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AHHOTaALUA

Mouck aBonHoro 6e3HenTpuHHOro 6eta pacnaga (Ovpp) ABnseTCcs OQHOW U3 MPUOPUTETHBIX
3agay coBpemeHHon unsmkn. Ero obHapyxeHne byaeT nmeTb yHAaMeHTanbHOe BNUSHUE He
TOMNbKO Ha caMy (PU3MKY HENTPUHO, HO N Ha (PU3MKY dSNeMeHTapHbIX 4YacTuy, U KOCMOSOrno B
uenom. OTO MNO3BONWUT OMpefenqTb NpuMpody HEWTPUHO (MaropaHOBCKas Unv AMpakoBCKas
YyacTtuua), NpOTecTMpoBaTb MEpPapXui0 HEWTPUHHbIX MacC W, BO3MOXHO, HanWTu 3deKThbI,
npoucxogsiime ¢ HapyweHunem CP-uHBapuaHTHocTU. OTKpbITME OVBB pacnaga MoxeT 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, Heo6Xo0AMMO C AOCTaTOYHOM TOYHOCTbLIO 3HATb BENUYNHY
anepHoro matpuyHoro anemeHTa (AMJ). Ha cerogHswHMA aeHb, TeopeTnyeckne pacyetbl AMO
AaloT pesynbTaThl, pasnuyaroLwmecs B 2-3 pasa, B 3aBUCMMOCTU OT MCMOMb30BaHHON MoAenuv
agpa. MmeHHo noatomy, B HegaBHMX pekomeHpaumax APPEC (EBponenckuin KOHCopuMym Mo
du3mnke yactuy un  actpodusmke) [1] ObINO  PEKOMEHAOBAHO  WHTEHCUMULMPOBATb
3KCnepuMeHTanbHble U TEOPEeTUYECKUEe YCUNUSA, HanpasBfieHHble Ha yryylleHue BbIYUCIIEHUN
AMD.

Llenbto pgaHHOro npoekta £BMSeTCs MpoBedeHWe SKCMepuUMEHTanbHbIX U3MepeHui
MIOOHHOIO 3axBaTa Ha HEeCKOMbKUX A0YepHUX, MO OTHOLLEHUIo K kKaHanaaTam Ha OvBp pacnag,
aapax. MNonyyaemble pesynbTaTbl KPUTUYECKU BaXKHbI A9 NPOBEPKU TOYHOCTU TEOPETUYECKUX
pacyeToB S4epHbIX MaTPUYHbLIX 3NeMeHTOB. Halen rpynnon, COBMECTHO C €BpONenckumu
konneramn, 6bina nogaHa 3asiBKa Ha M3MepeHusa OOblYHOro MKOHHOro 3axBaTa (OM3) Ha
HEeCKONbKNX M30Tonax Ha Me3oHHon abpuke NHctutyTa MNaynsa Weppepa (PSI) B LWBeriuapun.
HaHHoe npegnoxeHune Oblno pacCcCMOTPEHO U 0a406peHO NporpamMHbIM kKomuTeTom PSI B sHBape
2020. MNMyykoBoe Bpems npegoctasneHo B 2020 rogy Ana npeaBapuTenbHOro UccnegoBaHus
1%Ba (nouepHee aapo ans **Xe) ¢ nanbHeiLen NporpaMMon M3MepeHuil, Kak MUHUMYM, Ha Tpu
roga. [aHHbI NPOEKT NpodoshKaeT U pacluMpseT npeallecTBYIOWY nporpaMmMmy U3MepeHui
OMS3, npeanoXeHHy 1 OCYyLLECTBISEMYO NOA PyKOBOACTBOM coTpyaHukoB OUAN B nepuog ¢
1998 no 2006 rogbl. Hawa rpynna, B cBOK o4vepenb, umeeT GoraTbii ONbIT B NPELU3NOHHON
AOEPHON CMNEKTPOCKOMUM U peanunsaumm SKCMEPUMEHTOB MO U3YYEHUID HEe TOSbKO peakmnx
NpoLeccoB, HO U 3KCNEPUMEHTOB, CBA3AHHbIX C U3y4YEHMEM MIOOHHOIO 3axBaTa.

B nepuog ¢ 2020 no 2022 rr., nnaHupyeTca npoBectn mamepeHms OM3 gns u3otonos
%Ba, *Se n *Mo. OM3 Ha *°Ba n "®Se umeeT ocoboe 3HaueHve AN 3anNNaHUPOBaHHbLIX
BedyLLMX SKCepUMEHTOB no rnoucky Ovpp pacnaga — "*®Xe - nEXO, KamLAND2-Zen, NEXT,
DARWIN n PandaX-lll — n ®*Ge — LEGEND. Kpome Toro, Mbl cobupaemcsi NpoBecTy N3MepeHus
nsotonos “°Ca, *Fe, **S n Mo, pesynbTaTbl KOTOPbIX BaXKHbl ANS 3KCNEPUMEHTarbHOM
NMPOBEPKM KOPPEKTHOCTU TEOPETUYECKUX pacyeToB, a Takke MOryT ObiTb MOnesHbl Ans
actpocpmsmkn. OUNAN OGymeT wrpaTb Beayllyld ponb B 3KCNEPUMEHTE. 3a WCKMYeHneM
3KCMepUMEHTanNbHOM MHAPACTPYKTYpbl Ha YCKOPUTENbHOM KOMMMekce, KoTopas Oyger
obecneveHa Hawunmmn konnabopaHTamu, BCe OCTanbHOE NpoBeaeHue npoekTa byaeT NpoxoanTb
noAa Hawum pyKOBOACTBOM. [ANs ycnewHon peanusauuu nNpoekTa nnaHupyeTcsa npuobpecTu:
n3oTonbl Ans oboraweHHbIX MULEHEN, AETEKTOPbl U, YaCTUYHO, HEOOXOAMMYIO ATIEKTPOHUKY.
Hamn GygeT BbIMOMHEHO cO3fgaHue M MPOU3BOACTBO CaMUX MWULLEHEN WU CUCTEMbI aKTUBHOM
MIOOHHOW punbTpauum SKCNepUMEHTanbHbIX AaHHbIX. [OMONHUTENBHO MNPEeacTOMT MOKPbITh
3aTpaTtbl HA KOMaAHOUPOBKN ANA NPOBEAEHUS CAaMOro 3KCMEpPUMEHTa M COBELLaHMN NO aHanuay
AaHHbIX. 3aTpaThl oueHuBatoTcs B ~$378,000 Ha 3 roga nporpammei.



1. BBegeHue

Ha cerogHsIWHWN OeHb OAHOW M3 OCHOBHbLIX TEOPETUYECKUX MpPobrem, CBA3AHHbLIX C
nouckom [fBonHoro 6e3HenTpuHHOro 6eTa-pacnaga (OvBp) sBnseTca npobrnema
onpefeneHnss MacCbl MamopaHOBCKOrO HEWTPUHO M3  MOSTYYEHHOW BEPOATHOCTU
npouecca (Unu B cry4vyae yCTaHOBNEHUS OrpaHNYeHnNs Ha ero nepuon CoOoTBETCTBYIOLLEro
OrpaHn4YeHnsa Ha maccy).

CkopocTtb aBoriHoOro 6e3HenTprMHHOro 6eTa-pacnaga o6bIYHO 3aNMCbIBAKOT B CReaytoLem
BUOE:

1 oV |10V |2 2
—v = G”V|M™Y| (mﬁﬁ) ,

Ty,

roe G° — dhaktop hasoBoro obbema, mpg — apdekTuBHass Macca ManopaHOBCKOroO
HenTpuHO, a M® — agepHbIin MaTpudHbin anemMeHT (AIMJ - uHTerpan nepekpbiTUA
BOJTHOBbIX (PYHKLMMA HayarbHOr0 U KOHEYHOro COCTosiHUSA). K coxaneHuto, nocrnegHun
noka He yaeTcs BbIMUCIIUTb C 4OCTAaTOYHOM TOYHOCTLIO.

B cnyyae gsonHoro 6eta-pacnaga (ABP) nepexon ocywecTenseTca ¢ usmeHeHmem Z Ha
ABa, Yyepes BUpTyarnbHble COCTOAHUS MPOMeXyTodHoro sapa (cm. Puc. 1a), uto cosgaer
AOMOSTHUTENbHbIE CMOXHOCTM ANS Bbl4MCNeHun. Bmecte ¢ Tem, MOXHO nonpoboBatb
nony4nMTb BO3OYXAEHHbIE COCTOSHUSA MPOMEXYTOYHOrO sApa B KaKOM-TO OpYrom
npowuecce, KOMMMeMeHTapHOM K udyyaemomMmy. B kadecTBe Takoro rnpouecca Moryt
paccMaTpuBaTbCH, Hanpumep, 3apsiA0BO-06MeHHbIE peakuun Unmn 3axeaTt MIOOHa SAPOM,
A0YepHUM Mo oTHoweHuto k [BP (cm. Puc. 16). Bo BTopomM cnyyae AonosiHUTENbHbIM
NPeMMyLLLEeCTBOM BbICTyNaeT TO, YTO, ABMAAChE MAaCCUBHOW YaCTULLEN, MIOOH NPaKTUYECKM
BCIO CBOK 3JHepruio, nepefaét agpy, no3sonss Bo30yxaaTb COCTOSIHMA BAAOTb A0
TMraHTCKOro  OWMNONbHOrO  pe3oHaHca. Torga BEepoATHOCTM  3axBaTa  MOXHO
OOHOBPEMEHHO pacCyYUTbIBaTb, NOMb3YSACb TEMU Xe Moaensamn, 4to n B criyqyae 6P, n
N3MepSTb SKCMEPUMEHTArNbHO.

Brpryanmsmi
mepexon /
(aeBoe nmewo0) £

(@) (6)

PucyHok 1. (a) — 2B-pacnag sgpa (A,Z), onucaHHbI OBYMSA MNOCNeAoBaTENbHBIMU BUPTYanbHBIMU
nepexonamu yepes Bo3BYyxaeHHoe cocTosHue aapa (A, Z+1); (6) — cxema 2 pacnaga sapa '8Ge, yepes
BUPTYarbHbIe Nepexobl BO3BYXAEHHbIX COCTOSHWUIA NPOMEXYTOUHOro sapa "°As.

Taknum 06pa3om, MIOOHHbLIN 3axBaT SIBMSIETCS YHUKanbHbIM CrNocoboM uccregoBaHus
BOJTHOBbIX (DYHKLIMI BO36YKAEHHbLIX COCTOSIHUIA NPOMEXKYTOYHOIO SiApa, OTHOCSLLErocs K

OvBp pacnagy.

Llenbto npoekta MONUMENT (Muon Ordinary Capture for the Study of Nuclear Matrix
Elements) sBnsetca wccnegoBaHve o0ObIMHOrO MIOOHHOrO 3axBata (OM3) B
nsoTonuyecku-oboralleHHolx '*%Ba, Mo n %Mo, a Takke yTOYHEHME MONyYEHHbIX
paHee pe3ynbTatoB Mo ’°Se. OCHOBHLIM MCMOMNb3yeMbiIM METOOOM SABMSAETCA
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BbICOKOMPELN3NOHHAsA rny4kosas CMEKTPOCKOMMS c 1CMOnMb30BaHNEM
MONynpoOBOAHMKOBbLIX OETEKTOPOB W3  BbICOKOYUCTOrO repMaHuss. B kadecTse
[OMOMHUTENbHBLIX 3aday paccMaTpuBaeTCA MofydeHWe MOMHbIX U napumanbHbIX
BepoaTHocTer OM3 B Gonee nerkux anemeHtax tuna 4°Ca, 56Fe u 32S, a Takke
onpeneneHve BbIXOOOB NPOAYKTOB peakLu MIOOHHOrO 3axBaTa B 3TUX sapax. [Mommumo
3TOro, 3annaHVpoBaHO MOMyYeHNne Me30PEHTIEHOBCKMX CMEKTPOB W3Ny4YeHUs Mo
uccrnegyemMbiM sapaMm 1 goGaBrneHne Ux B CYLLECTBYIOLUMIA 3MEKTPOHHbIN atnac Takux
cnektpos (http://muxrays.jinr.ru).

[na peanusauun NoCTaBEHHbIX 3a4a4 NpeanaraeTcs SKCnepuMeHTanbHasa nporpamma,
paccynMTaHHasa Ha TpU roga uccnegoBaHUn ¢ U3MepeHnaMM Ha Me3oHHon habpuke PSI
(LUsenuapus).

2. CocTosiHMe nccnepgoBaHumn

2.1. CocTosiHue nccnenoBaH1Mn, KOHKYypUpyroLme npoekTbl, 060CHOBaHUA
Heob6xoAMMOCTM uccnegoBaHUN.

HacToawun npoekt sBnNseTca cnegylowmmM 9TanoM  OCyLLeCTBNSeMbIX Hawum
konnektneom B 1998-2006 n 2017-2019 rogbl cucTteMaTUYeCKUX WCCrenoBaHUmn
0b6bl4HOro 3axBaTta oTpuuaTternbHbiX MooHoB (OM3).

B HacTosAWwmMi MOMEHT B MMpEe He TaK MHOro0 MEeCT NMPUrodHbIX AN UccnegoBaHnst Mio-
3axBaTa (0OCOBGEHHO Ha 3IKCTPeMarnbHO TOHKUX MULIEeHsiX oboralleHHbIX u3oTonos). B
TeyeHne psiga net (1998-2006) Hawa rpynna Obia eaMHCTBEHHOW B Mupe, KoTopas
3aHMmanack pabotamu No AaHHOW TemaTuke Ha nyvkax MiooHoB pE4 n uE1 B UHcTUTyTE
Mayns Weppepa (PSI, WBenuapus).

WceneposaHusa nposogunuce Ha 6aze OUAN nog pykosoactsom Eroposa B.IM., a Takke
OHN 6biNn nopaepxaHbl rpaHTom P®OUN Ne 02-02-16800, koTOpbIA Oblsl yCNELHO
peanu3oBaH B 2002-2003 rr.; rpaHToM PODUN Ne06-02-16587, koTopbIn Obin ycnewHo
peann3oBaH B 2006 r. MNpoekT 6bin 3akpbiT nocne 2007 roga B CBA3WM C KanuTanbHON
PEKOHCTPYKUMEN MIOHHbIX TpaktoB B PSl  (WBenuapus). OpHako, Bonpoc
TeopeTudeckmx pacyetoB AM3I C uUenblo YTOYHEHUS SAEPHBIX MOAENEN NO-MPexHeMy
OCTaeTcs O4veHb akTyanbHbIM. [ns uHTepnpeTauuMm MofyYeHHbIX pacyeToB BHOBb
NoHaaobunNUcb aKcnepMMeHTanbHble AaHHbIe, @ UMEHHO pe3ynbTtatbl o OM3. B cBa3u
C 9TMM, nNporpamma uccnegosaHuin 6oina Bo3obHoBMNeHa Hawen rpynnon B 2017 rogy.
Hawumum anoHckumun konneramu 6bi10 NpeanioXXeHo NPUCOEaUHUTBCA K UX rpynne ¢
uenbto namepeHns OM3 Ha pasnuuHbix sgpax ana OBP Ha nydke oTpuuatenbHbIX
mtooHoB MUSIC (Ocaka, AnoHus).

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

1) Ty4yok oTpuuaTeNibHbIX MIOOHOB Ha 3KcnepumeHTarnbHon 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
ny4yka coctaBnset He 6onee 3-4 AHEN, YTO ABHO HEAOCTATOYHO AN NONYyYEHUS XOPOLLEN
cratuctuku no OM3.

B pesynbTaTte Hawewn rpynnon 661510 BO306HOBNEHO coTpyaHudecTBo ¢ PSI (dunnureH,
Lsenuapus). Kak okasanocb, HOBbIN Ny4YOK oTpuLaTenbHbIX MIOOHOB PiE1 (C MOMeHTOM
20-28 MaB/c), ucnonb3yeTcs rpynnon rno UCCrnefoBaHUIO peakux Me30pPeHTreHOBCKUX
nepexodoB B paguoakTUBHbLIX M3oTonax. ATa rpynna corflacunacb nogaepXxaTb Halu



nccneposaHus. B pamkax atoro cotpyaHmyecTtsa B okTa6pe 2019 roga 6b61nm npoBeaeHb!
TecToBble U3MepeHUs ra3oBbix MuLeHeln 30Xe n 82Kr, a Takke TBepaon mueHn >*Mg.
AHanu3 nony4eHHbIX AaHHbIX NPOAOIKaeTCs.

B cBA3M C coxpaHeHMeM ropsiyero uHTepeca K BOMPOCY WCCnenoBaHWUs CBOWCTB
HENTPMHO C MOMOLLIbID ABOWHOro Ge3HeNTpuHHOro GeTta-pacnaga, Obino npennoXxeHo
NPOAOSPKMTL NporpaMmMy no UCCrefoBaHUIO MIOOHHOTO. B aekabpe 2019 Hawen rpynnon
Oblnia nogaHa 3asiBKa Ha MonyvYeHMe OTAenbHOro nyykoBoro BpemeHn B PSI. B
konnabopauuio, nommmo cotpygHukos OWAWN, Bownu «konnerm wu3 [epmanHun,
Weenuapuun, Anonun, CLIA wn OuHnangun. [Npegnaraemaa nporpamma  Obina
nogaepxaHa 30 aHBapsa 2019 roga nporpammHbiM komuTeToMm PSI. [lyykoBoe Bpems
ObIo0  oduumanbHO npegoctaBneHo yxe B 2020 rogy Ana npeaBapuTEnbHOMo
uccrneposaHua '3°Ba  (mouepHee agpo ansa '36Xe) ¢ pmanbHeiwen nporpammon
N3MepPEeHNN, Kak MUHUMYM, Ha Tpu roga (nucemo ¢ nogaepxkom ot lNMpod. K.Kirsch B
NPUNOXEHNAX).

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

Ha cerogHAawHUNW [OeHb, TeopeTudeckne pacyeTbl M3 pawT  pesynbTaThl,
pasnuyatrowmecs B 2-3 pa3sa, B 3aBMCUMOCTU OT UCMNOSb30BaHHOW Moaenu sapa. MimeHHo
noaTomy, B HeagaBHUX pekomeHaauuax APPEC (EBponenckuin KoHcopuuym no gousmke
yactuy, n  actpoduauke) [1] ObINO  pekoOMeHOOBaHO  MHTEHCUUUMPOBATH
3KCNepuMeHTaribHble U TeopeTU4eckne YCUmnusg, HanpaBneHHble Ha yrydlleHue
BblumcneHmn AMS.

B pabotax [2-4,7] onucaHO, Kak wuccrnegoBaHUs Mio-3axBata Mornm Obl ObiTb
ncnonb3oBaHbl Ans pacyetos AMO3, a Takke Ana nccrnegoBaHUs CBOUCTB HENTPUHO.

B pabotax [4-6] npenctaesneH o63op uccnemosaHun no monubaeHy-100, a Takke
onucaHa HeobxogumocTb uccnegoBaHus OM3 Ha 3TOM Sape C Uenbio U3yvyeHus
acTpom3NYECKNX CBONCTB HEUTPUHO.

B pabore [7] Takke NnpuBeaeHO CpaBHEHNE IKCNEPUMEHTASbHbBIX pe3yrbTaToB no Se-76,
MONyYeHHbIX Hallen rpynnon paHee, C TeopeTudeckumn pacdetamu. Habniogaetcs
OYeHb XOpollee corflacme Teopuu 1 akcnepumeHTa. [Ana yToOYHEeHUa 3TUX pacyeToB B
AaHHOM NpoekTe npeanaraeTcsa NPoOBECTUM NOBTOPHbIE U3MEPEHNA MIOOHHOMO 3axBaTta C
oboralleHHbIM "8Se, ¢ Uenbld yBENUYEHUs CTATUCTMKM W NpenocTaBleHus
TeopeTu4ecknm rpynnam no pacdetam AMO 6onee npeLm3noHHbIX pe3ynbTaToB.

HakoHey, paboTbl [8-16] AeTanbHO WANOCTPUPYKOT BCE NOAXOA4bl W MeTOAbl,
paspaboTaHHble Hawen rpynnon B OUAN no nccneposanmio OM3, ¢ npunoXeHHbIMU
NTOroBbIMU pe3yribTaTaMn N0 HEKOTOPbLIM SA4paMm.

UTto e KacaeTcs KOHKYPUPYHOLLUMX WUccnedoBaHWWM B 9ToM obnactn, TO B
HacCTOAWMA MOMEHT Hallenh rpyrnnoM HEeu3BeCTHO O CyLeCcTBOBaHUM TaKOBbIX.
EOQVHCTBEHHBIM NOTEHUMAaNbHO KOHKYPUPYHOLWUM nccnegoBaHnem mornm 6ol 6biTb (p,n)
n (n,p) 3apssAoBO-0OMEHHbIE peakumu.

OKcnepuMeHTanbHO NpPoBepUTb BO3OYXAEHHblIE COCTOSHUSA MPOMEXYTOYHOro sapa C
BbICOKOW 3HEeprvern u MynbTUNOSIbHOCTBLIO OOCTAaTOMHO TpyaHo. ViccnenoBaHus B 3TON
obnactu nokasanu, 4YTO ANA NPOBEPKM “neBoro nredva’ (BuMpTyanbHble nepexogbl U3
MaTtepuHckoro Anga Ovpp-pacnaga aapo B NPOMeEXYTovHOe, CM. Takke Puc. 1) B pacnage
8Ge, Hanpumep, MOXHO Gbino 6bl MCMONb30BaTh 3apsSA0BO-06MEHHYIO (P,N) peakuuio:
®Ge(®He,t)’®As [17], a (n,p) peakuuio ANA WUCCMNeOoBaHWA “npasBoro nneda’
(BUpTYyarnbHble Nepexobl N3 NPOMEXYTOYHOro B fJodepHee ansa Ovpp-pacnaga agpo, CM.



Takke Puc. 1): 7°Se(d,?He)’®As [18]. Ho cpaBHeHMe Momny4YeHHbIX 3KCNepuMeEHTanbHbIX
pe3ynbTaToB HE UMENO ycnexa B CBA3U C TEM, YTO 3acernieHne Bo30YXAEeHHbIX COCTOAHUI
NPOMEXYTOYHOro fapa crnesa pesko OTNn4anoch OT 3aceneHus crnpasa. TeopeTuyeckue
pacyeTbl 3TUX 3KCMEPUMEHTOB TECTUPOBANUCb C MOMOLLLID BEPOATHOCTEN 2vBp-
pacnaga, T.K. OCHOBHO€e 3acefneHune npuxoaunsiocb Ha raMMOB-TeNNepoBCKME nepexobl
NPOMEXYTOYHOrOo  sapa. 3apsgoBO-OOMEHHble  peakumMu, B CUIy  CUJTbHOrO
B3aMMOOENCTBUSA U CITIOXKHOCTM nogbopa yrnoBoro MOMeHTa BO BPEMS IKCMEPUMEHTA, He
MoryT obecneunTb [OCTaTOYHOW JKCNEepUMEHTaNbHOW WHopMauun o 3aceneHun
BO3OY)XOEHHbIX COCTOSIHAM C  BbICOKOW  MYNbTUNOMNbHOCTbIO. [lpn  cpaBHEHWM
3KCNepMMeEHTanbHbIX AAaHHbIX C TeopeTndeckmumm pacdetamm no Ovpp kaHany [19] 6bino
BbISIBIEHO HEeKoe HeCOOTBETCTBME MPUMEHSEMbIX TeopeTuyecknx mogenen. C aTon
TOYKM 3pEHUS AN NPOBEPKM MPUMEHMMOCTUN 3apAL0BO-00MEHHbIX peaKLnini U pasnmyHbIX
mMogenen Heobxoauma apyras HesaBucMMas aKkCnepuMeHTanbHast MHopMaLms.

B aTOM criyyae MMEHHO MIOOHHbLIW 3axBaT SABMSETCA XOPOLUen anbTepHaTMBOM (p,n) 1
(n,p) peakumsam [20] 3a cyeT TOro, YTO OH NPOTEKaeT MNpW BbICOKOM MepefaBaeMoMm
momeHTe (q = 100 MaB/c), kak n 6e3HeNTpuMHHBLIN OBOWHOW GeTa-pacnag, n MoXeT
3acenaTb BO30YyXAEHHble COCTOSIHUS MPOMEXYTOYHOro S4pa C LUMPOKMM CMEeKTPOM
SHEprun U MynbTUMOMBHOCTEN B OTNMYMe OT 2vBB - U B-pacnagos, NpoTeKarwmux 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 COCTOSHUIA C MYNbTUNOMNBbHOCTBIO
Jp Bbiwe 1. OBbIYHBIN MIOOHHbIN 3aXBaT MOXET NPOTEKaTb Yepes aHanornyHble nepexonbl
ans 0vpp -pacnaga nubo n3 goyepHero sapa (0vBp -pacnag ¢ ncnyckaHmem arnekTpoHa),
nnbo B poauTenbckoe S4p0 (AMUCCUS NO3UTPOHA/INEKTPOHHLIN 3axBar).
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3. OnncaHue npegnaraemoro uccriegoBaHus
3.1. MeToabl uccriegoBaHUA U 3KCNepUMeHTanbHasa ycTaHOBKa

Npesa akcnepMmMeHTOB MO MIOOHHOMY 3axBaTy OCHOBaHa Ha TOMHOM U3MEPEeHUU BpeMsi-
3HepreTUYeCcKoro pacrnpegerneHus y-nyyen nocre 3axsara MioHa. JTu pacnpegeneHus
npegocTaBnAT GoraTtylo aKCNEpUMMEHTarnbHYy0 MHEMOPMaUMO, N BCE OHWU ABMSIOTCA
nosieaHbIM BKNagom B pacyeTbl AMO ans OBP. [NonHble ckopocTn MIOOHHOrO 3axBaTa
KOHKPETHbIMU M30ToNamMu onpeaensanTca NyTeM aHanMsa BPpEMEHHOro pacnpeaeneHus
3agepxaHHbIX y-kBaHToB. C nomoLLbto 6anaHca MHTEHCMBHOCTEN 3adepXaHHbIX raMma
KBaHTOB M3BIIEKAOTCA NapuunarnbHble BEPOATHOCTM MIOOHHOrO 3axBaTa Ha CBS3aHHble
COCTOSIHMSA [Jo4depHero gapa. Bbixogbl KOPOTKOXMBYLUMX W3OTOMOB MOSyYeHbl C
ncnonb3oBaHMeM odnanvH uamepeHun. BakHbiM NOBGOYHBIM NPOAYKTOM M3MEpPEHWUI
ABMAOTCA CNEKTPbl ME30PEHTreHOBCKOro mnanydvyeHus. OHWM aBRSOTCA HeyCcTpaHUMbIM
(POHOM B HaLUMX U3MEPEHUSX WU UCNOMb3YITCA NPU MAEHTUMUKALUN SHEPreTU4EeCKnX
CMEKTPOB, a TakKe Npy HOPMUPOBKE.

3.1.1 AKkcnepumMeHTanbHas yctaHOBKa

OkcnepumeHTanbHas yctaHoBka (Puc. 2) BknwoyaeT B cebd MULLIEHHYIO CUCTEMY C
BXOAHbIM OKHOM CO, SABRAIOWMMCS CUMHTUMANSALMOHHBIM CYETYMKOM, paboTalowem B
ABYXNOPOroBOM pexume Ans pasferieHnsi BXOASALWMX MIOOHOB W NMPUCYTCTBYHOLWNX B
nyyke 3reKTPOHOB. PexuM C HU3KUM SHepreTU4yecknm roporoM COOTBETCTBYET
NMPOXOXOEHUIO MIOOHOB, @ PEXUM C BbICOKMM MMOPOroM - 3MEKTPOHOB (nocrnegHue,
ABNAACL HEepenATUBUCTKAMW 4YacTULaMy OCTaBMAKT B [JETEKTOpe CyLeCTBEHHO
BOnbLUYIO AHEPTUIO).
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PucyHok 2. Cxema 3KCnepuMeHTanbHOM YCTaHOBKN: (hoOpMUpYIoLLee BXOAHOE OKHO (CUMHTUIISLIMOHHBIN
BeTo-cyeT4nk CO0), nponeTtHble cuyeTtumkm (C1, C2), cama muweHb, BeTo-cyeTuuk (C3) n HPGe y-
OETEKTOPbI, PAcnofioXKeHHbIE BOKPYr MULIeHW. Kopryc MULLEHM CKOHCTPYMPOBaH ANs pa3MeLLeHus Kak
TBEPAbIX, TAaK U ra3006pasHbiX MaTeprarnos.

[anee ny4yok nNpoxoauT OBa TOHKMX MpoxoAaHbix cyéTtumka C1, C2, a 3atem nubo
OCTaHaBnuBaeTCca B MuWeHW, nnbo BbineTaeT, AaBas cpabaTbiBaHWE OKPYXKatoLero
MuweHb cyétumka C3. Takum o6pas3om, MOXHO C BbICOKOW TOYHOCTbIO YCTaHOBUTb
normnowieHne MIoHa B BellecTBe MuLleHn. Tak Kak cyéTumk C3 coenaH u3 matepuana ¢
HU3KMM Z, OH He OKasblBaeT CyLWEeCTBEHHOr0 BIWAHUA Ha  MOrnoweHve
pe3ynbTUPYHLLEro raMmMa-uany4yeHns BnnoTb Ao aHeprumn ~ 20 kaB. MuweHHasa cuctema
CKOHCTpyMpOBaHa TakMm obpas3om, 4TO NO3BONAET M3MeEpsSTb Kak TBEpAble, TaK W
razoobpasHble MULLEHU. OTa KOHCTPYKUMS yxe Oblnia Hamu onpoboBaHa BO BpeMs
TEeCTOBOro ceaHca B okTsabpe-Hosibpe 2019 r. n gokasana cBoto apekTuBHOCTb. Mamma-
n3nyyeHne, cHumatowee BO3OyXaeHuMe agep, NOMYYMBLUMXCA B npouecce 3axsaTta
MIOOHA, PErMCTPUPYETCHA HECKOSTbKMMU repMaHnUeBbIMU AeTeKTopaMu.

Hactporika ny4ka npoucxoguT Takmm o06pasoMm, 4YToObl MakCMMU3NPOBaTb MeE30-
PEHTFEHOBCKOE M3fy4YeHne OT M30TOMOB MMLUEHW, YTO COOTBETCTBYET Hambonbliemy
NorfoweHn0 MIOOHOB B UHTeEpecyllweM S4pe U MUHUMMAanNbHOMY B OKpYKaloLlem
BewecTtBe. [Mpn TMNn4YHbIX ycnosusax 6onee 95% BxoadaLmMx YacTuvL OCTaHaBMMBaKOTCA B
camon MuweHW. TunuyHasa 3arpyska YCTaHOBKM MO BXOOALEMY MyyKy COCTaBnser
~ 20 — 40 k[u B TO BpemMs, Kak 3arpyska no nonynpoBOLHUKOBbLIM OeTeKTopaM He
npesblwaeT 2 KU, YTO ABNSETCA KOMGOPTHLIM PEXUMOM UX UCMONb30BaHUS.

3.1.2 [leTekTUpyOLLaa cuctema

Mpouecc 06bI4HOrO MIOOHHOIO 3axBaTa conpoBoxaaeTcs cnegyowmnm
XapaKkTepucTuyecknm wmusnyvyeHvem. Ha nepBom 3Tane MIOOH, OCTAHOBUBLLMCH BO3re
Kakoro-tTo M3 sigep MuLEeHW, nonagaeT Ha puabeproBCKOe COCTOSIHWME WM MPaKTU4eCKu
MrHOBEHHO Mocre 3Toro, nocneaoBaTenbHO onyckaeTcs B 1S-COCTOSAHUE, UCnycKasa npu
3TOM Kackag Me30peHTreHOBCKUX (POoTOHOB (uX). 3aMeTuMMm, YTO MOCKOSMbKY MHIOOH
CYLLECTBEHHO TshKeriee 3reKTpoHa, 3TO U3NyYeHue OKa3blBaeTCH CABMHYTO B XXECTKYHO
obnacTtb o0 aHeprun B Heckonbko MaB. [lanee, MOOH MOXET pacnactbCA C BblIeTOM
BbICOKOQHEPreTUYHOrO 9NeKTpoHa UM 3axBaTUTbCH SO0POM C NocreayowemM BblieToM
OLHOrO MM HECKOMNbKNUX HEUTPOHOB. J1t0601M 13 3TUX NpoLEeccoB ABNSETCS (POHOBLIM MO
OTHOLUEHUIO K U3y4yaemMoMy, Mpu KOTOPOM BbifieTa ApYrux BTOPUYHLIX 4acTul, Kpome
OTOHOB He Npeanonaraetcd. Tem He MeHee, Grnarogapst XOpoLIeMY IHEPreTU4ecKoMy
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paspelUeHnto  MomnynpoBOAHMKOBLIX [ETEKTOPOB TakMe MNpOLEecChl OKa3biBaeTcs
BO3MOXHbIM 0TCesATb. B noGom cnydyae, nodyepHee SApo 0ObIMHO TaKKe OKa3blBaeTCs B
BO30Y)XAEHHOM COCTOSIHUM U pa3psikaeT ero BblINIETOM raMma-KBaHTOB.

[nsa [peTekTMpoBaHUS ramMMma-musnyyeHuUs WCMomnb3yTCH HECKONbKO repMaHUeBbIX
AEeTEKTOPOB pasHbIX TUMOB, PacnosioXeHHbIX Ha paccTosHn 10-15 cM OT MULLIEHW.

Cpeau Hux:

1. Tpn petektopa n-Tuna ¢ GepunnmMeBbIM BXOOHbIM OKHOM ANs perncrpauuun
MSATKOro ramma-usnydeHus. [Isa u3 Hux yxe Haxogatca B PSI u ewé oguH
npegnonaraeTcs K NOKyrike.

2. [1Ba UHBEPTMPOBAHHbIX KOAKCUanbHbIX AeTeKkTopa p-Tuna 6onbworo obvéma ans
pernctpauum  OTOHOB C  3HeprusiMuM OO Heckonbkux  MaB, ogwuH
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, NPeaoCTaBlEHHbIE
roynnon TUM. 3Ttu petektopbl OyayT OYeHb MNONesHbl ANs  YBENUYEHUS
reoMmeTpnyeckon aPPEeKTUBHOCTM YCTAHOBKN U BO3MOXHOIO U3YYEHUSA YrIOBbIX
Kopppensumin n KackagHblX raMMa-KBaHTOB.

3.1.3 Cuctema Habopa AaHHbIX.

Cucrema Habopa paHHbix (DAQ) 6ypet 6as3vpoBaTbCA Ha YyXe MCMNONb30BaBLUENCS B
3KCNepuMeHTax Takoro poga rpynnon muX M NpoTeCcTMpPOBaHHOM HaMu B npolecce
TecTtoBOro Habopa gaHHbix B 2019 r. E€ ocHoBoOM ABNAOTCA 16-T KaHanNbHbIE MOAYNN
oumndpoBkn curHanos Struck SIS3316 [hitp://www.struck.de/sis3316.html] ¢ pa3peLlueHnem
14 6ut n yactotom camnnmpoBaHua 250 MIu. Moaynm HacTpoeHbl Ha 06paboTKy
CUrHanoB C npegycunutenen ncnonb3yemMblX AeTEeKTOpoB. [na curHanoB C 4eTEeKTOPOoB
Hebonbworo ob6béMa MOryT MCNONb30oBaTbCs ObICTpble ycUnUMTENUW ANa nyyuwero
COOTBETCTBUA OMHaMUYecKOMYy [uanas3oHy moaynd. B npouecce nepsBoHavarbHOro
aHanmsa gaHHbix ¢ nomouwbto MINC (Mporpammmnpyemasn norndeckaa uHTerpanbHas
cxema, FPGA) ucnonb3yetca TpaneuenganbHbld UbTP, MO3BONAKOWMKA MNOSYYUTb
XOpoLlee 3HepreTu4eckoe paspeLleHve aaxe B ycnosusx paboTatoLlero yckoputens. Bo
BpeMsi TECTOBOW KaMMNaHUN 3HepreTuyeckoe paspeLleHne npakTMyeckm Bcex 4eTeKTOpoB
He npesbiwano 3 k3B ana sHeprum 1,3 MaB. CwurHanbl ana 3anucm Tpurrepos,
BPEMEHHbIX OTMETOK, BOJTHOBbIX (hOPM nepenarnTcs No ONTOBOSIOKOHHOMY Kabeno u
3anucbiBaloTCa Co cKopocTbio 5 M6G/c. MockonbKy 3anncb BOMHOBOW (hOpMbI CUrHana
MMeeT CMbICI TOMbKO ANS repMaHNEBbIX AETEKTOPOB AS11 9KOHOMUN MecCTa OCTarbHble
CUrHanbl 3anucbiBalOTCA yXXe B NOSTHOCTLIO B oundpoBaHHOM Buae. DAQ nonHocTbio
MHTErpMpoBaHa B YyXe ucnonb3dyemyto B PSI| cuctemy aHanusa gaHHbix MIDAS, 410
No3BONSET YNPOCTUTb NOCMEaYOLWNA aHanms.

3.2. NpeaBapuTenbHbIe U3MEpPEHUSs

Kak yxe ynomuHanocb B rfn. 2, B TedeHue AByxHedernbHoro nepuoga B oktabpe 2019
roga B COTPYAHUYECTBE C 9KCMEepUMEHTanlbHOM MuX-rpyrnron Mbl NPOBENnv TecToBOe
n3MepeHe MIOHHOrO 3axBaTta C rasoBbiMu muleHsamu 82Kr n 13%Xe, a takke ¢ TBepaon
MULLIEHBIO 2*Mg. Mo nToram namepeHuit Gbino peLeHo HECKONMLKO CreayLwmX 3agay: Bo-
nepBblX, 3TO MO3BOMIUIIO HaM MPOBEPUTb, HACKOIbKO XOPOLIO MOXHO HabniogaTtb u
naeHTUumMpoBaTb  BO3HMKaOWME  CBA3aHHble cocTtodaHna OM3, wucnonb3ys
cywecTtByowmne Hactporkn u DAQ (npegoctaBneHHbI Ha TOT MOMEHT HaM muX-
rpynmnou); BO-BTOPbIX, 3TO [ano BO3MOXHOCTb OLEHUTb CUTyauuio C onTumMusauunen
pabotel HPGe petektopoB. HakoHeu, Mbl noagTBEPAWNM, 4YTO CyLLeCTBYOLLAs
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SQKCnepmnMeHTalribHad KOHCbI/IpraLI,I/IFI no3BondAeT HamMm nonyydYmtb  OOCTaTO4YHYIO
CTaTUCTUKY, a TaKXe nonydatb J3HepretTn4eckme ChnekTpbl XopoLlero KkKadectBa.
[leTanbHbIn aHann3 nony4YeHHbIX AaHHbIX NpoaoIXaeTcd, TeEM HE MeHee NnpoBeaeHHOoe
TeCcTupoBaHMe Mbl CHMTaEeM yCneLlHbIM.

Bce peructpupyemble  cobbiTus  COPTUPYKOTCS  Ha  KOpPPEenupoBaHHble U
HEeKoppernvpoBaHHbIe, B 3aBUCUMMOCTH oT coBsnageHus/aHTucoBnageHus
OCTaHaBNUBaLLErocs MOHa B spe MULLEHM B onpeaerieHHoM BpemeHHoMm okHe W (0
- 2 C B 3aBWCUMMOCTM OT MuLleHn). HekoppenvpoBaHHble CNeKkTpbl coaepaT ramma-
nuHuM n3 npupogHoro (“°K, U- n Th-uenen) n TexHoreHHoro (5°Co, '¥Cs) doHa u B
OCHOBHOM WCMOMb3YTCA AN KanubpoBOK N MOHUTOPUHra. K TOMy Xe, NHTEHCUBHOCTU
raMma-ivHMN  HeKoTopbiXx npoayktoB OM3 wmMoryT ObiTb  onpegeneHbl K3
HEKOPPENMpPOBaHHbIX  CMEKTPOB, 4YTO MO3BOSMIiET HaM  U3BriekaTb  BbIXOAbl
COOTBETCTBYIOLLMX N30TOMNOB/M30MEPOB (aHanus B  Xxope BbINOJSTHEHUSA).
lNMpenBapuTernbHble 3HEpPreTU4eckne CrexkTpbl OT MarHMeBOW MULLEHU TOKa3aHbl Ha
puc. 3.
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PucyHok 3. KoppenupoBaHHble ME30PEHTrEHOBCKUIA (CUHWMIA) U 3afdepXKaHHbIA (KpacHbIA) CNeKTpbl,
M3MepeHHble C TMOMOLLbLID oforalleHHon MuleHn 2*Mg. Ha pucyHke ykasaHbl HEKOTOpble
NMOEHTUULMPOBAHHbIE raMmMa-NepPEXobl, a Takke Me30peHTreHoBckue nepexoabl mariua (K (np-1s) n L
(nd-2p) cepum) n yrnepoga (mX(C)).

O6bl4HO MOMHYD CKOPOCTb MI0O-3axBaTa B MULLEHW ONpPeaensioT, perucTpmpys
3MEeKTPOHbl OT pacnaga MIOHOB U M3yyas UX pacnpegeneHue Bo BpeMeHu. B Hawmx
N3MepeHnax npoBoaunacb permcTpauus He dNeKTPoHOB OT pacrnaga MIOHa, a rammMa-
nyyen ot ero 3axsata. [1pn 3TOM, HACTPOUBLLUUCL Ha ONpPedeneHHY raMmma-rivHUK 1
npocneaus BpEMEHHYIO 3BOSTIOLNIO €€ MHTEHCUBHOCTY (CM. Puc. 4) yaaeTcst MONHOCTbLIO
WUrHOPMPOBATb OCTAHOBKN MIOOHOB B NIOOLIX APYrMX atomax, KpOMe uccrnegyemblX, YTo
no3BonsieT nosiydatb TOYHOCTb nydwe 1%. [laHHas mMeToamKa SIBMSIeTCA YHUKalbHO
Gbina paspaboTaHa M MCNonb3oBaHa BrnepBble Hawewn rpynnon. NMpeaBapuTenbHbIN
pe3ynbTaT MoHON CKOPOCTU MIOOHHOTO 3axBaTa Ha 2*Mg nokasaH Ha Puc.5.

BanaHc nHTeHCMBHOCTEN raMma-nNuHUK 3agepxaHHoro usnydeHus (Delayed, cm. Puc. 3)
MO OTHOLUEHMIO K Me30peHTreHoBCKoMYy usnyyeHuto (Prompt, cm. Puc. 3) nossonser
nonyyatb napuuarnbHble BEPOSITHOCTU (CKOPOCTM) M MIOOHHOrO 3axBaTta OTAerbHbIX
BO30YXAEHHbIX COCTOSAHUIA govepHero sapa. Prompt u Delayed cnektpbl (puc. 3) moryT
ObITb pasgeneHbl pasnuyHbIMKU cnocobamu NyTeM U3MEHEHUs1 BpEMEHHbIX UHTEpPBaroB
(Hanpumep, 4TOBbI YNPOCTUTL Mpouenypy MAeHTUMKaALUUN ramMma-iMHUM B CrnekTpax
3agepxaHHoro usnydenus Delayed). lNonHble 1 napumanbHble CKOPOCTU MKOOHHOIMO
saxeata ans '*°Xe, 8Kr n Mg 6yayT nonyyeHsl MeTogoM, onuncaHHsbIM B [8-11] n. 2.2.
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PucyHok 4. (E, t) pacnpeaeneHne KoppenvpoBaHHbIX COBbLITUIA, U3MEPEHHbIX C MULieHblo 2*Mg. Ha
PUCYHKe yKa3aHbl HEKOTopble raMMa-rnepexobl, COOTBETCTBYIOLLME 3axBaTy MIOOHa B sApe, Npocnexvsast
BPEMEHHYIO 3BOJTIOLINIO KOTOPLIX OMpeaensaoTcs NOSHbIA CKOPOCTU MIOOHHOIO 3axBaTa.

Cwunosas yHkums pacnpegeneHna OM3 6yaet onpeaenaTbCs Ha OCHOBE MOMYyYEHHbIX
pe3ynbTaToB, a Takke BbIXO4OB NpoAykToB peakumm OM3 13 HekopennmpoBaHHbIX
CMEKTPOB U3MyYeHUs1, NofyYeHHbIX B pexunmMe opdnanH namepeHuin ¢ MCnonb3oBaHnemM
pacdeTHon mogenu. MNpoToH-HENTPOHHas Modenb pacnagos B pesdynbtate OM3 6bina
paspabotaHa Hawumn konnabopaHtamu |.H.Hashim, S.A.Hamzah, F.Othman n H.Ejiri
(cm. n 2.2. [21-22]).

Lifetime Evolution of a Gamma Line
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PucyHok 5. BpemeHHas aBontouum ramma-nuHnm 2390,6 k3B, namepeHHasi ¢ MuLeHbto 2*Mg. droneTosas

KpuBas oTpaxaeT 9BOSIOLMIO MHTerpana LeHTpanbHON YacT dparmeHTa (cama nuHus + choH noa Hen);

CUHWI KpyBas - MroLiab (hoHa BOKPYT NMUHUM; KpacHasi KpuBasi OTpaxkaeT 3BOMIOLMIO CaMOV raMma-nNuHUK,
h1TMpOBaHHOI MayccMaHoM ¢ NSITbio NapaMeTpamuy Mo KaXaoMy BPEMEHHOMY CPE3Y.

1 | 1 1 | 1
200 1000

3.3 Oxugaemble pe3ynbTaTbl HAy4YHOro WCCNefOBaHMSE W WX HayyHasi M
npuknagHasa 3HauYMMocCTb

1. BnepBble O6yayT nomy4yeHbl 3Ha4YeHUs NOMHbIX U NapuuanbHbiX ckopocten OM3 B
nsotone '3Ba 1 **Mo, aBnstoLLmMecs oCHOBOW HOBbIX pacyeToB AMO ans asoviHoro 6eTta-
pacnaga '3%Xe n %Zr.
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2. Bnepsble 6ygyT nonyyeHbl 3HAYEHWS MOSHbLIX U NapumanbHbix ckopocten OM3 B
nerkux nsotonax “°Ca, %Fe un 32S, HeobxoOuMble ANA MHTEpMNpeTaumMm 1 oNTUMM3aLum
pacyeTHbIx mogenen AMO3 ana Ovpp-pacnaga.

3. Bnepsble 6ygyT nony4deHbl 3HaYeHWUs napumanbHbix BeposTHocten OM3 B nsoTone
190Mo ans pacyeTa SAMO ¢ ToUkM 3peHns novcka CBEpPXHOBOM.

4. byoyT yTOYHEHbl paHee MnoslydYeHHble 3Ha4YeHUs MOMHbIX U napumnarbHbIX CKOpPOCTeNn
3axeaTa B oboraleHHOM n3oTone "6Se u npoBegeHO CpaBHEHWE 3TUX Pe3ynbTaToB C
TeopeTnyecknmm pacdetamn HAMOI, a Takke uX uHTeprnpeTauuss OTHOCUTENbHO
pPasnnYHbIX MOAdenen.

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

6. llony4yeHHble Me30pEHTreHOBCKME CMEKTPbl M3IMYyYeHUs UccregyemMblX MULLEeHen
[AOMOJSTHAT CYLLECTBYIOLLYIO 3NIEKTPOHHYI0 BMBNMOTEKY X CNeKTpoB, CO34aHHYI0 B HaLleMm
otgene (http://muxrays.jinr.ru) n ncnonb3yemy rpynnamMu, CBA3AHHLIMWA C MIOOHHOW
PU3nKon.

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

3.4 MnaH-rpachuk nccnegoBaHmn, pa6otbl co ctopoHbl OUAWN, pacnpegeneHue
3apay, a TaKkke COBMeCTHble paboTbl. Bo3amoxHble pucku u ayénupyrouime cxemsbl.

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

MepBbIV rog UccnegoBaHUN:

1-2 kgapmarsn —> npunobpeTeHne n3oTonmyeckn-oboraleHHoro Se-76 n HaTypanbHOro
Ba, co3gaHue muweHn, npuobpeTeHne getanen Ons MI-Tpurrepa, paspabotka wu
NMoKynka [fgetanenh And YCTaHOBKM [AETEKTOPOB; CO30aHME MIOOHHOW CUCTEMbI
dunbTpauMn OaHHbIX, @ Takke CcOo3daHMe CUCTEMbI MO KOHTPOMO Npodmnsa MIOHHOIO
nyyka, M KpenneHunh Ons AeTeKTopoB, OTrnpaBka obopyaoBaHus ONs AanbHeunwero
TectTmpoBaHus B TUM;

3 kgapmais —> coBMecTHO ¢ TUM TecTnpoBaHne BCeW CUCTEMBbI, MOMHAA UHTerpauus
BCero obopyadoBaHus, a Takke oTnpaBka o6opyaoBaHUSA (4EeTEeKTOPOB, CHETHYMKOB,
MULLIeHen 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) ¢ ucrnonb3oBaHMeM TBepabiX MulleHen Ba-
136/Ba-nat n Bo3MOXHO Se-76 — OKTAGPbL-HOAOPL, BO3BpaT obopyaoBaHus B TUM,;
npeaBapuTenbHbIA aHanNn3 AaHHbIX, HanucaHue otyeTta (gekabpb)

PacnpegeneHue 3agay no y4acTHUKaM:

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

2. TMogrotoBka obopydoBaHua AOns  MO-TpUrrepa, AepxaTtenen repmMaHueBbIX
AETEKTOPOB, CO34aHWe MuweHu, oTnpaBka obopygoBaHna B TUM, TecToBble
npegsaputensHble nsamepenus B TUM (['yces, LeB4nk, Kasapues);
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3. [llogroToBKka oKCNepuMeHTa, HacTpoOMKa MyyYka W TecTupoBaHue, NpoBedeHue
namepeHnn, moHutopuHr (3umHatynuHa, [yces, LeBunk, PymsHueBa, Kasapues,
domuHa, LnpyeHko n benos.);

4. Cvmynsumu, aHanua AaHHbiX, nogrotoBka nybnukauun (PymsHuesa, LUupyeHko,
XKutHukos n benos).

Pucku n ayonupyoLimne cxembi:

- BoamoxHa 3agepxka no npnobpeTeHnto MaTepmarnoB U U3roTOBNEHNSA MIO-TpuUrrepa.
Ha aT1OT cnyyam y Hawen rpynnbl MmeeTca BapuvaHT b — ucnonb3oBaHue Hallewn
MoAepHU3npoBaHHou paHee (B 2019 r) ra3oBon MULLEHU (MIO-TPUITEP HAXOANTCA BHYTPU
Hee). B gaHHOM BapuaHTe eCTb TONbKO OOWH HKAHC, KOTOPbIN CBA3aH C TeM, 4TO
npUOEeTCA U3rotTaBnMBaTh CreynanbHbli KOHCTPYKTUB AN KpenreHns TBepaon MULLEHN
BHYTPU MULLIEHN.

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

Btopou rog nccneaoBaHuUmn:

1-2 _keapmasi —> TnNpPOAOSPKEHWE aHanuM3a [aHHbIX N0 CeaHcy nepBoro roaa,
npunobpeteHne wmsotonuyeckn-oboraweHHbix Mo-96, Ca-40 un Fe-56, ortnpaBska
mMaTepuanoB (MuweHen) n Heobxoaumoro AononHutenoHoro obopygosaHua B TUM;
WHTErpupoBaHue 1 TeCTUPOBaHME 3KCNepuMeHTasnbHon yctaHoBku B TUM,;

3 keapmas —> oTnpaBka obopygoBaHWA U TecToBble namepeHuss B PSI (ceHTs6pb),
obcyxgeHne aHanu3a AaHHbIX MO ceaHcy 1ro roga Ha Bble3fHbIX 3acefaHusix C
konnabopaHTamu, NoAroToBka nyodnnkaumm;

4 keapman —> CoBMeCTHO C konnabopaHTamu npoBefeHue oH-navH (3-4 Hepenu) m
odpd-navH (2 Hegenu) uaMepeHun Ha MW0OHHOM 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, HaNnMcaHne oTyeTa M NOAroToBKa Nybnvkauuu.

PacnpegeneHue 3agay no y4acTHUKaM:

1. NpunobpeTeHne n3oTonn4ecKkn-oboralleHHbIX AEMEHTOB, OpraHM3aumst UX OTNPaBKK
B PSI, ocbopmneHne TaMmoXeHHbIX JOKYyMeHTOB (3nHaTynuHa, PomuHa);

2. Co3gaHvne muweHu, otTnpaBka 0bopyaoBaHWS M TECTUPOBAHNE IKCNEPUMEHTAlbHOWN
YCTaHOBKM, COBMECTHO C 3apybexHbimMn konneramu (yces, LWeBunk, Kasapues,
PymsaHueBa);

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

4. Cumynsuuu, aHanu3 p[aHHblX, nornydeHne u obcyxaeHne npeaBapuTenbHbIX
pe3ynbTaToB Ha Bble3dHbIX 3acefaHusix COBMECTHO C 3apybexHbiMu Konneramu,
nogrotoBka nybnukaummn (3uHatynuHa, PymsHuesa, LupyeHko, 2KutHukos 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 AOMONHUTENbHbIVA 3anpoc B KOMUTET B
koHuUe 2020 Ha BblgeneHne JONONHUTENBHOIO My4YKOBOro BPEMEHM.
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- MoryT BO3HWKHYTb CIOXXHOCTM NpPUMODpPETEHMEM HEKOTOPbIX M30TONUYECKM-
oboralleHHbIX mMueHen. Ha aToT cyeT TakKe BO3MOXHa 3aMeHa 3TUX MULLEeHen Ha
apyruve.

Tpetuut rog uccnegoBaHUN:

1 keapman —> no HeobxoaMMOCTM npuobpeTeHne Un30TONUYECKN-0OO0raLLEHHbIX
M30TONOB (B ClnyyYyae WX HegocTtatka B ceaHce 2ro roga), CosgaHve MULLEHW,
npodoSbKeHne aHanuada [faHHbIX nocre ceaHca 2021 roga, npoBegeHue obuiero
3acegaHnst COBMECTHO C 3apybeXHbIMy Konneramu n obcyxgeHne pesynbTaTos;

2 Keapman —> OTNpaBka MaTepuanoB W ob6opydoBaHMs AN [anbHenwero
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, MNOAroToBKa
nyénukaumm;

4 Kkeapman —> aHanu3 [aHHbIX, HanMcaHWe OTYEeTOB B KOMWUTET, U MOAroTOBKa
nybnvkaumMii no npoekTy, MNpeacTaBneHMe Hay4YHblX pes3ynbTaToB Npolleawero
3KCNEPMMEHTa Ha Hay4YHbIX Bble3OHbIX 3acedaHUsIX/KoHDepeHUUSIX.

PacnpegeneHue 3agay no y4acTHUKaM:

1. NpurobpeTeHne n3oTonmyeckn-oboraleHHbIX INeEMEHTOB, OPOPMIEHNE TAMOXEHHbIX
AOKyMeHTOB (3nHaTtynuHa, omuHa);

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

3. NogroToBka akcrnepuMeHTa, TecTupoBaHue, 3anyck, MOHUTOPUHT (3nHaTynunHa, ['yces,
LWeBuuk, XKXutHukos, PymsaHueBa, Kasapues, PomuHa, LLinpyeHko n benos);

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

Pucku n ayonupyoLimne cxembi:

- B 3aBucumoctn oT ToOro, kak 6yget nposegeH ceaHc B 2021 r, nnaH nu3mepeHun
MULLEHEN MOXET ObiTb 3MeHeEH. PelleHne b -- ONONHUTENbHLIN 3anpoc B KOMUTET B
koHue 2020 Ha BblgeneHne JONONHUTENBHOIO My4YKOBOro BPEMEHM.

3.5 Umerowmmnca Hay4HbIM 3agen NoO NPOEKTY

Kak y>xe roBopunock BbllE, 3KCNEPUMEHTbI MO MIOOHHOMY 3axBaTy NPOBOAUIIUCH
paHee B 1998-2006, pesynbTaTbl 3TUX JKCMEPUMMEHTOB onybnukoBaHbl B M3BecTusx
Akagemun Hayk n gpyrnx 3apybexHbix XypHanax, Te3aucax HaydHbIX KOH(bepeHLumH,
paspaboTaHa nporpaMmma Habopa AaHHbIX, UMeeTCs 4YacTuyHoe obopyaoBaHue Ans
OCYLLIECTBMNEHNSI/BO30OHOBNEHNS CEPUIN TAKMX SKCNEPUMEHTOB.

UTto kacaeTcsa ucrnonb3yemMblx METOAOB M MOAXOAOB B LENOM, TO KOSINEKTUB UMeEET Kak
15-neTHMI oNbIT SAepHO-CNEKTpPocKonuyecknx nccnegosanHmnm OM3, Tak 1 MHOrONETHUI
onbIT y4actus B 2b-akcnepumentax (TGV n NEMO, GERDA, Majorana).

OcHoBHble pe3ynbTaTthbl, NOJTy4EeHHbIE 3a 3TO BpeEMA!

BaxHo 3ameTuTb, 4TO OGOnblias 4acTb Nnony4YeHHbIX pe3yrnbTaToB Obina n3MepeHa
BnepBble.
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1. B cepum 3KCNEepuUMEHTOB Ha My4ke BTOPUYHLIX MIOOHOB (pasoTpoHa JIAM OUNAU
nccrnegoBanuck yrrnoeble koppensauun B OM3 Ha pasnuyHbix sapax. Ha kpemHueson
MULIeHNM 28Si ¢ Haunydwen Ha HaCTOALWMIA MOMEHT TOYHOCTbIO ObiNM U3MEpeHbI
KOppesnsuMOHHbIE XapaKTePUCTUKM pa3peLLeHHOro Mio-nepexoaa 1 nofnyyeHa oLeHka Ha
BENUYNHY MHOYLMPOBAHHOIO ncesaockansapHoro s3ammogenctand ge (Nucl.Phys. A587,
(1995) 577; Nucl.Phys. A671, (2000) 647).

2. Ha miooHHOM ¢habpuke PSI namepeHbl KOppensumMoHHble napameTpbl MIO-nepexoaa
nepeoro 3anpeta Ha agpe 'O u nonyyeHbl OLEHKM BENUYMHBLI CKanApPHOro
B3ammogencteuna Gs (Nucl.Phys. A699, (2002) 917). CneayeT ocob0 OTMETUTL, YTO B
9TOM 3KCMepuMeHTe Obinn co3faHbl rasoBble MULLEHW, a Takke Oblna oTpaboTaHa
MeToAMKa UX UCMNOoJSIb30BaHUS.

MeToankm obeunx paboT ABNAOTCA HOBaTOpcKMMU. Kak M B HacTodAwem npoekTe, B
yKa3aHHbIX 3KCMepuMeHTax nepen Hamm ctosna 3agada uccrneaoBaHusa napumanbHbIX
MIO-NEepPeXoaoB MNyTeEM perncrpauum raMmma-kBaHTOB, paspskKatolmx onpeneneHHble
BO36Y>KaeHHbIe YpoBHM aodepHux agpax (8Al n 1®N). CnoxHocTb cocTosina B TOM, YTO
N3MEePSANNCH HE TONbKO NMHTEHCUBHOCTU, HO U NPOMUNb 3TUX rAaMMa-NIMHUIA, YLIMPEHHbIX
3a cueT adpekta [donnepa. B xoge ocyuwectBneHns npoektoB 1-2 Mbl oTpaboTanu
METOAMKY U3MEPEHUN N 0OPabOTKN OaHHbIX, Pa3BUM U YyCOBEPLLUEHCTBOBANM MeToabl
NnoslynpoOBOAHUKOBOW A0EPHOM CNEKTPOCKOMNUM.

3. Wccnegosan OM3 Ha sape “8Ti, onpedeneHbl CKOPOCTU MOMHbIX U NapumanbHbIX
nepexogoB OM3 Ha Bo36y»xaeHHble ypoBHU “8Sc 1 4’Sc (OMS3 ¢ BbineToM HeTpoHa). Ha
OCHOBaHUWN MNOMyYeHHbIX pe3ynbTaTtoB Obinn NpousBeneHbl HoBble pacdeTbl AMI 2b-
pacnaga “Ca (Yad.Fiz. 67, 1224 (2004); Phys.Atomic Nuclei 67 (2004) 1202);

4. Bnepsble 6bina nsmepeHa ckopoctb OM3 B 8Ca (1.214(8)*10”6 1/cek). CpaBHeHue
3TON BenuumHbl co ckopocTblo OM3 Ha “°Ca no3Bonuno o6HapyXuTb OTKIOHEHWE B
npasune NpumakoBa, onucbiBaOLWEM 3aBUCUMOCTb ckopocT OM3 OT Yncna HykroHOB
B aape (Nucl.Phys. A724 (2003) 493). Kpome TOro, 6bin0 BbINOMIHEHO CpaBHEHWE
TEopeTUYECKMX 1 aKCrepuMeHTanbHbIx ckopocTert OM3 Ha aape “8Ca (Europhys.Lett. 58
(2002) 666);

5. [MpoBeaeH NpeLm3noHHbIN aHanms crnekTpos, conposoxaarwmx OM3 aproHa n HeoHa,
N3MEPEHHbIX C XOpPOLUEN TOYHOCTbIO NPU OTpaboTke METOAWMKM ras3oBblX MULLEHEN.
[MonyyeHbl nonHble U napuunanbHble ckopoctn OM3 B aTux agpax (Bull. Rus. Acad. Sci.
Phys. 67 (2003) 1640).

6. MNposeaeH uukn namepeHunini OM3 Ha oboralleHHbIX MuLieHsx "8Se, 199Sm n 196Cd, a
TaKKe COOTBETCTBYIOLMX HATypanbHblX MuweHsx Se, Sm n Cd. Nony4eHbl nosHbie
napumanbHble ckopoctn OM3 B atux sagpax. [NpegBaputenbHble pesynbTaTbl Obinu
onybnukosaHbl B N3BecTnsx PAH (Bull. Rus. Acad. Sci. Phys. 72 (2006) 737-743; Bull.
Rus. Acad. Sci. Phys. 74 (2010) 825-828).

OcHoBHble pesynbTaTbl uukna pabot, O6binn  onybGnukoBaHbl B W3BECTHOM
MeXxayHapogHoM peueH3npyeMom xypHane — «Ordinary muon capture studies for the
matrix elements in §f decay» / D. Zinatulina, V. Brudanin, V. Egorov et al. // Phys. Rev.
C 99 (2019) 024327.

Mo nonyyeHHblM pe3ynbTatam 6ObiNa 3awuuwleHa KaHgugaTckas aucceprauums
3uHatynuHon O.P.

7. B 2018 r nposegeHbl uamepeHus ¢ oMo wu '°Ru, nonyyeHbl cnekTpsbi
ME30PEHTTEHOBCKOrO  U3NyYeHnsa, KoTopbiMi Oblna AOMOMHEHa CyllecTByoLlas
6ubnmnoTteka nogoOHbLIX CNEKTPOB, CO3A4aHHas B HaleM otaene paHee (muxrays.jinr.ru),
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pesynbTatbl 6binn onybnvkoBaHbl B AgepHon dusmke (3uHatynmHa 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.)

8. B 2019 rogy nposeaeH LMk namepeHnin OM3 Ha oBoralleHHbIX MuLleHsax 82Kr, 130Xe
n ?*Mg (B pamkax rpaHta PO®UN Ne 18-32-00383). lMonyyeHbl npenBapuTenbHble
pesynbTatbl MO MNOMHbIM ckopoctaM OM3 B aTux sgpax. Pesynbrtatel Obinu
npeacraBneHbl KOMUTETY MO pacnpefeneHnto rnyvykosoro BpemeHn B PSI B rogosom
oTyeTe. OKOHYaTenNbHblE pe3dynbTaTbl Npegnonaraetcsa onybnukosats B N3BecTuax PAH
unu ApgepHasa dusmka.

CtouT oTMeTUTb, 4TO BONBLUMHCTBO UCCNeaoBaHU HGbINO NPOBEAEHO NMpU nogaepxke
P®®U (rpaHTel Ne 02-02-16800 1 Ne06-02-16587, ycnelwHo BbinonHeHHble B 2002-2003,
2006 rr.)

4. OueHKa HeobxXoaUMbIX KaapOBbLIX pecypcoB

Cotpyanukn JIAMN OWAWN: paspaboTka u co3gaHve muweHen, MK-cumynaumn,
NpPOEKTMPOBaHMNE YCTAHOBKM 1 €e MoaepHu3aund, npmobpeTteHne eTekTopoB, cbopka n
TecTupoBaHue ux B OWUAWN, nposegeHwe askcnepuMeHTa (MOHTaX, TecTMpoBaHue
obopyaoBaHMA N INEKTPOHMKK, HACTPOMKa nydka, OEXYPCTBO Ha yCTaHOBKe, Habop wu
aHanu3 oHNamH AaHHbIX, Habop oddnanH AaHHbIX, KanMbpoBKa, TEKYLUMA PEMOHT),
othcnanH aHanms, noarotoska nydnukauui no Mpoekty.

HeTanbHasa nHopmaunsa no KagposbiM pecypcam coTpyaHukos OUAN:

lolr[e] JormkH | OBsisaHHOCTH SKBUBAnNeHT
OCTb nosiHom
3aHATOCTH
(FTE)

B.B. benos MHC AHanua gaHHbix, MK-cumynaumm 0.4

B.b. bpyoaHuH H.0TA AOMUHMCTpaTMBHas paboTa, KOHTponb | 0.2
npoekTa

K. H. lN'yces CHC KoopanHatop OETEKTOPHOM yactn | 0.4
3KCMNepUMEHTa, KOHCTPYKTUBbI, TECTUPOBaHNE

.B. XXutHukoB MHC AHanu3 AaHHbIX 0.3

O. P. 3uHaTynuHa | cHe PykoBoAcTBO BceMu paboTaMu 1 y4acTue B 1.0
HUX

C.B. Kazapues MHC Cuctema MIOOHHOWM UnbTpaLuKn OaHHbIX, 0.6
KOHCTPYKTUBbI, HABOP AaHHbIX

H.C. PymaHueBa | MHC Habop n aHann3 gaHHbIX 0.6

M. B. ®omunHa MHC MoarotoBka M3MepPEHU, aHann3 gaHHbIX 0.3

M.B. WunpyeHko CHC 3amecTuTenb pykoBOAMTENS npoekta, | 1.0
KoopOuHaATOpP aHanmM3a [OaHHblX, Habop
OaHHbIX

tO.A. lUntos H.cek Habop 1 aHanm3 gaHHbIX 0.3
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E.A. lWeB4uunk c.nux-p | MNpoekTnposaHme akcrnepumeHTansHon | 0.5
YCTaHOBKW, cuUCTeMa uUnbTpaumm OaHHbIX,
npounb nyyka

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

Cotpyanukn PSI, Ulisenuapua: A.Knecht, S.M. Vogiatzi — nomowb B npoBegeHuu
MOHTaXa/OQeEMOHTaXa W OHMavH W3MEPEeHU, OpraHM3aumoHHble 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: I.Ostrovskiy — oboraweHHas muweHb «=Ba, yyactne B
npoBeaeHUn U3MepPEHUIA, NOATOTOBKa Nybnukaumm;

CotpyaHunkn YHuepcuteTa KoBsackonsg, PuHnanana, KOBackns:

|.Suhonen, L. Jokiniemi — pacyetr AMO mopene B 0OObIMHOM MIOOHHOM 3axBaTe,
NMHTepnpeTaumns NonyyYeHHbIX pe3ynbTaToB U cpaBHeHne ¢ AMS mogensimu, noaroToBka
nybnvkaumm no pesynbratam onTMMn3aunun Moaenem;

Cotpyanuk UZH, Leenuapus, Llopux: L.Baudis — npepnoctaBnenne ogHoro HPGe
AeTeKkTopa, NoMOoLLb B aHanuse AaHHbIX;

Cotpyanuk KU LEUVEN, Bbenbruga, JleseH: T. Cocolios — gexypctBo Ha ceaHce
N3MepeHnNin, BO3MOXHOE NpeaocTaBfieHne OAHOro AeTeKTopa;

CotpyaHuk RCNP, YHusepcutetr Ocakn, AnoHunda, Ocaka: H. Ejiri — aHanu3a odpd-nanH
AaHHbIX, UHTEepnpeTaunsa nonyyYeHHbIX pe3ynbTaTtoB C pac4YeTHOW MPOTOH-HEWTPOHHOWM
Mogenbto, nogrotoska nybnukauui no Mpoekty;

Cotpyaxukm UTM, Manansus, Moxop Baxpy: I.H. Hashim, F. Othman — ananus odd-
NanH JaHHbIX, UHTepnpeTaums NonyyYeHHbIX pe3yribTaToB C pacHeTHOW NPOTOH-
HENTPOHHOM MoLENbIo.

5. OueHka Heo6XxoAMMbIX MaTepuanbHbIX PecypcoB.

[nsa npoBefeHVsT 3KCNEpPUMEHTAlNbHOMO ceaHca Ha MIOHHOM nyyke piE1 PSI
(LWsenuapusa) tpebyeTca gocratoyHoe KONMYEecTBO cOTpyAHukoB rpynnbl OUAWN gns
HernpepbIBHOrO AexypcTsa (4 cMeHbl B CyTKW, Mo 8 4acoB Kaxpaasi) B control room B
Te4YeHNn BCcex namepeHui (MoHTax obopyaoBaHNA, HAaCTpOKrKa 1 ynpaBrieHne MIOOHHOTO
ny4ka, oHNnanH n ogdnanH Habop AaHHbIX, KOHTPOMb 3a paboTon yctaHoBkKM). Onnarta
nx npeboiBaHuns B r.dunnureH, LBenuapusa (aBnanepenet + apeHga aBTomobunsa +
CYTOYHble + MpOXuMBaHWe + Mo HeobxoguMMOCTM npuobpeTeHue gon.maTtepuarnos Ang
peMOHTA), a Takke AOMONHUTENBHbIX NOE3A0K AN TecTupoBaHua obopyaosaHms 8 TUM
(FTepmanus) n PSI (LWeenuapust), coctaensiet $35,000-30,000 B rog.

Ana nposenenna akcnepmmeHToB no npoekty MONUMENT Heobxogumbl 3aTpatbl Ha
cnegytowme matepuansl n o6opygosaHue (~$227,000):

- '6Se, %Mo, “°Ca, 56F, 32S — o6oralleHHble cTabunbHble U30TONMbI (MO 2 rp Kaxaas);

- natBg nalCy, NatF nalg _ cmecu NpupoaHOro NPoMCcXoXaeHus (no 2 rp kaxaas);

- MexaHuyecKkasi KOHCTPYKLMS CaMOW MULLEHU W ee KPenneHUs K BbIXOAHOMY OKHY
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MIOOHHOIO MNy4yKa;

- 3 CUMHTMNNAUMOHHbIE NnacTuHbl (no 0,05-0,08 M?) ANs cMCTEMbl aKTUBHOW MIOOHHOIA
unbTpaunmn aKkCnepnuMeHTanbHbIX JaHHbIX;

- 3 ®JY (H10721-20) — cbemMm curHanoB C NNacTUH CUCTEMbl aKTUBHOW MIOOHHOM
unbTpaunmn aKkCnepnuMeHTanbHbIX JaHHbIX;

- cnekTpocmewatouiee (WLS) ontoBonokHo — 0.3 Kwm;

- 1 CUMHTUNAAUMOHHAA nnacTuHa (no 0,07 M?) Ans NPodUns MIOHHOTO MyYKa;

- 25 SiPM - wnHguBugyanbHbin cbeM curHana ¢ 20 kaHaBok (+5 npo 3anac) Ha
CUMHTUINALUNOHHOWN NracTUHe AN KOHTPOsSS NPOodUnsa MIOOHHOIO MyYKa;

- 2 HPGe pgetekTopa (n-Tuna);

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

- MexaHu4eckas KOHCTPYKUMA ONS KpenneHna 0eTeKTOpos;

- KOMMNbIOTEPBLI N CMEHHbIE XeCTKMe ANCKU ONSA XpaHeHus AdaHHbix (2 Tb Ha Hepento
cbopa aaHHbIX);

- pacxogHble MaTtepuanbl (ONTUY.KNENW M cmaska, kabenn, pasbeMbl, MHCTPYMEHTHI,
3MIEeKTPOHHbIE NnaTthbl U T.M.)

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

- U3roTOBNEHME KpenneHnin onsa AeTeKTopoB.;

- TeCTMpOBaHWE OEeTEKTOPHON CUCTEMBI;

- NocpeaHNYeCcTBO Npu TpaHcnopTuposke geTektopHon cuctemol B TUM/PSI/OUNAN;

- TECTUPOBaHME 1 ONTUMMU3aLMSA CMCTEMbl Habopa AaHHbIX;

- CpaBHeHVWe pe3ynbTatoB W ONTMMU3aUMs 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:

e 1CMNONb30BaHWE B KayeCTBe MULLUEHEW AONS MIOOHHOro 3axBaTa W30TONMUYECKU-
oboraLleHHbIX 9NeMEHTOB Cpa3y OTCeKaeT NPUCYTCTBUE APYInX SAep B MULLEHN,
npu 3axBaTe MOOHa B KOTOPbIX MOryT Nofny4aTtbcst BO30YXXAEHHbIE YPOBHU S4pPa,
KOTOpble pa3psiKkatoTCs raMMa-KkBaHTaMu C SHeprnen 6nm3kon Nnu Takom xe, Kak
N NHTepecyloLwas Hac;

® 1CMNOMb30BaHNE  MOHOXPOMATUYHOMO U Y3KOKONIMMUMPOBAHHOIO  Mydyka
oTpuuaTenbHbIX MIOOHOB, 4yTObbI nogasnswoLas YyacTb MIOOHOB
OoCTaHaBnuBanacb MMeHHO B MULLEHN (NMy4YOK OoTpuuaTenbHbIX MooHOB piE1 B PSI
npeaocTaBnsaeT Takyld BO3MOXHOCTb, 0b6nagas wmHTeHcuBHocTbto 10 kY npwm
MoMeHTe 28 MaB/c);

e 1CMNONb30BaHNE CUCTEMbI MO KOHTPOSIO NPOdUAA MIOOHHOIO Mydka ynpollaet
HaCTPOMKY MHTEHCUBHOCTM MIOOHHOIO NyYKa, a Takke No3BonseT nposectu bonee
TOYHYIO ero )OKyCUPOBKY;

e 1CMNONb30BaHWE CUCTEMbI aKTUBHOW MIOOHHOW huUSibTpaLmm aKCnepuMeHTanbHbIX
AaHHbIX, MNO3BOSISIET OAHO3HAYHO onpeaenuTb MOMEHT npuxogda MKOHa C
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TOYHOCTbIO [0 5 HC, YTO, B CBOK oO4Yepelb, AeraeT BO3MOXHbIM pasgeneHue
perncTpupyemoro nsnyyeHusi Ha MrHoseHHoe (prompt) n 3aagepxaHHoe (delayed);

e ucnonb3oBaHue cuctembl cbopa gaHHbIx (DAQ) Ha GbicTpbIx onaw-AL. Takas
CUCTEMA WUMEEeT O4YeHb KOPOTKOE BpemMs nepefadv AaHHbIX WU OTANYHYIO
BPEMEHHYIO MPMBA3KY, a Takke 3a CYeT nNpPUMEHEeHus cneumanbHbIX
TpaneuenganbHblX  (UNBTPOB  MO3BOMSET  OOMNOMHUTENBHO  YNYYLWMWTb
3HepreTnyeckoe paspeLleHune;

e ONyYEHHbIE C MOMOLLbIO HOBOW CUCTEMbI cOopa OaHHbIX ME30PEHTreHOBCKME
cnekTpbl B6yayT cnocobCTBOBaTb HaAEXHOW WOEHTUMUKALMM NMHUA, a Takke
obecneyaTt HOPMUPOBKY MO KONMYECTBY MIOOHOB, OCTAHOBMBLUMXCA B LaHHOM
XUMMUYECKOM 3IIEMEHTE, YTO NO3BONUT HaMm mn3bexaTb nepepacdetTa abconoTHOM
apeKkTMBHOCTU (yYeT TenecHoro yrna);

e MpPEeun3NOHHOE WU3MEPEHNE BPEMEHHbIX W 3HEepreTUYeckux pacnpegerneHuin
ramma-niyyen 3a CYeT TMPUMEHEHUA CUCTEMblI TFepPMaHMEBBLIX [ETEKTOPOB
pasnuyHoro obbema, xapakTepHon OCOBEHHOCTbIO KOTOPbIX ABMASIETCHA BbICOKOE
3HepreTuyeckoe paspelleHue. 3a CYeT 3TOro NOABNAETCA BO3MOXHOCTb TOYHOM
noeHTUUKaUMM n3yvaemblx NepexonoB, 3acensrowmnx KOHKPETHbIE COCTOSHUS
AoYepHUX saep.

K cnabbiMm cTopoHamMm OTHOCATCA:

e pe3Koe CHMxXeHne 3PPEKTUBHOCTU perncTpaumm 4ETEKTOPOB B SHEPreTUYECKOM
AananasoHe cBbiwe 3 - 4 MaB (3TOT MOMEHT MOXeT ObiTb ynyylweH C
ncnonb3oBaHmeM coBpemeHHbix HPGe geTtektopoB 6onbLioro obvema);

e GonblOW BKMNag CTaTUCTUYECKOM OWMOKM n3MepeHun npu ntoroBoMm GanaHce
WHTEHCUBHOCTEN NapumarnbHbiX BEPOATHOCTEN MIOOHHOIO 3axBaTa Ha CBA3aHHbIE
COCTOSIHMSA JOYEPHEro siapa (3TOT BONPOC Takke MOXET ObiTb peLleH C NOMOLLbIO
MCNONb30BaHMA MHBEPTUPOBAHHbLIX KOAKCUAlbHbIX LETEKTOPOB C  Myylnum
paspeLleHneM 1 BO3MOXHOCTbIO pa3feneHus curHana no pulse-shape aHanuay);

e HeCOBEpPLUEHCTBO pacyeTHbIX mogenen AM3 no MIOOHHOMY 3axBaTy Ha OaHHbIV
MOMEHT, YTO MOXET SABUTbCA MPUYMHOW HE COBCEM BEPHOW WHTepnpeTaumu
3KCNepUMeEHTanNbHbIX Pe3yNbTaToOB C TOYKM 3PEHUS pacyHETHbIX MOLENEMN.

[MoTeHuManbHyO KOHKYPEHLMI0 HaleMmy NpoekTy B bnwxanwuve rogbl Mornuv Obl
COCTaBWUTb TOMbKO paHee NPOBOANMbIE N3MEPEHUS 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 JOCTOBEpPHOW MHpopMaunn. K ToMy xe OeACTBUTESbHbIN BKaa
3apaaoB0o-0O0MeHHbIX peakunin B pacyeTbl AMO, no kpanHen mepe ons 6e3HenTpUHHON
MoAbl ABONHOro 6eTta-pacnaga, Ha CerogHsLWHUN AeHb He onpaBaarncs.

21



NMPUNOXEHUA

22



®dopma Ne 26

Mpepgnaraembiii NaH-rpadukK 1 HEOOXOANMbIE PECYPChI MPoekTa

«|/|3MepEHVIe 06bIYHOIrO MHOOHHOIO 3axBaTa AON1A NpoBepKn

A0EePHbIX MaTpUYHbIX 3/1eMeHToB 2£-pacnagos MONUMENT»

HaumeHoBaHWUsi 3aTpaT, PecypcoB, NCTOYHWKOB
hrHaHcpoBaHus

Heobxoanm,

N CTOYHUKMN
hvHaHcupoBaHusa

pecypchl

3arpatbl

Hopmo-yac

bropxer,
cpeacTtea

8>CO Ng + ON

o
I~

co

Matepuvanbl 4NA MULLEHN
(o6oraweHHble cTabusbHble
N30TOMbl, KOHCTPYKTUB MULLEHU 1
KpenneHnin)

Matepurasbl 415 cUCTEMbI BETO
(CUMHT. NNacTuHbl, PIY,
ONTOBOJIOKHO, aganTepsl,
SiPMMex. ocHacTka)
PacxogHble maTepuans! (ONTuy.
knen, Al mainap, pasbembl,
kabenb, 1 T. n.)
MonynposogHukosbie HPGe
LeTeKTopsbl

dnektpoHuka ana DAQ (VME- u
NIM-kpeliTbl u 610kn, MK, anckm
0151 AaHHbIX)

NToro

Pecypchbl

— KOHCTPYKTOPCKOro 610po
nabéoparopun,

- ONbITHOrO NPON3BOACTBA
nabéoparopun,

3anaTbI n3 6ro,u,>|<eTa, B TOM
ynycne MHBaUTKIOTHbIE CpeacTBa

Bknagpl koninabopaHToB

CpeacTBa no rpaHTam
(nonyueHvie faHHbIX CpeAcTBa B
HacToslLee BpeMs He
rapaHTMpOBaHo)

PYKOBOAWTE/JIb NMPOEKTA

Ctonm.
($ TbIC ).
MoTpe6-
HOCTM B
pecypcax

40

18

130

34

227

300

600

227

20

15

MpeanoxeHune JIAMN no
pacnpegesieHunio
huHaHCUMpOBaHUA 1
pecypcos

1 ropg, 2 rof 3rog

16 8 16
15 3 0

2 3 0
75 55 0
20 12 2
128 81 18
100 100 100

200 200 200

128 81 18
10 5 5
5 5 5



dopma Ne 29

CwmeTa 3aTpart Mo npoasieHno npoekTa
«/3mepeHVe 06bIYHOTO MIOOHHOIO 3axBaTta AJ/11 NPOBEPKU

AOEePHbIX MaTPUYHbIX 3/IeMeHTOB 2p-pacnagos MONUMENT»

NN HawumeHoBaHue cTateii 3aTpar MNonHas 1 2 3

N CTOMMOCTb rog rog rog

Mpambie pacxoabl Ha MNpoekT

1. KomnbloTepHas cBA3b S 6 TbIC. 2 2 2
2. KoHcTpykTOpCckoe 610po 300 HopMmo-yac 100 100 100
3. OnbITHOE NPON3BOACTBO 600 HopMmoO-4ac 200 200 200
4.  Martepunansl $ 63 TbIC. 33 14 16
5. O6opypoBaHue $ 164 TbIC. 95 67 2
6. TpaHcnopTMpoBKa 060pyAOBaHUSA S 30 ThIC. 10 10 10
7. TpoBeaeHne paboumnx coBeLLaHunii $ 15 TbIC. 5 5 5
8. KomaHavpoBOuHble pacxogpl, B $ 100 TbIC. 35 35 30

T.u.

a) B CTpaHbl HEPYO1EBOW 30HbI $ 100 TbIC. 35 35 30

6)B ropoga ctpaH py61eBoi 30Hbl - - - -

B) MO NMpOTOKOMaM

MToro no npAmMbIM pacxogam: $ 378 ThbIC. 180 133 65

PYKOBOJWNTE/b NMPOEKTA

ANPEKTOP JTABOPATOPU

BEAYLWNA NHXXEHEP-DKOHOMUCT NABOPATOPUN



Paul Scherrer Institut
Forschungsstrasse 111
5232 Villigen PSI
Switzerland

+4156 3102111
wWww.psi.ch

PAUL SCHERRER INSTITUT

==

Stefan Ritt Daniya Zinatulina
Department Neutrons and Muons JINR
WBWA/140

141980 Dubna
direct +41 56 310 37 28 Russia
stefan.ritt@psi.ch

Villigen PSI, 25 February 2020

Approval of beam time for OMC4BDB

Dear Dr. Zinatulina

It is our pleasure to confirm that your proposal R-20-01.1 at our laboratory for the OMC4BDB
experiment has been positively assessed and was approved by our scientific advisory committee.
The committee acknowledges the unique experience of the collaboration in the field and the
experiment is seen as a great opportunity to gather new data of critical importance for nuclear
and particle physics.

Beam time can therefore be granted for three weeks in Nov./Dec. 2020 in our PiE1 area. Future
beam time will be granted on a yearly basis based on the scientific advisory committee’s review of
the progress of your experiment, which will typically happen in January of each year.

Yours sincerely

Paul Scherrer Institut

Dr. Stefan Ritt Prof. Dr. Klaus Kirch
Beam Time Coordinator Head of Laboratory LTP



FACULTY OF MATHEMATICS, PHYSICS AND INFORMATICS
COMENIUS UNIVERSITY

Mlynska dolina, 842 48 Bratislava, Slovakia
tel.: +7 2 602 95 111, fax.: +7 2 654 26 720, e-mail: sd@fmph.uniba.sk

Evaluation
of proposal for support of the project with title

MONUMENT: “Muon Ordinary capture for the Nuclear Matrix elemENTS in double beta
decays”

proposed under the JINR research theme
03-2-1100 2019/2020 ""Non accelerator neutrino physics and astrophysics"

The project MONUMENT is an integrating activity that aims to measure total and partial ordinary
muon capture (OMC) rates on **Ba (and later on "®Se ,*°Ru and other nuclei) needed to improve an
accuracy of calculated neutrinoless double beta decay nuclear matrix elements (Ovpp NMEs) and to
establish the value of effective axial-vector coupling constant ga. The scientific goals of the project
are planned to be achieved by the JINR team at home institute in Dubna in a collaboration with
prominent institutes in Europe and other countries. The measurements itself will be conducted at
meson factory at Paul Sherrer Institute in Switzerland (PSI Villingen).

The total lepton number violating Ovpp decay is the most powerful tool to clarify if the neutrino is a
Dirac or a Majorana particle. The search for the OvB-decay represents the new frontiers of neutrino
physics, allowing in principle to fix the neutrino mass scale, the neutrino nature and possible CP
violation effects. Interpreting existing results as a measurement of effective Majorana mass and
planning new experiments depends crucially on the knowledge of the corresponding NMEs that
govern the decay rate. The NMEs for Ovp-decay must be evaluated using tools of nuclear structure
theory. There are no observables that could be directly linked to the magnitude of Ovp-decay NMEs
and, thus, could be used to determine them in an essentially model independent way. A reliable
calculation of NMEs will be of help in predicting which are the most favorable nuclides to be
employed for Ov3B-decay searches. The problem of so-called quenching of the axial weak current is
of particular importance as well because effective ga appears to the fourth power in the Ovpp-decay
rate. There is not a consensus on its origin yet.

The improvement of the calculation of the Ovpp-decay NMEs and fixing of the value of effective ga
is a very important and challenging problem. The uncertainty associated with the calculation of the
Ovpp-decay NMEs can be diminished by suitably chosen nuclear probes. Complementary
experimental information from related processes such as charge-exchange and particle transfer
reactions, OMC and charged-current (anti)neutrino nucleus reactions is very relevant. A direct
confrontation of nuclear structure models with data from these processes improves the quality of
nuclear structure models. The constrained parameter space of nuclear models is a promising way to
reduce uncertainty in the calculated Ovpp-decay NMEs.



Recall that APPEC strongly supports the present range of searches for neutrino-less double-beta
decay. Guided by the results of experiments currently in operation and in consultation with its global
partners, APPEC intends to converge on a roadmap for the next generation of experiments into
neutrino mass and nature by 2020 (see Double Beta Decay APPEC Committee Report:
arXiv:1910.04688 and https://www.appec.org/news/neutrinoless-double-beta-decay-report-from-
the-appec-committee ). In recommendation 6 it is stated that a dedicated theoretical and experimental
effort, in collaboration with the nuclear physics community, is needed to achieve a more accurate
determination of the NMEs.

The half-live of the Ovpp-decay depends strongly on the structure of the intermediate multipole
states. In attempts to adjust the related nuclear-structure parameters from the S-decay or electron-
capture data one can only probe the virtual transition through the lowest J* intermediate state.
Fortunately, the structure of intermediate states of a double-beta decay transition can be probed by
the OMC. Due to the heavy mass of the muon (roughly 100 MeV), the final states in the OMC can
be (highly) excited and the forbidden transitions are not as suppressed as in the case of beta decays.
Experimental work on this process is currently conducted at J-PARC (see e.g., Phys.Rev. C97 (2018)
no.1, 014617). Since the axial-vector component dominates the OMC rate (the partial rates are quite
sensitive to the value of effective ga), the OMC can be used to resolve the “ga quenching” dilemma.
Further measurements and computations of the OMC strength functions for final nuclei of double
beta decays would enable a systematic anatomy of the OMC strength function to the effective in-
medium values of the weak axial couplings. This, in turn, could help in improving the accuracy of
calculations of the nuclear matrix elements of the Ov33-decay.

The team leader Victor Brudanin and other members of the team (D. Zinatulina, M. Shirchenko, N.
Rumyantseva and others) are outstanding scientists with a longtime experience in the field of
experimental neutrino physics and physics of underground laboratories. They have expertise also in
the subject of muon capture experiments being involved in their realization and analysis, in particular
for Ar, Ti, Se, Kr, Cd, and Sm isotopes, within a period of about 15 years. The team size and its
composition are adequate. It is recommended the scientific group to be extended with young and
promising scientists from the JINR member states.

In summary, the proposal MONUMENT successfully addresses all relevant aspects of the scientific
and technological excellence in question. The concept and objectives are well described. I sincerely
recommend the Scientific Council of the Laboratory of Nuclear Problems and the Programmed
Advisory Committee (PAC) of the JINR to approve this proposal with highest priority. It will enable
the JINR scientists to gain important results in the field of particle and nuclear physics.

Sincerely yours,

Dubna, 06.04. 2020 Prof. Dr. Fedor Simkovic
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Penensusa na npoekt MONUMENT
“HU3MepeHue 00BIYHOT0 MIOOHHOT'0 3aXBaTAa Jisl IPOBEPKH SAECPHBIX MATPUYHBIX
3JIEMEHTOB JIBOMHOI0 OeTa-pacnaga”

IIpenmaraempiit  mpoekt MONUMENT HanpaBneH Ha  ucclienoBaHUE
MIOOHHOTO 3axBaTa Ha szapax: '*’Ba, 7®Se, Mo, Mo u ecTecTBEHHBIX cMecsX
M30TOTIOB, B KOTOPBIE BXOMAT HCCIEIyEMBIC Sapa, a TakKe Ha 0oJiee JISTKUX sIpax
(**Ca, °Fe, *S). AkTyanbHOCTb, HCCIELYEMOH B IIPOEKTE TEMBI, CBS3aHA C
BO3MOKHOCTBIO TPHJIOKEHHUS TMOJYYEHHBIX PE3yJbTaTOB IO CKOPOCTH 3axBaTa
MIOOHOB JUIsl pemieHus (PyHIaMEHTaTbHON 3aJaddl  COBPEMEHHOW  (PHU3WKH
AJIEMEHTAPHBIX YaCTHIl. MOUCKY Oe3HelTpuHHOro aBorHoro P-pacmama (Ovpp). C
ATOM 3a/ayeil HETMOCPEACTBEHHO CBSI3aHBI BOIPOCHI O TPHUPOAEC HEUTPUHO U €Tro
MAaccChl, BeIxoasmue 3a paMku CtannaptHoit Moaenu.

OCHOBHOI MHTEpEC B 3THX HCCIIEJOBAHHMAX BBI3BIBAIOT U3MepeHus Ha *°Ba,
Se u Mo, ABIAIOIMMHUCA JO0YEPHUMHU n3oTonmamMu mud *Xe, °Ge u °Zr, Ha
KOTOPBIX  TMPOBOMAATCS  OOJIBIIOE  KOJMYECTBO OKCIEPUMEHTOB IO  TIOWCKY
Oe3HEHTPUHHOrO IBOIHOrO B-pacnana. Usmepenns Ha '°Se ciemyeT 0c000 BBIIEIHT,
B CBSI3M C HAYaJIOM IMPOBEACHHS MEKIYHAPOTHOTO YKCIIEPUMEHTA HOBOT'O TIOKOJICHHUS
LEGEND Ha "Ge.

[leHHOCT,  pE3ynbTATOB,  KOTOPBIE  TPENAINONAraeTCs  MOJYyYUTh B
paccMaTpuBaeMOM TPOCKTE, CBsI3aHA, KaK C PEIICHHEM OCHOBHOMW 3a/laud MPOEKTa —
OTIpEICTICHNEM TapIHAIBHBIX BEPOSTHOCTEH [l-3aXBaTa sApamMH, YTO HMEET
OTIpeJIesItoNee 3HAUCHUE VISl MPOBEJACHUS TCOPETUIECKUX PACUCTOB BEPOSTHOCTEH
O€3HEUTPUHHOTO JBOMHOrO [-pacmajga, Tak ©U C TMOJYYEHHEM HWHQOpMaIuH,
HEOOXOAMMON JUTsl TECTUPOBAHUS SIACPHBIX Mojeieil. Tak, HampuMmep pe3yibTaThl
U3MEpeHnsl MIOOHHOro 3axpata Ha sgpax “°Ca, °Fe, **S mo3BONAIOT OLIEHHUTH
MO/TABJICHUE aKCUATHHO-BEKTOPHON KOHCTAHTHI CBSI3U g4, YTO BIUSET HA OMPEICICHIC

ckopoctu OvPBB pacnaga. B actpoduszmyeckoM acmekTe, MOJTYyYEHHbIE PE3YIbTaThl



MPEACTABIAIOT HMHTEpPEC JJIsI Pa3BUTHUSI TEOPUUM HYKIECOCHUHTE3a, YUUTHIBAIOLIUX
ACTPOHEHTPHHHYIO COCTABIIAIONIYIO (HapuMep, B cirydae ¢ *’Mo).

Crnenyer oTMeTuTh W THpuUKIagHy0 dYacTb npoekta MONUMENT -
BO3MOXXHOCTh  TOMOJIHEHUSI CO3JaHHOTO aBTOpPAaMH HWHTEPAKTUBHOIO  aTjaca
ME30PEHTT€HOBCKUX CIIEKTPOB M3JIYyUYCHUS, SBISIONIMMCA YHUKAJIbHBIM B MHUpPE
Ha0OpPOM 3KCIIEPUMEHTAIBHON HH(OpPMALIUH.

BaXxHbIM JOCTOMHCTBOM MPOEKTA SBIISIETCS TO, UTO rpyIma aBTopoB u3 JIAIIL
OUSN saBnsieTcs NMHOHEPOM B MOJOOHBIX MCCIENOBAHUSX MIOOHHOTO 3axBaTa M
MMEIOT OOJBIION OMBIT MPOBEACHUSI IKCIIEPUMEHTOB Ha Me30HHOU (aOpuke PSI. B
STHX HCCIIEIOBAHUAX HECKOJIBKO JNOYEPHHUX IUIS JBOMHOro Oera-pacmaza saep (**Ti,
10Sm, 'Cd um %Kr) yxe ObUM HW3yd4eHHI W OBUIM MOIYYEHBI IPUOPHTETHBIE
pe3yNbTaThl, OMYyOJMKOBAHHBIE B BEAYIIUX PELUEH3UPYEMBIX JKypHajlax U
MPEJCTAaBICHHBIE HA KPYMHBIX MEXKIyHAapoaHbIX KoH(pepeHmusax. Heobxomumo
yKa3aTh, 4YTO CpaBHEHHE SKCIEPUMEHTAIBHBIX  pPE3yJbTaTOB, IMOJYYEHHBIX
KOJUIEKTUBOM aBTOPOB, [0 MIOOHHOMY 3aXBaTy C COBPEMEHHBIMH TE€OPETUYECKUMU
pacueramu JI. Woxnnmemn u  JIx. CyxoHEHa MPOAEMOHCTPUPOBATIO XOpOIIEe
coriacue. Bece 310 1aeT BecoMoe OCHOBaHUE Ha MPOJOHKEHHE IKCIEPUMEHTATbHOM
MporpaMMbl HA HOBOM Habope sep.

B 10 ke Bpems XOTenoch clenaTh JBa 3aME€UaHUsl OTHOCUTENIBHO COJIEPHKAHUS
MIPEICTABICHHOIO MMPOEKTA!

l. Henocrarouno sicHo o0OocHOBaHa  HEOOXOJUMOCTb  TMPOBEICHUS
u3Mepennii Ha munieHn Mo, 0cOGEHHO YYUTBIBAs, 3aIIAHUPOBAHHOE IIPOBEACHUE
U3MEPEHUI Ha €CTECTBEHHON CMECH M30TONOB MOJUOAEHA, B KOTOPOH COIAEPIKUTCS
9.62% "Mo.

2. B  mnOpoekre HEZOCTaTOYHO TMOJHO  MPEACTaBICHO  CpPaBHEHHE
MOJIYYEHHBIX JKCIEPUMEHTAIbHBIX PE3YJbTATOB C TMPEICKA3aHUSMU Pa3IMUHBIX
TEOPETUUYECKUX MOJENIEeH, KOTOPhIE UCTIONB3YIOTCS ISl pacueTa siAePHbIX MAaTPUUHBIX

aneMeHToB (SIMD).



Ha Moil B3risa, 3TM 3amMedaHusi MOTYT OBbIThb YUYTEHBI B JajbHeWIIed paboTte
rpynmnst JIAIT OUSAN.

Cuuraro, uro mnpoekt MONUMENT «U3MepeHue OOBIUHOTO MIOOHHOIO
3axBaTa JUIsl IPOBEPKH SIAEPHBIX MATPUYHBIX 3JIEMEHTOB JBOWHOIO OeTa-pacrajay,
CONEPKUT BCE IPU3HAKH AKTYAJIBHOCTH, ITO3BOJISIET IIOJYYHUTh IPUOPUTETHHIE
pe3ynbTaThl, HUMEIIINE Ba)XKHOE 3HAuYeHHE Ui (yHAAMEHTaIbHOW (HU3UKH, B
YaCTHOCTH IOMCKY O€3HEHTPUHHOro JBOMHOrO [-pacmana, W  3acilyKUBAaeT

MOJIJICPKKH.
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BBIIIUCKA
U3 NPOTOKOJA 3acenanus 2020-4

Hay4yHo-TexHu4yeckoro cosera JISAIL
16 anpena 2020 a.

IMMPUCYTCTBOBAJIO: 29 unenoB HTC u3 38.

1. JI.P. 3unartynuna npeactaBuia npoekt «M3mepeHne oObIYHOTO MIOOHHOTO
3axBaTa JJIsi MPOBEPKHU SIACPHBIX MATPUYHBIX 3JIEMEHTOB 2[B-pacnamoBy.
[Ipoext MONUMENT.

2. 3acnymany peleH3ul0 Ha MpOeKT, mnoaroTorieHHylo Fedor Simkovic
(COMENIUS UNIVERSITY, Bratislava, Slovakia).

OT3bIB OJTOKUTEITHHBIN.

3. 3acnymiany peueH3MI0 Ha MPOEKT, NOATOTOBIEHHYIO b.A. YUepHbIIEBbIM

(MUDN). OT3BIB NOJIOKUTETHHBIH.

[TOCTAHOBUWUJIN: Onobputh nipoekT «M3mepenne 0ObIYHOTO MIOOHHOTO
3axBaTa JJIsi MPOBEPKHU SIACPHBIX MATPUYHBIX 3JIEMEHTOB 2[B-pacmaioBy.
[Ipoekt MONUMENT. (EAUHOI'JTACHO).

PexomennoBare mupekuum JISIII moamucare DpPOEKT W HaNpaBUTh
Matepuaibl mpoekta B J{upexuuto OUAN nist qanbHEUIIEro npoXoxxaeHHs
IPOLIEAYPHI COTJIACOBAHUS U YTBEPKIACHHUS IIPOEKTA.
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