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AHHOTaALUA

Mounck aBomHoro 6e3HenTpuHHOro Beta pacnaga (Ovpp) ABnseTcs O4HOW U3 MPUOPUTETHBIX
3agay coBpemeHHon unsmkn. Ero obHapyxeHne byaeT nmeTb yHAaMeHTanbHOe BNUSHUE He
TOMNbKO Ha caMy (PU3MKY HENTPUHO, HO N Ha (PU3MKY dNEeMEeHTapHbLIX YacTul, U KOCMOMOIMo B
uenom. OTO MNO3BONWUT OMpefenqTb NpuMpody HEWTPUHO (MaropaHOBCKas Unv AMpakoBCKas
YyacTtuua), NpOTecTMpoBaTb MEpPapXui0 HEWTPUHHbIX MacC W, BO3MOXHO, HanWTu 3deKThbI,
npovcxogswme ¢ HapyweHmem CP-unBapuaHTHocTu. OTKpbiTe OvBB pacnaga MoOXeT NponuTb
CBET Ha npuudnHy npeobnagaHust B Hawen BceneHHoW maTepun Hag aHTUMaTepuen. Tem He
MeHee, O51a onpegeneHns ad@eKTMBHON Maccbl MannlopaHOBCKOIO HEUTPUHO U3 U3MEPEHHOrO
3HayeHus BepoaTHocTu Ovpp pacnaga, Heo6X0AMMO C AOCTaTOYHOM TOYHOCTbLIO 3HATb BEMNUYNHY
A0epHoOro Matpu4dHoro anemeHTa (AM3). Ha cerogHawHnin aeHb, TeopeTnyeckue pacyetol AM3I
AaloT pesynbTaThl, pasnuyaroLwmecs B 2-3 pasa, B 3aBUCMMOCTU OT MCMOMb30BaHHON MoAenuv
agpa. IMeHHo noatomy, B HegaBHux pekomeHgaumsx APPEC (EBponenckuin KOHCOpUMyM MO
du3mnke yvactuy un  actpodusmke) [1] ObINO  PEeKOMEHAOBAHO  WHTEHCUMPULMPOBATb
3KCnepuMeHTanbHble U TEOPETUYECKUE YCUNUSA, HanpaBfieHHble Ha YryylleHWe BbIYUCIEHUN
AMD.

Llenbto pgaHHOro npoekta £BMSeTCs MpoBedeHWe SKCMepUMEHTanbHbIX U3MepeHui
MIOOHHOIO 3axBaTa Ha HEeCKOMbKUX A0YepHUX, MO OTHOLLEHUIo K kKaHanaaTam Ha OvBp pacnag,
agpax. [Nonyyaemble pe3ynbTaTbl KPUTUYECKN BaXKHbI NS NPOBEPKM TOYHOCTU TEOPETUHECKNX
pac4yeToB SAOEPHbIX MATPUYHbIX 3MNEMEHTOB. Halien rpynnon, COBMECTHO C €BPOMNEVCKUMM
konneramn, 6bina nogaHa 3asBka Ha mM3MepeHusa obbl4HOro MrooHHoro 3axsata (OM3) Ha
HEeCKONbKNX M30Tonax Ha Me3oHHon dabpuke NHctutyTa MNaynsa Weppepa (PSI) B LWBeriuapun.
HaHHoe npegnoxeHune Oblno pacCMOTPEHO U 0A06peHO NporpamMHbIM kKomuTeTom PSI B sHBape
2020. MNMyykoBoe Bpems npefoctasneHo B 2020 rogy Ana npeaBapuUTenbHOro UccrenoBaHus
Ba-136 (qoyepHee sapo ana Xe-136) ¢ ganbHenwen nporpaMmmMmon U3MepeHui, Kak MUHUMYM, Ha
Tpuv roga. JJaHHbIN NpoeKT NPOAOIBKAET N paclUMpseT NpeawecTBYOLLY0 NporpaMMmy n3mepeHun
OMS3, npeanoXeHHy 1 OCYyLLECTBIISEMYO NOA PyKOBOACTBOM coTpyaHukoB OUAN B nepuog ¢
1998 no 2006 rogbl. Hawa rpynna, B cBOK o4vepenb, umeeT GoraTbii ONbIT B NPELU3NOHHON
SAOEPHON CMNEKTPOCKOMUUM U peanunsaumm SKCMEPUMEHTOB MO U3YYEHUIOD He TOSbKO pedknx
NpoLeccoB, HO U 3KCNEPUMEHTOB, CBA3AHHbIX C U3Y4YEHMEM MIOOHHOMO 3axBaTa.

B nepuvog ¢ 2020 no 2022 rr., nnaHupyetca nposectn mamepeHna OM3 gna msoTonos
Ba-136, Se-76 n Mo-96. 3amepeHne OM3 Ha Se-76 mmeeT ocoboe 3HA4YeHME B CBA3U CO
CTapTYHOLUMM B AAHHBI MOMEHT MeXAyHapOAHbIM 3KCNEPUMEHTOM HOBOIO NMOKOMEHMS MO NOUCKY
OvBp pacnaga Ha Ge-76 — LEGEND. Kpome TOro, mbl cobupaemcsa npoBecTu MU3MepeHus
nsotonos Ca-40, Fe-56, S-32 n Mo-100, pesynbTaTbl KOTOPbIX BaXHbl A4S151 SKCNEPUMEHTANbHOWN
NMPOBEPKM KOPPEKTHOCTU TEOPETUYECKUX pacyeToB, a Takke MOryT ObiTb MOnesHbl Ans
actpocpumsmkn. ONAN OGygeT wrpaTb Beayllyld pofb B 3KCNEPUMEHTE. 3a WCKIYEeHUEM
3KCMepUMEHTanNbHOM MHAPACTPYKTYpbl Ha YCKOPUTENbHOM KOMMMekce, KoTopas Oyger
obecneveHa Hawmnmmn konnabopaHTamu, BCe OCTanbHOE NpoBeaeHue npoekTa byaeT NpoxoanTb
noAa Hawum pyKOBOACTBOM. [ANs ycnelwHon peanusauuu nNpoekTa nnaHupyeTcsa npuobpecTu:
n3oTonbl Ans oboraweHHbIX MULEHEN, AETEKTOPbl U, YaCTUYHO, HEOOXOAMMYIO ATIEKTPOHUKY.
Hamn GygeT BbIMONMHEHO cO34aHMe M NPOM3BOACTBO CaMUX MULLEHEN M CUCTEMbl aKTMBHOW
MIOOHHOW punbTpauum SKCNepUMeHTanbHbIX AaHHbIX. [OMONMHUTENBHO NPEeACTOMT MOKPbITb
3aTpaTtbl HA KOMaAHOUPOBKN ANA NPOBEAEHUS CAaMOro 3KCMEpPUMEHTa M COBELLaHMN NO aHanuay
AaHHbIX. 3aTpaThl oueHuBatoTcs B ~$378,000 Ha 3 roga nporpammei.



1. BBegeHue

Ha cerogHsAWHWIA OeHb OOHOM M3 OCHOBHbIX TEOPETUYECKMX NpobrieM, CBA3AHHbIX C
nomnckom ABonHoro 6e3HenTpuHHoOro 6eta-pacnaga sendetca npobnema onpegeneHuns
MaccCbl MavlOpaHOBCKOMO HEWTPUHO W3 MONYYEHHOW BEPOATHOCTWU npouecca (unn B
crnyyae yCTaHOBMNEHUs OrpaHNUYeHns Ha ero nepuo COOTBETCTBYIOLLEro OrpaHNYeHns Ha
Maccy).

CkopocTtb aBoviHOro 6e3HenTprMHHOro 6eTa-pacnaga o6bIYHO 3aNMCbIBAKOT B CreayoLem
BUOE:
1

Ti}s

_ GOVlMOV|2<mﬂﬁ)2

roe G® — dhaktop hasoBoro obbema, mpg — apdekTuBHass Macca ManopaHOBCKOrO
HEeNTpuHO, a M® — aaepHbIn MaTpudHbii anemMeHT (AMO - uHTerpan nepekpbITUs
BOJTHOBbIX (PYHKLMMA HayarbHOr0 U KOHEYHOro COCTOsSHUSA). K coxaneHuto, nocrneaHun
noka He yaeTcs BbIMUCIIUTb C 4OCTAaTOYHOM TOYHOCTLIO.

B cnyyae asoniHoro 6eta-pacnaga (OBP) nepexoa ocywecTtBnaetca ¢ uameHeHmem Z Ha
ABa, Yyepes BUpTyarnbHble COCTOAHNS MPOMeXyTodHoro sapa (cm. Puc. 1a), uto cosgaer
AOMONHUTENbHbIE CMOXHOCTM ANS Bbl4McneHun. Bmecte ¢ Tem, MOXHO nonpo6oBatb
nony4nMTb BO3OYXAEHHbIE COCTOSHUSA MPOMEXYTOYHOrO sapa B KakOM-TO OpYrom
npowuecce, KOMMMeMeHTapHOM K udyyaemomMmy. B kadecTBe Takoro rnpouecca Moryt
paccMaTpuBaTbCd, Hanpumep, 3apsiA0BO-06MeHHbIE peakuun Unn 3axeaTt MIOOHa SAPOM,
A0YepHUM Mo oTHoweHuto k [BP (cm. Puc. 16). Bo BTopomM cnyyae AonofHUTENbHbIM
NPeMMyLLLEeCTBOM BbICTyNaeT TO, YTO, ABMAACh MAaCCUBHOW YaCTULLEN, MIOOH NPaKTUYECKM
BCIO CBOK 3Hepruio, nepefaét agpy, no3sonss Bo30yxaaTb COCTOSIHMA BAAOTb A0
TMraHTCKOro  OUMNONbHOrO  pe3oHaHca. Torga BepoATHOCTM  3axBaTa  MOXHO
OOHOBPEMEHHO pacCyYnUTbIBaTb, NOMb3YSACb TEMU Xe Mogensamn, 4to n B criyqyae 6P, n
N3MepSATb SKCMEPUMEHTArNbHO.
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mepexon _—
(nezoe mrex0) £ 1)/

(@) (6)

Puc. 1. (a) — 2B-pacnag sgpa (A,Z), onucaHHbIM ABYMS nocnegosaTenbHbIMN
BMpTyanbHbiIMM nepexogamn uyepe3 Bo3byxaeHHoe cocTosHue saapa (A, Z+1);
(6) — cxema 2B pacnaga agpa '8Ge, yepes BupTyarnbHble Nepexodbl BO36YXOEHHbIX
COCTOSIHWI NPOMEXYTOYHOro aapa "8As.

Takum 06pa3oM, MIOOHHbIN 3axBaT ABNAETCA YHMKaNbHbIM CNOCOOOM mMccrneaoBaHus
BOJTHOBbIX (DYHKUMIN BO3OY>KAEHHBIX COCTOSIHMI NPOMEXYTOYHOTO siApa, OTHOCSALLErocs K
OvBp pacnagy.



Llenbto npoekta gABnsieTcs mccnepoBaHuMe OObIMHOrO MIOOHHOro 3axsata (OM3) B
nsoTonuyecku-oboralleHHolix '*%Ba, Mo u %®Mo, a Takke yTOYHEHME MOMNyYEeHHbIX
paHee pe3ynbTatoB Mo ’°Se. OCHOBHLIM WCMOMNb3yeMbIM METOOOM SABMSAETCA
BbICOKOMpPeLUn3noHHas ny4ykoBas CNeKTPOCKOnus c NCNonb3oBaHNem
NonynpoOBOAHNKOBbLIX 4ETEKTOPOB U3 BbICOKOYMCTOrO repMaHms.

B kauyecTBe [AOMOMHUTENbHLIX 3ad4ay paccMaTpuMBaeTCA MOfyYeHWe MOMHbIX |
napuuansHbix BepossTHocTern OM3 B 6onee nerkmx anemeHtax tuna 4°Ca, %Fe n 32S, a
Takke onpefeneHne BbIXOAOB MPOAYKTOB peakumy MIOOHHOMO 3axeaTa B 3TUX sapax.
MomMMo 3TOro, 3annaHMPOBaHO MOMy4YeHWEe ME30PEHTIEHOBCKMX CMEKTPOB U3MydYeHus
Mo uccrnegyembiM sapam 1 o6aBneHne VX B CyLLECTBYHOLLMIA 3NEKTPOHHbIV aTrac Takux
CreKkTpoB (muxrays.jinr.ru).

[na peanusauun NOCTaBEHHbIX 3a4a4 NpeanaraeTcs 3KCnepuMeHTanbHasa nporpamma,
paccynMTaHHasa Ha TpW roga uccnegoBaHUn C U3MEPEHUAMM Ha Me30HHON ¢habpuke PSI
(LUsenuapus).

2. CocTosiHMe nccnepgoBaHumn

2.1. CocTosiHMe nccnenoBaH1Mn, KOHKYypUpyroLue npoekTbl, 060CHOBaHUA
Heo6xoAMMOCTM uccnegoBaHUM.

Hactoawun npoekt sBnNseTca cnegylowmmM 9TanoM  OCyLLeCTBNSeMbIX Hawum
konnektneom B 1998-2006 n 2017-2019 rogbl cucTeMaTUYECKUX WCCreaoBaHUN
0ob6bl4HOro 3axBaTta oTpuuaTternbHbliX MooHoB (OM3).

B HacTosAWwmMi MOMEHT B MMpEe He TaK MHOro0 MEeCT MPUrodHbIX AN UccnegoBaHnst Mio-
3axBaTa (0OCOBGEHHO Ha 3IKCTpeMarnbHO TOHKUX MULIEeHsiX oboralleHHbIX u3oTonos). B
TeyeHne psiga net (1998-2006) Hawa rpynna Obia eaMHCTBEHHOW B MUpe, KoTopas
3aHMManacb paboTamm MO [aHHOW TeMaTuke Ha nydkax MooHoB ME4 n mE1 B
WHctutyTe MNaynsa Weppepa (PSI, Weenuapus).

WcecneposaHusa nposogunuce Ha 6aze OUAN nog pykosoactsom Eroposa B.IM., a Takke
OHN 6binn nopaepxaHbl rpaHTom P®OUN Ne 02-02-16800, koTOpbIA Oblsl yCRELHO
peanu3doBaH B 2002-2003 rr.; rpaHToM PODUN Ne06-02-16587, koTopbIn Obin ycnewHo
peanun3oBaH B 2006 r. MNpoekT 6bin 3akpbIT nocne 2007 roga B CBA3W C KanuTanbHON
PEKOHCTPYKUMEN MIOHHbIX TpaktoB B PSl  (WBenuapus). OpHako, Bonpoc
TeopeTudeckmx pacyetoB AM3I C Uenblo YTOYHEHUS SOEPHBIX MOAENEN No-NpexHemy
OCTaeTcs O4veHb akTyanbHbIM. [N WHTepnpeTaumm MofyYeHHbIX pacyeToB BHOBb
NoHagobunNUcb aKcnepMMeHTanbHble AaHHbIe, @ UMEHHO pe3ynbTtatbl o OM3. B cBa3u
C 9TMM, nNporpamma uccnegosaHuin 6oina Bo3obHoBNeHa Hawen rpynnon B 2017 rogy.
Ha TOT MOMEHT edMHCTBEHHbIM nogxogawum ana uamepeHus OM3 npepacrasnsanca
CywlecTByOLWUN ny4yok oTpuuaTtesibHbix MiooHoB MUSIC (Ocaka, Anonus). Hawwnmu
ANOHCKMMM Konneramu ObiNno NpeasioKeHO MPUCOEAUHUTBCSA K UX Tpynne C LUernbio
namepeHna OM3 Ha pa3nunyHbix sgpax ans OBP.

OTOT HOBbIN NPOEKT GbiN nogaepxaH rpaHTom POOU Ne 18-32-00383 (Mow nepsbii
rPaHT), N YCNELUHO OCYLLECTBEH, HO C HEKOTOPbIMU 3aMeYaHNSIMN:

1) Ty4yok oTpuuaTeNbHbIX MIOOHOB Ha 3KcnepumeHTanbHon yctaHoBke MUSIC He
ABNAETCA OOCTAaTOMHO MOHOXPOMAaTU4YHbIM, YTOObI TOYHO OnNpefenuTb NapumanbHble
BEPOSATHOCTM NpU 3acenieHnmn cBA3aHHbIX COCTOAHUN sapa B OM3.



2) Bpemsa gns unamepeHun OM3, npepocTtaBnsemMoe KOMUTETOM MO pacnpeneneHuto
ny4ka coctaBnset He 6onee 3-4 AHEN, YTO ABHO HEAOCTATOYHO AN NONYyYEHUS XOPOLLEN
cratuctmku no OM3.

Taknm 06pa3om, CTarno NOHATHO, YTO HEOHXO4MMO HANTW OPYrO MIOOHHbIV Ny4OK, 6onee
NoAXOAALWMN ONS peleHnsa Hawunx 3agad. M Takom nyyok 6bin HangeH UMEHHO TaMm, rae
paHee MPOBOAWUSIUCH HALUWM uUccreaoBaHus, a umeHHo B PSI (dunnuren, LBenuapus).
Kak okazanocb, HOBbIN Ny4OK OTpuLaTenbHbIX MIOOHOB PiE1 (c MomeHTOM 20-28 MaB/c),
Ncrnonb3yeTcsl rpynnon nNo UCCnefoBaHUID pPeaknx Me3OpPeHTreHOBCKUX nepexodoB B
pagMoaKTMBHbLIX N30ToMNax. ATa rpynna corracunace noaaepXxarb Hawu uccrnegoBaHus.
Takum obpasom, coTpyaHmnyecTBo ¢ MIHcTuTyToM lNayns LWWeppepa 66110 BO30GHOBMEHO.
B pamkax atoro coTpygHuyectBa B okTabpe 2019 roga Obinv npoBegeHbl TECTOBbIE
namepeHusa rasosbix muweHen Xe-130 n Kr-82, a Takke tBepaou muwweHn Mg-24.
AHanua nonyyYeHHbIX AaHHbIX NPOAOIMKAETCA.

B cBA3M C coxpaHeHMeM ropsiyero uHTepeca K BOMPOCY WCCnenoBaHWs CBOWCTB
HEeWTPUHO C MOMOWbK ABOWHOro 6esHenTpuHHoro 6eTta-pacnaga, npegnaraeTcs
NpPoOOSMKUTL  MporpamMMy MO  UCCMedoBaHWIO MIOOHHOrO 3axBata C  agpamu,
ABNAIOLWMMUCS A0YEPHMMM ONs ABOMHOro 6eta pacnaga, a Takke C nerkumu aapamu
(OM3 ansa koTopbIx 6bINN yXXe NocYMTaHbl TeopeTndeckomn rpynnon n3 Koesackuns), ons
BO3MOXHOW UHTepnpeTaumm n onTMMm3aunm TeopeTuyeckux Moaeren.

WNTtak, bbina paspaboTtaHa 6onbliasa nporpaMmma Takmx uccnegosaHum v B gekadbpe 2019
Oblla NnogaHa 3asBKa Ha MonyvYeHue OTAENbHOro My4ykoBOro BpeMeHu B UHcTuTyTe
Mayns Weppepa B LUBeriuapun. B konnabopaumto, nommmo cotpyaHunkos OUNAN, sowwnm
konnern u3 lepmaHun, LWsenuapun, AnoHnn, CLUA n dunnaHguu. lMpepnaraemas
nporpamma 6bina nogaepxaHa 30 sHBapsa 2019 roga nporpammHbiM komuteTom PSI.
lMyykoBoe Bpemsa 6biNo0 odumumanbHO npegoctasneHo yxe B 2020 rogy ans
npegBapuTenbHoOro nccrnegosaHna Ba-136 (govepHee sgpo ana Xe-136) ¢ ganbHenwen
nporpaMmon U3MepeHun, Kak MMHUMYM, Ha Tpu roga.

[okymeHTanbHoe noaTBepXAeHne HeobGxoaAMMOCTM MNpPOBEAEHUS NpeanaraembiXx B
AAHHOM MPOEKTe U3MEPEHNIN MOXHO HanTK B crieayowmx paboTax [1-7].

Ha cerogHAawHUNW [geHb, TeopeTudeckne pacyeTtbl FAM3 pawT  pesynbTaThl,
pasnuyatrowmecs B 2-3 pa3sa, B 3aBMCUMOCTU OT UCMNOSb30BaHHOW Moaenu sapa. MimeHHo
noaTomy, B HegaBHUX pekomeHaauuax APPEC (EBponenckun KoHcopuuym no gousmke
yactmy, n  actpoduauke) [1] ObINO  pekoOMeHOOBaHO  MHTEHCUUUMPOBATH
3KCNepuMeHTasribHble U TeopeTU4ecKkne YCUnusg, HanpaBneHHble Ha yrydleHue
BblumcneHmn AMS.

B pabotax [2-4,7] onucaHO, Kak wuccrnegoBaHUs Mio-3axBata Mornm Obl ObiTb
ncrnonb3oBaHbl Ansa pacyetos AMO3, a Takke Ana nccrnegoBaHUs CBOUCTB HENTPUHO.

B pabotax [4-6] npenctaesneH o63op uccnegoBaHunm no monubaeHy-100, a Takke
onucaHa HeobxogumocTb uccnegoBaHuss OM3 Ha 3TOM s4pe C Uenbio U3yYyeHus
acTpom3NYECKNX CBONCTB HENTPUHO.

B pabore [7] Takke NnpuBeaeHO CpaBHEHNE IKCNEPUMEHTANbHbBIX pe3yrbTaToB no Se-76,
MONyYeHHbIX Hallen rpynnon paHee, C TeopeTudeckuMmn pacdetamu. Habniogaetcs
OYeHb XOpoLlee corflacme Teopum 1 akcnepumeHTa. [na yTodHEeHUs 3TUX pacyeToB B
AaHHOM NpoekTe npeanaraeTca NPoOBeCTM NOBTOPHbIE U3MEPEHNA MIOOHHOMO 3axBaTta C
oboralwleHHbIM ceneHom 76, C Lenbio yBENUYEeHUs CTaTUCTUKM U NpenocTaBeHus
TeopeTudecknm rpynnam no pacdetam AMO 6onee npeLm3noHHbIX pe3ynbTaToB.



HakoHey, pabGoTbl [8-16] AeTanbHO WANOCTPUPYKOT BCE NOAXOA4bl W MeTOAbl,
paspabotaHHble Hawen rpynnon B OUAN no nccneposanmio OM3, ¢ npunoXeHHbIMU
NTOroBbIMU pe3yribTaTaMn N0 HEKOTOPbLIM SApaMm.

UTto e KacaeTcs KOHKYPUPYHOLLUMX WUccnegoBaHWWM B 3dToM obnactn, TO B
HacCTOAWMA MOMEHT Hallenh rpynnoM Heu3BeCTHO O CyLeCcTBOBaHWM TaKOBbIX.
EOQVHCTBEHHBIM NOTEHUMANbHO KOHKYPUPYHOLWUM nccnegoBaHnem mornm 6ol 6biTb (p,n)
n(n,p) 3apssiAoBO-0OMEHHbIE peakLmu.

OKCcnepMeHTanbHO NPOBEPUTL BO3OYXXKAEHHbIE COCTOSIHUS MPOMEXYTOYHOro siapa C
BbICOKOW 3HEeprvern u MynbTUNOSIbHOCTbIO OOCTAaTOMHO TpyaHo. ViccnenoBaHus B 3TON
obnactn nokasanu, 4YTO Ons NpoBepkn “neBoro nnedva’ (BUpTyanbHble nepexoabl U3
maTepuHckoro ans 0v2f-pacnaga sapo B NpomexyTodHoe) B pacnage ‘°Ge, Hanpumep,
MOXHO 6bIno 6bl UCMONb30BaTh 3apsAA0BO-06MeHHYI0 (p,n) peakuuo: °Ge(3He,t)"®As
[17], a (n,p) peakunto Ana nccnegoBaHus “npaBoro nneva’ (BUpTyanbHble nepexoibl U3
NMPOMEXYTO4YHOro B AovepHee ans Ov2B-pacnaga aopo): "6Se(d,?He)’®As [18]. Ho
CpaBHEHWE NOoJTyYEeHHbIX 9KCNepPUMEHTarbHbIX pe3ynbTaTtoB He MMEeSOo ycrnexa B CBA3N C
TeM, YTO 3aceneHne BO3OY)XOEHHbIX COCTOSHUA MPOMEXYTOYHOrO f4pa creBa pesko
OTNMYyanocb OT 3acerieHUs crnpaBa. TeopeTuyeckue pacyeTbl 3TUX IKCNEePUMEHTOB
TeCTUpOBasiMCb C MOMOLLbLIO BEPOATHOCTEN 2v2[-pacnaja, T.K. OCHOBHOe 3acerieHue
NPUXOAUSIOCb Ha ramMMOB-TENNEepoOBCKME MNepexodbl NPOMeXyToyHoro gqgpa. B
pesynbTate 4Yero 6bin caenaH BbiBOA, YTO PacXOXAeHMe CBSA3aHO C TEM, YTO JOYepHee
N MaTepuHCKoe aapa MMetoT abcontoTHO pasHyto bopMy, a Takke B nogobHoM mogenu
He YyYMTbIBaeTCs 3acefieHne rmraHTCKoro AMNosibHOro pe3oHaHca, korga kak Gonbuias
4YacTb 3aceneHns cneea NPMXoanTCs MMEHHO Ha Hero. 3apsiAoBO-0OMEHHbIE peakLumm, B
CWIy CUNbHOrO B3aUMOAEWCTBUS U CIIOXHOCTU nogbopa yrinoBoro MOMeHTa BO BpeMs
3KCNepuMeHTa, He MoryT obecneynTb AOCTAaTOYHOM SKCNEPUMEHTaNbHOM MHOpMaLnm
0 3aceneHnn Bo3by>XAEeHHbIX COCTOSIHUI C BbICOKOW MYNbTUNONbHOCTLIO. [py cpaBHEHUN
3KCNepMeEHTanbHbIX AaHHbIX C TeopeTudeckumn pacdetamm no Ov2B kaHany [19] 6bino
BbISIBIEHO HEKOe HEeCOOTBETCTBUE MPUMEHSAEMbIX TEOPEeTUYECKUX MOoAerneun, KoTopoe
BO3MOXHO CBA3aHO C HEOAHO3HA4YHbIMW pacyeTaMyn BOSTHOBOW (PYyHKLMM Npu nepexone
N3 OCHOBHOIO COCTOSHUA MPOMEXYTOYHOro sapa B govepHee. C 3TOM TOYKM 3peHus Ans
NpOBEPKN MNPUMEHUMOCTU 3apsiA0BO-OOMEHHbIX peakunin n  pasnu4yHbiXx Mogenen
HeobxoaMma gpyras HesaBuMCUMas dKCnepuMeHTanbHasa NHopMaums.

B aTOM cnyyae MMeHHO MIOOHHBLIV 3axBaT SIBMISETCH XOPOLUEn anbTepHaTuBom (p,n) v
(n,p) peakumam [20] 3a cyeT TOro, YTO OH MPOTEKaeT MNpW BbICOKOM MepesaBaeMoMm
mMomeHTe (q = 100 MaB/c), kak n 6e3HeNTpMHHBLIN OBOWHOW GeTa-pacnag, n MoXeT
3acenaTb BO30YyXAEHHble COCTOSIHUS MPOMEXYTOYHOro f4pa C LUMPOKMM CMEeKTPOM
3HEeprum n MynbTUMNONBLHOCTEN B OTNMYME OT 2v2f3- 1 [-pacnagos, NpoTekawlmnx C
HU3KUM nepegaBaeMblM MOMEHTOM (q = Heckonbko MaB/c). Takum obpasom, 0v2f-
pacnag n MIOOHHbIN 3axBaT Ha NPakTUKe ABMAITCA CXoXumn: oba npouecca, Hanpumep,
CNOCOBHbI K BO3BYXOEHMIO BbICOKONEXaLUMX SAEPHbIX COCTOSHUA C MYNbTUMNOMNBbHOCTBIO
Jp Bbiwe 1. OBbIYHBIN MIOOHHbIN 3aXBaT MOXET NPOTEKaTb Yepes aHarnornyHble nepexonbl
ansa 0v2B-pacnaga nnbo ns godepHero agpa (Ov2B-pacnag ¢ ucnyckaHMeM anekTpoHa),
nnbo B poauTenbcKoe A4po (3MUCCUSA NO3UTPOHA/INEKTPOHHbIN 3axBaT).
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3. OnucaHue npegnaraemoro uccriegoBaHus
3.1. MeToabl uccriegoBaHUA U 3KCNepUMeHTanbHasa ycTaHOBKa

Nnes akcnepumMeHTOB Mo MIOOHHOMY 3axBaTy OCHOBaHa Ha TOYHOM U3MEPEHUU BpeMsi-
SHEepreTMYecKoro pacnpeaeneHus y-rny4yen nocre 3axesaTta MiooHa. OTu pacnpeneneHus



npegocTaBnAT GoraTtylo aKCNepUMMEHTarnbHYy0 MHMOPMaUNO, N BCE OHWU ABMSOTCA
nosieaHbIM BKNagom B pacyeTbl AMO ans OBP. [NonHble cKkopocTn MIOOHHOrO 3axeaTa
KOHKPETHbIMU M30ToNamMu onpeaensanTca NyTeM aHanMsa BPpEMEHHOro pacnpeaeneHus
3agepXaHHbIX y-kBaHToB. C nomoLLblo 6anaHca MHTEHCMBHOCTEN 3adepXaHHbIX raMma
KBaHTOB M3BIIEKaOTCA NapuunarnbHble BEPOATHOCTM MIOOHHOrO 3axBaTa Ha CBS3aHHble
COCTOSIHMSA Jo4depHero gapa. Bbixogbl KOPOTKOXMBYLUMX W3OTOMOB MOSyYeHbl C
ncnonb3oBaHMeM odnavH uamepeHun. BakHbiM NOBGOYHBIM NPOAYKTOM M3MeEpPEHUI
ABMAOTCA CNEKTPbl ME30PEHTreHOBCKOro manydvyeHus. OHM aBRSOTCA HeyCcTpaHUMbIM
(POHOM B HaLUMX U3MEPEHUSX WU UCNOMb3YITCA NPU UAEHTUMUKALUN SHEPreTU4EeCKnX
CMEKTPOB, a TakKe Npu HOPMUPOBKE.

3.1.1 AKkcnepuMeHTanbHasi yctaHOBKa

CxemaTu4yHbIN BN SKCNepuUMeHTanbHON YyCTaHOBKN NpuBeaéH Ha Puc. 2.

ISO connector
HPGe detectors

c1 Beam line
Light guide co f

O D O PMDT#1 ? 4
o VT8 '
Lcs/g ,,,,,,,,,,,, m |
PMT #3 i D OP’Q#Z T #0 m /
ylar window

C2

Target (SOLID or GAS) HPGe detectors

Puc. 2. Cxema aKkCnepuMeHTanbLHOM YyCTaHOBKU : (DOPMUPYIOLLIEE BXOOHOE OKHO (CLIMHTUITNALMOHHBIN
BeTo-cHeTuuk C0), nponeTHble cuetumkn (C1, C2), cama MuLeHb, BeTo-cyeTHmK (C3) n HPGe y-
AETEKTOPbI, PACMONOXEHHbIE BOKPYT MULLEHN. KOpryC MULLIEHW CKOHCTPYMPOBAH AN pa3MeLLeHNs Kak
TBepablX, TaK 1 ra3oobpasHbIX MaTepuanos.

YcTaHOBKa BKMYaeT B cebs  MULIEHHYHD CuUCTeMy C BXOoAHbIM oOkHom  CO,
ABNAOLLNMCS CUMHTUANALNOHHBIM CHETYMKOM, paboTatoemM B ABYXNOPOroBOM peXnme
ANa pasgeneHvss BXosWwmxX MIOOHOB Y NPUCYTCTBYIOLWNX B MyYKe 3reKTPOHOB. Pexum ¢
HU3KMM 3HEpreTU4eCKUM rnoporomMm COOTBETCTBYET MPOXOXOEHUIO MIOOHOB, @ PEXUM C
BbICOKMM MOPOroM - 3r1IeKTPOHOB (nocnefHue, siBASsiCb HEPENATUBUCTKUMW YacTuULaMU
OCTaBAOT B AETEKTOPE CyLeCTBEHHO BonbLUyto 3Hepruto). [lanee ny4yok NnpoxoauT ABa
TOHKMX NPOXoAdHbIx c4éTumka C1, C2, a 3atem nnbo oCTaHaBNMBAETCA B MULLEHU, NMOO
BblneTaeT, faBas cpabaTbiBaHME OKpyKaloLero MuweHb cHétymka C3. Takum obpasom,
MOXHO C BbICOKOW TOYHOCTbIO YCTAHOBWUTbL NOTfoLLEeHe MIOOHA B BeLLeCcTBe MULLEeHU. Tak
Kak cyéTtumk C3 coenaH M3 maTtepuana ¢ HU3KMM Z, OH He oKasblBaeT CyLLEeCTBEHHOro
BNUAHUSA Ha NOrfoweHne pesyrbTUpYLWero raMma-n3nyyeHus BnioTb 4o sHeprun ~ 20
kaB. MuweHHasa cuctema CKOHCTpyupoBaHa Takmm obpas3om, 4YTO NO3BOMSET U3MEPATb
Kak TBEpAble, Tak M rasoobpasHble MULIEHW. JTa KOHCTPYKUMs yxe Obina Hamu
onpoboBaHa BO BpeMsi TECTOBOro ceaHca B OKTsibpe-Hoa6pe 2019 r. n gokasana CBot
3P PeKTMBHOCTb. [aMMa-usnyyeHme, cCHUMarLee Bo3byxaeHue saep, NonyYmBLUNXCS B
npouecce 3axsata MOOHA, aHaNU3npyeTCcs HECKONbKUMWN repMaHNEBbIMUN JeTeKTopaMu.

HacTpolika nyyka npoucXoauT Takum o06pa3oM, 4ToObl MaKCMMM3MpPOBaTb Me30-
PEHTTEHOBCKOE W3My4YeHMe OT U30TOMOB MULLEHM, YTO COOTBETCTBYET HambonbLiemy



NoOrfoweHn0 MIOOHOB B UHTEpecyleM S4pe U MUHUMMAanNbHOMY B OKpYXKaloLlem
BewecTBe. [py TMNMYHbIX ycnosusax 6onee 95% BXxoAdALMX YacTUL, OCTaHaBNMBaOTCA
B cCaMOM MULLIEHN. TUNMYHas 3arpyska yCTaHOBKM MO BXOAsLWEMY NydKy cocTaBnsaeT ~ 2-
4 x 10 kly, B TO Bpemd, Kak 3arpyska no noriynpoBOOHUKOBbLIM AeTeKkTopam He
npesblwaeT 2 KU, YTO ABNSETCA KOMGOPTHLIM PEXUMOM UX UCMONb30BaHUS.

3.1.2 leTekTUpyOLLaa cuctemMa

Mpouecc 06bI4HOrO MIOOHHOIO 3axBaTa conpoBoXxaaeTcs cnegyowmnm
XapakTepucTuyecknm msnyvyeHvem. Ha nepBom 3Tane MIOOH, OCTAHOBUBLUMCH BO3re
Kakoro-tTo M3 sigep MULEeHW, nonagaeT Ha puabeproBCKOE COCTOSIHUME WM MpPaKTU4eCKu
MrHOBEHHO Mocre 3Toro, nocneaoBaTtenbHO onyckaeTcs B 1S-COCTOSAHUE, UCnycKasa npu
3TOM Kackag Me30peHTreHOBCKUX (POoTOHOB (uX). 3aMeTMMm, YTO MOCKOSMbKY MHIOOH
CYLLECTBEHHO TShXKeriee 3reKTpoHa, 3TO U3NyYeHMe OKa3blBaeTCH CABMHYTO B XXECTKYHO
obnacTtb o0 aHeprun B Heckonbko MaB. [lanee, MIOOH MOXET pacnactbCA C BbiIeTOM
BbICOKOQHEPreTUYHOrO 9NeKTpoHa UM 3axBaTUTbCH SOPOM C NocreayoweM BblieToM
OLHOrO MNM HECKONbKNX HEUTPOHOB. J1t060M 13 3TUX NpoLEeccoB ABNSETCSA (POHOBLIM MO
OTHOLUEHUIO K U3y4yaemoMy, Mpu KOTOPOM BbifieTa ApYrux BTOPUYHLIX 4acTul, Kpome
dOTOHOB He Npeanonaraetcd. Tem He MeHee, Grnarogaps XOpoLIEMY IHEPreTUYEeCKOMY
paspeLleHnto  MonynpoBOLAHMKOBLIX OETEeKTOPOB Takme npouecCbl OKasblBaeTcs
BO3MOXHbIM OTCesATb. B ntobom cnyyae, govepHee s4po 06bIMHO Takke OKa3blBaeTCH B
BO30Y>KAEHHOM COCTOSIHUMN N pa3psikaeT ero BblfeTOM rammMa-KBaHTOB.

[nsa [peTekTMpoBaHUS ramMMma-usnyyeHuUs WCMomnb3ylTCH HECKONbKO repMaHUeBbIX
AETEKTOPOB pasHbIX TUMOB, PacnosioXeHHbIX Ha paccTosHn 10-15 cM OT MULLIEHW.

Cpeau Hux:

1. Tpn petektopa n-Tuna ¢ GepunnMeBbIM BXOOHbIM OKHOM ANsi perncrpauuun
MSATKOro ramma-usnydeHus. [Iea u3 Hux yxe Haxogatca B PSI u ewé oguH
npegnonaraeTcs K NOKyrke.

2. [1Ba UHBEPTMPOBAHHbIX KOAKCUanbHbIX AeTekTopa p-Tuna 6onbworo obvéma ans
permctpauum  OTOHOB C  3HeprusiMM OO Heckonbkux  MaB, oguH
npegocTaBneHHbIN rpynnon n3 TexHuyeckoro yHusepcuteta MioHxeHa (TUM) u
OQVH TakXke npegnaraemMbiv AN NOKynKu.

3. Heckonbko petektopoB Tuna BEGe (Broad Energy Germanium) Ttakke
CrnocobHble M3MepsiTb  BbICOKOIHEPreTUYHble  (POTOHbI, NPeaoCTaBfEHHbIE
roynnon TUM. 3Ttu pgetektopbl OyayT OYeHb MNONe3Hbl ANs  YBENUYEHUS
reomeTpu4eckon aPPEeKTUBHOCTM YCTAHOBKN U BO3MOXHOIO U3YyYEHUSA YrIOBbIX
Kopppensumin n KackagHblX raMMa-KBaHTOB.

3.1.3 Cuctema Habopa AaHHbIX.

Cucrema Habopa paHHbix (DAQ) G6ypet 6as3vpoBaTbCA Ha YyXe MCMNONb30BaBLUENCS B
3KCnepuMeHTax Takoro poga rpynnos muX M NpoTeCcTMpPOBaHHOM HamMu B npolecce
TecTtoBOro Habopa gaHHbix B 2019 r. E€ ocHoBoM ABNSAOTCA 16-T KaHanNbHbIE MOAYN
ounmgpoBkm  curHanos  Struck  SIS3316 ¢ paspeweHuvem 14 6ut  n
yactoton camnnupoBaHusa 250 MIu. Moaynu HacTpoeHbl Ha 06paboTKy curHamnos C
npegycunutTenen Ncnonb3yembix 4eTEKTOPOB. [1na curHanoB ¢ AeTEKTOPOB HEBOMbLUIOro
o6bEmMa MOryT MCnonb3oBaTbCs ObICTpble yCUNUTENW ANs fydlwero COOTBETCTBUSA
ANHaMmn4yeckomy amanasoHy moayns. B npouecce nepBoHayanbHOro aHanusa AaHHbIX C
nomowbto [MJINC (MNporpammupyemass noruyeckas uHTerpanbHaa cxema, FPGA)
nucrionb3yeTcs TpaneueuganbHbli - PUNBLTP, MNO3BOMAKOWMIA  NOSMYyYUTb  Xopollee
3HepreTMyeckoe paspelleHne gaxe B ycnousix pabortatowiero yckoputens. Bo Bpems



TECTOBOW KaMMnaHWW 3HepreTM4eckoe paspelleHue MpakTUYeCcKu BCEX OETEKTOPOB He
npesblwano 3 kaB ans aHeprum 1,3 MaB. CurHanel 4nsa 3anucun Tpurrepos, BPpEMEHHbIX
OTMETOK, BOJTHOBbIX (pOpM nepeaaroTcs Mo ONTO-BONIOKOHHOMY Kaberto 1 3anncbiBaoTCA
CcO ckopocTbto 5 M6/c. MNockonbKy 3anncb BOMHOBOW (POPMbl CUrHanNa MMeeT CMbICH
TONMbLKO ANA repMaHuveBbIX OEeTeKTOpOB [Afs SKOHOMUM MecTa OcCTalbHble CurHarsbl
3anncbiBalOTCA YXe B MOMHOCTLIO B ouudpoBaHHoM Buge. DAQ nonHocTbio
MHTErpypoBaHa B YyXe ucnonb3dyemyto B PSI| cuctemy aHanusa gaHHbix MIDAS, 410
NMO3BOSSET YNPOCTUTL NOCIEAYOLWNA aHanuns.

3.2. NpeaBapuTenbHbIe U3MepPEHUS

Kak yxe ynomuHanocb B rfn. 2, B TedeHue AByxHedernbHoro nepuoga B oktabpe 2019
roga B COTPYAHUYECTBE C 9KCMEepUMEHTarlbHOM MuX-rpyrnrnon Mbl NPOBENv TeCcToBOe
n3MepeHe MIOHHOrO 3axBaTta C rasoBbiMu mueHsamu 82Kr n 13%Xe, a takxke ¢ TBepaon
MULLIEHbIO 2*Mg. Mo nToram namepeHuit Gbino peLeHo HECKONMLKO CreayLWwmX 3agay: Bo-
nepBblX, 3TO MO3BOSMIUIIO HaM MPOBEPUTb, HACKOIbKO XOPOLIO MOXHO HabniogaTtb u
nageHTuumnpoBaTb  BO3HMKaOWME CBA3aHHble cocTtodaHna OM3, wucnonb3sys
cywecTtByowmne Hactporkn u DAQ (npegocTtaBneHHbIM Ha TOT MOMEHT HaM muX-
rpynnou); BO-BTOPbIX, 3TO [ano BO3MOXHOCTb OLEHUTb CUTyauuio C onTumMusauunen
pabotel HPGe petektopoB. HakoHeu, Mbl noagTBEPAWNM, 4YTO CyLLeCTBYOLLAs
3KCnepuMeHTarnbHas  KOHurypaumsa no3BongeT Ham  MNosfyunTb  OOCTaTOYHYHO
CTaTUCTUKY, a TakkKe nMonyyaTb O9HepreTnyeckne CrnekTpbl XOPOLUero KayecTsa.
[eTanbHbIN aHanM3 NonyYeHHbIX JaHHbIX MPOAOIHKAETCs, TEM HE MeHee NpoBeaeHHoe
TeCTUpPOBaHUE Mbl CHUTAEM YCMELLHbIM.

Bce peructpupyemble  cobbiTUs  COPTUPYKOTCS  Ha  KOpPPEnupoBaHHble U
HEeKoppernvpoBaHHbIe, B 3aBUCUMMOCTH oT coBsnageHus/aHTucoBnageHus
OCTaHaBNUBaLLErocs MIOHa B Spe MULLEHU B onpeaenieHHoM BpemeHHoMm okHe W (0
- 2 C B 3aBWCUMMOCTM OT MuLleHn). HekoppenvpoBaHHble CNeKkTpbl coaepaT ramma-
nuHuM m3 npupogHoro (“°K, U- n Th-uenen) n TexHoreHHoro (%°Co, '¥Cs) doHa u B
OCHOBHOM WCMOMb3YTCA AN KanMbpoBOK N MOHUTOPUHra. K TOMy Xe, NHTEHCUBHOCTU
raMma-ivHMN  HeKkoTopbix  npogyktoB OM3 wmMoryT ObiTb  onpegeneHbl U3
HEKOPPEnpPOBaHHbLIX  CMEKTPOB, 4YTO MO3BOSMIieT HaM  U3BrekaTb  BbIXOAbl
COOTBETCTBYIOLLMX N30TOMOB/M30MEPOB (aHanus B  Xxope BbINOJSTHEHUSA).
lMpenBapuTernbHble 3HEpPreTU4eckne CrekTpbl OT MarHMeBOW MULLEHU TOKa3aHbl Ha
puc. 3.
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Puc. 3. KoppenupoBaHHble Me30peHTreHOBCKUIA (CUHWUI) 1 3aepKaHHbIN (KpacHbIN) CNeKTpbl,
M3MEepEHHbIE C MOMOLLbI0 06oralleHHoN MuwweHn 2*Mg. Ha pucyHke ykasaHbl HekoTopble
naeHTMOUUMPOBaHHbIE raMMa-nepexoabl, a Takke Me3opeHTreHoBckMe nepexoapl MarHus (K (np-1s) n L
(nd-2p) cepun) n yrnepoga (mX(C)).



O6bl4HO MOMHYID CKOPOCTb MI0O-3axBaTa B MULLEHM ONpPeaensioT, perucTpmpys
3MEeKTPOHbl OT pacnaga MIOHOB U M3dyyas UX pacnpegeneHue Bo BpeMeHu. B Hawmx
N3MepeHnax npoBoaunacb permcTpauus He 9NeKTpoHOB OT pacnaga MIoHa, a ramma-
nyyen ot ero 3axesarta. [1py 3TOM, HACTPOMBLUMCL Ha OrnpefesieHHY0 raMmMa-riMHUIo n
npocneaus BPEMEHHYHO 3BOSOLUIO €€ UHTEHCUBHOCTU (CM. puc. 4) yaaeTcs NOMHOCTbIO
WUrHOPMPOBATb OCTAHOBKN MIOOHOB B NIOOLIX APYrMX atomMax, KpOMe uccrnegyemblx, YTo
no3BonsieT nosiydatb TOMHOCTbL nydwe 1%. [laHHaa mMeToanka SIBMSEeTCA YHUKarbHOW U
Gbina paspaboTaHa n ncnonb3oBaHa BMnepBble HaLuen rpynmnow.
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Puc. 4. (E, t) pacnpeneneHne KoppenmpoBaHHbIX COBLITUI, U3MEPEHHbIX C MULLIEHBIO 2*Mg. Ha pucyHke
yKasaHbl HEKOTOpble raMMa-nepexobl, COOTBETCTBYIOLLME 3aXBaTy MIOOHA B siape, npocnexusas
BPEMEHHYI0 3BONIOLUIO KOTOPbIX ONpeaensatoTCsa NOMHbIN CKOPOCTU MIOOHHOIO 3axBaTa.

MpenBapuTenbHbI pe3ynbTaT NoMHOM CKOPOCTU MIOOHHOIO 3axBaTa Ha 2*Mg nokasaH Ha
puc.5.

BanaHc nHTeHcuBHOCTEN raMma-nNnHUA 3agepxaHHoro nanydveHus (Delayed, cm. puc.xx)
MO OTHOLLUEHUIO K MEe30peHTreHOBCKOMY u3nydeHuto (Prompt, cm. puc. 3) nossonsiet
nonyyatb napuuarnbHble BEPOSATHOCTUM (CKOPOCTU) M MIOOHHONO 3axBaTta OTAerNbHbIX
BO30YXAEHHbIX COCTOSAHUI govepHero sapa. Prompt u Delayed cnektpbl (puc. 3) moryT
ObITb pa3gerneHbl pasnnyHbIMKU cnocobamu NyTeM U3MEHEeHUs1 BpEMEHHbIX UHTEpPBarnoB
(Hanpumep, 4TOBbI YNPOCTUTL Mpouenypy MAeHTUMKaLUUM ramMma-ivHUM B CrnekTpax
3agepxaHHoro usnydexnus Delayed). lNMonHble 1 napumanbHble CKOPOCTU MIOOHHOIMO
3axeata ans '*°Xe, 8Kr n Mg 6yayT nonyyeHbl METOAOM, ON1caHHbIM B [8] n 2.2.

Cwunosas yHkums pacnpegeneHna OM3 6yaet onpeaenaTbCs Ha OCHOBE MOMYyYEHHbIX
pe3ynbTaTtoB, a TakkKe BbIXOAOB NpoAyKTOB peakumn OM3 n3 HekopennmpoBaHHbIX
CMEKTPOB U3MyYeHUs1, NOoMyYeHHbIX B pexunmMe opdnanH namepeHuin ¢ Mcnonb3oBaHnemM
pacdeTHon mogaenu. MNpoToH-HENTPOHHas Modenb pacnagoB B pedynbtate OM3 6bina
paspabotaHa Hawumun konnabopaHtamu |.H.Hashim, S.A.Hamzah, F.Othman n H.Ejiri
(cm. n 2.2. [21-22]).
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Puc. 5. BpemeHHast aBorntoLmmn ramma-nuHnm 2390,6 k3B, namepeHHast ¢ MuLleHbto 24Mg. droneTtosas
KpuBasi oTpaxkaeT SBOSIIOLMIO MHTErpana LeHTparnbHoOM YacTu doparMeHTa (cama nuHus + ooH nog Hewn);
CVHUWIA KpMBas - Nnowanb hoHa BOKPYr NUHUK; KpacHas KpuBas OTpaxkaeT 3BONIOLUUI0O caMor raMma-
NUHUN, bUTUpoBaHHONW MayccnaHoM € NATbI0 NapaMeTpamMu Nno KaxkaomMy BpeMeHHOMY cpesy.

3.2. Oxupaemble pe3ynbTaTbl HAYy4YHOro MUCCreAoBaHUS WM UX Hay4dHass u
npukKnagHas 3HaYMMOCTb

1. BnepBble O6yayT nony4YeHbl 3Ha4YeHUs MOMHbIX U NapuunanbHbiX ckopocten OM3 B
nsotone '*%Ba 1 %Mo, aBnsoLmMeca ocHOBOW HOBbIX pacdeToB AM3 ansa asoviHoro 6eTa-
pacnaga '3%Xe n %Zr.

2. BnepBble 6yayT nonyyeHbl 3HA4YeHUSA MOMHbLIX M napumanbHbiX ckopocten OM3 B
nerkux n3otonax “°Ca, %Fe n 32S, Heobxogumble ANa MHTeprnpeTauuy 1 onTUMMU3aLImMm
pacyeTHbix mogenen AM3 ona On2b-pacnaga.

3. Bnepsble 6ygyT nony4deHbl 3HaYeHWUs napumanbHbix BeposTHocten OM3 B nsoTone
190Mo ans pacyeTta MO ¢ ToukM 3peHns novcka CBEpXHOBOM.

4. byoyT yTOYHEHbl paHee MnoslyYeHHble 3Ha4YeHUs MOMHbIX U napumnarbHbIX CKOpOCTen
3axeaTa B oboraleHHOM n3oTone "6Se u npoBegeHO cpaBHEHWE 3TUX Pe3ynbTaToB C
TeopeTnyecknmm pacdetamn HAMI, a Takke uX uUHTeprnpeTauuss OTHOCUTENbHO
pPasnn4YHbIX MOAdenNen.

5. ByayT nony4yeHbl 3Ha4YeHUS BbIXOAOB pa3fMYHbIX WU30TOMOB, HapabaTbiBaeMbIX B
pesynbTaTe MIOOHHOIO 3axBaTa B BbllleyKa3aHHbIX MULLIEHSIX.

6. lNonyyeHHble Me30pEHTTEHOBCKME CMEKTPbl WU3NYy4YeHUs UCCredyemblX MuLleHen
AONOSHAT CYLLECTBYIOLLYIO 9NIEKTPOHHY0 B1BIMOTEKY WX CNEKTPOB, CO3AaHHYI0 B HALLEM
oTaene (www.muxrays.jinr.ru) U MUCnosib3yemyro rpynnamu, CBA3aHHbIMU C MIOOHHOM
PU3nKon.

7. [MonydyeHHble pesynbTaTtel OyayT onybGnuMkoBaHbl B BeAYLWINX POCCUMCKUX W
3apybexHbIX HayYHbIX >XypHanax, a Takke npeacTaBneHbl Ha MeXayHapOOHbIX
KOH(pepeHumsX.



3.3 MnaH-rpacdmk uccnepgoBaHun, pabotbl co cTtopoHbl OUSAWN, pacnpepeneHue
3apay, a Takke COBMeCTHble paboTbl. Bo3amoxHble pucku u ayénupyrouime cxemsbl.

lMnaH Hay4yHbIX uccnegoBaHun ¢ pasbuBkOM MO rogam (KBapTanam), a Takke
pacnpegeneHue 3agad no YreHam KonnekTMBa npeacTaBneHbl HUXE:

MepBbIV rog UccnegoBaHUN:

1-2 kgapmarsn —> npnobpeTeHne n3oTonmyeckn-oboraleHHoro Se-76 n HaTypanbHOro
Ba, co3gaHue muweHn, npuobpeTeHne pgetanen Ons Mi-Tpurrepa, paspabotka wm
NMoKynka [getanenh And YCTaHOBKM [AETEKTOPOB; CO34aHME MIOOHHOW CUCTEMbI
dunbTpauMn gaHHbIX, @ Takke COo3daHMe CUCTEMbI MO KOHTPOMO Npodmnsa MIOOHHOIO
nyyka, M KpenneHunh Ona AeTeKTopoB, OTrnpaBka obopyaoBaHus ONs AanbHenwero
TectTmpoBaHus B TUM;

3 kgapmais —> coBMecTHO ¢ TUM TecTnpoBaHne BCeW CUCTEMBbI, MOMHAA UHTEerpauus
BCero obopydoBaHus, a Takke oTnpaBka ob6opyaoBaHUSA (4EeTEeKTOPOB, CHETHYMKOB,
MULIeHen n cuctembl HakonneHus) us TUM B PSI (aBrycT-ceHTA6pb);

4 keapman —> CoBMecTHO ¢ konnabopaHtamu (TUM, PSI, UZH, KU LEUVEN)
nposegeHne oH-nanH (3 Hegenn) u opdp-nanH (2 Hegenn) N3amMepeHUn Ha MIOOHHOM
nyyke piE1 (PSI, WBenuapus, dunnureH) ¢ ucnonb3oBaHMeMm TBepabiX MulleHen Ba-
136/Ba-nat n Bo3MOXHO Se-76 — OKTAGPb-HOAOPL, BO3BpaT obopyaoBaHus B TUM,;
npeaBapuTenbHbIA aHanNn3 AaHHbIX, HanucaHue otyeTa (gekabpb)

PacnpeneneHue 3agay no y4acTHUKaM:

1. NpunobpeTeHne n3oTonn4eckn-oboralleHHbIX AEMEHTOB, OpraHM3aumst UX OTNPaBKK
B TUM un PSI, opopmneHne TaMoXXeHHbIX JOKYMeHTOB (3uHaTynuHa, domuHa);

2. TogrotoBka obopydoBaHua AOns  MO-Tpurrepa, AepxaTtenen repmMaHueBbiX
AETEKTOPOB, CO34aHWe MuweHu, oTnpaBka obopygoBaHna B TUM, TecToBble
npensaputensHble nsamepenus B TUM (['yces, LeB4nk, Kasapues);

3. [llogroToBka oKCNepuMeHTa, HacTpoMKa Myyka W TeCcTupoBaHue, NpoBedeHue
namepeHnn, moHutopuHr (3umHatynuHa, [yces, LeBunk, PymsHueBa, Kasapues,
domuHa, LnpyeHko n benos.);

4. Cumynsuumn, aHanu3 AaHHbIX, nogrotoBka nybnukaumn (PymsHuesa, LUup4deHko,
XKutHukos n benos).

Pucku n ayonupyoLimne cxembi:

- BoamoxHa 3agepxka no npnobpeTeHnto MaTepmarnoB U U3roTOBMNEHUSA MIO-TpuUrrepa.
Ha aT1OoT cnyyam y Hawen rpynnbl Mmeetca BapuvaHT b — ucnonb3oBaHue Haliewn
MoAepHU3npoBaHHoM paHee (B 2019 r) ra3oBon MULLEHU (MIO-TPUITEP HAXOAUTCA BHYTPU
Hee). B gaHHOM BapuaHTe eCTb TONbKO OOWH HKAHC, KOTOPbIN CBA3aH C TeM, 4TO
NpPUOETCA U3roTaBnMBaTh CreynanbHbl KOHCTPYKTUB AN KpenreHns TBepaon MULLEHN
BHYTPU MULLIEHN.

- [No Town e npuynHe, BO3MOXXHa 0bLLas 3agepKka BCeX TPaHCMOPTHbIN NepeaBuKeHUN,
a TaKxe rnepeHoc Ny4koBOro BpEMEHU Ha crieayoLwmmn rog

Btopou rog nccneaoBaHumn:

1-2 _keapmasi —> TnNpPOAOSPKEHWE aHanuM3a [aHHbIX MO CeaHcy nepBoro roaa,
npunobpeteHne wmsotonuyeckn-oboraweHHbix Mo-96, Ca-40 un Fe-56, ortnpaBska
mMaTepuanoB (MuweHen) n Heobxoaumoro AononHutenbHoro obopygosaHua B TUM;
WHTErpupoBaHue 1 TeCTUpPOBaHME 3KCNepuMeHTaribHon yctaHoBku B TUM,;




3 keapmas —> oTnpaBka obopygoBaHWA U TecToBble namepeHuss B PSI (ceHTs6pb),
obcyxaeHne aHanu3a AaHHbIX MO ceaHcy 1ro roga Ha Bble3AHbIX 3acefaHusix C
konnabopaHTamu, NoAroToBka nyodnukaumm;

4 keapman —> CoBMeCTHO C konnabopaHTamu npoBefeHue oH-navH (3-4 Hepenu) m
odpd-navH (2 Hegenu) uaMepeHun Ha M0OHHOM nydke piE1 (PSI, LWeenuapus,
dunnureH) ¢ ucnonb3oBaHnem TBepAbiX MuweHen Mo-96, Mo-100, Mo-nat n B
3aBucumocTn ot 2020 BO3MOXHO Se-76 — OKTABpb-HOAOPL; NpeaBapUTENbHbIN aHaNu3
AaHHbIX, HaNMcaHne oTyeTa 1 NOAroToBKa Nybnvkauuu.

PacnpegeneHue 3agay no y4acTHUKaM:

1. NpunobpeTeHne n3oTonn4eckn-oboralleHHbIX AEMEHTOB, OpraHM3aumst UX OTNPaBKK
B PSI, ocbopmneHne TaMmoXeHHbIX JOKYyMeHTOB (3nHaTynuHa, PomuHa);

2. Co3gaHvne muweHu, oTnpaBka 0bopyaoBaHWS M TECTUPOBAHNE 3KCNEPUMEHTANbHOWN
YyCTaHOBKM, COBMECTHO C 3apybexHbiMn konneramu (yces, LWeBunk, Kasapues,
PymsaHueBa);

3. MNMogroToBka aKkcnepuMMeHTa, HacTpoOKrKa nyyka U TeCTUpoBaHue, NpoBeAeHne OHManH
n odnanH wn3amepeHun, MoHuTopuHr (3uHatynuHa, [yces, LWeBunk, PymsaHuesa,
Kasapues, ®omuHa, LLnpyeHko n benos);

4. Cumynsuuu, aHanu3 p[aHHblX, MornydeHne u obcyxaeHne npeaBapuTenbHbIX
pe3ynbTaToB Ha Bble3dHbIX 3acefaHusix COBMECTHO C 3apybexHbiMu Komneramu,
nogrotoBka nybnukaummn (3uHatynuHa, PymsaHuesa, LnpyeHko, KutHukos 1 benos).

Pucku n ayonupyoLine cxembi:

- B 3aBucumocTtn ot Toro, kak 6yaet nposegeH ceaHc B 2020 roga, nnaH namepeHun
MULLEHEN MOXeET ObITb M3MeHeH. Ecnn nyykoBoe Bpems 6yaeTt nepeHeceHo Ha 2021 roa,
peLleHneM BO3MOXHOM Npobnembl MOXET ObiTb AOMONHUTENbHbIVM 3anpoc B KOMUTET B
koHue 2020 Ha BblgeneHne JONONHUTENBHOIO My4YKOBOro BPEMEHM.

- MoryT BO3HWKHYTb CIIOXXHOCTM MPUODpPETEHMEM HEKOTOPbIX M30TONUYECKM-
oboralleHHbIX MulleHen. Ha aToT cyeT Takke BO3MOXHa 3aMeHa 3TUX MULLEeHen Ha

apyrue.
Tpetuut rog uccnegoBaHUN:

1 keapman —> no HeobxogumocTu npuobpeTeHne un3oTonnyeckm-oboralleHHbIX
M30TONOB (B CNnyyYyae WX HegocTtatka B ceaHce 2ro roga), €osgaHve MULLEHW,
npodoSbkeHne aHanuada [faHHbIX nocre ceaHca 2021 roga, npoBegeHue obuiero
3acefaHnst COBMECTHO C 3apybexHbIMy Konneramu n obcyxaeHne pesynbTaTos;

2 Keapman —> OTNpaBka MaTepuanoB W o6opydoBaHMs AN AanbHenwero
TECTUPOBaHUS, NPOAOIPKEHME aHanNn3a AaHHbIX U NOArOTOBKA UTOMOBbLIX NyGnMKaLuii;

3 keapmas —> npoBegeHne usmepeHun B PSI (Ca-40, S-32), aHanua gaHHbix no 2021 un
2022 ropgy, obcyxaeHwe pesynbTaTtoB Ha Bble3OHbIX 3acedaHusix, MNOoAroToBKa
nyénukaumm;

4 Kkeapman —> aHanu3 [aHHbIX, HanMcaHWe OTYEeTOB B KOMWUTET, U MOAroTOBKa
nybnvkaumMii no npoekTy, MNpeacTaBneHMe Hay4YHblX pe3ynbTaToB nNpolleawero
3KCNEPMMEHTa Ha Hay4YHbIX Bble3OHbIX 3acedaHUsIX/KoHepeHUUSIX.

PacnpegeneHue 3agay no y4acTHUKaM:




1. NpurobpeTeHne n3oTonnyeckn-oboraleHHbIX INeEMEHTOB, OPOPMIEHNE TAMOXEHHbIX
AOKyMeHTOoB (3nHaTtynuHa, PomuHa);

2. Otnpaeka matepuanos n obopyaoaHus B TUM, TectupoBaHune obopyaosaHus 8 TUM
COBMECTHO ¢ 3apybexHbiMu konneramu ([yces, LLeBuunk, Kasapues);

3. NogroToBka akcrnepuMeHTa, TecTupoBaHue, 3anyck, MOHUTOPUHT (3nHaTynnHa, 'yces,
LWeBuuk, XKXutHukos, PymsHueBa, Kasapues, PomuHa, LLinpyueHko n benos);

4. OcHoBHasi obpaboTka AaHHbIX, NOAroToBKa Nybnvkauun, npeacTaBneHne Hay4HbIX
pe3ynbTaToB MO MPOEKTY Ha KoHdepeHuusx, obcCyxaeHne aHanu3a [AaHHbIX Ha
Bble3HbIX 3acedaHusx (PymsaHuesa, LUnpyeHko, XXutHukos 1 benos, domnHa).

Pucku n ayénupyoLimne cxembi:

- B 3aBucumoctn oT ToOro, kak 6yget nposefeH ceaHc B 2021 r, nnaH n3mepeHun
MULLEHEN MOXET ObITb n3mMeHeH. PeweHne b -- 4ONONHUTENBHBINM 3anNpoC B KOMUTET B
koHue 2020 Ha BblgeneHne JONONHUTENBHOIO My4YKOBOro BPEMEHM.

3.4 Umerowminca Hay4HbIN 3agen No NPoeKkTy

Kak y>xe roBopunockb Bbll€e, 3KCNEPUMEHTbI MO MIOOHHOMY 3axBaTy NPOBOAUIIUCH
paHee B 1998-2006, pesynbTaTbl 3TUX JKCMEPUMMEHTOB onybnukoBaHbl B M3BecTusix
Akagemun Hayk n gpyrnx 3apybexHbix XypHanax, Te3aucax HaydHbIX KOH(bepeHLumH,
paspaboTaHa nporpaMmma Habopa AaHHbIX, UMeeTCs 4YacTudHoe obopyaoBaHue Ans
OCYLLIECTBMNEHNSI/BO30OHOBNEHNS CEPUIN TAKMX SKCNEPUMEHTOB.

Hactoswmn npoekt €ABNAeTcA crnegylowuM 3Tanom  OCYLECTBNSEeMbIX HaluMm
konnektneom B 1998-2006 u 2017-2019 rogbl cucTeMaTUYECKUX WCCeaoBaHUN
0ob6bl4HOro 3axBaTta oTpuuaTtenbHbix MooHOB (OM3) govepHUMKN sapamu 2b-n3o0Tonos.

YTto KacaeTcsa ncnonb3yembix METOAOB U MOAXOAO0B B LIENOM, TO KOSINIEKTUB UMEET Kak
15-neTHU oNbIT A0epPHO-CNeKTpocKonnyecknx nccnegosaHnn OM3, Tak U1 MHOroneTHUI
onbIT y4actus B 2b-akcnepumentax (TGV n NEMO, GERDA, Majorana).

OcHoBHble pe3ynbTaTthbl, NOJTy4EeHHbIE 3a 3TO BpeEMA!

1. B cepum 3KCNEepuUMEHTOB Ha My4ke BTOPUYHLIX MIOOHOB (pasoTpoHa JIAM OUNAU
nccrnegosanuck yrrnoeble koppensauun B OM3 Ha pasnuyHbix sapax. Ha kpemHueson
MuweHn Si-28 ¢ Haunyywen Ha HACTOAWMA MOMEHT TOYHOCTbK OblfiM U3MEpPEHbI
KOppesnsuMOHHbIE XapakTePUCTUKM pa3peLLeHHOro Mio-nepexoaa v nofnyyeHa oLeHka Ha
BENUYNHY MHAOYLMPOBaHHOro ncesgockanspHoro B3anmogenctems gP (Nucl.Phys. A587,
(1995) 577; Nucl.Phys. A671, (2000) 647).

2. Ha miooHHOM ¢pabpuke PSI namepeHbl KoppensumMoHHble napameTpbl Mio-nepexoaa
nepsoro 3anpeta Ha agpe O-16 u nNonyyYyeHbl OUEHKU BENUYUHBLI CKanNspHOro
B3ammogencteuna Gs (Nucl.Phys. A699, (2002) 917). CneayeT ocob0 OTMETUTL, YTO B
9TOM 3KCMepuMeHTe Obinn co3faHbl rasoBble MULLEHW, a Takke Oblna oTpaboTaHa
MeTogMka WX ucnonb3oBaHus. [1o3ToMy OMbIT AaHHOW paboTbl NEXWUT B OCHOBE
3KCNepuMeHTa, npegnaraemMoro B HacTosWEM  MpOeKTe. EaonHcTBEHHOE
NpUHUMNManbHoe OTnYMe CBA3aHO C TEM, YTO UCMOMb30BaHHbIE Fa30Bble MULLEHN Obinun
NMPOTOYHbIE, MOCKOSMbKY B HUX MCCNegoBanucb HeoboralleHHble MCTOYMHUKWU. Tenepb
nepen Hamy CTOUT 3ajada Co3gaHUS repMeTUYHOW ra3oBOM CUCTEMbI, UCKOYatoLen
noTepun nccriegyemoro 4OporocTosiero o6oralleHHOro KpUnToHa 1 KCeHOoHa.



MeToankm obeunx paboT ABNAOTCA HOBaTOpCcKMMU. Kak M B HacTodAwem npoekTe, B
yKa3aHHbIX 3KCnepuMeHTax nepe Hamu CTosna 3agada uccnefoBaHUs napumanbHbIX
MIO-NepexoaoB MNyTeM perucTpaummM rammMma-kBaHTOB, paspsbKalolmx ornpegenieHHble
BO30Oy>XaeHHble YpoBHU fodepHux agpax (Al-28 n N-16). CnoxHoCTb cocTosna B TOM,
YTO M3MEPSANUCb HEe TOMbKO MHTEHCMBHOCTM, HO M Npounb 3TUX raMmma-nimHUm,
YWUPEHHbIX 3a cyeT adpdekta [onnepa. B xoge ocywiecTBneHus NpoekToB 1-2 Mbl
oTpaboTanu  MeToAMKY M3MepeHuh W1 00paboTkMm  [aHHblX, pasBunmM  wn
yCOBEpPLUEHCTBOBaNM MeToAdbl MNOSyNpOBOOHMKOBOW SAepHOW chnekTtpockonun. B
HacToslLLlee BpeMsi HaM M3BECTHa TOMbKO OAHa Hay4dHasi rpynna (6asoBas ycTaHoOBKa -
KaHagckas MioooHHas abpuka TRIUMF), obnagatowas 6nu3knmn K HaMm ONbITOM U
BO3MOXHOCTAMU NPOBEOEHUS IKCNEepUMeEHTa NO MeToauKe, 3asiBIEHHOW B HaCTOSLLEM
npoekte. CtouT 0cob60 NoaYepkHyTb, B U3MepeHusix Ha Si-28 aTa rpynna nony4yvna
MEeHee TOYHbIA pe3ynbTaT, umes B Hanuumm Gonee MoOLHY 6a3oBYyl0 YCTAHOBKY.
JNlyywaa ToyHOCTb Obina OOCTUMrHyTa Hamm 3a cyeT 6onee COBEpLUEHHbIX MEeTOOUK
n3amepeHun n obpaboTkM AaHHbIX (BpeEMSA MpoBeAeHUs U ANUTENbHOCTb 06eunx
n3mepeHun 61NN NPUMEPHO OOUNHAKOBDI).

HakoHeLl, HanoMHUM OCHOBHbIE NpeAblayLune pesyrnbTaThl No nccnegosaHmio OM3 ang
2b-pacnaga n conpsbkeHHbIX 3ada4y, 6ONbLUMHCTBO M3 KOTOPbIX OblNO MONy4YeHO npwm
nogaepxke POOU (rpaHtbl Ne 02-02-16800 1 Ne06-02-16587, ycneLHo BbIMOMHEHHbIE B
2002-2003, 2006 rr.):

1. NccnepoBanH OM3 Ha agpe Ti-48, onpegeneHbl CKOPOCTU MOSMHbLIX U NapuuanbHbIX
nepexogos OM3 Ha B036yxaeHHble YpoBHU Sc-48 n Sc-47 (OM3 ¢ BbINNeTOM HEWTPOHA).
Ha ocHOBaHUK Nony4eHHbIX pe3ynbTaToB Obiny Nnpon3seneHbl HoBble pacyeTbl AMOS 2b-
pacnaga Ca-48 (Yad.Fiz. 67, 1224 (2004); Phys.Atomic Nuclei 67 (2004) 1202);

2. Bnepsble 6bina namepeHa ckopoctb OM3 B Ca-48 (1.214(8)*106 1/cek). CpaBHeHue
3TOM Benu4uHbl co ckopocTbto OM3 Ha Ca-40 no3sBonuno obHapyXuTb OTKNOHEHUE B
npasune NpumakoBa, onucbiBarOLWEM 3aBUCUMOCTb ckopocT OM3 OT Yncna HykfoHOB
B aape (Nucl.Phys. A724 (2003) 493). Kpome TOro, 6bin0 BbINOMIHEHO CpaBHEHWE
TeopeTn4ecKnx N akcnepumMmeHTasnbHbix ckopocten OM3 Ha sape Ca-48 (Europhys.Lett.
58 (2002) 666);

3. [MpoBeaeH NpeLm3noHHbIN aHanm3 crnekTpos, conposoxaarwmx OM3 aproHa n HeoHa,
N3MEPEHHbIX C XOpPOLUEN TOYHOCTbIO NPU OTpaboTKke METOAWMKM ra3oBblX MULLEHEN.
[MonyyeHbl nonHble U napuunaneHblie ckopoctn OM3 B aTux agpax (Bull. Rus. Acad. Sci.
Phys. 67 (2003) 1640).

4. MpoeeaeH umkn namepeHnn OM3 Ha oboralleHHbIXx MuweHax Se-76, Sm-150 n Cd-
106, a Takke COOTBETCTBYHOLIMX HaTypanbHbiXx muweHax Se, Sm u Cd. Nony4deHsbl
nosiHble N napumansHble ckopoctn OM3 B aTux sgpax. [NpegsapuTernbHble pe3yrnbTaThl
61 onybnukoBaHbl B N3Bectuax PAH (Bull. Rus. Acad. Sci. Phys. 72 (2006) 737-743;
Bull. Rus. Acad. Sci. Phys. 74 (2010) 825-828).

OcHoBHble pesynbTaTbl uukna pabot, 6binn  onybGnuvkoBaHbl B U3BECTHOM
MEeXAyHapOOHOM peLeH3NpyeMoM XypHane —

«Ordinary muon capture studies for the matrix elements in S decay» / D. Zinatulina, V.
Brudanin, V. Egorov et al. // Phys. Rev. C 99 (2019) 024327.

Mo nonyyeHHbIM pe3ynbTatam 6GbiNa 3awuuweHa KaHgugaTckas aucceprauums
3uHatynuHon O.P.

BaxHo 3ameTuTb, 4TO OGOnblias 4acTb Nnony4YeHHbIX pe3yrnbTaToB Obina n3MepeHa
BnepBble.



5. B 2018 r npoBegeHbl namepeHus ¢ Mo-100 n Ru-100, nonyyeHbl CReEKTpbl
ME30pPEHTIEHOBCKOrO  U3MNy4YeHUs, KOTOpbiMM Oblnia [AOMorfiHeHa  CcyllecTByoLlas
Bubnunoteka nogobHbIX CNEKTPOB, CO3A4aHHasA B HalleM oTaene paHee (muxrays.jinr.ru),
pesynbTatbl 6binn onybnvkoBaHbl B AgepHon dusumke (SuHatynmHa O.P., 2019. Vol. 82,
no. 3. P. 228.) n B mexxgyHapogHoM xypHane Euro.Phys. (D. Zinatulina, Ch. Briangon, V.
Brudanin et al. // EPJ Web Conf . --- 2018 . --- Vol. 177 . --- P. 03006.)

6. B 2019 rogy npoBeaeH unkn namepeHnn OM3 Ha oboraleHHbIX mueHsx Kr-82, Xe-
130 n Mg-24 (B pamkax rpaHTa PO®U Ne 18-32-00383). [NonyyeHsbl npeaBaputensHble
pesynbTatbl MO MNOMHbIM ckopocTaM OM3 B aTux sgpax. Pesynbrtatel ©6binu
npeacraBneHbl KOMUTETY MO pacnpefeneHnto rnyvykosoro BpemeHn B PSI B rogosom
oT4yeTe. OKOHYaTenNbHbIE pe3dynbTaTbl NpegnonaraeTcsa onybnukosats B N3BecTuax PAH
unu ApgepHasa dusmka.

4. OueHKa HeobxXoaNMbIX KagpOBbLIX pecypcoB

Cotpyanukn JIAMN OWAWN: paspaboTka u co3gaHve wmuweHen, MK-cumynaumn,
NPOEKTMPOBaHNE YCTAHOBKM 1 €e MoaepHu3aund, npuobpeTteHne eTekTopoB, cbopka n
TectupoBaHue ux B OWUAWN, nposegeHne askcnepuMeHTa (MOHTaX, TecTMpoBaHue
o6opyaoBaHMA N INEKTPOHMKN, HACTPOMKa nydka, OEeXYPCTBO Ha yCTaHOBKe, Habop wu
aHanu3 OH-navH faHHbIX, Habop odd-NavH AaHHbIX, KanNnMbpoBKa, TEKYLLUMA PEMOHT),
odhh-nariH aHanus, nogrotoska nybnukaumn no MNpoekTy.

HeTanbHasa nHpopmauna no KagpoBbiM pecypcam coTpyaHnkos OUAN:

ono HomkHocTb | O6a3aHHOCTH Bpewms, KoTopoe
Kakabl y4YacTHMK
yoenut pabote no
MpoeKkTy B OTHOLLEHUN
ero 9KBMBaneHTa
NorHom 3aHATOCTU
(FTE)
B.B. benos MHC AHanua gaHHbIx, MK-cumynauum | 0.4
B.b. BpyaaHuH H.0Tq AOMUHUCTPATMBHaSA paboTa, | 0.2
KOHTPOINb NpoeKTa
K. H. lN'yces CHC KoopanHatop petekTopHou | 0.4
yacTtu aKCrnepuMeHTa,
KOHCTPYKTUBbI, TECTUPOBaHME
n.B. >KutHukos MHC AHanns3 gaHHbIX 0.3
O. P. 3uHaTynuHa | cHC PykoBogcteo Bcemn pabotamm | 1.0
N yyacTue B HUX
C.B. Kazapues MHC Cuctema MIOOHHOM 0.6
duUnbTpaunmn OaHHbIX,
KOHCTPYKTUBbI, HAOOP AaHHbIX
H.C. PymaHueBa MHC HaGop v aHanus aaHHbIX 0.6
M. B. domuHa MHC MogrotoBka namepeHun, aHanua | 0.3
AaHHbIX




M.B. WnpyeHko CHC 3amectutens  pykosoautens | 1.0
npoekTa, KoopAUHaTOP aHanusa
[aHHbIX, Habop AaHHbIX

tO.A. WnTos H.CeK HaGop v aHanus aaHHbIX 0.3

E.A. WeB4nk C.UHX-P MpoekTnpoBaHue 0.5
3KCMEepUMEHTanNbHON YCTaHOBKY,
cuctemMa UNbTPaLMM AaHHbIX,
npoune ny4yka

O6wwmn FTE (MrxeHepsl): 0.5, O6wwmi FTE (HayyH. cotp): 5.1, UToroeein FTE: 5.6

Cotpyanukn PSI, Lisenuapua: A.Knecht, S.M. Vogiatzi — nomowb B npoBegeHuu
MOHTaXka/QeEMOHTaXa W OH-NanH W3MEPEHUN, OpraHu3aumoHHble paboTbl no PSI,
YaCTUYHbIN aHanNu3 AaHHbIX;

Cotpyanukn TUM, M'epmanug: T. Comellato, M. Schwarz, S.Schonert, C. Wiesinger —
npegoctaeneHne Asyx HPGe pgetektopoB, NMOMOLLb B OpraHu3auuMm nosiydeHns u
TPaHCNOPTUPOBKM BCero obopyaosaHus B PSI, noMoLb B M3roTOBNEHUN KpeneHnn ons
AETEKTOPOB, ONTUMM3ALNSA CUCTEMbI Habopa AaHHbLIX U aHanM3 AaHHbIX;

CotpyaHuk ALABAMA, CLA: [.Ostrovskiy — oboraweHHas muweHb «=Ba, yyactne B
npoBeAeHUn U3MepPEHUIA, NOATOTOBKa Nybnukaumin;

CotpyaHukun Yumeepcuteta KOsackionsa, PunnaHgmsa, Koesckions: |.Suhonen,

L. Jokiniemi — pacuyet AM3 mogenein B 06blMHOM MIOOHHOM 3axBaTe, MHTepnpeTauns
NMony4YeHHbIX pe3ynbTaToB 1 cpaBHeHne ¢ AMO mogensmn, nogrotoBka nyénukaumi no
pesynbTatam onTuMmnsauum mogenem;

Cotpyaonuk UZH, Leenuapus, Llopux: L.Baudis — npepoctaBnenune ogHoro HPGe
AeTeKTopa, NoOMOoLLb B aHanu3e AaHHbIX;

Cotpyanuk KU LEUVEN, Bbenbruga, JleseHn: T. Cocolios — gexypctBo Ha ceaHce
N3MepeHnin, BO3MOXHOE NpeaocTaBneHne O4HOro AeTeKTopa;

CotpyaHuk RCNP, YHusepcutetr Ocakn, AnoHunda, Ocaka: H. Ejiri — aHanu3a odpd-nanH
AaHHbIX, UHTEepnpeTaunsa nonyyYeHHbIX pe3ynbTaToB C pac4YeTHOW MPOTOH-HEWTPOHHOWM
Mogenbto, noarotoeka nybnukauui no Mpoekty;

Cotpyaxukm UTM, Manansus, Moxop Baxpy: I.H. Hashim, F. Othman — ananus odd-
NanH JaHHbIX, UHTepnpeTaums NonyyYeHHbIX pesyribTaToB C pacHeTHOW NPOTOH-
HENTPOHHOW MoLEeNbIo.

5. OueHka Heo6XxoAMMbIX MaTepUuanbHbIX PecypcoB.

[nsa npoBefeHVsT 3KCNEpPUMEHTANbHOMO ceaHca Ha MIOHHOM nyyke piE1 PSI
(lWsenuyapusa) tpebyeTca goctaTtoyHOE KONMYECTBO cOTpyAHukoB rpynnbl OUAN gns
HernpepbIBHOrO AeXypctsa (4 CcMeHbl B CyTKW, Mo 8 4acoB Kaxpaasi) B control room B
Te4YeHNn BCcex namepeHui (MoHTax obopyaoBaHNA, HAaCTpOKrKa 1 ynpaBrieHMe MIOOHHOMO
ny4yka, OH-nanH n opd-nanH Habop JaHHbIX, KOHTPOSb 3a paboTon yctaHoBkK). Onnarta
nx npeboiBaHns B r.OunnureH, LBenuapusa (aBnanepenet + apeHga aBTomobunsa +
CYTOYHble + MpOXuMBaHWe + Mo HeobxoguMMOCTM npuobpeTeHue gon.maTtepuarnos Ang
peMOHTA), a Takke AOMNOMHUTENBHbIX NOE3A0K AN TecTupoBaHua obopyaosaHus 8 TUM
(FTepmanus) n PSI (LWeenuapust), coctaensiet $35,000-30,000 B rog.



Ana nposenenna akcnepmmeHToB no npoekty MONUMENT Heobxogumbl 3atpatbl Ha
cnegyowme matepuans! n o6opygosaHue (~$227,000):

- '6Se, %Mo, “°Ca, 56F, 32S — o6oralleHHble cTabunbHble U30TOMbI (MO 2 rp Kaxaas);

- natBg nalCy, NAtF nalg _ cmecu NpupoaHOro NPoMCXoXaeHns (Nno 2 rp kaxaas);

- MexaHuyecKass KOHCTPYKUUS CaMOW MULLEHN U ee KPEeMnmneHUst K BbIXOOHOMY OKHY
MIOOHHOTO NYy4Ka;

- 3 CUMHTMNNAUMOHHbIE NnacTuHbl (no 0,05-0,08 M?) ANs cMCTEMbl aKTUBHOW MIOOHHOIA
dunbTpaunn aKCnepUMeEHTanbHbIX AaHHbIX;

- 3 ®JY (H10721-20) — cbem curHanoB C NNacTUH CUCTEMbl aKTUBHOW MIOOHHOM
dunbTpaunn aKCnepUMeHTanbHbIX AaHHbIX;

- cnekTpocmewatouiee (WLS) ontoBonokHo — 0.3 Kwm;

- 1 cuMHTUNNAUMOHHanA nnacTuHa (no 0,07 M2) Ans NPogUNS MIOOHHOTO MyYKa;

- 25 SiPM - wnHguBugyanbHbin cbeMm curHana ¢ 20 kaHaBok (+5 npo 3anac) Ha
CUMHTUNNALUMOHHON NNacTMHe ANS KOHTPONSA Npodunsg MIOOHHOIO Ny4Ka;

- 2 HPGe pgetekTopa (n-Tuna);

- 2 kpenta (VME n NIM) ¢ koHTponnepom n 6nokamun FADC;

- MexaHun4yecKas KOHCTPYKUMS ANS KpenreHns eTeKTOpOB;

- KOMMNbIOTEPBLI N CMEHHbIE XEeCTKMe ANCKU AN XpaHeHus faHHblx (2 Tb Ha Hepento
cbopa aaHHbIX);

- pacxofgHble MaTepuanbl (ONTUY.KNen n cmaska, kabenu, pasbembl, UHCTPYMEHTHI,
9NEKTPOHHbIE NNaTbl U T.M.)

Bknag B co3gaHve u nposeneHne cosmectHoro (OUAU + PSI + TUM + UZH + UTM +
ALABAMA + RCNP + KU LEUVEN) skcnepumeHta MONUMENT:

- U3roTOBNEHME KpenneHnin onsa AeTeKTopoB.;

- TeCTMpOBaHWEe OEeTEKTOPHON CUCTEMBI;

- NocpeaHNYeCTBO NpKn TpaHcnopTuposke getektopHon cuctemol B TUM/PSI/OUNAN;

- TECTUPOBaHME 1N ONTUMMU3ALMNSA CMCTEMbI Habopa AaHHbIX;

- CpaBHeEHVWe pe3ynbTatoB W ONTUMU3aLMs pacyeTHbIX Modenen OTHOCUTErbHO
3KCNnepuMeHTasrbHbIX AaHHbIX;

- npoBedeHne perynsapHbix paboumx coBewaHui konnabopaumm u  NOArOoTOBKA
COBMECTHbIX Ny6nukauuin.

6. KpaTknm aHanm3 cunbHbIX U CNabbiX CTOPOH, BO3MOXHOCTEN, Yrpo3

CunbHble CTOPOHDbI NPOEeKTa:

® UCNONb30BaHME B KayecCcTBe MULLEHEW AONA MIOOHHOro 3axsata U30TOMUYEeCKu-
oboraLleHHbIX 9NeMEHTOB Cpa3y OTCeKkaeT NPUCYTCTBUE APYrnX SAep B MULLEHN,
npu 3axBaTe MOOHa B KOTOPbIX MOrYT Nofny4aTbcsl BO30OYXKAEHHbIE YPOBHU S4pPa,
KOTOpble pa3psiKkatoTCs raMMa-KkBaHTaMu C SHeprnen 6nmskon Unu Takom xe, Kak
N NHTEepecyloLwas Hac;

e 1CMNOMb30BaHNME  MOHOXPOMATUYHOMO U Y3KOKONIMMUPOBAHHOIO  Mydyka
oTpuuaTenbHbIX MIOOHOB, 4yTObbI nogasnsoLLas YyacTb MIOOHOB
OoCTaHaBnuBanacb MMeHHO B MULLEHN (NMy4YOK OoTpuuaTenbHbIX MooHOB piE1 B PSI
npeaocTaBnsaeT Takyld BO3MOXHOCTb, obnagas wmHTeHcuBHocTblo 10 kY npwm
MoMeHTe 28 MaB/c);



NCronb30BaHWEe CUCTEMbI MO KOHTPONKD MPOduIis MIOOHHOrO rnyyka ynpoliaet
HACTPOWKY MHTEHCMBHOCTM MIOOHHOIO MyyKa, a Takke No3BonsieT nposecty bonee
TOYHYIO ero hOKyCUPOBKY;

NCNosb30BaHMe CUCTEMbI aKTUBHOW MIOOHHOW (bMnbTpauumn 3KCNepUMEHTanNbHbIX
AaHHbIX, MNO3BOSISET OAHO3HAYHO onpeaenuTb MOMEHT npuxoda MKOHA C
TOYHOCTbIO O 5 HC, YTO, B CBOK O4Yepelb, AeraeT BO3MOXHbIM pasgeneHue
perncTpmpyemoro nsny4yeHusi Ha MrHoseHHoe (prompt) u saagepxaHHoe (delayed);
ncnonb3oBaHme cuctembl cbopa gaHHbIx (DAQ) Ha 6bicTpbix onaw-AL. Takas
cucteMa MMeeT O4vYeHb KOPOTKOe BpeMs nepefayv [AaHHbIX U OTIIMYHYHO
BPEMEHHYIO MNPUBA3KY, a Takke 3a CYeT T[pPUMEHEeHUs cheumnasrbHbIX
TpaneuenganbHblX  (UNbTPOB  MNO3BOMSET  OOMNOMHUTENBHO  YNYYLWMWTb
3HepreTnyeckoe paspeLleHune;

NMofyyYeHHble C NOMOLLbID HOBOW CUCTEMbI CcOOpa AaHHbIX ME30PEeHTreHOBCKME
cnekTpbl B6yayT cnocobCTBOBaTb HaAEXHOW MOEHTUMUKALUMM NUHUA, a Takke
obecneyat HOPMMPOBKY MO KONMYECTBY MIOOHOB, OCTAHOBMBLUMXCA B LaHHOM
XUMUYECKOM 3IIEMEHTE, YTO NO3BONUT HaMm mn3bexaTb nepepacyeTa abconoTHOM
adpeKkTMBHOCTU (yYeT TenecHoro yrna);

npeumsMoHHOe W3MepPeHNe BPEMEHHBbIX W 3JHepreTUdeckux pacnpegeneHumn
raMma-nyyenm 3a CYeT TMNPUMEHEHUS CUCTEeMbl repMaHueBbIX [OEeTEeKTOPOB
pasnuyHoro obbema, xapakTepHon OCOBEHHOCTbIO KOTOPbIX ABMASIETCHA BbICOKOE
3HepreTuyeckoe paspelueHue. 3a CYET 3TOro NOSABNAETCA BO3MOXHOCTb TOYHOM
naeHTUrKaunMm n3yvyaembix NepexoaoB, 3acensalwmX KOHKPETHbIe COCTOSIHUSA
AoYepHUX saep.

K cnabbiMm cTopoHamMm OTHOCATCA:

pes3koe CHmxeHne 3PPEKTUBHOCTM perncTpaumm 4ETEKTOPOB B dHEPreTUYECKOM
AananasoHe cBbiwe 3 - 4 MaB (3TOT MOMEHT MOXeT ObiTb ynyylweH C
ncnonb3oBaHmeM coBpemeHHbix HPGe geTtektopoB 6onbLioro obvema);

OonbLION BKNag CTaTUCTUYECKOM OLIMOKM M3MEPEHUA NMpu UTOroBoM OanaHce
WHTEHCUBHOCTEN NapumanbHbiX BEPOATHOCTEN MIOOHHOIO 3axBaTa Ha CBA3aHHbIE
COCTOSIHMSA JOYEPHEro siapa (3TOT BONPOC Takke MOXET ObiTb peLleH C NOMOLLbIO
MCNONb30BaHMA MHBEPTUPOBAHHbLIX KOAKCUAlbHbIX LETEKTOPOB C  Nyylnum
paspeLleHneM 1 BO3MOXHOCTbLIO pa3feneHus curHana no pulse-shape aHanuay);
HECOBEpPLLEHCTBO pacyeTHbIX mogenen AM3 no MIOOHHOMY 3axBaTy Ha AaHHbIV
MOMEHT, YTO MOXET SABUTbCA MPUYMHOW HE COBCEM BEPHOW WHTepnpeTaumu
3KCMNepUMeEHTanNbHbIX Pe3yNbTaToOB C TOYKM 3PEHUS pacyHETHbIX MOLENEN.

Mo atum npunymHam pesynbTaTbl No Npoekty MONUMENT He aBnstoTcsa naHaueen
npu peweHnn npobnembl pacyetoB AM3I gns 2b-pacnagoB (No kpavHen mepe, ecnu
cynTaTb NONyYeHHble pe3ynbTaTbl aOCONOTHBIM BKIAAOM B pacyeTHble mogenu AMO).

MoTeHumnarnbHy0 KOHKYpPEHLMIO HaleMy NpoekTy B Grvkanwmne rogbl Mornum Obl

COCTaBWUTb TOSbKO paHee NPOBOANMbIE U3MEPEHUS MO 3apsag0BO-06MeHHbIM (n,p) U (p,n)
peakumsMm. Ho, kak yxe ynomuHanocb Bbiwe (rn. 2.1), O CyweCTBOBaHMM TaKuX
3KCNEepUMEHTOB, Kak (n,p)-peakumn (NpoBepka nNpaBoro nreya, kak B cnydae ¢ OM3) Ha
AaHHbIN MOMEHT HET JOCTOBEPHON MHpopMaumn. K ToMy e OeNCTBUTENbHbIN BKNas B
pacueTbl AMO, no kparHen mepe ona 6e3HENTPUHHOM MoAbl ABOMHOro GeTta-pacnaga,
Ha CerogHsALWHWM IeHb He onpasaarcs.



