIEeCTB-
nenust B OVAN ¢ mepBbIM IPUOPUTETOM.
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Penensusi Ha NpoeKT
CTpaHHOCTH B HYKJIOHE H B siApax
(npoext I'mnepHUC)

Vyactiie OUSIU B mcclenoBaHUAX TUIEPsIep Hadaloch B gainékoMm 1963 roxmy, xorzaa
M.IToAropenkuit MpeUIOKAI PEAKUMIO Iepejaun CTPAaHHOCTH B AAPO-MHIIEHb 0e3 OTAayuH.
BBHy TOro, 4TO MOJOXEHHE A B sApe HEe OrpaHMYEHO NPHUHIMUIOM 3ampera [laymu, runepoH
CITIY)KHT CBOEOOpasHBIM KJ€eM, YBEIMYHBAIOIIEM CTaOMIBHOCTh sjapa. K3ydeHne CBOKCTB
HEHTPOHOM3OBITOYHBIX THIEPSiep NPEACTaBIAET OOJIBIIOH HHTEPEC, IPEeX/e BCEro, UL TEOPHH
BHYTPHSAIEPHBIX HyKJIOH-HYKJIOHHBIX B3aUMOJIEHCTBUM: HEHTPOHHOTO rano, AN-B3aHMOCHCTBHIH,
smodas AN - IN u 3aBucsmee or cnuHa B3aumojeictsue AN u T.1. Kpome Toro, stu
HcciIeloBaHys MHTEpeCHBI st acTpodusuku. He pas oOcyxnanocs, 4To THIEPOHBI B SACPHOM
BEIIIECTBE BBICOKOM IUIOTHOCTH MIPAIOT 3HAUUTENIBHYIO POJIb, ONPEAEIIAs MAaKCHMAIbHYIO MacCy U
TEIIOBYIO M CTPYKTYPHYIO 9BOJIOLHMIO HEHTPOHHBIX 3B€3/1 U YEPHBIX JbIP. VIMEHHO, IPH HATHYKUH
THIIEPOHOB B HEWTPOHHOMW 3Be3/e ypaBHEHHE COCTOSHHS JOIYCKaeT GoJibliee CKaTHE SICPHOH
Marepuy 4yeM 6e3 rHIIepOHOB.

['unepsiiepHas nporpamma B J[yOHe 6bi1a HayaTa B 1988 roay ¢ mccie10BaHUS POXKACHHS
¥ pacraja JIErKUX rumepsjep. beulo mokasaHo, 9To MOIXOJ, IIPH KOTOPOM UMITYJIbC IHNEPAIED,
00pa3yIoIuUXcs B yYKax PEISTUBHCTCKUX MOHOB, OJIM30K K UMITYJIbCY ITy9YKOBBIX s/IEp, OKa3aCs
BecbMa d((EKTUBHBIM Ul M3MEPEHHs. BPEMEH XKH3HH U CEUYCHHH pOXXIeHHs. PersTuBHCTCKOE
TUIIEPSPO, TPOXO/IsIiee Yepe3 AeTEKTOp, AaeT JIOOIHATEIbHBIC BO3MOXKHOCTH H3y4eHHs H3-32
folee MPOCTOrO  TPUITEpa, XOpOoIIeH HACHTHQHKALMH THIEpAAep ¥ MHHUMHU3AIUK
cucteMarHueckuX omu6ok. OcoObli HHTEPEC K ATOMY HUCCIIEJOBAHUIO O0YCIIOBIEH OTCYTCTBHEM
JOCTOBEPHBIX JAHHBIX O CBOHMCTBAX $H M NPOTHBOPEYMBBIX TEOPETHUYECKHX IPEJICKA3aHHUSX,
KOTOpBIE CHJIBHO 3aBHUCSAT OT HCIIOJB3YEMOH TEOPETHYECKOH MOJENU. B 9TOM e KCIepHMEHTe
OyayT M3y4aThCs BpeMeHa JKU3HU U CEYCHHS POKICHUS THUICPSAACp 4H u 3H, xoTOpble MOTYT
OBITh HCIOIBb30BAHbl KAK «KOHTPOJIbHBIE TOYKH» JUIS HOATBEPXKJIEHHs 00pa3oBaHHUs M pacnajia
eH.

Cnextpomerp HyperNIS nmia mowcka rumepsaep ¢ Iy4KoM "Li comepHT YrIepOIHYIO
MHIIEHb, MOHUTOPKI I1y4Ka, TP THUIA TPUITEPHBIX CYETUYMKOB, BAKYyMHBIH pacmagHbli 00beM
aaMHOM 55¢cM, anammsupyrommi maraut 0,61, derwipe Onoka IPONOPHUOHATBHBIX Kamep,
KOTOpble  SBJAIOTCS ~ OCHOBHBIMH  TpekoBbIMH  jerekropamu,  RPC-TOF,  SciHe
(CUMHTHJUIAIIMOHHBIA  CYETYMK JUI TOATBEPXKICHHS PpErucTpanuu novepHux syep He).
OpUrvHaIBHBIA M OY€Hb YyBCTBHUTEIbHBIA TPHITED Ha IBYXYaCTHYHBIA pacmaj rumepsiaep c
00pa30BaHHEM OTPHIATEILHOTO [IHOHA ABJISLETCS KIIOYEBBIM JUIA 3TOro moaxona. B Oymymiem Ha
crekTpoMeTpe OyayT J00aBIeHbI JIBE CHCTEMBI JIETEKTOPOB: BOJOKOHHBIA CIUHTH/UIAIMOHHBIA
JIETEKTOP BBICOKOTO pa3pelleHUs] 00eCIeduT JIydIlde BO3MOXKHOCTH JUIA TPEKHHIa, a YeThIpe
UepeHKOBCKMX CYETYMKA C KBapLEBBIM PaJHaTOPOM IIO3BOJIAT MOBBICHTH M30MPATEbHOCTD
TpHUITEpA.

CornacHo MonTe-Kapio MOJIETMpOBAaHUIO M 3KCIEPUMEHTAILHBEIM TECTaM OXHIaeMoe
nojasieHne (GOHOBEIX coObITHII Ha ypoBHe 10, Bbulo Gl MHTepecHO Habparh HaHHBIE C
TsOKeIpIME HoHamH (mydkamMu C, Ar) nIpu HacTpOMKEe TpHUITEpa Ha PETHCTPALMIO °H nnsa
YKCIIEPHMEHTAIBHOM OIEHKOH KoamdecTBa (GanbmMBBIX $H THIEpAIepHBIX COOBITUMN, KOTOpbIE
MOTYT OBITh HCIIOJB30BaHbI JUIS OLEHKH CHCTEMaTHYECKUX OMMOOK B HM3MEPEHHH POXKJICHHUS
rumepsigep B mydke 'Li. Takke Heo6XoauMo Gojiee JAeTalbHOE MOIEIMPOBAHHE M OLCHKA
CHCTEMATHYECKUX OIIHUOOK.

V3ydeHre CBOWCTB CaMbIX JIETKMX THIIEPSJEp SBJIAETCS aKTyalbHOH TEMOW sIEepHOU
¢bu3uky 1 umeeT OoJbmIoe HayyHoe 3HaueHue. Ilyukn HyknoTpona SBiISiOTCs MOAXOAAIUMHE IS
uccnenoBanus Takux 3anad. Ceityac 8 OMSIU ecth cunpHast rpymmna, KOTopas BKItoyaet 6osee 25
VUEHBIX W HHXXEHEpPOB Juisi olecriedeHust HacTosimero u Oyaymero (mo 2023 roga) yvacTus
OUSIN B sToii BaxkHOoU oOiacTh Hayku. CooTHoIIeHHe (PMHAHCOBOIO 3ampoca MpOEKTa H €ro
HAYYHOH MMPOrpaMMBbI BIIOJIHE Pa3yMHO.

51 pekoMeHTy10 yTB’)epJIHTL npoekT s peanu3anuu B OVSU ¢ nepBbIM IPHOPUTETOM.
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Referee report on the project

Strangeness in nucleon and nuclei
The HyperNIS project

JINR activity with a hypernuclei investigation has begun many years ago since 1963 when
the recoilless strangeness transfer method was suggested by M.Podgoretsky. Due to A location
inside the nuclei does not limited by the Pauli principle it works as a sort of glue ensuring a nuclei
stability. The study of properties of light neutron-rich hypernuclei is of great interest, first of all,
to clarify the theory of the intranuclear nucleon-nucleon interactions: the neutron halo, AN
interaction including AN — XN conversion and the spin-dependent AN interaction etc. Besides, the
knowledge, obtained from this study, will give a feedback to other fields like astrophysics: it has
been discussed that hyperons in a high-density nuclear matter in neutron stars play a significant
role concerning of its maximal mass and a thermal and structural evolution of neutron stars and
black holes. Namely, the presence of hyperons in a neutron star makes the equation of state much
softer than that without hyperons.

The present hypernuclear program in Dubna was started in 1988 with the investigation of
production and decay of the light hypernuclei. It was shown that the approach, in which the
momentum of hypernuclei produced in the beams of relativistic ions is close to the momentum of
beam nuclei, was quite effective for measuring the lifetimes and production cross sections. The
relativistic hypernucleus flies through the detector which provides additional opportunities due to
simplified trigger conditions, good identification of hypernuclei and minimization of systematic
errors. The special interest to this investigation is because of absence of reliable data on [l
properties and theoretical predictions that are strongly depend on model and controversial.
Simultaneously, the lifetimes and production cross sections of #H and 3H will be studied in the
same experiment. The AH and ;H measurements can be used as “reference points” to confirm the
production and decay of gH.

The present HyperNIS spectrometer for search of ®H hypernuclei with the "Li beam
contains a carbon target, beam monitors, three types of trigger counters, vacuum decay vessel of
55 cm length, the analyzing magnet of 0.6T, four blocks of proportional chambers which are the
main tracking detectors, RPC TOF stations, SciHe (Scintillation counter to confirm registration
of He nuclei). The dedicated and very selective trigger on two body hypernuclei decays with
negative pion was the key point of this approach. In the future two detector systems will be added
to the spectrometer: a high resolution scintillating fiber detector will provide more sophisticated
tracking capabilities and four Cerenkov counters with a quartz radiator will enhance the selectivity
of the trigger.

Background events suppression is expected at the 10* level according to MC simulation
and experimental tests. It would be interesting if the data will be taking with heavy ion beams (C,
Ar) at Nuclotron with §H trigger cuts to provide an experimental evaluation of the number of fake
®H hypernuclei events which may be used for a systematic error evaluation in the hypernuclei
production with 'Li beam. Naturally, more detailed MC simulation of systematic errors is
necessary.

The study of properties of the lightest hypernuclei is actual, has high significance and the
Nuclotron beam is suitable place to investigate these tasks. There is a strong group that includes
more than 25 scientists and engineers to provide the present and future (up to 2023) of JINR
activity in this important domain of the home JINR science. A ratio of the project financial request
and its scientific program is quite reasonable.

I recommend to approve this project for realization at JINR with the first priority.

U /( U// Dr. L.Tkachev




