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HUpPYETCS YCTAaHOBUTD B MIPOMEXYTOUHOM BOIHOM UYE€PEHKOBCKOM neTekTope TpoekTa [urnep-Kamuokanne.
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BBEIAEHME

[Jisi MOBBIIIEHUST YYBCTBUTEJIBHOCTU 3KCIIEpU-
MmeHTa lunep-KamuokaHzae [1], OCHOBHOII LieJiblO
KoToporo siBisietcsd nmouck CP-HapylieHusi B Heii-
TPUHHBIX OCUWUISLIMAX, TUIAHUPYETCS CO3IaHue
MPOMEXYTOYHOTO BOJHOTO YEPEHKOBCKOTO AETEKTO-
pa Maccoit ~1 KT, KoTopbiii OyneT ycTaHOBJIEH Ha
paccTossHUM ~1 KM OT MMOHOPOXAAIOIIEeH MUILIEHU
Ha CUJIBHOTOYHOM IIPOTOHHOM ycKopurtene J-PARC.
KomOuHamusi faHHbBIX MAarHUTHOTO TPEKOBOIO Je-
tekTopa ND280 (6s11kHero HeiTpMHHOIO AeTeKTopa
akcriepuMmeHTa T2K [2]), KOTOpBIiT pacriojiokeH Ha
paccrossHuu 280 M OT MUIIIEHU, U IIPOMEXYTOYHOTO
YEPEHKOBCKOTO JIETEKTOPa MO3BOJUT CYIIECTBEHHO
CHU3UTH CUCTEMATUUYECKHE MOTPEITHOCTU OCIIUILISI -
LIMOHHBIX U3MepeHUii B aKcnepuMeHTe [umnep-Ka-
MUOKaH/IE.

B npoMexyTouHOM JeTeKTope B KauecTBe (HOTO-
MPUEMHUKOB YEPEHKOBCKOTI'O CBETa Oy1yT UCTIOJIb30-
BaTbCSl MOLLYJIM, UMelolre (hopMy noaychepsl U co-
crosiine u3 19-u poTO3IEKTPOHHBIX YMHOXUTENEH
(PBY) nnamerpoM 80 MM. [TocKoabKY TpOMEKYTOU-
HbIi 1eTeKTOp OyIeT pacriojloKeH B 11axTe ITyOuHOM
BCEr0 HECKOJIBKO IECSTKOB METPOB, 3(PPeKTUBHAS
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UIeHTU(UKALIMS U TToJaBieHue (PoHa OT KOCMUYEe-
CKHX MIOOHOB SIBJISIOTCS KJIIOYEBBIMHU YCIIOBUSIMU
JUIST YCIIEITHOTO (byHKIIMOHUPOBAHUS 3TOIO JETEK-
Topa. PaccmatpuBaloTcsi HECKOJIBKO BO3MOXHbBIX Ba-
PUAHTOB BETO-CUCTEMBI 3apsiKeHHBIX 4yactuil. On-
HUM M3 HauOOJIee ONTUMAJIbHBIX SIBISIETCSI UCTIOJIb-
30BaHNE CUMHTUJUISLIMOHHBIX IETEKTOPOB B (hopme
JIMCKOB, KOTOPHIE YCTAHABJIMBAIOTCS B HMXKHEI 4a-
ctu moayns (puc. 1). CUMHTWIISILIMOHHBIN CUTHAI
PETUCTPUPYETCSI ¢ TTIOMOIIBIO CMEKTPOCMEIIAOIINX
BOJIOKOH, BKJIEEHHBIX B CLIMHTUJUIATOP, U KpEMHUE-
BBIX (poroymHoxuTeneii (Si-DDY). 'eomerpus aTnx
JIETEKTOPOB U Pe3yJbTaTbl TECTOB MpeACTaBISHbI B
NaHHOW cTaThbe.

COMHTUIUIAOMOHHBIE AETEKTOPBI U
OOAHOPOJHOCTB NMX CBETOBBIXOIA

CLUUHTUWUISLIMOHHEIE JETEKTOPhI COCTOST U3 ABYX
MOJIYKPYTOB, BbIPE3aHHBIX U3 MJIACTUH CLIMHTUJLIS-
Topa Ha ocHoBe u3roropieHHoro OO0 “YHurutact”
(r. BraguMup) METOOOM 3KCTPY3UM IOJIUCTUPOJIA C
nobaskoii 1.5% mapatepdenunaun 0.25% POPOP [3].
Jerexktop nMeet nuameTp 350 MM M TONIIMHY 7 MM
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Puc. 1. TeoMeTpust ONITUYECKOTO MOIYJISI TPOMEXKYTOYHOTO BOTHOTO YePEHKOBCKOTO AeTekTopa. I — PJY, 2 — nmpo3payHbIit
KOJITTaK 13 akpuia, 3 — KOpIyc MOayJisl, 4 — CHUHTWUISILIMOHHBIN BETO-IETEKTOP.

Puc. 2. ®otorpacduu 1ByX MOJOBUH CLMHTUUISILIMOHHOTO IeTeKTOpa (ClieBa) M MOJTHOTO eTeKTopa (CripaBa).

(puc. 2). Ha moBepxHOCTH AETEKTOPA ITyTeM XUMUYE-
CKOTI'0 BCIIEHUBaHUS CLIUHTUWLISITOpA ObLJI 00pa3oBaH
ToHKMI1 (0K0J10 0.1 MM) ci10ii ¢ TP PYy3HBIM OTpaxKe-
HueM. CBeT ¢ JeTeKTopa coOupajcs C ITOMOIIBIO
crniekTpocMmelaroiero BojokHa Y11(200)MSY nna-
MeTpoM 1 MM U IInHOM 650 MM, BKJIEEHHOTO B U30-
THYTyI0 (S-00pa3Hy10) KaHaBKy IIMPUHOK 1.2 MM 1
DIyOMHOM 3.5 MM C IIOMOIIBIO T'eIbCUJIOKCAHOBOM
komno3zunuun CYPOJI-CJII1 (TY 38.303.04.1-21-98)
komnannu OO0 CYPOIJI. Takasa dopma KaHaBKU
MMO3BOJISIET MOJYYUTh BBICOKMI CBETOBBIXO U BBICO-
Ky10 3HEKTUBHOCTD pErUCTPaLIMU 3apsSi>KEHHBIX ya-
CTUII B CUMHTWJISLIMOHHBIX CYETYMKAX MIOOHHOTO
nerekropa (Side Muon Range Detector — SMRD)
[4, 5] B akcniepumenTe T2K. KoHIIbI crieKTpocMelia-
JOIIIETO BOJIOKHA OBIIIN O0pEe3aHbl ¢ ITOMOIIBIO aTMa3-
HOTIO pe311a, YTO 00ecreunBaeT Ka4eCTBO IOBEPXHO-
CTH, OJM3KOEe K KavyeCTBY, ITOJIy4aeMOMY IIOJIMPOB-
Koit. CBeT C OmHOro KOHIIa CIEKTPOCMEIIAIOIIETO
BOJIOKHa peructpupyetrcsa Si-O@DY MPPC S13081-
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050CS(X1), mprcoenMHEHHOIO C MOMOIIBIO ITPOCTO-
ro OINTHUYECKOro pazbema. J[pyroii KoHell BOJIOKHa
TOKPBIT cepebpsiHoit Kpackoit Silver Shine kommna-
Huu Eptainks, Italy. JIBa mojiykpyra o0ObeIHEHbI B
MOJIHBIN AETEKTOP, KaK MOoKa3aHo Ha puc. 2 (CripaBa).

M3MepeHUs1 OTHOPOAHOCTY CBETOBBIXOAA OMHOI
W3 ITOJIOBUH CHUHTWLUISIHIMOHHOTIO IETEKTOPa IIPOBO-
JUJIUCh C TIOMOIIBIO PagWOaKTUBHOIO MCTOYHMKA
90Sr. cTOYHMK OBLI NOMEIIEH B UMIMHIPUIECKUIA
KOJIJIMMAaTOp M3 Jiopajis ¢ AUaMETPOM OTBEPCTUS
1 MM ¥ JTMHOM oTBepCcTUST 6 MM. BHelTHMiT nuameTp
KOJJIMMAaTopa PaBHSUICSI 22 MM, a €70 BBICOTA COCTaB-
js1a 60 MM. MICIIBITYeMBIN JeTEKTOP HAXOOWICS Ha
6.5 MM HUKe BbIX0Ja KojutuMmaTtopa. Ha 6.5 MM Huke
HCITBITYEMOTO IETEKTOPA HAXOIWJICS TPUITePHbBII CLIMH-
TWIUISILMOHHBIN cueTurK pazmepoM 30 X 30 X Smm. I1o-
pOT TPUTTEPHOro cueTyrka ObL1 6Jiu3oK K 0.5 MaB.
MognenupoBanue ¢ moMmouibio mporpammbl GEANT4
IoKa3ajo, 4TO CpelHee 3HAaUYeHUEe CBETOBBIXOJA MC-
MBITYEMOTO AETEKTOPA K 3J1eKTPOHaM OT *°St 6J1M3KO
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K cpeIHeMy 3Ha4YeHUIO CBETOBBIX0IA 111 MUHUMAaJIb-
HO HMOHHM3UDPYIOLIMUX 4YaCTUll, HaIIpaBJICHHBIX IICP-
NEHIVKYJISIPHO MOBEPXHOCTH JIETEKTOpa, M cjaabo
MEHSEeTCs NPpU BapbUPOBAHMU ITOPOra TPUITEPHOIO
cyeTynKa B guarmna3oHe 0.2—0.5 M»B.

H3mepeHnst omHO# TTOJTOBUHEI IETEKTOPA ITPOBO-
IUIUCH TIpU TeMiiepatype 21—22°C 1 HanpsKeHUU
Ha Si-DDY, pasHom 54 B. Ilpu aTOM omnTuyeckas
CcBg3b MexXay guyeiikaMu Si-DDY (BepoSITHOCTH cpa-
0GaThIBaHUSI COCEAHUX sTYeeK 13-3a (DOTOHOB OT Mep-
BUYHOTO CUTHAaJa) OblJIa MeHbIIe 5%, ¥ Ha 3Ty BeJIA-
YUHY JeJlajlach MOIpaBKa TMPU BLIUMCICHUU YUCia
3aperucTpupoBaHHbIX (oToHOB. CurHainsl Si-DIDY
YCUJTUBAINUCH M TTOAABAIMCh HAa aMIUIUTYIHO-ITA(-
posoii mpeobpazosarenb (ALLIT) LeCroy 2249A ¢ Bo-
poramu nHTerpupoBanus 200 He. [TpuMepsl pacripe-
TeJISHUI 10 BEJTMYMHE CUTHAJIOB B IBYX ITOJIOXKEHMSIX
pPaaTMOaKTUBHOTO MCTOYHWKA TIOKa3aHBI Ha puc. 3.
Korma ncrouHmnk Haxoauscst 6J1M3KO K CITIEKTpocMela-
IOIIIEMY BOJIOKHY, IIIMPUHA paclipene/icHusT yBeIJl-
BaJlach M3-3a JIEKTPOHOB, MPOXOASIINX B 00JIACTh Ka-
HaBKU, T1Ie TOJIIMHA CUMHTUUISITOpa MEHBILE U, Cle-
JIOBaTeJIbHO, MEHbllle CUTHalI. DTOT 3dekT Oymer
MeHee BBIpaKeH JIST MIOOHOB, KOTOpBIE, B OTJIMYHE
OT 2JIEKTPOHOB OT ?’Sr, MomagaroT Ha MOBEPXHOCTh
JleTeKTopa IMoj pa3HbIMU yIyiamMu. B manbHelinem B
Ka4yecTBe BeJIMUMHBI CBETOBBIXO/IA IETEKTOPA IIPU 3a-
JaHHOM TIOJIOXEHUM PaauOaKTUBHOIO MCTOYHMKA
OpaJjioch cpenHee 3HaUeHUe pacripeneneHus [aycca,
KOTOpOE JIydllle BCEro armpoOKCUMHUPOBAJIO 00J1acTh
MMKa B pacrlpeleicHUN IO BeJIMYWHE CHUTHAJIOB.
I[Mpumepsl TakWx paclpenefieHUi TIpuBeIeHb Ha
puc. 3.

CrnenyeT OTMETUTh, YTO cepeOpeHre KOHIIA CITeK-
TPOCMeEIIAIOIIEero BOJIOKHA M €ro BKJIEMBaHUE B
CLHUHTUJUISITOP UTPAIOT OYEHBb BAXXKHYIO POJIb B MOIY-
YEHUU JOCTATOYHOI'O CBETOBBIXOAA AETEKTOpa. DTO
WLTIOCTPUPYET pUC. 4, Te MOKa3aH CBETOBBIXOM, e~
TeKTopa B (oTo3JIeKTpoHaX ((.3.) M0 ITOKPHITHUS Ce-
peOPSTHOM KpacKoii KOHIIA BOJIOKHA U 10 €T0 BKJICH-
BaHUSI B CLHUHTWLISITOP, HO YXe ¢ MOKpaIlIeHHBbIM
koH1oM. IlokpeITHe cepeOpsiHOIT KpacKoii KOHIIa
BOJIOKHA TIPUBOJIUT K YBEJIUUEHUIO CBETOBBIXO/1A Je-
TeKTOpa NpuMepHo B 1.6 pasza Branu oT poTOgETEK-
TOopa u npuMepHo B 1.3 pasza BOau3u. BkieuBaHue
BOJIOKHA YBEJIMYMBAET CUTHAJIBI OT AETeKTOpa IIpHU-
MepHO B 1.8 pa3a 1mo Bceil IJIMHE CIIEKTPOCMEIIAl0-
IIIETO BOJOKHA. Pa306poc OTHOILIEHUI CBETOBLIXOAOB
JIeTeKTOpa, U3MEPEHHBIX TIPU OOUHAKOBBIX ITO3UIIM-
SIX ICTOYHMKA *'ST 10 OKpallMBaHUS KOHLA BOJOKHA
U 0 BKJICUBAHUSI BOJOKHA B CLIMHTULISITOP, BbI3BaH
HETOYHOCTSIMU B MO3ULIMOHUPOBAHUM AETEKTOpPA,
KOTOpPbIE OCOOEHHO BJIMSIIOT HAa CBETOBBIXOJ BOJIM3U
CMEKTPOCMeEIAoIIero BOJOKHA.

st n3y4eHUs OMTHOPOIHOCTU CBETOBBIXO/ IETCK-
TOpa U3MepsUICs ¢ maroM 10 MM BIOJIb TIPSIMBIX, T1a-
paJUIENbHBIX OUAMETPY AETEKTOPA U OTCTOSIIIUX OT
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Puc. 3. Touku — pacrnpeneaeHus Mo BeJIMYNHE CUTHAJIOB

oT ncTouHnKa 2OST IS MO3MLMKM MCTOYHMKA Hall CIIeK-
TPOCMeEIAIOIIM BOJOKHOM (/) M B CTOPOHE OT CIIEKTPO-
cMelapniero BojgokHa (2). JIuHum — anmpokcuManumn
LIEHTPAJIbHBIX YacTeil pacripefesieHuil pacrpeaeieHueM
Taycca.

IraMeTpa Ha pasHble paccTosiHus. [lomoxxeHus To-
YeK U3MEePEeHUs TTI0Ka3aHbl Ha PUC. 5a, a pe3yabTaThl
M3MEPEHMI CBETOBBIXOAA HEeTeKTOopa — Ha puc. 50.
BenuunHa cBeTOBBIX0Ia CUJIBHO 3aBUCUT OT ITOJIOKE-
HUS UICTOUHUKA, TOCKOJBKY 3(P(PEeKTUBHOCTU CBETO-
cOopa BOJM3U U BAAIU OT CIIEKTPOCMEIIAIOIIETO BO-
JIOKHa CWJIbHO pasnudaroTcst. OmHaKo JaxXke caMble
MaJTble 3HAaYeHHST CBETOBBIXO/IA JETEKTOPA TTPEBHITIA-
T 10 ¢.3. DTO MO3BOJISIET MONYYUTh, JaXe B ITUX
ToYKaX, 3((HEKTUBHOCTh ACTEKTOpa IS TIePIIEeHIN -
KYJISIPHO BXOISIIMX B IETEKTOP MUHUMAIBHO MOHU-
3UPYIOLIVX YacTULL 60Jbiie 97 % Tipu mopore CUTHaja
4 ¢.3., TOCTAaTOUYHOM JJIsl YMEHBIIIEHWST YPOBHSI 1ITyMa
Si-®DY Huke 100 I'1, KOoTOpHIit TpeOyeTCs IJIsI BETO-
JIETEKTOPOB MPOMEXYTOYHOTO YEPEHKOBCKOIO Jie-
tekTopa [1].

M100HBI, IJis TTOAABJIEHUS] KOTOPBIX MpeIHa3Ha-
YEH HUCCIEeNyeMblil IETEKTOpP, B CPEAHEM BBIAC/ISIOT
SHEPIUI0, HEMHOIO OOJbIIYI0, YeM MUHMMAIbHO
VOHU3UPYIOIIAs YaCTULIA, TOCKOJIBKY YaCTh MIOOHOB
MMEET MaJjible MMITYJIbChI M, COOTBETCTBEHHO, GOJIb-
1I1i€ MOHM3alMOHHBIe ToTepu. KpoMe Toro, oHu me-
peceKaloT JeTEKTOp IO Pa3HbIMU YIJIaMU, YTO TaK-
K€ YBEeJIMYMBAET CUrHal. TakuM o0pa3oM, CpemHss
110 rroiaau 3¢ (GeKTUBHOCTD AETEKTOPa K KOCMUYe-
CKMM MIOOHaM OyAeT nmpeBbIarh 99%.

HecMoTpst Ha CWIBHYI0O HEOMHOPOIHOCTh CBETO-
BBIXO/Ia CUMHTUJUISILIMOHHOTO JeTeKTOopa 10 TTOBEPX-
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Puc. 4. a — cBeTOBBIXOJ IeTeKTOpa: / — MPU pa3HbIX MNO3ULIMSX PAAMOAKTUBHOIO UICTOYHMKA Ha paccTOSIHUM 20 MM OT AUaMeT-
pa neTekTopa, 2 — 10 HaHeCeHUsl cepeOpsIHOM KpacKK Ha KOHElLl CITEKTPOCMEIIAIOIIero BOJIOKHA, 3 — 10 BKJIEMBAaHUsI BOJIOKHA
B CLULMHTUJUISITOP; © — OTHOILIEHHUE CBETOBBIXOJIOB: 4 — IeTeKTOpa C HAHECEHHOM Ha KOHEll CIIEKTPOCMEILAIOIIEer0 BOJOKHA ce-
peOpsiHOIT KpacKoi 1 ieTeKTopa 6€3 HaHECEHHOI Ha KOHell BOJIOKHA KPacku, KOIia B 000MX CllydyasiX BOJIOKHO HE BKJIECHO B
CLIMHTUJUISITOP, 5 — JIeTeKTopa ¢ HaHeCEeHHOI Ha KOHEll BOJIOKHA cepeOpsiHO KPacKoii, BKIEEHHOTO B CLIMHTULISITOP, U Jie-
TEKTOpa C TAKUM K€ BOJIOKHOM, HO He BKJICEHHBIM B CLIUHTUJLISTOP.

HOCTH, MpEIIOKEeHHAsI KOHCTPYKIIMS 00eCIeYnBaeT
BBICOKYIO 3(p(EKTUBHOCTh K KOCMUYECKM MIOOHAM
U SIBJISIETCS JOCTATOYHO MPOCTOM U AELIEBOIi B U3rO-
TOBJICHUH.

TECT C KOCMUYECKMMHU MIOOHAMHN

CBETOBBIXOJl CLIUHTWUISILIUOHHBIX AETEKTOPOB B
COOpaHHOM COCTOSIHMM ObLI TakKXke M3MEPEH C KOC-
MUYeCKUMU MIooHaMH. [eoMeTpust u3mMepeHuii mo-
KazaHa Ha puc. 6. B kauecTBe 3amycKamoux (TpUr-
TFe€PHbIX) CYETUMKOB MCITOJIb30BATUCH CLUMHTUJLISIIIU -
OHHBIe cueTunKu pazmepom 10 X 10 cm. B pesynbraTe
MoJiy4yaav yCpeaIHEHHOE MO TOM TJIONIaAY 3HaYeHUE
CBETOBBIXOAa. B M3MepeHUsIX C KOCMUUYECKUMU MIOO-
HaMU B Ka4eCTBE (pOTONMPUEMHUKOB ObLIU UCITOIb30-
BaHbI Si-PDY MPPC Hamamatsu S13081-050C. s
TOJIOXKEHHUS 3alyCKalollero cyeTyrka 1 CBETOBBIXOI
MUHHUMAJIbHO MOHU3UPYIOIIEH YaCTUIIBI cocTaBuI 24.8
d.3., a 1151 TI0J1I03KeHUMsI cueTyrka 2 — 19.6 ¢.3. Dr1a Be-
JIMYMHA CBETOBbIXOAA obecrieunBaeT 3(hOEKTUB-
HOCTb PErUCTpalluU PEJIITUBUCTCKUX 3apsiKEHHBIX
yacTtul 6osee 99% tipu mopore peructpaunu 4 ¢.s.,
Kak o0CcyX1a10Ch BbIIIIE.
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3AKJIIOYEHHME

M3MepeHbl mapaMeTpbl CLHUHTULISILIMOHHBIX Be-
TO-AETEKTOPOB LISl ONTUUYECKUX MOIYJIEN TTpOMeExXy-
TOYHOTO JeTeKTopa HelTpuHO B mpoekTe [umnep-Ka-
muokaHze. OTHOCUTENIbHO TIPOCThIE U JelIeBbIe Jie-
TEKTOPbI C OJHUM CIEKTPOCMENIAIOIINM BOJIOKHOM,
BKJICEHHBIM B U30THYTYIO KaHABKY B CLIMHTUJIISITO-
pe, u pororpueMHUKOM Si-DDY MMEIOT CBETOBHI-
XOJ, TSI MEPIEHAUKYJISIPHO MagaoluX Ha J€TeKTOp
MUHMMAaJbHO WOHMUBUPYIOIIMX dYacTull oT 10 mo
40 ¢.3. B 3aBUCMMOCTHU OT TOYKM TIPOXOXKICHUS Ya-
CTUILIbI Yepe3 CUMHTWLISTOpP. [lolydeHHBbI cBETO-
BBIXO, TOJDKEH o0ecrnedyuTh 3(HEeKTUBHOCTh perv-
CTpallMid KOCMUYECKUX MIOOHOB TaKUM AETEKTOPOM
6osee 99%, 9TO 3aBEmOMO YIOBJIETBOPSIET TpeboBa-
HUSIM K OTITUYECKUM MOJIYJISIM TTPOMEKYTOYHOTO Ye-
PEHKOBCKOIro JaeTrekTopa ImpoekTa Iunep-Kamuo-
KaHJe.

OUHAHCHUPOBAHUWE PABOTHI
Pa6ora nonaepxaHa rpaHTOM MuUHKUCTEpCTBA HAYKU U

BhIcIIero obpasoBanust Poccuiickoit @enepauun “Heii-
TpUHO U acTpodusuka yactui” Ne 075-15-2020-778.
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X-KoopanHaTa IMOJIOXKEHNA UCTOYHMNKA, MM

Puc. 5. PacrionioxxeHue ToYeK U3MepeHHUsI TI0 TOBEPXHOCTH AETEKTOpa (a) U 3aBUCUMOCTb CBETOBBIXOJA I€TEKTOpa OT X- U -
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Puc. 6. PacrionoxeHue 3anycKamIINX CUeTYNKOB 1 1 2 KocMuuecKux MiooHOB. Pasmep cuetunkos 10 X 10 cM.
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CUUHTUINIALIUOHHBIE JETEKTOPDBI 3APAKEHHBIX YACTHULL

KOH®JIMKT MHTEPECOB

ABTOpPBI NOATBEPKAAIOT (IEKJIApUPYIOT), YTO HET KOH-

(hmkTa MHTEpECOB.
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