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[IpencraBieH MPOTOTUIT IBYXKOOPIMHATHOTO IMO3UIIMOHHO-YYBCTBUTEILHOTO ICTEKTOPA HA OCHOBE CIIMH -
tiwmtsitopa °LiF/ZnS(Ag) Majoil TUIOWAnN, M3rOTOBIEHHOIO C MCITONB30BAHNEM CIIEKTPOCMEIIAOIIIX
OINTUYECKUX BOJOKOH KBaJIpaTHOTO ceyeHusl. Pa3zMep KBaapaTHOII aKTMBHOI 00JIaCTU AETEKTUPYIOLICH
MmoBepXHOCTH (96 X 96 cM) COOTBETCTBYET 16 KaHaaM perucTpaiuy no ocu X u 16 kanainam no ocu Y. Onm-
CaHbl KOHCTPYKILIMS J€TeKTOpa U Pe3yJIbTaThl €r0 HACTPOMKM, a TAKXKE MPOIEMOHCTPHUPOBaHa ero paboTo-
CIIOCOOHOCTh IPU TECTUPOBAHMM C KBAa3MOTHOPOMHOI 3acBeTKoil. IloaydyenHas 3peKTUBHOCTL peru-

CTpalMy HEUTPOHOB cocTaBumia 8%.

KoueBble cj10Ba: pervcTpalvsl TEIJIOBBIX HEHTPOHOB, MO3UIIMOHHO-YYBCTBUTEIBHBIN TETEKTOp, CIEK-
TpOCMellalolIe ONTUYeCKre BOJI0KHa, 3(GhEeKTUBHOCTL PErMCTPaIIUH.

DOI: 10.31857/51028096023040167, EDN: JNIBPB

BBEIAEHME

B nHacrosmiee Bpems B JlabopaTtopnt HEMTpOHHOIM
¢u3ukn OO0BeAMHEHHOTO WHCTUTYTA SIIEPHBIX HC-
clIieOBaHUI OCBOEHBI TEXHOJOTUM U3TOTOBJICHUS
CUMHTWUISIIMOHHBIX IETEKTOPOB TEIJIOBBIX U XO-
JIONHBIX HEUTPOHOB Ha ocHOBe °Li B cocTaBe CLIMH-
TwinsunonHoro skpaHa (°LiF/ZnS(Ag)). o sr1oit
TexHoJioruu ObLIM paszpadoraHbl AeTekTop ACTPA
mst pypbe-crpecc-gudpakromerpa OCIH [1, 2] u
IIPOKOAIIePTYPHBIIA OETEKTOP OOpaTHOIO pacces-
HUs 1 pypbe-audpakToMeTpa BBICOKOTO pas3pe-
meHus [3, 4] peakropa UBP-2 [5]. Ha ceronHsiiHuii
JIeHb aKTyaJIbHOM IJ1s1 HEUTPOHHBIX LIEHTPOB SIBJISIETCS
3amaya CO3JaHUsI CUMHTWUISILMOHHBIX ITO3UIIMOH-
HO-YYBCTBUTEIBbHBIX maeTekTopoB (ITY/I) Oomblmoit
TJIoagu. DTO OOYCIOBICHO TEM, UTO CIIMHTUIIISI-
LIMOHHbBIE JETCKTOPHI MO3BOJISIIOT MOJIYYUTh TOYHYIO
BPEMEHHYIO OTMETKY M 0oJiee MpOCThl B 3KCILTyaTa-
O B CPaBHEHUM C Ta30BBIMU JETEKTOpaMU, MC-
noab3yoummu goporoii *He. B HacTosieil pabore
OpencTaBieH MPOTOTUIl CUMHTWIISIHMOHHOTO TTY/T
C MaJIoit paboueii IIoIIagbio.
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OKCITEPUMEHT
Onucanue demexkmopa

B kauecTBe OETEKTUpPYIOLIEH MTOBEPXHOCTU MPO-
toruna ITY]l BeIOpamm CUMHTWUISIIMOHHBIM ND-
akpaH ¢upmbl Applied Scintillation Technologies
Ltd. [6] ¢ paboueii rmomanbio 96 X 96 MM? 1 TOJNLIM-
Hoii 0.42 MM. JITaHHBIH CUMHTULISITOP uMeeT 3 dek-
TUBHOCTb KOHBEPTALUM HENTpoHA 32% (IS ITUHBI
BOJIHHI 1.8 A) M HU3KYIO YYBCTBUTEIBHOCTH K TaMMa-
kBaHTaMm (107°). JIns nosbllueHUs 3GPEKTUBHOCTU
JIeTeKTOpa MCIOJIb30BalN YEThIpE CJOSI CUMHTUILIS-
TOpa ¢ HNONHON 3(P(PEeKTUBHOCTHIO KOHBEPTALIUU 10
78%.

IMpuHLMNIMATIbHAS cXeMa JeTEKTUPYIOIIEH YacTu
MNpOTOTUIIA MpeacTaBaeHa Ha puc. 1. CBeT OT CUMH-
TUWUISILAOHHBIX 3KPaHOB COOMPAETCsS C IOMOIIBIO
CITEKTPOCMEIIAIOIINX ONTUYECCKMX BOJIOKOH (pubde-
pPOB) KBaIpaTHOTO CeYeHUsI pazMepoM 1 MM UPMBbI
Bicron [7]. OnHOMY KaHaJly perTucTpallii pa3MepoOM
6 MM COOTBETCTBYIOT TpH (prbepa (Bcero 16 KaHaIOB
MO OJHOU KoopauHate). KaHaibl pa3aeiaeHbl MexXay
co00ii oTpaxaTelsIMU U3 aJIOMUHUEBON (OIbru
TONIIMHOM 25 MKM, 3TOM (POJBIroi TakKKe OOKJICCHBI
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(@)

OtpaxaTenu

96 MM

CUUHTWIISILIUOHHbBIE OKpaHbl

(©)

OrnTuyeckre BOJIOKHA

/ Bun cBepxy

Puc. 1. [IpyHUMIIMaIbHAsS CXeMa IETEKTUPYIOLIEH YaCTU MPOTOTHUIIA: 2 — PACTIOJIOXKEHUE ONTUYECKHX BOJIOKOH OTHOCUTEIBHO
CUMHTWUISIIIMOHHBIX 3KPaHOB; 0 — BUJ CBEPXY, IIITPUXOBOW JIMHUE CXeMaTUYECKH TTOKa3aHa OfHA JeTEKTUPYIOIas sueiika,

I'paHUIbL KOTOpOfI COOTBETCTBYIOT OTpaKaTejsiM.

TOPILIbI ONTUYECKUX BOJOKOH. [IpocTpaHCTBO MeXIy
CUMHTWUISITOPAMU Y BOJIOKHAMM LEJIMKOM 3aIT0JIHEe-
HO OIITMYeCKUM KiieeM Stycast 1266 [8]. Mexny
CUMHTWUISITOPAMH PACIIOJIOXEH CIOM ONTHUYECKUX
BOJIOKOH, COOTBETCTBYIOLLIMIA KaHAJIaM 1O OJJHOM KO-
opauHate (X unu Y). Ciou, COOTBETCTBYIOLIME pa3-
HBIM KOOpAWHATaM, YE€pPEeAyIOTCs: U3 MSTU CJIOeB
OMNTUYECKUX BOJIOKOH TPU COOTBETCTBYIOT OOHOM
KOOpJMHaTe, 1Ba — Ipyroil. BojokHa pa3HbIX CJIOEB,
COOTBETCTBYIOIIME OTHOMY KaHajly, OObeIUHSIIOTCS
C IOMOIIBIO CHEHUaJIbHON MaTPUIBI WM MOHAIOTCS
Ha IBa IIECTHAIIATUKAHAJBHBIX (hOTOYMHOXUTEIIS
H8711-100 dpupmbr Hamamatsu [9]. JeTekTop mome-
ILIEH B CBETOU30JIUPYIOLIUI aTIOMUHHUEBBIN KOPITYC.
®dororpadus nnpororuna ITYJ/I B cOope npencrasie-
Ha Ha puc. 2.

i

BRI

Puc. 2. ®otorpadus npororumna MY/ B c6ope. Kopryc
pa3obpaH.
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Qiccnepumeﬁmaﬂbﬁaﬂ ycmaHoeKa

ITporoTutt 6611 TPOTECTUPOBAH C TOMOIIIBIO CIIe-
LIMAJIM3UPOBAHHOIO CTeHIa. B KauecTBe MCTOUHMKA
HEUTPOHOB UCMOIb30BaIN KOMIIAKTHBI N30TOMHBII
HMCTOYHMK Ha ocHOBe 2>2Cf ¢ uHTeHCUBHOCTBIO 1.02 X
x 107 H/c (macnopTHble JaHHbIE Ha 19.05.2011). Uc-
TOYHUK MOMEIIAJX B CIELMAJbHBIM OOKC, 3aro-
HEHHBIIl 3aMeIjIMTelIeM Ha OCHOBE ITOJMATHIICHA.
B Gokce ObLI chenaH BBIpE3, HAIPOTUB KOTOPOTO
pacrnosarajim YyBCTBUTEIbHYIO 06J1aCTh JeTEKTOpA.

Ha ¢poroymHOXUTETM TOgaBaau padbodee Hanpsi-
xeHue —800 B. CurHaibl ¢ aHOTHBIX KaHaJI0B (OTO-
YMHOXWTEJIC ITogaBajd Ha [IBa IIECTHAAIAaTHUKA-
HanbHBIX yeyumuteds Philips Scientific Model 778 [10]
C BCTPOEHHBIMU (DUIBTPAMU UHTETPUPOBAHUS U TIO-
crostHHO#T BpeMeHu 300 Hc IUIST CIJIaXKUBaHUS Heli-
TpOHHOTO curHaia. CUTHAJIbI C yCHIUTEJIei momaBa-
JIM Ha 4YeThbIpeé BOCBMUKAHAIBHBLIX JIUTUTai3epa
N6730 dupmbr Caen (paspemieHue 14 6ur, yactora
nuckperusauuu 500 meracamIuioB B cexkyHay) [11].
HaHHBIe ¢ AUTUTaAN3epOB MOCTYNAaIN Ha TepPCOHANTb-
HBI1 KOMIIbIOTEP 4Yepe3 onToBoJoKHO U 1uiaty PCI
Express.

PE3VYJIBTATBI 1 UX OBCYXIEHUE

Ha puc. 3 moka3aHa moJjiydeHHasl AByMepHas T1-
cTorpaMMa KBa3WOAHOPOIHOM 3aCBETKU IETeKTOpa
Ha 3KCIIepUMEHTaJIbHOM cTeHAe. BpeMst Habopa maH-
HbIX cocraBuiao 3600 c. HaGmomarorcs apredaKThl
B BUJ¢ HU3KOrO cyeTa IMepBOTO KaHajga mo ocu X
(00OyCIOBICHO ITOBPEXKASHUEM OIITUYECKMX BOJIOKOH
KaHaja B X0Jle COOPKHU NETEKTOpa) U 3aBBIIIEHHOIO
cyeTa MsATU KaHaJlOB, KOTOPbIE MOTYT ObITh CKOPPEK-
TUPOBAHBI ITOI0OPOM COOTBETCTBYIOLIMX KO3(dhu-
LIMEHTOB YCUJICHUSI.

Ne 4 2023
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Puc. 3. [Ipumep AByMEepHOI TMCTOTPAMMBI KBa3MOIHO-
POIHOI 3acBETKM NETeKTOpa Ha IKCIEPUMEHTATbHOM
crenae. HlupuHa KaHaja o Kaxmoi u3 oceit 6 MM.
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CyMMapHast ”THTEHCUBHOCTD PETUCTPAITUM TIeTeK-
TOpa Ha eIMHULY Iuloaay coctasmia 2.1 H/cm?/c.
DTaJTOHHOE U3MEPEHUE C TIOMOIIIBIO TEJTMEeBOTO CUeT-
YHKa B TOM K¢ TeOMETPUM IKCTIEpUMEHTA TaJI0 BT -
yuHy ~30 H/cM?/c. TakuM 06pazoM, 3hPEKTUBHOCTD
perucTpaluu HeMTPOHOB AeTeKTOpa cocTtaBuia ~8%
MIPY TEOPETUYECKHN PACCUYUTAHHON 3(DDEeKTUBHOCTH
KOHBepTalMKu HeidTpoHOB 78%. CyliecTBEHHOE MO-
HUXXEHUE JTaHHOW XapaKTepUCTUKU OOYCIIOBJICHO
HU3KON TPO3pavyHOCTHIO CIHUHTUILISITOPA OTHOCH-
TEJIbHO COOCTBEHHOTO M3nydyeHus. [lomoOHBIN pe-
3yJIbTAT OBbLI IoJIy4yeH B [12], rne apdeKTUBHOCTD pe-
TUCTpali HEUTPOHOB cocTaBmia 6%.

3AKJIIOYEHHME

Co3znaHue CUMHTUWISILIMOHHOTO JeTeKTopa 00J1b-
IO TUTOIAAN — CIOXKHAasI TpyIoeMKas 3a1ada, Tpe-
Oyrol1asi COOTBETCTBYIOIICH aKKypaTHOCTU U pecyp-
coeMKocTH. Mcmosp3oBaHHas B TaHHOM IETEKTOpE
TEXHOJIOTUSI PACIIOJIOKEHUS CHUHTULISILIUOHHBIX
TUTACTUH M BOJIOKOH TTOKazaja JOCTaTOYHO HHM3KYIO
3¢ HEeKTUBHOCTh pErucTpaliui HEUTPOHOB. s 110~
BBIIIIEHUS 3(pHEKTUBHOCTH PErUCTPalIi HEOOXOIM -
MO yiTy4iiaTh 3((HEKTUBHOCTh CBeTocOopa. st aToro
MOKHO WCITOJIb30BaTh CIMHTUJUISIIUOHHBIE SKPaHbI
MEHBIIIeil TONIINHBI, TUO0 UCITOIB30BaTh AIbTepHA-
THUBHBIE TEXHOJIOTUU PACIOJIOKEHUS BOJIOKOH U
CIIMHTUJUISITOPA, HAIpUMeEp, PacIoJIOKEeHUEe IBYX
CJI0EB ONTUYECKHX BOJIOKOH MEXKIY CHUHTUIUISTOpA-
mn. [etexkTop Takoro Tuiia ormmcaH B [13], adpdek-
THUBHOCTb PErMCTpalviu HeiiTpoHOB cocTaBmiaa 100%.

MOBEPXHOCTb. PEHTTEHOBCKUE, CUHXPOTPOHHBIE U HEUTPOHHBIE UCCIEAJOBAHUS  Ne 4
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PaGoTa BbInoHeHa TTpu (prHAHCOBOI noaaepkke Mu-
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Prototype of a Two-Coordinate Position-Sensitive Detector Based
on a ’LiF/ZnS(Ag) Scintillator

M. M. Podlesnyy" > *, V. M. Milkov!, A. A. Bogdzel', V. 1. Bodnarchuk', A. A. Hassan" 3
!Joint Institute for Nuclear Research, Dubna, 141980 Russia
2Moscow Institute of Physics and Technology (National Research University), Dolgoprudny, 115184 Russia
3National Research Nuclear University (Moscow Engineering Physics Institute MEPhI), Moscow, 115409 Russia
*e-mail: podlesny @phystech.edu

A prototype of a two-coordinate position-sensitive detector based on a small-area °LiF/ZnS(Ag) scintillator,
fabricated using square-section spectrum-shifting optical fibers, is presented. The size of the square active ar-
ea of the detecting surface (96 X 96 cm) corresponds to 16 channels along the X axis and 16 channels along
the Y axis. The obtained neutron detection efficiency is 8%.

Keywords: registration of thermal neutrons, position-sensitive detector, wavelength-shifting optical fibers,
detection efficiency.
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