1 DJaeKTpOMarHUTHBIA KAJOPUMETP

BaxkupIM 3/1eMeHTOM JleTeKTopa i dKciepuMmeHToB Ha Cyrnep cr—habpuke dBIIeTCS JIeK-
TpOMAarHuTHLI Kajopumerp. OH npeaHa3HAYEH I PEIIeHus] CIeyIONUX 3a,1a9:

® perucrpalus U u3MepeHue SHEPruu y—KBAHTOB B IUPOKOM juatiazone or 1 MsB 1o 2 I'9B;
e oIpejiesieHIe KOOpIuHAT (DOTOHOB;

e pasjiesieHHe 3JIEKTPOHOB U a/IPOHOB,;

e (opMupoOBaHUE CUT'HAJIA /I HEHTPAJIbHOI'O TPUITEPA, JETEKTOPA.

Tak kak ocHOBHasi 710Jis1 (POTOHOB, BO3HMKAIOIIMX B PACHaax aIPOHOB B TUX IKCIEPUMEHTAX,
uMeeT HEPruio HecKoJbKo cor M»sB, BakKHOII XapaKTepUCTHKON KaJOpUMeTpa ABJIIeTCsS SHepre-
THYECKOe pa3pelieHne B 3TO 00J1aCTU SHEPIHH.

OjtHoit 13 BazKHBIX 3a/1a4 /i Cynep cT—(adpuKu AB/IsdeTcs IMOUCK paciajia T — (1Y, B KOTOPOM
HE COXPAHSIETCS YUC/IO0 JIEIITOHHBIX apOMATOB. DTOT PACHaJ JOJI2KEH JIaBATh y3KHil MUK B CHEKTPE
WHBAPUAHTHBIX MACC (1Y, HIUPUHA KOTOPOI'O OIPEJIE/SIeTCsS YHEPIeTHIeCKUM PA3PEHIeHNeM KaJl10-
puMerpa. COOTBETCTBEHHO, YYBCTBUTE/IBHOCTb K ITOMY PACIIA/Ly OLPEIEIdeTcs SHePreTuIeCKUM
U IIPOCTPAHCTBEHHBIM pa3pelieHueM KaJopuMeTpa.

B macrosiee Bpems Jiydliiee sHepreTuvdeckoe paszperierue s (poToHoB ¢ dHeprueit g0 1158
IIOJIY9€HO € KaJOpUMeTpaMu Ha ocHOBe cuuHTHusnnonusix kpucraaios CsI(T1) |1, 2|, og/E ~
1.8% upu sueprun 11'5B u okoso 3% upu sueprun ¢orona 100 MsB. IIpocrpancreennoe paspe-
HIEHUE HTUX KAJIOPUMeTpoB cocrasiister okoiao 6 mm// E(IB). Cuenyer rakzxke orMeruTh, 410 B
N AP nakomien 60/1bI10# ONBIT PAOOT MO METO/IMKE KaJOPUMETPOB Ha OCHOBE CIIUHTHLISIUOHHBIX
EJI0OTHO-TATOUTHBIX KPUCTAJLIOB.

JloCTOMHCTBOM CIMHTH/LISIIMOHHBIX KAJIOPUMETPOB SIBJISIETCS UX BBICOKAS CTAOMILHOCTD 1 HEOOIh-
mue sKciuiyaranuonabie pacxoasl. Kpucramwisr CsI(T1) nmeror Beicokuit cserosbixos (10 50000
dbororo/M»sB) u criekTp BbicBednBaHHs ¢ MAKCHMYMOM OKOJIO 550 HM, XOPOIIO COMJIACYFOUiiCs
¢ 00J1aCTBI0 YYBCTBUTEJHLHOCTH KPEMHHUEBBIX (poTONMpuEeMHHUKOB. lIpuMepoM Takoro Kajgopumerpa
saBJsgeTcsd Kajaopumerp gerekTopa Belle, koToprrit BK/todaer 8736 cueTUYnKOB Ha OCHOBE KPUCTAJIOB
CsI(T1) aguuoit 30 em (16.1 X)) co cunThiBaHreM CBeTa JABYMs OJIY IPOBOJHUKOBBIMU (HOTO 1O/ IA-
vu paszmepom 20 x 10 mm2. Curnasist ¢ GOTOAMOMOB IOCTYIACT HA, BXOb 3aPSA10- 1y BCTBHTEILHBIX
npejycuauTe e, pacioI0KeHHbIX Ha CIeTINKe. BbIXOHbIE CUTHAJIBI IIPE/LyCUJIUTE el Tepe1aioT-
cd Ha ILTAThI yCHIUTe 1eii-hopMupoBaTeeil, pacioyiozKeHHbie BOJIM3H JleTeKTopa. B HUX mocrynaro-
Uil IMIYJIbC (POPMHUPYETCs IIPOX0sd KacKa sl auddepeHnupoBanus u 4 Kacka/ia HHTEIPAPOBAHUS
¢ BpemeneM dopmupoBanus 7 = 1 pus. OnudpoBKa CUI'HAJIOB BBIIOJIHAECTCA € IOMOIIBIO MOJLYJIei,
pacnosioxkennbix B kpeiirax tuna FUSTBUS. Tlosnas Besmmvnna curnaja Ha BXOJE HPELyCUIUTE-
Jist cocrapJsier npubsmsuresabuo 5000 dporovsiekrponos Ha 1 M3B BbijiesieHHO# B KpucraJiie SHep-
I'MJ IPH HEOJAHOPOAHOCTH Koddhdunuenra cserocbopa ayunte 10%. YpoBeHb IIyMOB 3JI€KTPOHHOIO
TpakTa KaHasa Kajopumerpa — okosao 1000 snekTporoB, 9To cooTBeTcTBYeT 200 K3B.

DHepreTuIecKoe pa3pelieHne KaJOpuMeTpa, U3MEpPeHHOe C IIPOTOTUIOM HAa TECTOBOM IIyUYKe
MedeHbix horonos |3|, npeacrasieno na Puc. 1.

Hecsarunernuii onplT SKCIyaTaiun Kajaopumerpos Ha ocaose Kpucrasuio CsI(T1) B sxcnepu-
MeHTaxX Ha B-dabpukax mokasaJi UX BBICOKYIO Ha/JI€?KHOCTb U CTaOUJIbHOCTH XapaKTepucTuk. Pa-
JUAIMOHHAS CTOMKOCTh KPUCTALIOB JOCTATOYHO BLICOKA /I paboThl Ha et e —Kosnaiigepax. Tak,
Hanpumep, Ha aerekrope BELLE obmas morsonienHas j103a Jjisd KPUCTAJLIOB, PaCIOI0ZKEHHBIX
OJiMzKe BCEro K BaKyyMHOR Kamepe, cocraBuiia 0ko/10 500 paa 3a 10 ser padborst. Ha Cynep cr—

dabpuxe npu cserumoctu 103% cm™2¢™! noromennas 103a MOKET COCTABUTB IOpsaKa 1 Kpaj 32



5 x 5 matrix with 0.5 MeV threshold
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Puc. 1: Guepeemuueckoe pazpewenue kasopumempa demexmopa Belle, usmepen-
Hoe ¢ npomomunom kaaopumempa (5x5) cuemuuros [3].
5 JleT 9KCIEePUMEHTOB, IIPH ITOM, COIJIACHO M3MepeHusiM, BbinojaHenbM B |4| kpucrasisr CsI(T1)
TepdIoT JuIb 0K0J0 20% CBETOBBIXO/A.

OHako BpeMs BBICBEYHBAHUS TUX KPUCTAJJIOB COCTABJISIET OKOJIO 1 MKC, YTO IIPU BBICOKUX
dbonoBbix 3arpyskax (mopsiaka 100 k' u 6osrlee Ha KPUCTAJIT) MPUBOJAUT K BBICOKON BEPOSTHO-
CTH HAJIOXKeHUst (DOHOBOI'O U II0JIE3HOIO MMITYJIbCOB. ECTECTBEHHBIM peIIeHueM 3TOH HpodJIeMbl
SIBJISIETCSI MCIOJIb30BaHue 0oJjiee ObICTPHIX KPHUCTAJLIOB. B KadecrBe Takoro CHMHTHILISITOPA, MO-
JKeT ObITh UCHOJIb30BaH YucThiii Csl, Marepuall 10CcTaTOuHO XOPOIIO U3BECTHBIN B 9KCIHEPUMEHTAX
o dbusuke vactun,. Bpems BbicBeUHMBaHUs ITHX KPHUCTAJLIOB cocTaBisgeT okojo 30 mc. Mmenno
9TOT MarepuaJs, ducteiit Csl, mpe/mosaraeTcs UCIOIH30BATh B TOPIEBLIX KAJOPUMETPaX JeTeKTO-
pa Belle-2 [5], paspaborka KOTOPOro akTHBHO BeIETCs B OCJIeAHIEe TOAbl I'pynioii dbusukos 11D
CO PAH |?]|b2-csi). Caeayer oHaKO OTMETUTH, YTO CBETOBBIXOJ ITUX KPHUCTAJIOB HA MOPSIOK
auzke deM Kpucraswio CsI(T1), aro npuBoauT K HEOOXOAMMOCTH HCIOJIB30BaHUs (DOTONPUEMHHU-
KOB C yCHJIEHHEM, pabOTAIONINX B MATHUTHOM MoJie. MaKCUMyM CIIeKTpa BLICBEUUBAHUS IHCTOTO
Csl maxomures Ha jyuae BOTHBL 310 nm, 9TO HAK/IAILIBAET JOMOJHHETE/bHbIe TpeOOBaHUS Ha
doTonpuéMHUK.

YuursiBast 601b110# onbiT padboTsl ¢ ynctbiM Csl, makomrennsiit rpynnoit UAD, Bapuant ka-
JIOpUMETPA HA OCHOBE TAKUX KPUCTAJIJIOB IPUHAT B Ka4eCTBe 0a30BOTO JIJIsl JIAHHOT'O IPOEKTA U My
IOCBAIIECHO JaJibHeiiiree onucanme. TeXHOJOrus pocTa TAKUX KPUCTAIIOB UMEETCS Y HECKOJIbKUX
KPYIHBIX Ipou3BoauTeseil Takux kak Amcerys (Ykpamna), Saint Goben (CIIIA), HPK(fnonus-
Kurait), u, Takum 06pa3oM, UMeeTcst BO3MOYKHOCTD B T€UEHUH 2-3 JIeT OPraHu30BaTh IPOU3BOICTBO
HEOOXOIMMOr0 YUC/Ia KPUCTAJLIOB.

Cuteyer OTMETUTD, 4TO B IIOCJIEHUE TOJbl AKTHUBHO pa3padaThiBAIOTCs HOBbIE KPHUCTAJLIAYE-
CKH€ CIUHTUJIISITOPI ¢ BBICOKAM CBETOBBIXOJIOM W KODOTKHM BpEMEHeM BbiCBednBaHus [7|, Takue
Kak oprocunukar jorerus (LSO), amomunar morenus (LuAP), 6pomus rantana (LaBrs), ax-
TUBUPOBAHHLIE TiepueM, u jpyrue. OJHAKO, HECMOTPsS Ha BBICOKYIO MEPCHEKTHBHOCTD ITUX KPH-
CTAJIOB, CTOMMOCTH MX B HACTOsiIiee BpeMsi BecbMa Bbicoka (B 5—10 pa3 sbime, yem CsI(T1)),



q9TO AeJiaeT HpO6ﬂeMaTI/I‘{HbIM X HUCIIOJIB30BaHUE B 6OJ'[I)IHI/IX O6'beMaX. B TO 2K€ BpeMd, aKTUBHbIE
pabOTHI IO U3YYEHUIO BO3MOYKHOCTHU HCIIOJIH30BAHUS HOBBIX KPUCTAJLIIOB B SKCIIEPUMEHTaX 110 (pu-
3UKe B BICOKUX SHEpPIHil U TeCHOEe B3aUMOJEHCTBUE C MPOU3BOJIUTENSIMH TaKUX CIUHTH/LISTOPOB
MOZKET IIPUBECTU K YCOBEPIIEHCTBOBAHUIO U Y/EIIEBICHUIO TEXHOJOIUN X BBIPAIIUBAHUA, KAK 3TO
Hpou301LI10 B cBoe Bpems ¢ Kpuctajtamu Csl u Nal.

1.1 DiaemMeHTHI KaJOPUMETPA

Tak kak xamopumerp g Cynep c7—@adpuKu JI0JKeH UMETh BBICOKOE SHEPreTUIecKoe pas3pe-
menue st Goronos ( ~ 1.5% upu E,=1 I'sB ), B akTUBHOM BelecTBe KaJOPUMETPA JIOJIAKHO
BbLAEAATHC He Menee 95% sueprum dporona. g 9T0ro TOMIUHA KAJIOPUMETPA JOJKHA COCTAB-
Ja4aTh 16-18 pagunamumonubix anua win 30—34 cMm. [lomepednbie pa3mepsl d7eMeHTa KaJopuMeTpa
OIIPEJIe/ISIOTCS TIONEPEYHBIME pa3MepaMu JIMBHA U BeiOupatorcs oobrano Jig Csl B mpeaenax ot 4
J10 7 cM. MenbIue momnepedHbie pa3Mepbl KPUCTAJLIOB IIO3BOJIAIOT YIYYIIATH ITPOCTPAHCTBEHHOE
paspeliienue, HO HPUBOJIAT K YBEJUYECHUIO YUC/Ia KAHAJIOB JIEKTPOHUKHU U CyMMapHOMY HIPOCTPaH-
CTBY 3a30pPOB MeXKJIy KPUCTAJIJIAMU.

Bapuant kKoMioHOBKM KaJjiopumeTpa nokasan na Puc. 2. Kajopumerp cocrouT u3 mujinHpu-
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. Puc. 2: Pacnoaooicenue cuémuukos 6 Kasopumempe.
YeCKOH JacTu U JIBYX TOPIEBBIX KaJIOpI/IMeTpOB.CﬁI/IJII/IH,ZLpI/I‘{eCKaH qaCTh COCTOUT U3 128 ceKTOpoB

B a3UMYTaJbHOU MMPOEKINU, KarK/Iblii W3 KOTOPBLIX BKIOYaeT 41 kpuctayan 21-ro Tumo-pasmepa.
OO6i1iee 9uCI0 CYETIMKOB B TAKOH KOMIIOHOBKe — 5248, a IMoJiHasg Macca KPUCTAJIOB COCTABJ/ISIET
26 mim 31 T B caydae, Korja JJjimHa kpucta/uioB 30 wiu 34 ¢M, COOTBETCTBEHHO.

Topiesoit kKajopumerp cocrouT u3 16 ceKTOPOB, KaK/Iblil U3 KOTOPbIX BKJ/IOYaeT 68 KpucraJi-
JIOB, PACIOJIOYKEHHBIX B 14 JTYTOBBIX CJI04X, KaK MOKa3aHo Ha Puc. 3. Yucao KpuctaiioB B KazKI0M
cioe mpusesieno B tabsmre 1.1. [lomubrit Bec Csl B KazK/I0M TOPIEBOM KaJOPHUMETPE COCTABJIAET
5(6) T B cayuae, Korga JyuHa Kpucrawios 30(34) cM.

DJIEMEHT KaJIOPUMeTPa [MPeJCTaBIgeT COO0N KPUCTa/LI, MOKPBIThIH Auddy3HbIM OTpazKaTeem
— cJjioeM nopuctoro redsiona Tosmnuuoit 200 MKM n BHerHe#d 0060/109KO0# U3 aJIIOMUHU3UPOBAHHOT'O
HOJTUITU/IEHA TOJIIUHON 25425 MKM. Takas yrmakoBKa obecliequBaeT XOPOIIYIO CBETO- U JEKTPO-
U30JIAIHIIO CIETUYUKOB JIPYT OT Jpyra U IO3BOJISET HOJYYHTb BBICOKHIT KOddduiuent cserocbopa
U XOPOIIYIO OJIHOPOJIHOCTH CBETOCOOpPA CUETINKOB.

Caerobixos kpucranioB Csl umeer 3amerHyIo 3aBUCHMOCTD OT Temieparypsi: -1.5% /rpayc.
L1t nostydenust pa3pelienus Ha HPOIEHTHOM YPOBHE 1oTpedyercs obeciieyeHne n3MepeHue KapTbl
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Puc. 3: Pacnoaooicenue cuémuukos 6 cexmope mopuesozo KaiopuMemps

Tabauua 1: Pacnpedesenue Kpucmainos 8 mopuesom Kaiopumempe

HOMEp | YHCJIO KP-B YUCJIO KP-B YHCJIIO
CJIOS B CEKTOpEe | B KaJIOpUMETPe | TUIIOPA3MEPOB
1 2 32 1

2 2 32 2

3 3 48 3

4 3 48 3

5 4 64 4

6 4 64 1

7 4 64 1

8 4 64 2

9 6 96 3
10 6 96 1
11 6 96 3
12 8 128 4
13 8 128 1
14 8 128 1
BCETO 68 1088 30




TeMlepaTypbl BHYTpU Kajiopumerpa ¢ TouHoctbio 0.1 rpajiycoB u obecriedenus TepMocradbuimnsa-
[IIU BHYTPU 00beMa KaJOPUMETPA.

1.2 PoTonpu€MHUKN

B kadecrBe doronpueMHUKOB, obeciiedrBalonux padoTy B MarHUTHOM 110Ji€, MOU'YT ObITb HUC-
noJsib30Batbl Bakyymuble doronentonpt (BOII) guamerpom 50 MM, paspaboranubie Hamamatsu
Photonics. ®ororpacdusa takoro doronpuémuunka moxkaszana Ha Puc. 5. Takume doronmpueMHuKH
nMeroT Mastyio Beixoauyio (10 n®), koaddunuent ycunenus 6e3 marauraoro moss 150-250, kBaH-
TOBYIO 4yBCTBUTEJIBLHOCTH B 0Ostactu 310 um 15-25 %, kak nokaszano na Puc. 4. 3aBucumoctnb Ko-
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Puc. 4: a) Kooppuyuenm ycunerus; b) npoussedenue k6aHmosot wycmeumess-
noemu (%) na Kosdduyuenm ycusenua; ¢) memnosol mox gomonernmo-
doe 6e3 maznummnozo noas. U=1000 B.

Puc. 5: 27 saxyymmoiii omonenmod (Hamamatsu Photonics).
s durmenta ycusiernusi (poToneHTO0B OT HPUIOKEHHOIO HallpsizKeHusl OJIM3Ka K JIMHEWHOM, Kak

nokasaHo Ha Puc. 6.

3aBucuMocTb KO3 puipeHTa yCuaeHus OT BeTHINHBI MATHUTHOI'O M0JIsI, HAIIPABJIEHHOT'O B0JIb
ocu BOII, mokazana wa Puc. 7 a). Kak BugHo u3 pucynka, B MarauTaoM mose 1.5 T ycurenue
B®II nagaer npubiausurensbuo B 3.5 pasa. Kak Bugno u3 pucynka 7 b), dboronpuemunk ocraercs
paboTOCIIOCOOHBIM LIPU YIVIAX MEXK/Ly HallpaBJeHUEM MAIHUTHOI'O 1O0Jist U OChbI0 (POTONPUEMHUKA
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Puc. 6: 3asucumocmsv koaphuyuenma ycuserus Gomonenmodos om npusoiceH-
HO20 HAMPAHCEHUA.
J10 45°, upu srom 1pu yriax 20-30° curnas ¢ OTONUPUEMHUKA yBEJIMYUBACTCS HPUOJIU3UTETHHO
na 20 %. Cuéruuk, cobpanublii Ha ocuoBe Kpucra/ios ducroro Csl m doronenrona nossousier
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Puc. 7: Koappuyuenm ycusenus 6 3a8UCUMOCTNY OM MAZHUMHO20 NGPLANCALHO-
20 ocu pomonenmoda — a). Cuenan ¢ omonenmoda 6 3a6ucumocmu om
Yena MeNCOY HANPABAEHUEM MA2HUMHO020 NOAK U OCHIO POMONPUEMHUKG.

B-1.5T. U-=1000 B.
HOJY9YUTh SHePreTHIecKnil SKBUBAJIEHT IIyMOB 0K0J10 50 K3B 6e3 MaruuTHOro moJs, 9T0 COIIacHO

HAITUM w3MepeHuaM B MarauTHoM moje 1.5 T mact 170 x3B.

Kasiopumerp Oysier paborarh B yCJI0OBHUSIX BbICOKOW pa/IMallMOHHON 3aIPy3KU U OY€Hb BaXKHbBIM
MOMEHTOM SIBJISIETCSI COXPaHeHusi paboTOCIIOCOOHOCTH (DOTONMPUEMHUKOB B T€IEHUE BCEI'O IKCIIEPU-
MeHTa, KOTOpbIi Oyaer juThca okosio 10 jetT. C 3Toit TOYKM 3peHUs BaKHBIMHU SIBJISIOTCS TaKHe
XapaKTEePUCTUKHU, KaK JIOJTOBPEMEHHas CTaOU/IbHOCTD (POTONPUEMHUKOB U 3aBUCUMOCTH KBAaHTO-
BOil 4yBCTBHUTEJIBHOCTH U KO DHUIMEHTa YCUIEHU OT MOJHOTO 3aps/ia IPOIIe/IIero yepe3 Ipu-
oop. it u3yderunst ctabuaIbHOCTH OBLIO COOPAHO 2 CYETUMKA HA OCHOBE KPUCTAJLIOB ducToro Csl
u doronentonos. B Teyenune 3 jier ¢ 3ruMu CYETIMKAMEU HEPUOIUIECKH U3MEPSLICS CIEKTP HEp-
roBbIe/IeHnsT KocMudecKux dactur, C TogHocTbo aydine 3 % He HabJI101a/10Ch N3MEHEHHsI CUIHA-
JoB. Kpome Toro Ha crernuaJibHOM CTeHjIe U3ydaJach CTaOUIbHOCTh KBAHTOBOMN 3((MEeKTUBHOCTH 1
Koy dunuenta ycuiaenus (GporoneHToaoB. g 3Toro B TedeHne npoIoKUTEIbHONO BPEMEHN U3-
MepsJIaCch BeJIMYUHA POU3Be/IeHUusl KBAaHTOBOI 3 dexruBnocTu Ha Kodpdunuent ycuaenus BOII
upu 3acBeTke (orokaroja npudopa ¢ MHOMOIILIO cBeTounoja. 3mepenue nokazasiu HeOO/IbIION



(okosto 10 % ) poct 3T0ii BeJMYMHBI 110 MePe HAKOILUICHUSI aHOJHOIO 3apsijia, KOTODbIH MpeKkpa-
maeTcs TOocae TPOXOXKIeHUH MOaHOro 3apana 15 Ku. B nampneiiimem He HaOJII0a10Ch BHIMMBIX
U3MeHeHH 1yBCTBUTEIbHOCTH. VI3Mepenns nmpoBomminuch 10 3apsiaa 140 Ki, ato B 5 pa3 Gosibiie
BEJIMYUMHBI O:KHIaeMOil Ha ¢ — T-abpuke.

HeocrarkoMm wuciio/ib30Banus BaKyyMHbIX (DOTOIPUEMHUKOB SBJISETCH HEOOXOJMMOCTh Pac-
noJiozkenust poTonpuéMHUKOB 1o HeGOIbIIHM (< 45°) yroM K MarHuTHOMY HOJ0. Bozmox-
HOe pelleHne 3TOil mpoOIeMbl B MUINHIPUIECKON YaCTH KAJIOPUMeTpa COCTOUT B MCIOTb30BAHUE
IPU3MEHHBIX CBETOBOJIOB, UYTO MPUBEIET K HEKOTOPOMY MAJIEHHUIO CBETOBBIXOJA W 3HAYUTETHHOMY
YCJIOXKHEHNIO KOHCTPYKITUU CYETINKA U KAJOPUMeTpa.

Jpyroit BO3MOKHbBIH (POTOHPUEMHUK )i PACCMATPUBAEMOI0 KaJIOpUMETPAa — ITO HOJLYIIPO-
BOsHUKOBBI JtaBunublii dboroguon (JID). Kosddunuenr ycuaenus Takux JHOJ0B COCTABIISIET
50-100 u we 3aBuCHT OT BeJuduHBbl MArHUTHOTO 1oJist. Onaako émkocTs JID/] 3naunreibHO 6OJIb-
me yem y BOII. /g npubopos mioma/ibio 5 X 5 MM oHa coctapiigeT 0koyio 80 n®, 4T0 NPpUBOIUT
K 3HAYUTEJbHO OOIBIINM 3JeKTPOHHBIM ITyMaM. KBaHTOBas 4yBCTBHUTEIBHOCTH CYIIECTBYIONIUX
JI®JT B obsmactn 310 um cocraisger okosio 15 %, Ho B Hacrosuiee Bpemst BeAyTCd pa3paboTKu
JIDJI uyBcTBUTE/IbHBIX B yJibTpaduosieroBoit obsactu. ljis OneHKN 1apamMeTpoB KaJopuMeTpa ¢
ucnosibzoBanuem JID/I B kauecTBe (hOTONPUEMHUKOB HEOOXOMMa 3HAUYUTE/IbHAs PadOTa 110 MO/Ie-
JUPOBAHUIO U M3MEPEHUI0 XapaKTEePUCTUK CUETINKOB C HCIOIH30BAHUEM MPOTOTHIIOB.

1.3 DJeKTpOHMKAa KaJIOPUMETPA

CxeMma 3JIEKTPOHHOIO TpakTa Kajopumerpa mnokasana Ha Puc. 8 [8]. Curnan ¢ dboronpuémnu-
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| ADC 2x14 bits AT, Q builder
pure Csl PA’ 43 MHz
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Puc. 8: Cxema srexmponnozo mpaxma Kai0puUMEMPa.
Ka IOCTYIIAeT HA 3apsi/I0-4yBCTBUTE/IbHBIN 1IPEJlyCUJIMTE/Ib, HA BbiXOJ/e KOTOPOI'o 1peodpasyercs B

napadas3Hplil CHrHA U TOCTYHaeT Ha mwiaty dhopMuposares-onudposiuka-anaansaropa (POA),
HAXOJIANIYIOCS B KpeliTe, paclo/IoKeHHHOM BOJIH3H JieTeKTopa. Kaxkaplii n3 16 kaHajoB, pa3Mme-
IEHHBIX Ha ILIaTe, COJAEPKUT (POPMHUPOBATE/b, BKJIIOYAIONMNA Kacka JuddepeHnupoBanus u 4
KAaCKa/la MHTerpupoBanus co spemeneM popmuposanus 30 HC KazK/Jiblil, 8 TakKe OnuMpPOBIIUK —
"Flash ADC". Ouudposka nposojurcs HenpepbiBao ¢ dacroroit 40 MI'n ¢ ucnosb3oBanuem 14-
TH pa3psAIHbIX aHAJOro-1udpoBbIx mpeodbpaszoBareeit (ALIIL). /s yBeandeHns JUHAMUAIECKOTO
nuanas3ona onudposka Begerca Ha aByx AlLIL: ¢ xkaxkmoro kanassa omudpoBLIBAETCS MPSIMOiL 1 B 8
pa3 ocs1abJIeHHBII cCUIHAJIBI. Takas cxema I03BoJigeT UMeTh IeHy KaHasia 50 K3B npu MakcumabHO
perucrpupyeMom sHeprosbijeenun 2 ['9B.

[To upuxoay curnasa tpurrepa gauuabie ¢ ALl ¢ 16-tu kana/ioB caurbiBaroTcs B Oydep mpo-
rpamMupyeMoii Jornueckoii uaTerpaabuoii cxemoit (ITJINC). [Iist KazKa0ro KaHajla CIUTHIBACTCS
31 usmepenne no spemenu. B [1JIVMC npousBoguTcs oTOpaKOBKa CUTHAJIOB C aMILIUTYIOW HUZKE



opora o0paboTKu, ¥ aHaJM3 (POPMbI UMILYJIbCA IIyTEM AIIIPOKCUMAIUMK U3MEPEHHbIX 3HAYEHU
CTaHJIAPTHONW KpHBOII €O cBOOOAHBLIME HapamMerpamu. llogronka BbIOIHSAETCS B 3 HTEpaluu B
HEJIOYUCICHHON apudMeTUKe B COOTBETCTBUHU C aJrOPUTMOM, IpejcTaBieHHbiM Ha Puc. 9. Ha mo-
cJieTHell UTepaIun OIpe/iessieTcss KA9ecTBO MOJTNOHKH.

Algorithm details

XZ(A,PJO) :Z(yi -Af (1, 7tu)7p)sl_;l(yj 7Af(tj *lo)fp) — min

ij

S =(yi —y)(y, —y)

f(t)—counter response

Af(ti -1 _At) = Af(t,' —ll)—AAtf,(l,. _11) = Af{tl _tI]+Bf’(li _tl)
where ¢, —initial time (trigger time)

Zf;si_/_l(yi_Afj_Bfi’_p)zo A:Zaiyi

~ XSy, -ar, -8 - pl=0 » B=Y B,y,=At=-B/A
i ;
ZS,;](yj—Af,-—Bf;—p):O P:ZYiYi
i 7

Puc. 9: A,/Leopumm 6OCCTMAHOBAEHUA amnﬂumydbt U 86PEMEHU npuxoda cuz2Hanoe
B pe3yJibTare IOAI'OHKU OIIpeAe/IATCd YPOBEeHb HOAJIO2KKH, aMILJIUTY/da UMIIYJ/IbCa, BpeMd ero

HOSIBJICHUSI U KQ9eCTBO MOJIOHKU. BMecTe ¢ HOMepOM COOTBECTBYIOIIEI0 KaHaJIa KaJOpUMeTpa TH
JIAHHBIE YIIAKOBBIBAIOTCA U IMEPEJAIOTCS B CUCTEMY cOOpa JIAHHBIX B TOM CJIydae, €CJId aMJIUTY-
Jla CUTHAJIa IPEeBBIIIAeT ONpeJe/eHHbIi mopor. Takas cucreMa IO3BOJISET HMPOBOJIUTH 00pabOTKY
cobplTHii pu yacrore neppuunoro rpurrepa 30 kI'n B caygae 30 %-ii 3arpyske KaHasos.

1.4 PagmanmmuoHHadg CTOMKOCTh KPHCTAJJIOB

Panuanyonnas cTOWKOCTh CIUHTHILIATOPA SBJIAETCS BayKHOM XapaKTEePUCTUKON € TOYKH 3PEeHHd
paboTOCIOCOOHOCTH KaJOPUMeTpa B TeUeHHe BCero BpeMeHH KcrmepuMeHToB. [losTomy ObLIO mpo-
BEJIEHO M3Y4eHHe PAIUAlMOHHON CTOMKOCTH 10JHOpa3MepHbix KpucraaioB dncroro Csl [9]. dus
o0J1ydeHusi 00Pa310B UCHOJIb30BAJICH IMUPOKUI 1IyYOK TOPMO3HBIX Y-KBAHTOB YCKOPHUTE/IS JJIEK-
tponos IJIB-6 B AP CO PAH ¢ makcumasnbuol sueprueit 1.4 MsB. Eme oanoit ocobennoctsbio
JIAaHHOU pabOTBHI ABJSIETCS WCIOIb30BAaHNUE CIUHTHLIAIMOHHOIO IeTEeKTOpPa IMOTJIONIEHHONH O3B,
H3rOTOBJIEHHOTO U3 Toro ke marepuasa, CsI(T1), 4yro uckaogaer HEOOXOIMMOCTH Mepecyera Mpu
OIIPE/IEJIEHUH JI03bl U ee 3aBUCHUMOCTH OT PeaJIbHOI'O CIEKTPA M3JIyYeHUs .

OrHOCHUTE/IbHAST BEJIMYNHA CBETOBBIXO/Ia U3MEPSIACh C MCIIOIb30BAHUEM raMMa-KBAHTOB KOJI-
JMMHEPOBAHHOTO PaJMOaKTUBHOrO mcrounuka 'Cs ¢ BO3MOMKHOCTLIO CKAHUPOBAHUS BJIOJbL OCH
KpHucTa/ia. AMIUTHTY/HBIA CIEKTP u3Mepsiicd ¢ moMoInbio PIY. CTabuIbHOCTD CXeMbl KOHTPO-
JIUPOBAJIACH MO AMILTUTY/Ie CUTHAJIA OT ITAJOHHOTO KPUCTAJLJIA, KOTOPBII He MOABepraJjcs 0bIyde-
HUSIM.

Kak 6b1j10 0TMe4deHO BbIle, CBETOBBIXO/[ KPUCTAJLIOB CYIIECTBEHHO 3aBUCUT OT TeMIEPATyPbI.
Yrobbl 06eCIeIuTh TOYHOCTH U HOBTOPSIEMOCTh n3MepeHuit B npeaenax 1-2%, BBoauiach nonpaska
JITsl BEJIMYUHBI CBETOBBIXO/Ia HA TeMIIepaTypy KPHUCTAIIa B COOTBETCTBUU ¢ (DOPMYIIOI:

L= Ln(1—0.013(t—t)), (1)

rje t — TemmepaTrypa KpHCTaJLIa, ty — TaJOHHAs TeMmiepaTrypa, BeiOpanHas pasuoit 17°C, L, —



U3MepeHHbIH cBeToBbIX0J. [lociie BBeJeHUs] TeMIIepaTypPHON MONPABKH TOYHOCTH U3MEpPEeHUil co-
craBiser 1.5-2%.

B nonosHenne K 4eTHIpeM HCHBITYeMBIM KPHCTAJTaM, OOJYYeHHIO MOIBeprajcd W CIeTIHK,
cobpaHHbIl Ha ocHoBe KpHcTaiia uucroro Csl m Bakyymmuoro dororerposa. s onpejesenus
CBETOBBIXO/IA CYETYMKA UCIOJIB30BAJICS CIIEKTD SHEProBblAeaeHust Kocmudeckux gacrut (Puc. 10)
HpI/I FOpI/I3OHTaJIbHOM paCHOJIOH(eHI/II/I CcyeT4Ynuka. B CHeKTpe BUJICH MUK, COOTBeTCTByIOH_II/Iﬁ HpO—
XOZKJICHIIO TaCTHIBI ¢ HepecedenneM BepxXHeil I HUKHeil rpaHeil cueTYnKa, W CHagaomasd QyHK-
11, COOTBETCTBYIONIAs lepecedeHio YacTHIell oqHON u3 60KOBLIX rpaneil. CreKTp BOJU3H IIHKA
ATIPOKCHMUPOBAJICS CyMMOIi JT0TapudMIIeCKOr0-HOPMAJILHOTO PaCIpe/ e eHns I TOJI0KKH, IIPe/I-
CTABJIEHHOI MHOJMHOMOM TpeTbefI CTEelICHU. CBeTOBbIXO'ZL OHpe,H,eJIHJICH 110 ITIOJIOZKEHUIO IIUKaA.

80
Z T0F
60 -
50 F

events

30+t
20+
10+

0 1000 2000 3000 4000
Amplitude, channels
Puc. 10: Cnexmp smepzosvidesenuli KOCMUNECKUT 4ACMUY, 6 KPUCTNAALE.

CBETOBBIXO/I CIETUNKA OIPE/IE/ISICA ¢ IPUMEHEHUEM TeMIIEPATYPHON MOIPABKH, BBIYHUC/IsIEMOT
rakze 110 (popmysie 1. Beero Ob110 cOOpaHoO JiBa TAKUX CUETYUKA, OJUH U3 KOTOPBIX HE [10/[BEPraJiCs
OGJIyUEHUSIM | CJIYZKUJT STAJOHHBIM. [IoBTOpsieMoCTh m3Mepenuii ¢ HUM oka3asach Jy4diie 1.5%.

MormaoCTh 10361 00/TyUeHus 33aBajach TOKOM YCKOPHUTEN U HOJIHAS 03a — BpeMeHeM 00JIy-
yeHusi. MOIHOCTD J103bl U3MepsijIaCh CHENUAIbHBIM JIATYUKOM JI03bl, COOPAHHBIM HA OCHOBE KPU-
crasuta CsI(T1), arobbl MUHUMH3EPOBATE IEpecYeT NPH OUpPeeIeHnu 103bl. [laTdauk npejcraniisii
coboit kpucra/ut CsI(T1) 1 X 2 x 23, na oj1H0it u3 rpaneil KOTOPOIro PacHOJAra/ICs 110/Ly IPOBO/IHH-
KOBBIIl (POTOIMOM, B ONTHIECKOM KOHTAKTe C TOPIEBOil I'PAHbIO KpHCTajta. 10K, BOSHUKAIOIIII B
doTonuone, npomopruoHageH YacTOTe U WHTEHCUBHOCTH COUHTHJIISAINIL, T. €. SHEPTOBBIIETIEHIIO
B KpUCTaJL/Ie, KOTOPOE B CBOIO O4Yepe/ib IIPOIOPIUOHAJIBHO MOIIHOCTH JIO3bI.

Bruia nposejena cepust 001y denunii jo3amu ot 250 ;10 30000 pai. o u nocjie Kax1oro odJiyyde-
HUSI IIPOBOJIMJIMCH €2KeJ/IHEBHbIE U3MEPEHUs CBETOBBIX0/1a KPUCTAJLJIOB 1 cuerdnka. [lojiyuennbie 3a-
BHCHMOCTH CBETOBBIXOJIa HCCJIEIOBAHHBIX 0OPA3IOB OT BpeMeHu npejcrasiensl Ha Puc. 11(a,b,c,d).
Ha rpadukax BHIHO cylIecTBEHHOE YMeHbBIIIEHHe CBETOBBIXO/IA HEMOCPEICTBEHHO IOCTe ODJTyde-
HUSA U ero YaCTHIHOe BOCCTAHOBJIEHHE B TedeHHe HeCKOJbKUX JHeil. YCTaHOBHUBIINECS 3HAYEHUs
CBETOBBIX0/1a UCIOJIb30BAJIUCH JIJIsi HOCTPOEHMSI 3aBUCUMOCTEHl CBETOBBIXO/Ia KPUCTAJLIOB OT JIO3bI
obsyuenust (Puc. 11(e,f)).

Kaxk BuinO 3 rpadukoB, npu go3e o0IydeHns 15 KpaJ yMeHbIIeHe CBETOBBIX0/1a N3y IeHHBIX
00pasnoB cocraBuio MeHee 15%. Pagmanumonnag CTOMKOCTH OJHOTNO U3 KPHCTAJIOB OKa3aslach
HEJIOCTATOYHO BBICOKOII. Hasmmyme KpucTa/iioB cO HU3KOH paUaIlMOHHON CTOMKOCTBIO Tpedyer
pa3spabOTKy IPOIE/LyPbl JIJIsl BbISIBJIEHUS TAaKUX KPUCTAJJIOB DU BXOJIHOM KOHTpOJIe. V3Menenuit
B COOTHOIIEHUU AMILIUTYJI KOPOTKOW M JIJIMHHON KOMIIOHEHT ODHApPyzKeHO He ObLIO B Ipejiesiax
TOYHOCTH M3Mepenuil nopsaaka 3%
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Puc. 11: Bpemennvie 3a6UCUMOCTIU CEEMOBHILO0G OAfA PAZAUNHBIT KPUCTNAALOE
(a),(b), (c),(d) u cobpanrozo cuemuura(e). 3asucumocmu ceemosviroda

om nozaouennotl dosvi(f).
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1.5 MHN3mepeHus ¢ MPOTOTUIIOM TOPIEBOT0 KAaJIOPUMETPA

JLns u3MmepeHns XapaKTepUCTHK KaJOpUMeTpa ObLT H3rOTOBJIEH HPOTOTUIl 13 20 CY6TIYNKOB Ha OC-
HoBe KpucrtajnoB Csl u BakyyMHBIX doToTeTpo10B. KpHcTaibl uMen pa3smMepsl 6JIOKOB TOPIEBO-
ro kajaopumerpa jgerekropa Belle u obuin usrorosienst komuanueit AMKPUC. Kaxaprit caérank
ObLJI yllakOBaH KakK ObLj10 onucano B pazjese 1.1. Ha Toprne kpucrajia Ha ONTHYECKONW CMa3Ke
yCTaHABJIMBAJICH BaKyyMHbI (DOTOTETPO/ C 3aKPEIJIEHHON IJIATOM JiesiuTe st U IIPeLyCU/InTe s .
CxeMa ¥ BHEIIHHII BHJ CYETUMKA [MOKa3aHbl Ha Puc. 12

Preamplifier ——]

oltage

Phototetrod divider

Al-mylar

Puc. 12: Crema u sHewnul 8ud cuémuuka.
J11s1 cauTeIBaHUS CUTHAJA OBLT pa3paboraH 371eKTpoHHbIH Moay/ab B ctanaapre CAMAC. Cxe-

Ma MojyJisd nokazana na Puc. 13. KonnenryajibHO MO/LY/Ib COOTBETCTBYET TPAKTY 3JIEKTPOHUKU
onucaHHoMy B pazzese 1.3 3a uckjodenuem odbpadborku mauubix B [IJINC. Obpaborka onucannas
B pazjeiie 1.3 npousBou/iach 1npu o0paboTKe 3alucaHHbIX JaHHbIX. KajndpoBKa M3roTOBIEHHBIX

Analog output

1 x1 | 12 bits [
Lot Buffer

| ” 15m FADC 2x256]
iff. pal
PP | | ra?li:r;ﬁitter :m( : XXX:: r[()E(f:feiver — Cali:;i(vReC) words ||
filter

>——-|_ 12 bits [
-

Test iti
e Charge serlm_?_ltlve clock x1/d FADC :
reamplifier
P . 40 MHz 1
STOP

CAMAC module for 4 channels

. Puc. 13: Crema saeKmponnozo mpaxma npomomung.
CYETUYUKOB IIPOBO/IUIACH HA KOCMUKE U 110 MIUPUHE PpACIpeIeIeHns TheecTa a ObLT IOy YeH SHep-

reTuydecKuil SKBUBaJIeHT MyMoB 43 k3B.
B0 mpoBeeHO cpaBHeHHe IIyMOB HAJIOXKEHUs COOPAHHBIX CYETIYNKOB M CUETINKOB KaJo-

pumerpa jgerekropa Belle na ocnose kpucrasmiop Cs(Tl). Ilym nHasozxeHus MMATHPOBAJICS Y-
KBaHTaMu 0T pajuaxkrusHoro ucrounuka °Co (1.17 MsB u 1.33 M»sB). Yacrora doronos, 1o-

[IaJaI0InuX B C‘IéT‘lI/IKI/I, BapbupoOBaJiaChb U3MEHEHHEM PaCCTOAHUA OT PaJUuaKTHUBHOI'O MCTOYHHKA
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Puc. 14: Crema usmepenus a) U pe3ysbMmamol USMEDEHUS UYMOE HAAONCEHUA
a,/L.ﬂ CYEMYUKOB HA OCHOBE YUCMO20 U aKmueupoBaHH0o20 MaAANUEM KPU-
cmananos CsI b).
110 u3MepseMblx cuérunkos. Ha Puc. 14 mokasaHbl ¢XeMa U3MEPEHUsl U Pe3yJbTaTbl U3MepeHusd
LIYMOB HaJIO?KEHMH JIJIsl CYETUYUKOB Ha OCHOBE YMCTOIO M aKTUBUPOBAHHOIO TA//IMEeM KPUCTAJLIOB
Csl. PesybraTsl cOrIacyioTcs ¢ OICHKOI, Oy IeHHO 13 COOTHONICHUS JIJIUTEJIbHOCTEH CIIMHTUI-
JIANMOHHBIX BCIIBIIIEK \/TTI/Tpure = \/1000 ns/30 ns ~ 5.5.

20 c4éTInKOB OBLIM COOpAHbI B MATPHUILY 4X5 UMHUTHPYIONLYIO YaCTh TOPIEBOrO KAJIOPUMETPa
KakK 1mokasano Ha Puc. 15.

Prazesszecseseeed NN

photon  beam | @ —
®
© © o
l OUEESERSESES M \‘_ L
M /ﬂ/ ® ‘ | ‘

LNV NP

Puc. 15: Crema opeanus3auyuy c4E€mMyuKos npomomuna

[Tpororun obsy4adscs Ha dporonnom myuke ycranoBku ROKK-1M wa HakonuteibHOM KOJIbIE
B3IIII-4M B Uncruryre sipepunoit ¢puszuke B HoBocubupcke. Cxema ycranoBku ROKK-1M noka-
3ana Ha Puc. 16. @oronsl yabTpaduoieToBoro jga3epa ¢ sueprueit wy = 2.34 eV, pacceuBasch
Ha IIy4Ke 3jeKTpoHoB Hakonurtegd BIIIII-4M, co3maior mydok obOpaTHO-pacCessHHBIX (DOTOHOB.

9 =2 — 4(Ebeam/m6)2w0
Heprust (POTOHOB JIEZKUT B Ipejiesiax OT Wy JI0 MAKCUMAJIbHON SHEPTUH Wnepe = 2
(1 + 4Ebeamw0/me)
C XapaKTEPHBIM CIIEKTPOM KOMIITOHOBCKOI'O paccestHus, HokazanubiM Ha Puc. 17(a). Takoit ciiekTp
uMeeT XapaKTepHbll pe3Kuil 1paBblii Kpail cleKTpa Ipu MaKCUMaJibHO# 3uepruu. [[jis snepruu
AEKTPOHOB  Fipern = 1.5 ~ 2.2 GeV MakcuMyM CIEKTPa COCTABISET Wiae = (0 ~ 160 MeV .
PasmbiTie peanbHoro ciekrpa (cm. Puc. 17(b)) sHeprum ompejessiercsi SHEPreTHIeCKUM pa3pe-
menueM. [loaronss m3amepeHHoe pacipejie/ieHHe SHePrud CBEPTKON KOMITOHOBCKOI'O CIIEKTpa U
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JiorapuMUUeCKU-HOPMAJIbHON (DYHKIUEH, Mbl HOJIy4aeM BeJIUYMHY YHEPIreTUuYeCKOro paspelie-
uus. [losydeHHOE SHEpreTHYecKoe paspelieHne Ioka3aHo Ha Puc. 18(a). DkcmepuMeHnTabHbIE
JAHHBIC COIVIACYIOTCA C PEe3yJIbTaTaMU MOIECJUPOBAHUA U JAHHBIMU IOJIYYCHHBIMA C IPOTOTHUIIOM

kasopumerpa Belle [3].

ROKK-1M TS4T53 VEPP-4M
a 0 T SzTSl EDR
Gamma-beam \‘[—] D Or—y — e
[I— Iy § s — =
_':'|:| M1 Q2 Q1
Detector hall |:|
Laser beam
Control |:|
|:| room

Puc. 16: Czrema ycmanosku POKK-M.

i
= a) 300+ b)
©

200+

100+

O . 1 . 1 "
Onax 0 50 100 150
E Energy, MeV

Puc. 17: a) Cnexmp ¢omonos ob6pammnozo KOMNMOHOBCKO20 pacceanus. b)

Cnexmp anepauu homoros, usmepernviti ¢ NPOMOMUNOM. .
Bpemennoe pasperiienue kaJjopuMerpa B 3aBUCUMOCTH OT SHEPIOBBIJIEICHHUS B CIETYNKE MOKa-

3ano Ha Puc. 18(b). IIpu sueprosoigeenun Goee 20 MsB moaydeHnoe BpeMeHHOe pa3pelienune
gydqrre 1 H#e. B MaramTHOM 1OJIE OKHTaeMbIil CATHA B 3.5 pa3a MeHbIIe U TaKoe yKe pa3pelreHne
OyJeT JOCTUIaThCd MpU SHEPrusx B 3.5 pas3a OoJibire. Vcmosib3oBanue BpeMeHHON HHMOPMAIIT

[HO3BOJIMUT CYIIECTBEHHO IOJAABJIATH COOBITHS 11y4YKOBOIO (DOHA.

1.6 3akJroyeHue

Kamopumerp Ha ocnoBe HeakTuBHpoBaHHOro Csl 1 BakyyMHBIX (DOTOIIEHTO/10B 0OECIEeINBAET BHICO-
KO€ dHEepreTuvyeckKoe U IPOCTPAHCTBEHHOE paspellenue Jijisi (GOTOHOB B IUPOKOM JIUAIIA30HE YHEP-
I'uif, IpU HAJIUYMKU OKUJIAeMbIX (DOHOBBIX U PA/IMAIMOHHBIX 3aI'Py30K. Pajinanuonnas croikoCTb
KPUCTAJIJIOB O3BOJISIET COXPAHUTH pabOTOCIOCODHOCTH KAJIOPUMETPA BTEUEHUN BCEI'O SKCIIEPUMEH-
Ta. Takoil KaJopuMeTp gBsgeTcd aJeKBATHBIM pPelleHueM I IPeMu3nOHHOTO KaJTOpUMeTpa s

yCTaHOBKH C BBICOKOII CTOMMOCTBIO.
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Puc. 18: a) Inepeemuueckoe pazpewenue, NOAYYEHHOE HA NPOMOMUNE CHEMY4U-
ko6 wucmozo Csl. b) Bpemennoe paspewenue nosyuennoe ¢ npomomu-
nom
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