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MoTuBauUuMA

CraHpapTHaa mogens (CM) He TONbKO XOPOLWO ONKCbIBaeT HabnloaaeMyto B SKCNepUMEHTaX
CBOMCTBA 3/IeMEHTAPHbIX YaCTUL, U UX B3aMMOAENCTBME, HO TaKKe UMeEEeT CUNbHYIO
npeacKasaTebHyo CUny.

Ho, HecmoTpA Ha 370, B pamKax CM He nmeetca ob6bACHEHMA cneaylowmm peHoOMEHaM:
Haan4yme/oTCyTCTBUE KTEMHON MAaTEPUM», HE 0O BACHAET HabNoAaeMY0 aCUMMETPUIO MeXay
MaTepuen U aHTMMaTEPUEn, TaKKe OCUMANALUIO HEUTPMHO, U T.4. BCe 3TK npouecchl cTapatoTca
onuncaTtb BSM ¢unsmkon™, ctoawmm 3a npegenamm CM (BSM - Beyond Standard Model physics).

BepoATHOCTHbIN Npouecc NpAMoro (6esHenTpMHHOro) nepexoaa MIOOHa B 3/IEKTPOH YKaXKeT Ha
HapyweHune nentoHHoro Yncna (Charged Lepton Flavor Violation (CLFV) process ) n 3To oTHOCUTCA K
TaKoun pu3smke.

Ha cerogHALWHWA OeHb NNAHUPYIOTCA HECKOIbKO IKCNEPUMEHTOB, Hale/1eHHbIX Ha BEPOATHOE
obHapyeHune CLFV npouecca, Hanpumep, mu2e akcnepumeHT (Fermilab, batasus, CLLUA) n
skcnepmumeHT COMET (KEK/J-Parc, AnoHus).

mu2e 3KcnepumMmeHT 3kcnepumeHT COMET: ¢pasza 1 (nesbiit) u dasa 2 (npasbliif)
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HeMHOro nNpo 3T 3KCNEePUMEHTDI

B 060u1x akcnepmmeHTax byaeT nccnenoBaTbCA NPOLECC KOTePEHTHOro pacnaga MIOOHa UL = €,
3aXxBaYe€HHbIM aJIIOMUHNEBBLIM AIPOM:

W+ (A, Z) > e + (A, Z); MOHO3HepreTu4eckunin 3nekTpoH E,=m -E,-E . ;=104.96 MeV.

Cama MIOOHHas MULLIEHb NpeacTaBaaeT cobon Habop aNtoOMUHUEBBIX NNACTUH:
* 37 wtyKk TonwmHo 0.1 mm (mu2e)
* 17 wryk TonwmHom 0.2 mm (COMET)

3¢pdEKTMBHOCTb 3axBaTa MIOOHA He XyrKe 12%, BpeMs }KMU3HM Ha opbuTe antoMmMHUA cocTaBnaeT 864 Hc

O»Knpgaeman TouHOCTb — nopagKka 1017 gnsa ogHo-4acTMUYHOro pacnaga MoHa, 4To B 10* pasa Bblwwe
TeKyLW,en TOYHOCTU AAHHOIO TUNa U3MEPEHUN.

Hy»Ho yyecTb, 4to 60onee 10 TbiC. KOCMUYECKMX MIOOHOB B AeHb byAeT nposeTaTb Yepes cuctemy, Npu
3TOM KaK MMHMMYM 1 YyacTuua B AeHb OyaeT AaBaTb IOXKHYIO CUTHATYpY.

[OnAa [OCTUKEHWNA 3TOM TOYHOCTU HYKHO UCKAKOUYUTDL M3 aHaIM3a KOCMUYECKME MIOOHbI U AepPrKaTb MX
¢doH HMKe ypoBHA 0.1 cobbITUA 3a KaXKabli rof, sKCcnepumeHTa (nNpu obLLem KONMYecTBe MIOOHOB A0
6onee 10 B ropa).

[laHHOe ycnoBume 3acTaBaAeT co34aTb CUCTEMY KOCMUYECKOro aHTU-Tpurrepa (cosmic ray veto, CRV) c
obuwen apdeKTMBHOCTLIO He XyrKe 99.99%

Cyetuymku CRV byayT paboTaTb B yCNOBMAX NOBbIWEHHOM GOHOBOM pagMaLMOHHOM 3arpy3Ku C
dnroeHcom HeliTpoHoB Ao 10! Ha KB.cm.

1S Orbit

Lifetime = 864ns “*.Nuclear Recail

N\
o

Eo = muc? — (B.E.),;g — Erecoil
— 104.96 MeV )

Proton Beam
—

Production Solenoid = Detector Sclenoid
p— <o ——

Muon
Stopping Target

mu2e AKCNEPUMEHT

JKkcnepmmeHT COMET



JKCcnepuMeHT mu2e: co3aaHne CRV moaynen
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HemHoro npo moaynm CRV ana skcnepmnmeHta muzle

OcHoBa: CUMHTUMMALUMOHHBIN CTpunbl AnvHon ot 0.9 Ao 7.0 MeTpa, HO OAMHAKOBOIO CEYEHUS U CTPYKTYPHI

(250-micron thickness)

OKCTPY3MOHHbLIN
CUMHTUNNATOP C

ABYMsi OTBEPCTUSMM
anameTpom 2.6 MM
CeyeHue: 20x50 mm?

Sty

Polystyrene DOW STYRON 665
W with dopants of 1% PPO +
0.03% POPOP and coated with
30% TiO2 mixed polystyrene
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[Ba cTpvna o6beanHeHbl B OAWH TaK
Ha3blBaeMbIN BONHOM cHETYUK (di-
counter).

1.4-mm Kuraray Y11 WLS BosnokHa
YCTaHOBIIEHbI B OTBEPCTUA.

CBeT cHMMaeTcs ¢ noMmoLlbio SiPM un
oundposbiBaeTca ¢ nomoubto LIAI Ha
Front-End Boards (FEBS)
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CtpykTtypa CRV mogyns:

* 4 cnos

» Kaxabinh cnown coctout u3 8 di-
counter-oB unu 32 Bcero.
Mexxay cnosiMm pacnosioXeHbl
TonwuHon 3/8-gorma
antoMUHMEBbIE NUCTbI, B TO BPEMS
KaK HECYLLMIA (HWXHWIA) NIUCT umeeT
TonwmHy 1/2-grovma, a ceepxy 1/8-
Aronma.
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N3meperuns acbdekTnsHoctn CRYV di-counter-oB Ha
ogmHo4HoM120 3B npoTtoHHOM ny4yke B Fermilab.
N3mepeHunst nokasanm ceetocbop He xyxe 60
dOTOSMNEKTPOHOB Ha paccTtosiHum 3 meTpa oT SiPM,
Hamamatsu S13360-2050VE

HaHHasa CRV cuctema nokpoetT 391 m?; ¢ obuienn maccon 75.5 ToHH; TpebyeTtcsa 19.8 Thic SiPMs and 5.5 TbIC. CUMHTUINNASIUMOHHBLIX CTPUMOB,

no 53 km of WLS BonokoH



Maccosoe npon3soactso CRV moayien KOHTPO/1b Ka4ecTBa

[ns obecneyeHns maccosoro npoussoacrtea CRV moaynen, cnepsa cosgatorca di-counter-bl, NnpoxogsilmMe COOTBETCTBYIOLLMNE
3Tanbl KOHTPOAA KayecTBa (Quality Assurances, QA), Bce Nosly4eHHble AaHHble 3aHOCUNCH B XKypHan NPOU3BOACTa:

2) [1Ba cTpuna cknemeanuco B .
Tak HasblBaeMmblIn di-counter, 4 S
BOJTOKHa NPOCOBLIBaN1ChL B
otBepctus n FGB (Fiber Guide
Boards) yctaHaBnuBarncs.
WwnpuHa kaxgoro di-counter-a
N3mepsanack B 3-€x mecTax

dsge o0 1) Ctpwvinbl pesanucb
nog Heobxoanmyto
ANnHY N Kaxabin 10-bin
E NPOBEPSANUCH C
NOMOLLIbIO TakK
Ha3bIBAEMOIO «30/10TOro
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3) Mocne c6opku di-counter-a, FGB 5) MNosepxHocTe FGB ks Zigfgmgj,::: 2 O e
nonuposarocsk ¢ nomoubio “fly-cutter” nocne obpaboTku 1 5
METOZIOM arMA3HOTO MAKPOTOUEHMSI, NPOBEPKM Ha 6) MNMocT-06paboTOYHbLIN TECT HA COCTOSAHME
LLIEPOXOBATOCTb npo3pa4vyHOCTU BOJTOKOH NMpoBOAUITOCHb C MOMOLLbIO
4) lllepoxosatocTk noeepxHocTn FGB choTorpadmpoBanocs CBETOAMOO0B, NPUCTABMEHHBIX K OHOMY KOHLLY, @ CBET
nocne o6paboTkM KOHTPONMPOBANoCh CHUMarncs otoguoaammn Ha NPOTUBOMONOXHON CTOPOHE
C nomoLbio npodunomeTpa Mitutoyo
SJ-210



cnbiTaHme di-counter-oB ¢ NOMOLLLbIO MCTOYHMKA
raMmMa-nyyen

NcnbiTanme di-counter c nOoOMoLWwbO NCTOYHWNKaA FaMN\a-fIyLIeﬁ 6bin nocnegHnm N BaXXHbim 3TaNOM KOHTPOJ/1A Ka4€CTBa BO BpeEMA
MacCcoBOro npoumssoacrtea
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«YepHbIn Awmk» ¢ Cs-137 UCTOYHUKOM Ha TeNexke. Pe3ynbratbl UCNbITAHUM.

Kaxxgbi di-counter 6bin namepeH B 3 No3nuUmsX: HopmanunsnposaHHoe pacnpegeneHue otknuvka ot 200 di-counter-
* 1 meTp OT O4HOro KOoHUa OB Ha paccTosiHm 1 M co CTOpOHbI/Kpast “A”:

* [lo cepeaunHe OTHOCUTESNbHbIE 3HAYEeHNS OTKNMKa Kaxkgoro SiPM Kk cpegHemy

* 1 mMeTp OT gpyroro KoHua 3HaYeHN0 BCEro N3MepPEHUS.

OTmeueH manbin NMPOLUEHT OT6paKOBKVI: Bcero 2% OT U3roToBfIEHHbIX CYETYUKOB He NMPOLWISIN TeCTbl Ha
Ka4yeCcTBO.



Cbopka CRV moaynsa

32 di-counter-a ¢ 6rnimsknmu 3arem, nocne «cyxon cOOpPKM», BCE KOMMNOHEHTbI CKNensanucb Apyr ¢ ApYrom C MOMOLLbIO

napameTpamu 6binv BblIOpaHbl 1 3MOKCUOHOrO Knesl; Bce YPOBHU BblpaBHUBANUCh, No3numm di-counter-oB hUKcMpoBanmch Mo
NoAroToBMneHbl AN COOpPKM Moayns. Heo6X0AMMOCTM, CBETO-U30MNMPYIOLLIME YNINOTHUTENBbHbIE KOmblia ycTaHaBnMBanuck Ha FGB .

Takxe, Al nucTbl ObINn
NoAroToBneHbl: MOBEPXHOCTb
3auumuleHa, obesxunpeHa ans
nyJyuwen agresumu.

Mpounssoannackb NnpegBapuTenbHas,
«cyxany» cbopka onsa NpoBEPKMW.
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knes (Tonbko 3 Yaca MMenu Ha
cbopKy Moayns n3-3a aToro):
CRV mogynb obopauymBancsa u
YNSIOTHAMCS; 3aTeM BO34yX
BblKayMBarncsa n Takmum
obpasom, ¢ CRV mogyrnb
cXXumarncs noj Bo3aencTBnem
aTMocdepHOro AaBrieHust
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[lpoBepKa nnar,
conpaeHHbix ¢ SIPM

z [mm)
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Tect CRV moaynenm Ha KOCMUYECKUX NTydax

CobpaHHbI MOAY/Tb UCTIbITLIBANCA HAa KOCMUYECKUX
nyyax

Ana 3Toro 6bin cobpaH cneumanbHbli CTeHA,
CNOCOOBHbIN BOCCTaHAB/IMBATb TPEX KOCMMYECKOTO
MIOOHA

ITOT CTEHA, COCTOAN U3 TeJiecKona n3 AByx
1000x1000x50 mm?3 CUMHTUNNALMUOHHbBIX CYETYKNOB
ANnA BblpaboTKM b6bicTporo Tpurrepa un asyx Cathode
Strip Chambers kKamep (CSC) ana TpeKnpoBaHuUS
MIOOHOB C 60/1bLLLON TOYHOCTbIO.

FRer Sana

cpabortasLume di-counter-bl 4ns 6-metposoro CRV mogynsi.
Okoro 50-55 poTo3neKTPOHOB C KaXaoro kaHana.

.

Cathode Strip Chambers (CSC)

Cosmic Muon

(e Fig 1250

Trigger Signal

» - Cxema CTeHZa Ha KOCMUYECKUX MyYax
= Side B " o sideB | == - g
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BoccTaHOBIEHHbIN TPEK KOCMUYECKUX MIOOHOB 1 COOTBETCBYIOLLIME 6-MeTpoBblii CRV MoAynb pacnonoXeH Ha cTeHae Ans

MCMNbITaHNN HA KOCMUKeE.



[TpeanoxeHme no yaydweHmnm ceomncts CRV /-

Read-out

CRV-U

1MeV neutron/cm®

Muze £ Fermilab

KapTa npegnonaraemoro
pacnpegeneHust onroeHca

HEWTPOHOB MO YCTaHOBKE mu2e
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3aBUCNMMOCTb Npo3pavyHocTn PMX-
200 1 SKTN-MED(B) oo v nocne

06ny4yeHus GbICTPbIMY

HenTpoHamn Ha BP-2 (ONAN)
(NMpo3payHOCTb U3Mepsanach Ha

Shimadzu SolidSpec 3700DUV)

MEeTPOBbLIX CTPUTTOB

Heckonbko CRV moaynen byayT pa3meLaTtbca B 30HE NOBbILWLEHHON
pagunaunn c oxuaaembim GparoeHcom HelTpoHos Ao 101 yactuy,
Ha cM2. PacnonoxeHue 3TUX JeTEKTOPOB He MO3BOASET CHUMATb
NHPopmaLmio c 06enx CTOPOoH.

TaKk»Ke, o4eHb Harpy»keHHas 3oHa CRV byaet BOKpYr MULLIEHMN.

[oGaBneHne onTn4eckn Npo3pavyHoro HanoMHNTENS BO BHYTPb
oTBepcTun di-counter-a ons yny4eHnsa NpoxoXaeHust ceeta ot
CLUUHTUNNATOPA K CMEKTPOCMELLAIOLLMM BOSTOKHAM SIBIISIETCSA
BO3MOXXHOCTbIO 06€eCcneyYnTb BbICOKYH 3hdEKTUBHOCTb CUCTEMBI 3a
Bpemsi paboTbl yCTAaHOBKN™.

OTOT MeTo NO3BOMAET yBENMYMTbL cBeTocbop Ha SiPM He meHee 30-
40%.

PaonaunoHHasi CTOMKOCTb AN NPeasIOKEHHbIX HanoMHUTENen
(SKTN-MED (B) and PMX-200) nsy4yeHa n HangeHo, 4to
NpO3pavyHOCTb OCTaeTCs BbICOKOW nocrie obnyveHnsa. HanonHeHne
STUMMN HaMOMHUTENSAMWN YBENNYNT 3PPEKTUBHOCTb CHETUYMKOB.
Takxke, Kak 4ONOSTHUTENbHLIN 3PPEKT, YyMEHbLLAETCH CKOPOCTb
aerpagaumm CHETYMKOB, KOTOpasi Ha AaHHbI MOMEHT HaxoauTCs Ha
ypoBHe 8.7% B rog ansa CRV di-counters.

* - otBepcTmsa CRV cTpunos cyxme/6e3 HanosiHUTENs No OpurMHanbHOMY An3anHy

Light yield increment for 3-meter di-countar fed by SKTH-MEDD), in %
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Light yield incremant, in %
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YBenu4yeHue ceetocbopa ana 3-m
ctpuna. HanonHutens - SKTN-MED(D)

Laght yeeld incremant for 4.5-mater di-counter filled by PMX-200, in %

an PMX200 with 1000 cst, 8 psi
&0 PMX200 with 1000 cst, 2 psi

= PMX200 with 10 cst, 2 psi

L

Light yield mcrement in %
!
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[ 50 100 1560 200 250 300 360 400 460
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YBennyeHue ceetocbopa ona 3-m crpuna.
HanonHutens - XIAMETER PMX-200
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TexHonorma 3anmBkM ANAa /-MeTPOBbIX CHETYMKOB

* PaspaboTtaHa 1 onpoboBaHa yCTaHOBKaA
ANS 3a/IMBKM BO BPeMsi MacCOBOro
Npou3BoACTBa

* [laHHaA yCTaHOBKA NO3BONAET 3aMN0/IHATb
cpa3y 8 di-counter-oB (oaunH cnov moayna,
32 oTBEPCTUA) OAHOBPEMEHHO

* YCTPOMCTBO CHAabKeHO CUCTEMA 3aLLUTLI U
MOHUTOPUPOBAHWA AaBNEHUA, BCE KaHa/bl
MMEIT CUCTEMbI UHANBUAYA/IbHOTO
yrnpaBaeHus.

MoanduumnposaHHbIN cocya [ApeKcens
ANA eANHOBPEMEHHOM 3a/IMBKM OAHOrO
cnoa CRV moaynsa (32 kaHana).
Pab. naBneHne oo 16 psi.

UcnbiTaHne metoaa
e,CI,MHOBpeMeHHOi;I 3a/IMBKKU
ONTUYECKOM CMO/1bl B 8 KAHANOB

-
~
A
®
b
o
wn
-
-
-

Cxema 3anuBKu XXUOKOCTEW NOBbILLEHHON
BA3KOCTU B CTPUI

Bxoabl & Bbixoab!:
PesnHoBble konbLa ansa ynnoTHeHUs
npeanoTBpaLLaloT TeYb
Ha Bbixoae cneymanbHble KnanaHa
aBTOMaTUYeCKN OCTaHaBNMBAOT rnogadvy
XWOKOCTU Mpwn HanosTHEHMN

Bropaa npemuu OUAN 3a 2019 roa: 3a HayyHO-MmeTogUYECKUE U HAYYHO-TEXHMUYECKMe paboTbl 11



BoiBoabl no co3anaHnto CRV cnctembl AnA
VCTAaHOBKM muZle

Bonee 85 CRV moaynu 6binmn cosaaHbl K oceHn 2021, ¢ 06a3aTenbHbIM Habopom HeobxoanMbiX
TECTOB KayecTBa Ha KaXXJOoM 3Tane, 4acTb U3 3TUX MOAYNEN CO34aHbl C MPAMbIM Y4aCTUEM YYEHbIX
nAan onAan

YHusepcuteT Bupaxunudusa (Uva) B Konnabopaumum c yyeHbimn 13 1AM OUAN (noa obwmm
pykosogcTteom K. [itokc n K.Tpynn, a ot OMAN — noa pykosoactsom B.B. Maronesa) paspabotanu
KaXabIn war ana obecneyeHna maccoBoro npomn3BoacTBa U NpoBepku Kavyectsa CRV moaynein

Mbl NpeanoXnnm meTos yBesndyeHums ceetocbopa ¢ NoMoLLbio Ao6aBAEHUS ONTUYECKOM
cybCcTaHUMM MeXKay BONOKHOM U CTEHKOM OTBEPCTUS B CUMHTUANATOPE. DTOT MeTo, bbin
anpobuposaH 1 oH Nokasan Ao 40% poct ceeTocbopa. Kak conyTcTBYIOLLMIA OYEHb NOJIE3HbIN

3 PEeKT, 0Kasasnocb, YTO AaHHbIA METO/, TaKKe YMEeHbLUAeT CKOPOCTb Aerpajaumm cHeTynKka c 8-
10% B roa, 0o 4-5% B roz, B TOM YMC/ie U B YCIOBUAX NOBbILLEHHOW PaANaLMOHHOMN 3arpy3KMu.

MpeanoxxeHHbI meTog, bbin yaoctoeH B 2019 roay 2-om npemunn OUAN 3a HaydyHO-MmeToANYEeCKUue
N HAay4YHO-TEXHUYECKMe paboTbl

[laHHble pe3ynbTaTbl OblIM AONOXKEHBI BO BHYTPEHHUX MUTUHTAX, @ TaKKe onyb/IMKoBaHbI B
pedepupyemomn 1nTepaType U A0N0XKEHbI HA MeXAYHAaPOAHbIX KOHDepeHUMsX.



JkcnepumeHT COMET: npoeKTnpoBaHMe U

pa3paboTKa cuctembl CRV

| Single Event sensitivity : 3.1x10°19
FE e O N Expected limits : < 7x1015@90%CL
COMET Phase-| Total background : 0.01 events

ml Running time: 0.4 years (1.2x107sec) _

“;? r—'rgduction b ‘
Target * Proton beam, 8 GeV, 3.2 kW
e Graphite proton-target

I . v ® 1.2x10¢ stopped muons/s

Stopping

o aE—: Target
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Havyano poboT no npoeKkTnMpoBaHuto n cosnaHunto CRV

cuctembl ana skcnepmmeHta COMET

B 2020 roay K Ham, C y4€TOM HalLero onbiTa NO CO3A4aHUI0 AaHANOTMYHOM CUCTEMbI A9 IKCMEPUMEHTa mule,
obpaTtnamnch c npocbboi BoBneubca B co3gaHne CRV cucrtembl ans akcnepmumenta COMET

* Mbl, nog, obwmm KoopanHupoBaHuem 3.Llamananase®, B.B.Mharonesa n K0.U.[aBbigosa, co3aanv UHULUMATUBHYIO
rpynny no teme 02-2-1144 «Search for New Physics in the Charged Lepton Sector», A.M.ApTMKOB OKa3biBaeT
KOHCYNbTAaLUMOHHYIO NOAAEPKKY NPOEKTa NO CO34aHUI0 MIOOH-BETO CUCTEMDbI

R
0\ £

andr SIMONENKO

Davit CHOKHELI Vyacheslav TERESHCHENKO

“"‘:'T\ - S : ) Ly ';, VP, >
Aleksandr BOIKOV Aleks llya VASILYEV llya ZIMIN

* - pykoBoautenb npoekta COMET B OUNANU »



[TpeaBaputenbHbi An3anH CRV cnctemsl
cornacHo TDR COMET Phase-

=" SPMe T * Hawwmwn kKonneramm 6b1n paspaboTaH
npeaBapuTenbHbin ansanmH CRV cuctembl

e 10 cm -~ * Cucrtema gennnacb Ha Moaynu

* Kaxapl moaynb onMpanca Ha CTpUnbI €
ceyeHnem 7 Ha 40 mm, C ogHUM
CNEeKTPOCMELLAOLLUM BOJIOKHOM

g
]
3
e
160 cm

160cm

e 15 cTpmnos Ha cnhon, 4 cnos

* Mexay choamu npeanonaranocb pasmecTuTb
0.6 MM anitOMUHMEBbDbIE NUCTDI

MpeaBapuTenbHblt ansaH CRV cuctembl
AwnzaiiHi CRV moayna no TDR COMET

NepBooyepenHoOM 3aa4a HaLlen rpynmnbl 6bina  Phase-1, 2020 ron
NPOBEPUTb AAaHHbIN AMU3aNH HA NONYYEeHUE
BbICOKOW 3G PEKTUBHOCTH

Mpepnonaraembin An3aliH CTpMNa

[lns 3TO0ro Mbl BOCNO/1b30Ba/IUCh
MoJenMpoBaHuem B cpeae Geant 4
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MoaenunpoBaHune 30MPeKTUBHOCTU MoaynAa CRV:
TeopeTUyeCcKue OCHOBHLI A1 pacyeTa
3PPeKTUBHOCTU MOAYNA

1. BepoATHOCTb permcrpauumu
4aCTMLbl pacCYUTbIBAETCA

NHANBUAYANbHO ONA KaXKA0ro sphe /1 u=15.7 | erf (p_\/;_T:)
cTpuna ‘ b={u Prob(p) = 0.5 + B —

2. Motom, 3dpdEKTUBHOCTU CTPUNOB, e |
NeXKalwmx B O4HOM C/0€, PacueT BEPOATHOCTM perncTpaumm 4actuupl 41a O4HOro
KOMBOUHMPYIOTCA A5 NONyYeHUs cTpuna c yyeTtom ceetocbopa () n npyn ANCKPUMUHALNM Ha
obLen BEpOATHOCTM permcTpaymm ypoBHe 5 $OTOINEeKTPOHOB

4acTULbl cioem
3. CosnageHue nobbix 3-x U3 4-x

cnoes co3aaeT obulyto

BEPOATHOCTb perncrpauum

P?’Obm_g;c-:r = I_P?'Obfayw' =1- 'il _]-J'?,Oba'h'i,pl) X ( 1 _j)'r()hsfsripli )X...X { l _prOh.‘si'rip!\")

Pacuet BEPOATHOCTU perncTtpaunnm 4aCtmubl anAa ogHOro caoA

npoxoxaeHua yactuubl ana CRV Probyoguie = Probragert X Probrayera X Probrayers X (1 = Probrayera) +
mMmoayna Probrayert X Probpayera X (1- P-rr)bmy(_,,,.g) X Probrayers +

Probrayert X (1 = Probrayera) X Probrayers X Probrayera +
e A T (1= Probrayer1) X Probrayers X Probrayers X Probrgyers +

pTO{JL(Lyr:'rl X pTObLf.:.yf-:'r‘iZ X PTObLu..yf:'rS X P'rOerLyr:'r'il

O6las BepoATHOCTb PernmcTpaumm NPoXoXxAeHMs YyacTuLbl ANS

JINR group for COMET 56 059022 CRV moayna
experiment



Relative light yield

Mogaynb CRV, kak n 8 TDR-2020, coctouTt n3 4 cnoes no 15 ctpunos
ceyeHrem 40x7 mm? B KaXKA0OM C/I0€ U NPONOKEHHbIMM MeXKAY CNOSMMU

Moaenb CRV moayna u yI'IpOLLI,eHHbII/I pacyer

62308

ceBeTocbopa

2-MM aNtOMUHMNEBBIMU NNCTAMMN.
Mogaenb BKAtOYaeT TEXHONOTNYECKNM 3a30p Mmexay coceaHnmm
cTtpunamm B 04HOM C/oe.

B reomMmeTpuio Kaxxgoro Ctpuna Bka04eHbl CUMHTUNNATOPHAA OCHOBa U

NOKpbITHUE.

3¢ PEKTUBHOCTb MOAYNA C Pa3HbIM LIArOM cABuUra cNoeB (naTrepHoB)

6b110 M3yyeHa
He yuntbiBaeTCca MHTEHCMBHOCTb YII0BOrO pacnpeneneHums
KOCMNYECKNX MHOOHOB

Ana nogcyerta CBE‘TOC60pa MCNo/sib3oBaslaCb ynpouweHHaAa moaenb AnA

3Ha4YNTENBbHOIO YMEHbLUEHNA BPEMEHU MOAENTNPOBAHNA

CBeTocbop cumMTaeTca Mo MIOOHHOMY TPEKY KaK CyMma CBEeTOCH60poB B

ynpom,eHHaﬂ N\o,u,enb noacyerta ceetocbopa

Red, curve

207 15 a0 5 0 5 10 15 20

Y-position accross the strip, in mm

Kaaom mMuHuydactke: u = [ F () = XLy

Blue arrow — MHOOHHBbIN TpEeK

— F,(y) pacnpeneneHve
cBeTocbopa no wnpuHe ctpmna

42

34ech: [ CpegHUit cBeTocbop Ha MUAMMETP BHYTPW BbIBPAHHOIO y4acTKa Mexay AByMA
MNYHKTUPHBIMU TMHUAMM, a L; eCTb A/IMHA MIOOHHOTO TpeKa Ha 3TOM y4acTKe

0w 10 12

10

3aszop mexay ctpunamum 0.1 mm

MaTtTepH casura: 8-8-8 mm

Mo3numsa «0-mm» HaxoauTcs B cepeamHe 8-ro cTpmna BepXHero
mMoaynsi

Yron «0-rpagycoB» COOTHOCUTCS K BEpTUKAIM

O6nactb o1 -40 mm go +40 mm (kpacHasa obnacTb) 6bina nepedbpaHa
c warom 0.1 mm.

Yron BapbupoBarcs ¢ -75 go +75 rpagycos ¢ warom 1 rpagyc
(opaHxeBble NMMHUK) Ha Kaxgon nosuumm ot -40 go +40 mm.



lonepe4yHbl CKaH cTpuna C nomouwbl beTta ucTtodyHuka 2°Sr/?%y: ycTaHOBKaA

PacnpegeneHue aHeprum gnsa 6eta yacTtuy ot
90Sr/°0Y ncTo4yHMKa Ha BbiXode ¢ Konnumartopa c 1-
MM AuMaMeTpomMm

g L
1000— £ Titens

§ 000 It Al |
% | £ 00 LY
= . 25 3500

. 30007

00— 20" N

. 2000 o kL

E 1500— 3

7 oo — fJ [ HIL

ol o AL
: i "5 T T 7 T L R ﬂ..-/_z ;

— e ]2 —
Energy ey L -8 & -4 2 4 B ] 1
! Beam size, mm

;;; ..:_‘__ W V\ Pa3mep nyuka 6eta-4actuy (ans
5 = \/\\ 90Sr/90Y B-source) Ha paccTosHUA 2
« [1ns HaxoxgeHusa pacnpegeneHms csetocbopa no wmpuHe e mm v 10 mm nocne 1-mm
CLMTARTOPE M) CORRaY CTeUaTYO Yeratonky o ‘
cTpuna o // (2 mm — 37O peanbHOe paccTosiHue,
ooE o KOTOpoe 6bINo NCNONb30BaHO BO
« LWar nepemMmeLleHund Obin 3ajaH 0.5 mm Og " "'Dﬁ.z'/"o!a' el el e e e '1;%"‘;9;%“;;\{ BpeMs SKCI'IepVIMeHTOB)

PacnpepeneHune oTHOCUTENbLHOro CBeTOCGOpa (B

» CseT cobupancsa ¢ nomouwbio Y EMU9814 g
npoueHTax) KakK (*)yHKLWISI dHepruu, nornoweHHoun

* AHOOHbLIN TOK n3mepsaAncsa ¢ nomowbio Keithley 6847 ctpunomVS energy deposited to the strip
nMkoamnepmeTpa -
MakcumarnbeHas rnybruHa NPOHNKHOBEHUS B NIAaCTUYECKUN
« [ly4ok orpaHuymBarncs ¢ NOMOLLbIO Konnumatopa ¢ 1 MM cUMHTUNNSTOP Anst 1 MeV B-yacTuubl okomno 3.6 MM.
ANaMeTpoOM OTBEPCTUEM
«  Bbi NpoBeaeH NonepeyHbilii ckaH Ansi CTPUNOB Pa3Ho CpenHss aHeprus B-yacTtuy ana °Sr->2Y 0.205 MeV v ans %°0Y->
reomMeTpuu 90Zr — 0.93 MeV.

Simulations done by Geant 4.
26.05.2022



Pe3ynbTaTbl NOMNEPEeYHOro CKaHuUpoBaHUA ana ctpunoB 7 v 10 mMm

TonumHon 40 MM WKMPUHON C DUTUPOBAHUEM

Ctpunbl npousBeaeHbl Uniplast (Vladimir, Russia)

[na nony4yeHns pacnpeneneHnsa ceetocbopa no wmpuHe
cTpuna Mbl NPOBENKN CKaH Mo WnpuHe ctpuna ans 7x40
mm n 10x40 mm cTpunos

O6a nmenu Tonbko o4HO BOSIOKHO - 1.2-mm WLS Kuraray
Y11(200), double cladding, C-type

BOnokHO 6bIno ynoxeHo B LEeHTparbHYH KaHaBKy
rnyéuHom 2 mm

PesynbraTthl 6bINY UCMNONb30BaHbl B fanbHeULWeMm
Ana noacyerta acgpdeKkTMBHOCTU MoaynsA

PacnpegeneHne anseTcs KOMOMHaUNEN «BEPXHETO»
(BOSTOKHO HaBepxy, BfIM3KO B UCTOYHMKY) U «HUXKHEro» CKaHa
(CTpun NnepeBepHYT).

PUT-PYHKLMNA — MONMHOM C 6-TbHO NapameTpamu:

F.(Y) = Po + P1*Y + P*Y2+ P33+ piy*+ psty>+pg*y®

JINR group for COMET

: 26.05.2022
experiment

Relative light yield

Pnal comoination

== — p5 2.9298-21
L e pé 3.098¢-08
LIPS 3.096e-08

I ! | I L
-20 -10 ] 10 20

o ‘
s2f- ﬁ (:0_» ~1.007
= p1 1.659¢-16
Db p2 0.002611
06— 1| / p3 ~1.524e-18
= \\ /’ pd -1.48e-05
-0e —

ar-

L
3E'm|||un mm

Pacnpegenenune ceetocbopa no wmpuHe gna
7x40 mm cTpMna ¢ O4HMM BOJIOKHOM.

firal combination

po 1.044
pi —2.0089e—16
p2 0.002732

2.007e-18
LY / p4 -1.568e-05
N, Vi p5 —4.16%e-21

= - e pB 3.1380-08

II|III|III|III|III|III|I
=
o

| ! L
=T - - [ (] 20 W
Poskion, mm

Pacnpeaenenune ceetocbopa no wnpuHe gna
10x40 mm cTpmuna c ogHNM BOJIOKHOM

19



[TonepeyHbIn CKaH C MOMOLLLBbIO KOCMUKN

* bBbbinn co3gaHbl ABa 16-KaHaNbHbIX
AeTeKTopa.

* 2x2 mm2 Kuraray SCSF-81)
CUMTUNNALMNOHHbIE BOJIOKHA bblNn
MCMO/1Ib30BaHbI, WAr MeXxay HUMKn

Muon Telescope configuration

2.5 mm : . s st
« DAQ Ha CAEN DT5702 32-ch g -3 s 10
MPPC/SiPM readout Front-End g v ot RSSO0
* SiPM - Hamamatsu S13360- &l TR 16
1350¢s = | - | o —
 TogocKkon 6bin NoMeLleH Ha o T T T eodioninmm —_—
CseTocbop B .9. Ans BepTMKarnbHbIX MIOOHOB MO length 35m

paCCTOﬂHMM 250 cm ot SIPM pacCToAaHNIO OT LUEeHTpa CcTpuna

e JlaHHble Habupanucb c TeyeHun 2 : :

Distance, in mm -19.0 | -16.5 |-14.0| -11.5| 9.0 | -6.5 |-4.0| -15

Henenb. 9TO NO3BOAUNNO |-|a6paTb Strip # 1, 7 mm 242 | 25.8 | 26.8 | 24.2 | 25.9 | 27.8 |27.7| 28.8

" ” Strip #2, 7 mm 19.5 20.9 | 20.3 | 20.9 | 19.2 | 21.9 (24.3| 254

no 150 “BepTMKasbHbIX™ MIOOHOB Strip #5, 10 mm 274 | 341 | 320 | 300 | 349 | 346 |37.3] 364

Strip # 6, 10 36.3 30.5 | 32.0 | 33.1 | 31.8 | 38.0 |35.3| 33.9

Ha No3nuuto bt - T

7 mm” average 21.8 | 23.3 | 23.5 | 22.6 | 22.5 | 24.9 [26.0| 27.1
“10 mm” average 31.8 32.3 | 32.0| 31.6 | 33.3 | 36.3 |36.3| 35.2 °

edge of strip Center

JINR group for COMET
26.05.2022 20

experiment



BEpOATHOCTb perucTpaumm MIOHA ANS

« MogenupoBaHue 6bIno Npon3BedeHO B cpeae
Geant 4

* Bcero obino nccnegosaHo 6onee 60 TbicaAY
naTTepHOB caBura

« CpeaHumn ceetocbop 6bIn ncnonb3oBaH 21
dOTO3MNEKTPOHOB, ONMUPasiCb Ha
9KCrnepuMeHTasribHO NOslyYeHHbIN pesynbraTt
n3mepeHuns ceetocbopa Ha Kocmuke ans 16
CTPUNOB C 2.5 METPOB

* YpoBeHb OUCKPUMUMHALNK - 5 POTOINEKTPOHOB

Shift pattern Overall efficiency

Position, mm
@ re L o om oW s
{=] [=] o = o o f=3 L=
I| T I| T | T | T | T | | |

cTpuna c ce4yeHuem 7x40 mMm

Maps of muon registration probability

40!

| L L 1
&0 4 20 4 20 40 31
Angle, grad

Shift pattern: 20-20-20 mm

= A0 — oo
E |-
5 »F - .
'?1; 10_3
L oE
10:—
20 ®
_anE
_11['\ 1 1 1k 1 1
%0 40 20 ] 20 a0 &0
. Angle, grad
Shift pattern: 8-8-8 mm
£ 4—0:—
E a0
g wf X
'Tg m;—
o E
10f-
20 s/
-a0f
m:

&0

A
=40

el
=20

i L
o

- A O R T
20

40 50
Angle, grad

20-20-20 mm 0.99902
10-10-10 mm 0.99976
P 0.99988
8-10-6 mm 0.99983
8-10-8 mm 0.99985
8-10-10 mm 0.99981
8-10-12 mm 0.99976
8-10-14 mm 0.99968
8-10-16 mm 0.99963
8-10-18 mm 0.99958
JINR group for COMET -, 51

experiment

Shift pattern: 8-10-8 mm

1
09995
0.439 g
0.99850
npas I
0.9975
0997
094985
0.996
0.9955

0.993

Pasition, mm

L3 II\J = = I L o

= 1= =] =] o =] = =
|

| | |

F N 1
B T T R 20 20 &b 0:995
Angle, grad

Shift pattern: 10-10-10 mm

=
=1

= . = B 1

B =, — 0BBS=
E — =

Pasition, mm
[ L3
=3 =3
S
]

4
/

LIS BRI LT B, cR S B Vo B S, R B SR I R R |
B0 4 20 0 20 45 &0
Angle, grad

Shift pattern: 8-10-10 mm

= 1 et | -
%0 40 20 [ 20 40 [
Angle, grad

Shift pattern

1 8-10-18 mm
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Muon Registration Probability PI %gs o\f\l,gu’ghre@sq;tg,qombab.my

« [1na cpaBHEHUNS Mbl MPOBENN MOAENNPOBaHNE
adppekTmBHOCTM Moayna co ctpunamm 10x40 mwm
ceyeHnem

* Meol Takke npomoaenmposanm apeEKTUBHOCTL C
y4eToM exerogHown gerpagaumm cHetydmkoB B 8%
rog ansa 2 n 10 neTHMx nepnogos

« [1nsa cpaBHEHNA U3Ha4YarbHble CBETOCOOPLI ObINK
NPUHATBI Kak 21 .3., 25 .9. ana 7x40 mm
ctpunos 1 35 @.3. ang 10x40-mm cTpunos

Pattern: 8-8-8 7-mm strips case

Initial light yield 21 ph.e. 25 ph.e. 35 ph.e.
Overall efficiency: 99.925 % 99.998 % 100.00 %
initial state

Overall efficiency: 99.670 % 99.931 % 100.00 %
2-year-aging

Overall efficiency: 83.166 % 92.788 % 99.984 %

10-year-aging

JINR group for COMET

: 26.05.2022
experiment

Angle grad

CRV module with 7-mm
strips: 10-year-aging

g 40
£ sl 0085
- F ﬁ: 0589 I
é 8 osoas o
3 10 loges &
o 4B ‘*-.\‘_:k 0.9975
o — 0.897
E = - 0.9985
_z:; X N —y 0.996
- 3 0.9655
T éa"\?‘ a5 dgt g 03
Angle grad
CRV module with 7-mm
strips: initial state (21 ph.e)
g 40 1
£ sl 0085
- F 0.999 o
é 8 —noeas©
& '°F |ngss L
oo 0.9975
1ol 0.897
I 0.9985
T 0.996
0= 0.8955
—aob I 0 905
Angle grad
CRV module with 7-mm
strips: 2-year-aging
40— e 1
E 0l f}‘-. : lIl' 09995
£ e ) | —josss @
27F & %I —0.9985 ©
g 1o ¥ -
oo Q 0.9975
ol 1 = 0.07
E & b ) 0.9985
= "“:l 4 0.996
e {_ 0.9955
_apbEa il L I A e 0.995

Position, mm

Position, mm

Position, mm

40 I
E 0.8985=
e 0900 3
20F- oo
B 0.9985 ©
105 n.oss &
of 0.8975
ol 0.997
E 0.9965
—20F
E 0.996
30E 0.9955
PR B R | TR F F | I | - PR
WS 0 ee @ 20 40 60 0895
Angle, grad

CRV module with 10-mm
strips: initial state (35 ph.e)

40 1 -~
E =
a0 088952
E )
sof- 08es §
3 09885 ©
105 n.oss &
of 0.9875
_10b 0.997
wob- 0.9965
E 0.996
30 0.9955
_40 I T S T | TR F F | I | PR 0_995

&0 Ty} —20 [1] 20 40 60
Angle, grad

CRV module with 10-mm
strips: 2-year-aging

40— 1 >
E =
20f- 0.0085:=
2018 - 0898 G
= 2 0.9985 ©
105 {n.gss L
of 0.9975
o = 0.997
E e . 0.9965
e 3 5 t'?c. 0.996
30 0.9955
_40 = O O SR o | R I o P | S | R Y 0_995

60 40 —ED ] 20 40 60
Angle, grad

CRV module with 10-mm
strips: 10-year-aging
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3aBUCMMOCTb 3CI)CIDGKTI/IBHOCTI/I OT TEXHOJIOTNHECKOIO 3a30Pa Mexay
CTPUNaMU, a TaKkKe PACCTOAHNA Mexay CJTIOAMA

Worst
efficiency in L "
Gap bet | R trat bability (Patt :
L sensitive Mbl TaKKe nccnenosanm sGpeKTMBHOCTb MOAY/A, SR OSRIECTISVER e
Gap between Effici | 9-7-7)
i icienc angies
"e’ ""“ . & COCTaB/NIEHHOrO M3 CTPUNoB ceyeHnem 10x40 mm, 1mm 99.95 %
_10_ 99.96% 95.66%
977 99 97% 95 65% ceeTocHbop B34/ paBHbIM 21 ¢.3. 2 L D
3 mm 99.91 %
796 el =Sl N3yyeHo 6onee 64 000 naTTepHOB
896 99.97% 95.63% 4 mm 99.88 %
EECEC Sl 2022 NpoBenn MoaennpoBaHne 3aBUCUMOCTY
788 99.97% 95.62%
3P PEeKTUBHOCTM MOAYAA OT PACCTOAHUA MEXAY CIOAMMU
6_10 7 99.96% 95.61% Dattern: 9.7.7 —r —
6 9 6 99.96% 95.59% Gaap(:)r:t‘w;e; layers is 3 at?t?vee . pffllasa:)?lilt?/n
- 99.96% 95 599, TaKxe nposenn mogennposaHue 3GPeKTUBHOCTM NpuU . scintillating
e . (J o (o]
9 9 a3HbIX TEXHONOMMYECKMNX 3a30pax MeXay CTPUNamMu: volumes
88 7 99.97% 95.57%
386 99.96% 95 56% modt:lle based on thhe 500 micron 99.91 %
8 . . _ o laten strio it
o o * 500 micron mexay CUMHTUANALMOHHBIMW 06Bbemamm se i aror SR
698 99.97% 95.56% cover
9638 99.96% 95.52% . module based on the 120 micron 99.97 %
611 6 99.96% 95.51% * 120 micron mexxay CUMHTUANALNOHHBIMKN 06 bemamu scintillator with no cover
- o o but Al-mylar attached to
7. 10 6 99.96% 95.50% eCc/I NCNONb3yeTcA a/IIOMUHU3NPOBAHHbIN Maaap B :
—_1Y_ the side
869 99.96% 95.50% KauecTBe oTpakaTens)
797 99.97% 95.43%
779 99.97% 95.33%
8 68 99.96% 95.07%
787 99.97% 95.07%

26.05.2022 JINR group for COMET experiment 23



Co3gaHue npototmna CRV moaynsa 4x4 ona npoBepKkM Moaenn pacyeTa aPPeKTUBHOCTU

Bbin co3gaH moaynb 4x4:

4 cnos no 4 7x40x3200 mm
CTpMNoB

« Cnowu pasgeneHbl 2-mm
NMUCTOM >Xeneaa

« CTpunbl Npon3BeaeH.l
Uniplast (Vladimir, Russia) Distances (in mm): 100 500 1000 1500 2000 2500 2900

CRV npoTtotun angd TeCToM Ha KOCMUKE: ONTUYeCcKne
BOJIOKHA, YCTaHOBIIEHHbIE Ha NPOTUBOMOMOXHOWN OT

- Strip#1
Strip #2
Strip #3

15 strips

Width of the layer of

SIPM (Hamamatsu S13360-1350CS) cTopoHe, _ waasiten R o i M~
No3BONSAT KanMbpoBaTb CNEKTPOMETPUYECKME s ]“ o i e
TPaKThl g2 save_in

X y
o Sigma 0.05548 1 0.00430 e

30— 15—

2nf— | |

0] TR U] O R (5 PSS, OIS S DRI LE| PR SN U S ) LA E e
02 0.4 06 [E:] 1 |.2J 14 18 18
Gap, In mm

Bapwvauus wmpuH ana 7x40x3200 mm cTpunos:
CpeaHss wnpmrHa 39.78 £ 0.08 mm
CpeaHun TexHonornyeckmm 3asop 0.32 £ 0.12 mm

JINR group for COMET

: 26.05.2022
experiment
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TeCT NpoTOoTUNA HA KOCMUKE U NOJZIyYeHHble pe3ynbTaThl

* DAQ 6a3uposanca Ha CAEN DT5702 32-ch MPPC/SiPM readout Front-End Two 126x60x20 mm scintillation
detector creates the muon
* B TeyeHun 1 Hepenn 6110 HabpaHo Ao 200 000 cobbiTui telescope. 1o mm
o o I Cosmic Trigger scintillator I
* bbina npomoaennpoBaHa Ha Geant 4 c aTon reomeTpuen apPeKTUBHOCTb MOAYA | R R

| I | I S S
C— 1 1]
I_II_II—II_I
30 mm
I Cosmic Trigger scintillator I

126 mm

1
T e, 0888 =

@
=
T

RN
e N
« CpenHuit ceeToc60p Ha paccTosiHumM 250 cM — 21 .3. P o
* OdekTBHOCTE Moayns npu “5 ph.e.” ypoBHe guckpmmHaumm —
95*.)((3%% A P P YP ANCKD H PacnpeneneHne BepoATHOCTEN
« Cumynsauua, npu “5 ph.e.” ypoBHE ANCKPUMMHALMMN C ITOWN XKe perueTpatliiin «ro Jiyrnou». ikana
reoMeTpueli (yrnosoe pacnpeaeneHne MIoHOB yUYTeHo!): ot 99% no 100%
y 99-74;%) for average light yield of 20 ph.e. BbiBoA: npeanoxeHHas B TDR-2020 koHdurypaums
* 99.93% for average light yield of 25 ph.e. Kak MoAynsi, Tak U cTpUna He o6ecrneynsaeT

JINR group for COMET Tpebyembin ypoBeHb 3cpchekTBHOCTU B 99.99%

: 26.05.2022
experiment



MOUCK nNyTen yBeJiMdeHua cBeTocbopa: pe3ynbTaTbl MONEPevyHoro
CKAQHUPOBAHMA A/ CTPUNOB pa3HOU KOHDMUIypauuu

1 WLS 1.2 mm fiber inserted to the groove with depth of h 1 WLS 1.2 mm fiber inserted to the groove with depth of h
ﬂnﬂ H aXO)Kﬂ'e HUSA 3¢)¢e KTUBH o ro nyTM yBen ny e HNSA CBeTOC6O pa % fi beam from *'Sr/ ¥ source was collimated to 1mm % fi beam from *'Sr/ ¥ source was collimated to 1mm

nsi obecneyeHunsa Heobxoanmon KTUBHOCTW MOAYNS, Mbl = B e S
n AMMOiA S(D(EKTUBHOCTI MOAYNS, P, e - o,
npoBenu nccrnefoBaHve cBeTocbopa Ans pasHblX KoHdurypaummn /““l%""\ s h e

CYETYMKOB: : *., i
*  C pasHbimMu gnametpamu: 1.0, 1.2, 1.4 and 1.8 mm WLS BornokHa; | A t Ie i
*  C pasHoW rnyOGuHON KaHaBkM HO ¢ 1.2 mm WLS BOMOKHOM; i ”wf "i; i i ¥
* ¢ 2 WLS BonokHamu HO pasHbiMy AUCTaHuuamm mexagy Humu: 0, i T TN N - i "%W' Sy 'M
13 16 20 MM 3 E Bual; enlrance point relative 1o lrlu slrip;mur.l'l'rl 3 E Bual; enlrance point relative 1o lrlu slrip;mur.l'l'rl
. Ceuenue CTpVNOB Be3afe oanHakosoe: 40x10 MM iy PO RIS PR 0 e P RS s Sos WA TR
;. § beam from *'Sr/ 'Y source was collimated to 1mm é E i beam from *"Sr/ *'Y source was collimated to Tmm
Combined Anode | Gain again one fa 3 mm WLS fiber fo WLS fiber
Configuration Current WLS 1.2mm case - ek i E [Il gomms
in nA = el R d=12mm @ x S P
= ¥ Ny :.J_.’ | I:E‘.'\*'h‘w clj 1.4 mm - o L -<-.¢..~..\..._‘I d=1.4mm
One WLS 1.2 mm fiber installed 14.5 0% s b 20~ oot Ty nLhmm
- ! S y '.-::-m‘:l:;:""‘“hn-- : ]
One WLS 1.4 mm fiber installed 21.4 48 % 10— _. 1o~ fd
One WLS 1.8 mm fiber installed 26.0 79 % 0o 'W; e i _'Y“ . b o | IM
= = = Bp.;‘r; an-.ranc?e paint re‘:llﬁm'e '0‘122 sirip r:.i.lmer. r--|r:-|0 «“ «® = Elealnqr en:rﬁ'\ge point r:IIaﬁve n zt?\e stiip r?:mer. ﬂl:l
e i) L2 i) flbers InSta”ed Into 19.6 35 % 2 WLS fibers insreted to the different groove with distances L between of 2 WLS fibers insreted to the different groove with distances L between of
one groove < 50 < 50
o ; [} beam from #5r *Y gource was collimated to 1mm E {i beam from Mg Y source was collimated to 1mm
13 mm 22-1 52 /0 % s A Distance between §4u Distance between
Two WLS 1.2 mm ol 2o groove is: 2 groove Is:
fibers installed in 16 mm 20.8 43 % . E‘ e ) -
para”el grooves 0 i d %,?_m L=20mm - 3r|||-|-|T L=20 mm
20 mm 20.9 44 % Al :mj‘ ‘,\% & me%
« CTtpun c 6onblIMM ANaMETPOB BONIOKHa AaeT { e ]
6onblni cBeT - / | g ] ‘
Gb.vﬁwﬁﬁinuul | L !mm. G::..::;H‘.rﬁl. |y .}ﬁﬂ'ﬂw‘ .

0 n 1 =) an an 2 -10 [ n 21 )
Beam entrance point relative to the siip center, mm Beam enfrance point relative 1o the sirip center, mm

 [OBa WLS BonokHa paroT 6onbLue cBeT, YeM OAUH



[TounCK nyTem yBeiMdeHnss CBETOCOOPA: pe3ynbTaTbl
nonepeyHoro ckaHa ana 7x40 mm ctpmnos mm thick and
40/160 mm wide strips tests

Mbl NPOAOKUAN N3YYEHNE CTPUMNOB Pa3HOM rEOMETPUM U PasHbIMU

NOKPbITUAMUA

7x40 mm cTpun, o4HO BONOKHO, Al-malinap npukneeH c 6okos

7x40 mm cTpun, ABa BOMIOKHA B NapannenbHbix 20 MM meXay KaHaBKax, 6e3
NOKPbITUA, BONOKHA 06beanHEHbI

7x40 mm cTpun, ABa BONOKHA B NapannenbHbix 20 Mm mexXay KaHaBKax, 6e3
NOKpPbITMA, HO Al-mainap npukneeH c 60KoB, BOJIOKHA 06beMHEHbI

7x160 mm cTpun, 8 BONOKOH B NapanieNibHbIX KaHaBKaX, HO C UHAMBUAYANbHbIM

cseTocbopom

1 WLS fiber, top

20— 9 strips in one plot

14 20 aon 40 an B0 i 80
nistance, mm

Summary plot for transverse scan
for 9 strips with 1 WLS fiber (Al-
mylar is attached to sides)

L I VN Y W T A Ll

2 WLS fiber, top

Totally “naked” strip
Same, but Al-mylar is attached to
sides

Adapter for merged
readout for 2 WLS fibers

2 WLS fiber, naked, top

WLS fiber of
a0 neighbor strip

P ' B ERT Ly
20 40 &0 al 100

Crosstalk for “naked” strips
blue —alone
Green —two strips side by side

““Z neighbor grooves
14—

Configuration

One WLS 1.2 mm fiber

installed with side mylar

Two WLS 1.2 mm fibers
installed in parallel grooves
(20 mm

Distance between them)

“naked”

with side mylar

180 mun wide strip with 8 WLS fiber in parallel grooves, lop

-

| |

~/

=N

e

lljllll
Z__
{

<

= WLS fibers of

|

1 L L L
n 20 4n &0 a0 100

Crosstalk study for 160 mm
wide strip.

An influence from WLS fibers in
neighbor grooves is visible

Crpunbl npoussegeHbl Uniplast (Vliadimir)
WLS fibers: 1.2 mm, Kuraray Y11(200), double cladding, C-type

Combined
Anode
Current
innA

14

18

23



lccnenoBaHme npo3padHocTy ana Al-mamnapa ¢ nomolubto Shimadzu
SolidSpec 3700DUV cneKktdpoTomeTpa

Ha cnektpodoTtomeTpe SolidSpec 3700DUV mbl npoBenn cpaBHUTENbHOE UCC/IeA0BaHNE HA MPO3PaYHOCTb ANS:
* OauH cnoii Al-maiinapa

* OaguH cnom anAa «BCMEHEHHOM» NnOBEPXHOCTU, CO34aHHOE NYTEM XMMUNYECKOIO TpaBIEHNA

* [1Ba cNos «BCMEHEHHOM» NOBEPXHOCTU

HaliaeHo, 4To Nnpo3payHOCTb gnAa ogHoro cnoA Al marinapa BHyTpu 1.5%, a ona «BCNeHeHHOW NOBEPXHOCTU» — 0KONO 4.0%.

1700 ————————— 5.000 [ 1700 ———————TF 7
1.500 L - —
4.000( 1'500_ |
E I S 3.000: 2 [
1.000 - r = 1.000F -
I 2.000f I 1
1000 - M\Fz:l\ﬂﬂ
0.400 I + + + + + + + + + I + + + + + + + + + I + + + + 0.000 I + + + + + + + + + I + + + + + + + + + I + + + + 0-400_I I 1 1 1 1 I 1 1 1 1 I 1 I_

390.00 500.00 600.00 650.00 390.00 500.00 600.00 650.00 400.00 500.00 650.00
nm. nm. nm.
OpauH cnoi Al-mannapa OAuH cno ana «BCNeHeHHOM» NOBEPXHOCTH [Ba cnos gna «BCNeHeHHOM» NOBEPXHOCTH
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MHOMeCTBEHHOCTb 419 HEMOKPLITLIX CTPUMNOB ceveHna 40X/ MM U TeX XKe, HO

MOKPbITbIX C OOKOoB Al-Mannopom

Layer of 16
strips

Gap
between
scintillati
ng
volumes

Totally “naked” 640.5 0.033 mm

strip

same strips but 642.0 0.133 mm
Al-mylar
attached to the

sides

Technologi
cal gap,
mm

0.033 mm

0.033 mm

0.003
0.0025[-
0.002 :
0.0015[-

0.001—

CRV module inefficiency VS threshold

module inefficiency

Worst

threshold in ph.e.

bBbin co3gaH HOBbLIWM NPOTOTMN MOAYIA
4x4 0Na n3ydeHuns Kpocc-Toka

26.05.2022

A 4

5 poh.g. threshaold

EEET

L1

3 35 4 A5 b
Flusnbee of biggensd sbips pe layer

RED Al-mannap no 6okam

BLUE — NONHOCTLIO HENOKPbITbIE

JINR group for COMET experiment

\ 4

5 p.h.e. threshald

E 8§ B °E

58880 ET

T s
Fuevous S wggered shriph fr

1234

A 4

5 phe. threshold

§88868 28

ifEiEE %

Sphe

;|_4

EEEEEE BT

Layers’ multiplicity at threshold of 5 ph.e

i5 5
e agri s o ayer

1234
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CpaBHeHue 3hheKTMBHOCTEN ANA MOoAy/nenm CcoCTaBAeHHbIX U3 7x40-mm
n 7x 50-mm cTpunos

Naked strip 7450 mm, 2 WLS |

= o, nﬂg Aluminum Efficiency for the module with 40- Efficiency for the module with 50- Comment:
- m‘?;m* sheets thickness | mm wide strip and pattern 9-7-7 mm wide strip and pattern 9-7-7
—,7:; oo For 21 ph.e. For 25 ph.e For 21 ph.e. For 25 ph.e Gap between
z | : )
T e 2 0.9998 95 0.9999 92 0.9999 24 0.9999 99 MEEOT SR
) N TR set to 100 micron
g e e 10 0.9996 22 0.9999 25 0.9998 67 0.9999 81 for all cases

Efficiency comparison between two modules with 40-mm and 50-mm width correspondently
| Side-mylar strip with 7x50 mm, 2 WLS .

= M“m“ MonepeyHoe ckaHMpoBaHue Boigoab!:
0= v aewiems nng ctpunos cedeHnem 7x50 mmu . [1na Top CRV moaynen HyXKHO MCNoNb30BaTb 2 BOJIOKHA
- | /" C  LOBYMA  BONOKHaMM  npu anametpom 1.4-mm, gse KaHaBIéM ¢ 30 MM mexxay HUMmM, ans
. \Wm&m} cneaytowx BapUaHTaX nosly4eHua Hauaydlwero ceetocbopa

sy gpengy. genysa e (paccTosnve mexay kaHaskamm — ¢ 104 BOKOBbIX MOXHO NPUMEHUTb 1.2mm BO/IOKHA, OCTa/IbHOE

30 mm): TaKoe Xe KaK 1 4J19 BepPXHUX
T T — *  ctpun nonHocTbio He nokpeit,  * CpaBHeHWe 3peKTUBHOCTEN NPUM MPOUMX PABHbIX YCI0BUAX

- E% NOKa3blBaeT, YTO CTPUN WMPUHOM 50 Mm npeanoyTuTesibHEN, Yem
o= Wiy Silms* CTPUM MMEET TOJIbKO bokoBoe 40 MM LLNPUHOWM
__5: | o _.nr.nfag-f;;f;ﬂ'?ai?x NoKpbITHE o

T v * doHOBOM WYM NpU yBeanvyeHmnm wunpmuHbl ¢ 40 mm go 50 mm Bscero
;c: \ / | * W CTPWUN NOKPbIT MOJIHOCTbIO. Nb HE3HAYNTENIbHO YBENTUYUBAETCA.
W) Hawe npepnokeHne ncnonb3oBaTb reomeTpua ctpuna 7x50 mm ceyeHmnem ¢ 4ByMA BOJIOKHAMU B
Teme ST napa/izieNbHbIX KaHaBKax pacctoaHuem 30 mm mexay Humu bbin npuHAT Konnabopaumeir COMET
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[Tpeanonaraembiv paanaumMoHHbIL GOH

Positions where Hitting Gammas Appear (CRVTop) xz projection
£1800 i
X 1500

CRVTop xz projection

1400 —

1200

L S -...Gamm

800 —

StepgingTa M CHVE!

600

400 B

irarYoKaGRIERCol cantar

KaK

200
pis
=200 el v bbbl g ‘,_....,,“é,.._.“,...» STTTITE PRTRETRTE] IVRITINY
-600 -400 -200 0 200 400 600 800 1000 1200 HO%
(em)
Positions where Hitting Neutrons Appear (CRVTop) xz projection (Ia}'s.. "{/t‘lllz

51800 —
> E
1600

1400 L. W Top ©,=3.65 '10° n/cm?
1200 — ®

1000 —

T DT, AT &wmn S
(Swppraragsisysem 5

Top Trapezoid ¢,=1.26-10" n/cm?
800

Left ©,=5.27-10° n/cm?

Right P,=8.15-10° n/ecm?

1600 1200 1400 Back P,=6.98:-101° n/cm?2
Z (cm)

Front ¢,=1.56:10" p/cm?

Dz. Shoukavy for COMER CRV monthly meeting held on May 20, 2021

N Ha BXoae

™ CRV Neutron fluence for 100 Gamma fluence for

100 days, y/cm?

Statistics: POT —~ 2 4E+8
@,= 9.47-10° y/cm?
@,=8.06-10° y/cm?
¢~ 8.38-10° y/cm?
¢,= 1.78-10" y/cm?
¢,=3.34-101 y/em?

¢,—8.85-10"0 y/cm?

CumynaumA NnoKasbiBaerT,
4YTO paanaLMOHHaA

Harpy3ka Ha CRV BACK
NPaKTUYECKN TaKada XKe

Electron fluence for 100
days, e/cm?

¢o.=1.67-10° e¢/cm?

©,=2.01-10° e/cm?

¢~ 1.27-10° e/cm?

¢=1.73:10° y/ecm?

P=9.99-101° ¢/cm?

©=3.66"10° ¢/em?
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OueHka Temna cyeta ¢oHa ana CRV Top and Side

CTPUNOB

Neutron
fluence for 100
days, n/cm?

Top 6.55 -10°
Left side 7.43-10°
Right side 9.46-10°

Gamma fluence
for 100 days,
y/cm?

1.17-10%
1.11-10%0
1.92-101°

Estimation of
detection on
170 keV
threshold

for neutrons
per second per

Gamma's rate
per strip per
second per cm?

Neutron's rate
per strip per
second per cm?

cm?
7.58E+02 1.35E+03 4.55E+01
8.60E+02 1.28E+03 5.16E+01
1.09E+03 2.22E+03 6.57E+01

Table 1. ®ntoeHc HeltTpoHOB 1 ramma (Dz. Shoukavy, CRV Comet monthly meeting held on April 29, 2021)

* OueHKa ¢oHOBOro cyeTa ANA 0O4HOro cTpMna/KaHana no AUCKpMmMmMHaumm rno yposHio 170 kKEv* ansa

HEMTPOHOB M raMMa:

- anAa TOP CRV ctpunos c reometpuen 4500x50x7 mm okono 160 kHz

- pna Side Left CRV ctpunos c reometpmen 3200x50x7 mm okono 120 kHz

- anAa Side Right CRV ctpunos c reometpuen of 3200x50x7 mm okono 170 kHz

* - 170 k3B cootBectByeT 5 ¢.3. npu 35 $.3. cBeTocbope

Estimation of
detection on
170 keV
threshold

for gammas per
second per cm?

2.57E+01
2.44E+01
4.22E+01
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PaanaumoHHble Harpy3kmM Ha MoAay/1b NPU Pa3HbIX
TO/ILLMHaX aNtOMMHMEBOTO /IMCTa MK/ CI0AMM

Elcctron, rate for firz? layer | Meutror, average rale for 4 layers | Gamma, Average rate for 4 layers |
E =

Ycnosua mogennpoBaHuA

* YpoBeHb ANCKPMMMHALNM YCTaHOBAEH Ha ypoBHe 170 keV, uto
cooTBeTcTBYeT 5 ¢.3.-ypoBHI0 npu ceetocbope B 35 ¢.3. ansa 7-
MW MUINMMETPOBOrO CTPMNA

* KBagpaTtHbit moaynb 1000x1000 mm cocTouT n3 4 choes :

CUMHTUANATOPA U NPOCNOEH aNIOMUHUEBBIMU INCTAMM. — ' Fr
Rate on one Iayer

M L'|<':'|CTI/ILI,bI nonagatoT B LLEHTP MoAaynAa
Scintillator CRV Module imitation

1
r 1

Heutran, Tip @ coincidance ‘Gamma, Triple coinciderce
F [T kS T

e 3 fot)
|
[

Relative 12 1210l

Neutrons/Gammas/Electrons

1 D L 1 que 1 1
1 e 1 11 1 10
Ea

Any-3-layer-coincidences

A 4
Al - plate
Al - plate

7-mm-thick scintillator strip
7-mm-thick scintillator strip
7-mm-thick scintillator strip

Q.
=
+—

(%]

—

[e]
+—
8
)
=

O

(%]
=
2
d=
w

S

h
M~

[ Weulror, quadruple coinsderce | | Gamma, Cuadruple coincidence |

[TTTT

1o

Ha ocHoBe aTou cumynauum, Konnabopaumen COMET 6bina
NPUHATA cleaylow,an reomeTpua MoaynAa:

* [eps.blit, 6a30BbIN 10K - 10 MM aNntOMUHUEBDBIU ACT;

e 2-0i1,3-MA N 4-bIi — 5 Mmm

1

Frrecy b

*  5-blK, BEpPXHUU CAOU — 2 MM 4-layer- co|nc|dences



HeobxoanMmoCcTb AONOAHUTENBbHOM 3aLWNTbI

MbI TaKkKe nccnenosanm poHOBYHO
3arpysKy npu gobasneHmnn
KOMBWHMPOBAaHHOM 3aWKUTbI U3 10-Mmm
TonwmHon 30% 6oprupoBaHHOrO
NONUCTUPOSIA U 5 MM CBMHLOBOTO
JINCTA

Defense Wall Scintillator CRV Module imitation

! I\
r " 1

o (o o o

&< v BB = = =
2ol S ol 5B & Bl & il T
g o s B S S Rl 2 Bl S
O © = = = ' == = - B
Neutrons/Gammas/Electrons I Z j = < B < BE < A<
< c el S el S BEl S el S RS
2 O N c ._._._E._E
MEBE<H:=H=H:E
ESIE < B B ERE S RELE
oo Bl S cBl Bl & =R

= 1 1 1 1

N~ ~ N~ N~

[ Meutron, average rate for 4 layers | I Camma, average rals Tor 4 |ayors |
F o
E g0
F £ -

4-layer-coincidences 34



[n3amH moaynen Top and Side, yCcTaHOB/IEHHbIE H3
VCTAHOBKY C AONO/IHUTENBHOWM 3aLLNTOM

CRV module Module geometry
type
CRV Top 4500x800x56 mm
, . CRV Side 3200x800x56 mm
Top and side moaynu yctaHoBneHHble Ha COMET (left&right)

100 mm HDPS (xenTble 610KKn) 1 50 mm cBuUHel,
(4epHble 610KM)

HanomHum, 4yto cevyeHune cumHTUAnaTopa 7x50 mm, ¢ ABYMA BONOKHAMU, B
napannesibHbIX KAaHaBKax C pacctoAaHuem mexay Humu 30 mm.

Mexay cnoamm pacnosioKeHbl aNtoMUHUEBbIE SINCTbI 5 MM TONILLMHOWA; HO
nepBsbli, 6a308BbIN cNoM - 10 MM; NocnegHUn, BEPXHUN — 2 MM

Mo pe3ynbTaTam MOAENMPOBAHUA MO YXKE NPUHATON reoMeTPUn CTPUMNOB U
aNtOMUHMEBbIX INCTOB, Mbl BbIOpann NaTTepH CABMIa Mex/ay CN0AMM C Liarom
9+9+10, obecneumBaoLLmNii HaUAyU LY 3PPEKTUBHOCTb ANA MOAYNSA

[aHHbI An3aH moayna bbin npeanoxkeH Konnabopaumm COMET m 6bin oaobpeH

5/26/2022

feomeTpua moaynem

400 kg

280 kg

Pattern

WLS fiber

mm mm mm

© 0 00 00 © ©

10

9
10

9
10
11
11
10

Light collection

Aluminum sheet
thicknesses layer by layer

2 fibers with From both sides 10-5-5-5-2mm
@1.4 mm
2 fibers with From one side 10-5-5-5-2mm
@1.2 mm
21 phe 25 phe 30 phe
eff min eff min eff min
10] 0,999988 0,996172| 0,999999 0,999582 1 0,999978
9] 0,999987 0,996172| 0,999999 0,999582 1 0,999978
11] 0,999986 0,996172| 0,999999 0,999582 1 0,999978
10] 0,999986 0,996172| 0,999999 0,999582 1 0,999978
9] 0,999986 0,996172| 0,999999 0,999582 1 0,999978
8| 0,999986 0,996172| 0,999999 0,999582 1 0,999978
8| 0,999986 0,996172| 0,999999 0,999582 1 0,999978
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PaboTbl M0 co30aHNI0 GPOHT-3HA, 3NeKTPOHMKM Ana CRV moaynen

B HacToAwee Bpems BeayTtca ABa HUWOKP ansa anektpoHukn CRV Front-End-Board (FEBE):
* [poTtoTnnmposaHue FEBE Ha «MeTeope-32» (MAD, HoBocnbupck) Ha 6aze «MeTeopa-8»

* FEBE Ha ocHoBe nsBectHoro cemeiictea ROC-nogo6Hbix mmukpocxem ASIC, B HacToawwee Bpemsa ymnos PetiROC

(onan/ayéra)

FEBE gna GRPC TakKe HauaTo: KomaHga OUNAN yKe BHecna npegnorkeHue nonpobosaTb ncnosib3osatb ASIC-ymn
ACT-1-1 (pa3paboTka NHcTUTYTa agepHbIXx npobiem benopycckoro rocyaapcTtBeHHOro YHUBEpCUTeTa), MpoToTun
nnatbl ¢ 32 KaHanamu ¢ 3Tmm ASIC B nape c Altera Cyclone 10 y»ke rotoB u BeayTca ero UCnbiTaHUA.

*
|
|
|

CitiROC double pulse resplution =31 ns

|
|
t i 700mV ]( /

A s s |

[c1 =) [ER } jci (=] [C7 [l
S00mY 500 mVidv A0 my ! 100 mVidiv 200Vidv
Womy 2000V  S400mv i s GS!: Por 400.0'my 55V ST00V:
522my | Imy||  BLBmY i ) L 4BmV[;  -omv ) 45Tmv

T 00V ¢ Bmv(  1612my i 5 s 1A o &L0my|§ amy amy

By  SAmV Ay 17nVily 45E3mV ! Ay 622Vl by iny Ay 465mv

RED/Purple — the LED driver running trigger Legend:  RED/Purple —the LED driver running trigger

Legend:

MpoTtoTnn nnatbl ¢ 32
KaHanamu: ASIC-unn ACT-1-18
nape c Altera Cyclone 10 36

CYAN —the SIPM direct output terminated with 50 Om CYAN - the CITIROC digital output

26.05.2022 JINR group for COMET experiment



[logroTtoBKa K

MaCCOBOMY
NPOM3BOACTBY
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Transmittance, in %

Bbibop Knesa Ansa yCTaHOBKM BOIOKHA B KaHABKWM CTPUNa

8
8

39 -
90 £ el —
80 E % 80 E
70— ) E’ 70
= /_/ i @ g
BCAOO glue, | £ or SKIN-MED(D) gl
50— /. glue | = 50 N-{ ) glue
40 / / 400 |
30 = —_— Str!rrf}l'ﬂ 0 frp 30 ;_ — Sample 0 (non irradiated)
anE — - Simple 3 ¢1. 2000 E Pol= — - Sample 3 (hefor, diation)
E _r\_v.’f&rmp;eé (3.8c00" E >IMeV) = Sample 2 (3810 nfen’ for E >1MeV)
10F Vi Sanmpté 1 rJ.Q\'IU‘" nfenr’ for E =1MeV) 10 [ - Sample 1 (before irvadiation)
o= e =5 S I R T B B
900 300 400 500 60D oo aon oo 300 400 a00 60D oo Boo

Wavelenght, in nm Wavelenght, in nm

Transmittance of the BC-600 (a) and the SKTN-MED (b) before and
after the irradiation by the neutron beam with different fluences

e CBeTocbop NpMMepHO OAMHAKOBbIN AJ151 3aKNENKU
BOJIOKOH ¢ nomouibto CKTH-MEZL nam BC600

* CKTH-ME/L, kneeBoe coegmMHeHME XOPOLLO NEPEHOCUT
MeXaHNYECKUN U TEPMUYECKUN UCMbITAHUA

* CKTH-ME/[ cToeK K pagnaunmoHHOM Aerpagaumnm
oTHocuTesnbHo BC600

Ana 3aKnenKkn BONOKOH BblbpaH CKTH-ME/L

XY Graph

Amplitude

Amplitude

905 r+30y

BICRONBC-600 SKTN(Si) type B

to Keithley 6847 pico-ammeter

:

CKTH-MEA T e
-6E-9- 6E-9-
-8E-9- W\/\ /JJMWWW 8E-9- «V‘m WAVMVM“JMMM
-1E-8- \ 3 -1E-8- \
-1.2E-8- 4 % -1.2E-8- hvn
o . e M
1.6E-8- iy -1.6E-8- A
-1.8E-8- V -1.8E-8-
-2E-8- -2E-8-} J
* 86 20000 40000 60000 80000 100000 0 20000 40000 60000 80000 100000

Position, in um 0 Position, in um
room condition (23 C*) after mechanical stress
| Plot0 |[/\/ XY Graph Plot 0
-6E-9 -6E-9-
_ge-9-Lu MVA n'Mv -8E-9-|— .A\JUM vr/\vv/\mﬂy
I I o] f
-1E-8- | @ \
W 2 1268 .

-1.2E-8- : =
-1.4E-8- m,ﬂuﬂw\fw‘ < JZE: M’V A\HM
-1.6E-8- W. n,MU‘VJhW -1.8E-8 VV
-1.8E-8-} -2E-8-5

0 20000 40000 60000 80000 100000
Position, in um

Bicron BC-600

0 20000 40000 60000 80000 100000
Position, in um
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[1M3anH aganTepa
nnsa ¢oroamona

S$13360-3075CS

LN

* 33 OCHOBY ONTUYECKOrO KOHHEKTOPA,
KyJa BKNIENBAIOTCA BbIXOAbl BO/IOKOH,
6blN B3AT AM3aliH KOHHEKTopa ANA
HCAL/CMS, pa3spaboTaHHbI BNL

ONTUYECKMUM KOHHEKTOP
* Ha TeKkywuin momeHT, cBTOCHOp ByaeT
NPOUCXOAUT C NTOMOLLbIO 3X3 mm

’ 514160-3050HS
Hamamatsu MPPC (nn6o S13360- ‘

3075CS, ambo S14160-3050HS) | ’
* bbinn pa3pa6OTaHbI afjanTtepbl NoA4 3TU
SiPM:
* J[na MPPC Hamamatsu S13360-3075CS

e [na MPPC Hamamatsu $14160-3050HS

* Ontnyeckoe BosiIoKHO Mitsubishi
SH2001-J 6yaeT AocTaBnAATb CBET ANA
KannbpoBKM/MOHUTOPUPOBAHUS
KaHana




[lpoBepKa KadectBa WLS BONOKOH A0

CK/IEMKN B KaHaBKY CTpMNa

[na nponssoacTBa NepBOro MoaynAa pelweHo U3rotoBmtb 3.2 METPOBbIX
100 cTtpunos cedeHnem 7x50, c asyma 1.2-mm aunametpa Kyraray Y11 WLS
BO/NIOKHaMM

3TM CYETUYMKM BbIIN N3TOTOBAEHBI CUNaMuK Gupmbl YHUNAacT (Bnagummp)
Bblno 06HapyXeHOo, YTO BOJIOKHO MHOTAA MMEET HEOAHOPOAHOCTU UK
noBpeXaeHunA rno ganHe.

Hago nposeputb WLS Bon10KHO 1O CKNENKM B KaHaBY A1A YMEHbLUEHUA
H6paka

Mpoueaypa NPOBEPKM KayecTBa BOJIOKOH A0JI}KHO ObITb MPOCTbIM U
HbICTPbIM ANA €€ BbINONHEHMUS

Attenuation lengt

fiber_1.txt
+2/ ndf 2.041/3
550 N, - 559.5 + 26.4
A- 373.2 + 35.94

o
o
o

S
[
=]

Light yield, in 0.0001 Volt
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o
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Bbln co34aH TaKoM NPOCTOM CTEHA,

fonyboii cBeT co3aaeTca C NOMOLLbIO MATIOMUHALUK
cumMHTUANATOpa YO-gnoaamm

Hamamatsu S12571-100C MPPC npucTtaBieH Ha KOoHLUe
BOJ'IOF,I-)|a n paboTaeT B pexxmme reHepaunm ToKka (aka “solar
pane

doToTOK OT SiPM peructpupyetca ¢ NOMOLLbIO 5-pa3pAagHoro
FLUKE 187 mynbtumeTpa

doTOTOK MepsaeTca Ha paccTtoaHum 20, 110, 170, 260 1 320
CMm

TakMm MeToA0M Ko/ier u3 YHunaacta usmepunu sce
BOJIOKHA. 14 BO/NIOKOH 13 214 6b1an HanaeHbl bpakoBaHHbIMM
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[1oAroToBKa «4epHOro AWmKka» ¢ 2[1-noptasom BHYTPU ANA
TECTMPOBAHMA CTPMUMOB C MOMOLLBIO BEeTa-UCTOYHMKA

*  Mbl CNPOEKTUPOBANMU AU3ANH K4EPHOTO
AWMKa» ¢ 2[1-nopTanom BHyTpH

e [OnuvHa AWwmKa — 6 MeTpoB, WKpuHa 1.2 meTtpa
* [JocTyn co BCex CTOPOH

* BHyTpu ycTaHoBNeH 2/l-nopTan,
nepemeLlaolmnii 6eTa-UCcTOYHUK No ANNHE U
LWMPUHE cToNa

* [oKa He A0 KoHLa pelueHa npobnema
CBETOM30NAUUN

* YnpaB/ieHMe NopTasioM BCTPOEHO B 06LLytO
cuctemy cbopa faHHbIX

X-axis and Y axis
A4988 stepper
motor drivers with

stops

ino

b

Transmitter T
WL102-341 S M % Receptor
By it RX470-4

Bnok-cxema 6ecnpoBogHoOro
ynpasneHusa 2D-noptanom ans
nepemeLleHma B-UCToOYHMKA

BAayecnas PorosuH B npouecce N3rotoBaeHnAa «4epHoro AWnKa»
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DAQ gnAa TectTMpoBaHUA
CTPMMNOB

DAQ co3paaH B cpeae Qt5, o6paboTka AaHHbIX C
nomouwbto ROOT6

J1erko MoXKHO MMNAEMEHTMPOBATb AONONHUTE/bHbIE
dyHKUMM/npoueaypbl NyTeM MNOAKAHOYEHNS UX Yepes
MoAayNb

Mogaynb ynpasneHua 2[1-noptanom co3gaH

Mogaynb ynpasaeHnsa/KoOMMyHUKaLMn ¢ GPOHT-3HA,
3aNeKTpoHUKomM Ha 6a3e CITIROC npaKTMYeCcKn co3aaH

TpebyeTcs 3aBepLlINTb MMMNIEMEHTALMIO MOAYAA
ynpasneHuna ana abcontoTHOM KanmMbpoBKM C MOMOLLbIO
cBeToAMoAa

Mogaynb no o6paboTKe AaHHbIX 1 BbIBOAA MHPOPMALUU
co3gaH

2D translation stage (portal)

SiPM side

CitiROC

=

Source

LED side

w
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MexaHnyeckmne MCnbiTaHMA K1eeBOoro coeaAnHeHuA CTPWII-
ANOMUHMNEBBIN NNCT, N ero BJIMAHNE Hd CBeTOC60p

Mbl yBUAENM YTO NPUKNENKA CTPUMA K
aIOMUHUIO C MOMOLLLbIO YNCTO IMOKCUAHOTO
KNnes, KoTopbl ByaeT NnpuMeHATbCA ANnn
CO34aHuA MoayNnA, NPUBOAMT K NoTepe
csBeTocbopa

Bo3HuMKLWYO Npobiemy pelmnam ¢ NoMoLbo
NoAMELLMBaHMA OKCMAA TUTaHA K KNeto

50% knea + TiO2 50% coctaB no3sonser
n3bexartb AaHHY npobnemy

Mbl NpoBEpPUN KNEeeBO LWOB TaKOro cocTaBa
(50/50) Ha mexaHMYeCKyo NPOYHOCTb U
0bHapyXu1an, 4yTo B MmacliTabax Hawero
0b60pya0BaHUA CKAEEHHbIM Y4AaCTOK OYEHb
XOPOLO AEPKUT HArpysky He meHee 50 Kr nau
300 KMa Ha pacTaxkeHne — 310 B 5 pa3s bonbLue,
yem OXKngaemoe HanpsiKeHne Ha BEPXHEN
Kpomke 6okoBoro moayns CRV

2022-02-25 12:10

sample 1 err  slgluedoptic err sample2 err s2TiO2 25%
pedestal 166 166 160 160
landau MPV-PED 1561 0.2 1228 0.8 2016 0.6 1749
1 phein channels 48.95 0.09 48.95 0.09 32.6 0.09 32.6
light yield, phe 31.89 0.2 25.09 0.8 61.84 0.6 53.65
gluing effect, % -21.32% -13.24%
sample #1 not glued sample #2 glued with epoxy&Ti0Z (10:3)
s T P | hiiol_§ |
S A 1, i 18 E"“- i | ::":.q ?;:?
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sample #1 glued with optic egoxy;’lalm . sample #2 not glue:: -
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Epoxy 100%

Epoxy 75% + TiO, 25%

HaigeHo, uto 50% Knes + TiO2 50% cocTas N03BOAAET CKNEBATb CLULUHTUANATOP K AN-
nucty 6es yxyaleHma ceeTocbopa 1 mexaHMUYECKOM NPOYHOCTU K/1eeBOro coeauHeHun

s3 TiO2
sample 3 err 50% err
160 160
1855 0.4 1876
33.26 0.11 33.26
55.77 0.41 56.4
1.13%
i sample #3 not glusd = - -
[ SOOI .

Crage

sample #3 glued with epoxy&TiO2 (1:1)
hiict &
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E
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1000 1500 o ]

Epoxy 50% + TiO, 50%

0.11
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BbiBOAbI

* Hawa rpynna ycnewHo npoBsesia NnpeaBapuTe/ibHble UCCNef0BaHNA AN
HaxoXXAeHnA onTumanbHou KoHdurypaumm CRV cnctemol ana COMET
3KCNepumeHTa

* MNo pesynbratam nccneaosaHmn konnabopaumna COMET cornacunca c
HaWWm npeasioxeHnem n bbin BbiIbpaH Moay/b, COCTOALLMM U3 CTPUMOB.
50x7 mm cevyeHunsa, ¢ ABYMSA BOJIOKHAMU. KaxKabin MoayNnb COCTOMUT U3 4-€X
CNnoes, No 16 CTPMNOB B KaXKA0OM. 5-MM TO/ILLUHOWN aNlOMUHMEBbBIE IUCTI
Pa3aenAlT CNou, NPU 3TOM OHWM KPenaTcA Ha OCHOBHOWM NUCT ToAwMHOK 10
MM, a8 BEPXHUN NUCT TONLLMNHON 2 MM

* Mbl B npouecce co3aaHnsa Nepsoro moaynsa AanHon 3.2 meTpa.

* MMonHaa naowanb NOKpbITUA A0 80 m?, 06w KA BeCc cuctembl AOCTUTHET 7
TOHH, 11 Km WLS BosioKoH, ao 2300 SiPM

e [laHHble pe3ynbTaTbl Obl/IM ONOXKEHbI BO BHYTPEHHUX MUTUHIax COMET
CRV rpynnbl, a TakXe Ha KonnabopaymoHHbix MuTUHrax COMET — CM32,
CM33, CM34, CM35, CM36
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TOYHOCTU, AOCTUTHYTbIE NPEeablaYLLNMU
SKCNEePMMEHTAMMU

TABLE VIIIL. Limits of the lepton-flavor violating decays of muon, tau, pion. kaon and Z boson.

Reaction

Present limit

Reference

1”_; — f—+":.

pt — etetes
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T — [y

T — ece

0
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K} — pe
Kt — gtute
:‘\'E — alute™

7Y — e
Z[) — e
Z% S

<1.2x107H
- 1.0 x 10712
6.1 x 10713
- 83 x 1071
- 2.7 x 1076
3.0x 1078
1.9 x 1078

NA A NN

A

<29x 1076
<86 %107
< 4.7 x 10712
<21 x10°10
<31x10?
< 1.Tx 1078
<08 x 1078
< 1.2x 1075

Brooks. et al. (1999)
Bellgardt, et al. (1988)
Wintz (1998)
Willmann, ef al, (1999)
Edwards, ef al. (1997)
Edwards, et al. (1997)
Bliss, et al. (1998)
Bliss, el al. (1998)
Krolak, e al. (1994)
Ambrose. el al. (1998)
Lee, et al. (1990)
Arvisaka, ef al. (1998)
Akers. et al. (1995)
Akers, et al. (1995)
Abreu, ef al. (1997)

TABLE IX. Historical Progress of search for pt — e™+ since the era of meson factories with 90
% C.L. upper limits. The resolutions quoted are given as a full width at half maxinnm (FWHM).

Place Year AFE. AE; At.,, Af. Upper limit References

TRIUMF 1977 10%  87% G.Tns — < 3.6 107%  Depommier, et al. (1977)
SIN 1980 ®.7% l.4ns — = 1.0 x 107%  Vau der Schaaf, et al. (1980)
LANL 1082  8.8% 1.9ns  37mrad < 1.7 x 1070 Kinnison, et al. (1982)
LANL 1088 8% 1.8ns  STmrad < 4.9 % 1071 Bolton, ef al. (1988)

LANL 1099 1.2%* L6ns  15mrad < 1.2 % 10711 Brooks, et al. (1990)

Muon Decay and Physics Beyond the Standard Model

KEK-TH-639, August 1999
Yoshitaka Kuno and Yasuhiro Okada

TABLE X. Histarical progress and summary of searches for = — eTeTe™ decay.

Place Year 90%C.L. upper limit Reference

JINR 1076 < 1.9 =107 Korenchenko. et al. (1976)
LANL 1084 < 1.3 % 10710 Bolton, et al. (1984)

PSI 1984 <1.6x 10710 Bertl, et al. (1984)

PSI 1985 < 2.4 % 012 Bertl. et al. (1985)

LANL 1988 < 35x 1071 Bolton, et al. (1938)

PSsl 1985 < 1.0 x 10712 Bellgardt, ef al. (19588)
JINR 1091 < 3.6 x 1011 Baranov, ef al. (1991)

TABLE XII.

History and summary of g~ —e™ conversion in various nuclei.

Process

90% C.L. upper limit  place year reference
W+ Cu— e +Cu < 1.6 % 10~8 SREL 1972 Bryman, ef al. (1972)
P48 — e 328 <7x107H SIN 1982 Badertscher, ef al. (1082)
u+Ti— e +Ti < 1.6 %1071 TRIUMEF 1985 Bryman, ef al. (1985)
W+ Ti—em 4+ Ti < 4.6 % 1012 TRIUMFE 1088 Ahmad, et al. (1988)
pu-+Ph—e + Pb <49 %1070 TRIUMFE 1088 Ahmad, et al. (1988)
w4+ Ti— e +Ti < 4.3 % 10712 PSI 1993 Dohmen, ef al. (1993)
u=+ Pb— e + P < 4.6 x 10~1 PSI 1996 Honecker, ef al. (1996)
w4+ Ti—e +Ti < 6.1 x 10713 PSl 1998 Wintz (1998)

SINDRUM
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MuZ2e-Il: Stopping Target Studies

& Sensitivity Update

Comparing Targets

CE Capture | Decay | Density Atomic Equivalent
[MeV/c] Rate Rate [g/cm’] Number mass [g]

Aluminum  104.97 0.61 0.39
Titanium 104.29 329 0.85 0.15 4.5
Vanadium  104.05 300 0.87 013 6.1

Fixed Signal Regions t > 700ns and:

Upper Lower
[MeV/c] [Mev/c]

Al 103.85 105.1
Ti 103.25 104.5
\' 103.0 104.25

Mu2e-ll: Target Studies & Sensitivity Update - March 2021

22 ~290
23 ~310

StatsTool can optimize this.

By

Sophie Middleton, Lisa Goodenough
Yuri Oksuzian

Mu2e-Il Workshop 3rd March 2021
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Beam background ussies to CRV BACK

*  We need to know the final design for Cryostat DC Beam dump since it creates huge impact to CRV Back background rate in current design

¢ Below are results for simulation done by Dz. Shoukavy for COMER CRV monthly meeting held on April 29, 2021
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Positions where Hitting Gammas Appear (CRVTop) xz projection

Gammas
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Positions where Hitting Neutrons Appear (CRVTop) xz projection

Neutrons. -
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CRVTop xz projection

CRV Neutron fluence for

100 days, n/cm?
Top 9,=6.55 -10° n/cm?
Top =7 42-1010 2
Trapezoid 9. AN e
Left 0,=7.43-10°n/cm?
Right 9,=9.46-10° n/cm?
Back 9,=7.6-10'" n/cm’
Front

= . 11 2
GRPC 0,=1.70-101 n/cm

1 MeV Neutron equivalent
fluence for 100 days n;,,./cm?

Statistics: POT 2.5E+8
Poivev = 9.77-10% Dy pev/cm?
‘pnl_MeV =1.85-10° n]_mv}"l:mz

Puinviey = 2.96°10% Dy y/cm?
q’nmlev= 1.16'109 ]llMe‘JClIlz

Pninvev = 4.73-1010 myyy/cm?

Quinviev = 2.36°1010 1,4 /CI?

Gamma fluence for

100 days, y/cm?

¢~ 1.17-10' y/cm?
¢,~1.29-101° y/cm?

@,~ 1.11-101° y/cm?
¢,~ 1.92-10% y/cm?
@,~ 3.53-10" y/cm?

¢~ 1.01-101 y/cm?

Simulation shows that the rate for
CRV BACK is already similar or even
higher then for Front CRV where
GRPC will be installed

Gamma Dose for
100 days, Gy

0.19 Gy

0.21 Gy

0.13 Gy
0.17 Gy
10.11 Gy

2.18 Gy
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Some draft to support the modules

—

/T THOMSON: ‘(

Linear Mation. Optimized "= | * [ m— ne Y
: 3-roll rail carriage °\'/
BL125 -
S e - = = PBCLinear
= . Redi-Rail Linear Guide
Round-rail linear guide | (Inch) -RR Rail with RRS
Carriage

SPB (Inch) Single
Roller Pillow Block

* We can use the round-rail linear guide and the base 3-roll rail carriage in pair to support the Top CRV
module (this carriage for 2 inch/50mm rail can hold the )

* To support the Side CRV modules we can use the round-rail linear guide to support from bottom and
Redi-Rail Linear Guide (Inch) paired with RR Rail with RRS Carriage to hang the side modules at top

corners.
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We studied light yield for 7-mm (strips were produced by “Uniplast”, Vladimir, Russi:
December 2020) in follow distances: 40, 70, 100, 130, 160, 190, 220 and 250 cm fror

* DAQ for strips and trigger counters was based on CAEN DT5702 32-ch MPPC/SiP}

Front-End

* Scintillation counters with 40x40 mm active area used for cosmic telescope

¢ 1.3x1.3 mm MPPS/SiPM Hamamatsu S13360-1350CS

26.05.2022

ANQ\‘. = .

cosmic spectra

Technical Attenuation Length study for the Uniplast strips
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Average rate on one layer for neutrons and gamma; first layer rate for
electrons

Rate on one layer
for 10-5-5-2 set of * Threshold set to 170 keV, which corresponds to 5 ph.e. threshold for
thicknesses of Al cosmic rays on 7-mme-thick strips on 35 average light yield

' e The 1000x1000 mm area module consists of the 4 layers of 7-mm-
plat? depend ing on thick scintillation strips sliced with Al-plates.
particle energy

* The particles hits to the center of the module perpendicular

Relative to total

| Electron, rate for first layer | [ Neutron, average rate for 4 layers | | Gamma, average rate for 4 layers |
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3-layer coincidence rate for neutrons, gamma and electrons

* Threshold set to 170 keV, which corresponds to 5 ph.e. threshold for
cosmic rays on 7-mme-thick strips on 35 average light yield

e The 1000x1000 mm area module consists of the 4 layers of 7-mm-

thick scintillation strips sliced with Al-plates.

* The particles hits to the center of the module perpendicular
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4-layer coincidence rate for neutrons, gamma and electrons

Threshold set to 170 keV, which corresponds to 5 ph.e. threshold for
cosmic rays on 7-mme-thick strips on 35 average light yield

The 1000x1000 mm area module consists of the 4 layers of 7-mm-
thick scintillation strips sliced with Al-plates.

The particles hits to the center of the module perpendicular
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Top and side modules with additional shielding
and SuppOrt support system for Side CRV on upper

corner

support system for TOP CRV

This hole
creates
some
problem
to install
the
support

support system for Side CRV on
bottom edge

It is a proposal of the way to hold the module on COMET skeleton
* Rail guides allow an installation procedure little be flexy and more easy
* Such support system gives the more precise positioning modules to each other

* Another coin is that installation will not depend on surface condition
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Setup of the experiment

* We prepared a 10-mm-thick and 40-mm-wide strips were scintillation
strip with 1.2 mm WLS fiber embedded in

* Both end is prepared for light yield collection
* PMT EMU9814 is collected to one end and powered by 2000 V

* 1.3x1.3 mm SiPM/MPPC Hamamatsu S13360-1350CS is attached to
opposite side

 PMT anode current was measured with Keithley 6847 pico-ammeter

e SiPM/MPPC is connected to CAEN DT5702

* We provided the transverse scan of this strips with the collimated
beta beam of 29Sr/°%Y beta-source with 0.3 mCi activity
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Results
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The distribution of the PMT current as a function of the X-
position by width of the strip is done

The distribution of the total charge collected in 5 minutes as a
function of the X-position by width of the strip is done

The comParison as a function of the PMT current versus total
charge of the SiPM is presented

One can see nice linearity in working area



LED Driver prototype

e As noted in previous CM35, the SFGD The slide shows the module

module will be used for of the 12-channel SFGD
calibration/monitor porpoise. electronics board. The detector
will use 8 such modules. The

* Light from one LED channel will be graphs demonstrate the

distributed by 8 channel using 1-m- calibration of a single LGP
long optical fiber Mitsubishi SH2001-) channel by single photons.

* We need 2 LED channel for test stand
to create 16 channel

e This module can be used for
calibration at COMET since it is
possible to run calibration/monitor for
64 channel simultaneously (8 LED by 8
SiPM per channel)

SIPM Gan
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