JEKTPOMATHUTHBIN KAJIOPUMETP HA OCHOBE
KPUCTAJIVIOB BOJIbB®PAMATA CBHUHIA IJIA
IKCIIEPUMEHTA PANDA (GSI, TEPMAHUA)

B. U. lopmenes, I'. 10. [Ipoobimes, M. B. Kopxuk, O. B. MuceBuu

1. BBenenue

[IpoBeneHrie COBPEMEHHBIX 3KCIIEPUMEHTOB IO (PU3UKE BBICOKHUX IHEPTUU Tpe-
OyeT co3maHUs HOBOTO THIA yCKOPHUTEIHHBIX KOMIUIEKCOB. llpu sTOoM yBenmueHwme
MHTCHCUBHOCTH MyYKa U YHEPTMU YCKOPSEMBIX 4acTHUIl TpeOyeT pa3paboTKu HOBOTO
MTOKOJICHHSI JICTEKTOPHBIX YCTAHOBOK, KOTOPBIC JTOJKHBI 00ECIIEUNBATh BRICOKYIO CKO-
POCTh cYeTa, PerUCTPUPYEMBIX COOBITHIA, IIMPOKUI TUATIA30H SHEPTHH PETHCTPAIAN
BTOPUYHBIX YACTHI[ ¥ OBITh PATUAIIMOHHO-CTOMKAMHU K HOHU3HUPYIOLIEMY H3JIYYCHHUIO.
BaxxHOW COCTaBHOM 4acCThHO COBPEMEHHBIX JIETEKTOPHBIX YCTAHOBOK SIBJISICTCS DJICK-
TpoMarHuTHBINA KanopuMeTp (OMK) Ha ocHOBe HEOpraHHYECKUX CIMHTHILIAIIMOHHBIX
KPHUCTAJUIOB.

OfHMM U3 IHUPOKO MPUMEHICMBIX CIUHTH/UISIIMOHHBIX MATEPUAJIOB B SKCIICPH-
MEHTAIILHOW (PU3UKE 4YaCTHUI[ SBISETCS KPHUCTAUT BOJb(ppamaTa cBUHIEA, PbWO,
(PWO) [1]. JlarHbIi MaTepuan ObIT BBIOPaH B KaueCTBE CIMHTIILIATOpPA IJIS DIICK-
TPOMAarHMUTHOTO KaJIOPUMETpPa IpU Pa3padOTKe TaKUX IKCICPUMEHTAIBHBIX yCTaHO-
Bok, kak PRIMEX B JLAB [2], CMS-ECAL u ALICE-PHOS na yckopurene LHC
(LLEPH) [3] u PANDA na yckopurene FAIR (GSI, I'epmanus).

B manHO# paboTre mpemcTaBICHBI PEe3yJIbTAThl MCCICAOBAHUNA IO ONTUMHU3AINH
CBOMCTB KPHCTAJLIOB BOJIb(hpamara CBHMHIA i npuMeHeHus B DMK skcrnepuMeHTa
PANDA.

2. Okcnepument PANDA

OkcnepumeHT PANDA Oyzer mpoBoauTbess Ha 0a3e BBICOKOIHEPTETHUECKOTO
HakonurtenbHOro koibila HESR (High Energy Storage Ring). C momomipro yckopure-
nss HESR OGyner Bo3MoxHO (hopMHpOBaHWE ITydKa aHTHIIPOTOHOB MHTCHCHBHOCTHIO
B10Th 10 10" ¢! 1 ¢ sHeprueii B mmanazone 1.5-15 B [4, 5].

DKcnepuMeHTanbHas nporpamMma npoekra PANDA oxBaTeIBaeT ciefyoomue Ha-
npaBieHus [6, 7]:

1. CnexTpockomnus YapMOHUS (cc): U3MEpEeHUe SHEPTHH U IIMPUHBI YPOBHS BCEX
COCTOSIHUM YapMOHHUSI ¢ BBICOKOH TOYHOCTBIO. CleyeT OTMETHUTb, YTO BaXKHBIM TIpe-
MMYILECTBOM JKCIIEPHUMEHTOB C PEAKIUSAMU pp, B OTINYUE OT € e PEaKLuii, ABIgeTcs
BO3MOJKHOCTh IIOJlyUY€HHS] ME30HOB CO BCEMH pa3pelleHHBIMH KBAaHTOBO-MeXa-
HUYECKUMH COCTOSIHUSIMH TI0 CIIMHY 3apsAay W 4eTHOCTH. [Ipumepamu peakuui, KOTo-
pble HeoOXoAuMO OyIeT pEerucTpUpOBaTH B ITOM clydae, SIBIAIOTCS pp—1.—YY,
pp—Jiy—e'e.

2. HccrnemoBanne CBOMCTB ADK30THUECKHUX aapOHOB (THOPHIBI, TIFO00IEI, COmep-
XKallue c— U c—KBapKku) B o0nactu Macc yapMoHus (3—5 I'9B), mpeackazaHHBIX B paM-
Kax KBAaHTOBO  XPOMOAMHAMHKH. IIpuMepsl peakumit:  pp—hn—yn’n'n,
pp—DD—KKnKKn.
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3. HccnenoBaHue CTPYKTYpbl OJMHOYHBIX WU JBOWHBIX THUIEPAJEp, THIIEPOH-
HYKJIOHHOTO ¥ TUIIEPOH-TUIIEPOH B3aUMOAEHCTBUS C IIOMOIIBIO TOYHOH Y-CIIEKTPO-
CKOIUU B peakuusix tuna pp—AA u pp—EE.

Peructpanus mMHOrux peakuuili OyJeT NpoBOAUTHCA IO 3JEKTPOMArHUTHOMY Ka-
HaJly pacraja, ¢ perucTpanueil y-KBaHTOB, IEKTPOHOB U IMO3UTPOHOB. [Ipu sTom
SHEPIusl pETUCTPUPYEMBIX YacTHI] OyIeT HaXOAUThCA B AuanaszoHe ot 10 MaB no
10 I'>B. OntumanbHBIM pelIeHreM JaHHOM 3ajjauu ABJSETCS NMPUMEHEHHE TOMOTEH-
Horo DMK Ha ocHoBe kpuctamios PWO.

3. YBesn4yeHue BbIX01a CUMHTHISIIIUU KPUCTAJJIOB BoJIbpamara
CBHHLIA

B nocnennme 15 nmer 8 HUUM SII BI'Y 6bi1 pa3paboTaH CUMHTHILISIIUOHHBIN
KpHCTaIJ BoJb(pamara CBMHIA, KOTOPBI BHIOpaH B KauyecTBe pabouero marepuania
st OMK skenepumenta CMS.

Kpucramnsr PWO, ontumusnpoBanHsie a1 mpuMeneHus B DMK skcniepumenTa
CMS, umeroT OBICTPYIO KMHETHKY CHWHTHJUISIWIA, BBICOKHE IUIOTHOCTh W pajua-
LMOHHYIO CTOMKOCTh. /[ oOecrieueHUs] BBHICOKOW paJHalliOHHON CTOMKOCTH KpH-
CTaJIIBl IAaHHOTO THIIA aKTUBHUPYIOTCS noHaMu La n Y Ha ypoBHe 100 ppm.

['maBHBIM HEJOCTAaTKOM 3THX KPUCTAJUIOB C TOYKH 3peHus mpumeHeHus B OMK
skcriepumenTa PANDA sBisieTCSI OTHOCUTENBHO HHU3KHUA BBIXOJ[ CUHHTHIUISIIUH
(8-12 p>/M»3B mpu ucnonwzoBanuu OOY XP 2020Q), uTo OUEHb KPUTHYHO IS
3Hepre-Tudeckoro paspeuieans IMK npu peructpanum y-KBaHTOB HU3KHUX 3HEPTHUH,
BIUIOTH JJO HECKOJNBLKHX JIeCITKOB M B.

Astopamu [8, 9] ObIJIO BEIIBUHYTO MPEIIONI0KEHHE, YTO AajbHEHIIee yBeInye-
HHUE CBETOBbIXOJa CHUHTWLIALUKN PWO BO3MOXHO MOMYYUTH ABYMS MeTomamu. Bo-
MEPBHIX, YMEHBIIEHHEM KOHILEHTPALMU TOYEYHBIX NE(PEKTOB B CTPYKTYpE KpHCTal-
JIOB, BO-BTOPBIX, aKTHUBAIlMEl KpUCTAJUIa JIIOMUHECIIEHTHBIMH TIPUMECHBIMHU LIEHTpPa-
MH, KOTOpbIE UMEIOT OOJIBIIIOE CeueHHe 3IEKTPOHHOTO 3aXBaTa M3 30HBI MPOBOJUMO-
CTH ¥ OTHOCHUTEJIHHO KOPOTKOE BpeMs MOCIEAYIONIEH N3TydaTeIbHON PeKOMOUHAIINY.
B pe3ynbraTe ganbHEHIIMX HCCIAEJOBAHUWA MO ONTUMM3AlMM CBOMCTB KPUCTAJUIOB
PWO 6pum1 momyueHs! 00pasiibl ¢ MOBBIIICHHBIM CBETOBBIXOJOM — TaK Ha3bIBAEMbIN
kpucraiwt PWO-IL. Kpucramn PWO-II mmmsoii 20 cm umeer cBetoBbixon 17-22 ¢3/MaB
pu poBeneHnn m3mMepenuit Ha ®OY XP 2020Q nmpu KoMHATHOU TeMIiepaType. Y po-
BeHb akTuBaIuu kKpuctauioB PWO-II nonamu La u Y pasen 40 ppm.

Takum 06pa3zom, ObUIO IMOJIyH4E€HO ABYKpAaTHOE YBEJIHUYEHHE CBETOBBIXOAA IS
MOJTHOpa3MepHBIX 00pasnoB kpuctamuioB PWO-II no cpaBHeHuio ¢ oOpasiaMu st
npoekta CMS. DTO JOCTUTHYTO IyTeM MOBBIIICHHS CTPYKTYpHOTO COBEPIICHCTBA
KPUCTAJUIOB M YMEHBIIICHUSI KOHUEHTPAIIMN UCTOIb3yEeMbIX akTHBATopoB. IIpu 3Tom
paanaluOHHO-HABEICHHOE OITHYECKOEe TIOTJIOMIEHHE M KHHETHKAa BBICBEUHMBAaHUS
CHUHTHJUTALINN COXPAaHWINCh Ha paHee JOCTUTHYTOM YPOBHE.

4. TemnepaTypHasi 3aBUCHMOCTb CBeTOBBIX0/1a KpucTaawioB PWO-II

B nononnenue YBCJIMYCHUIO BbIXOJa CHUHTWIISINM 3a CUeT COBCPIICHCTBOBA-
HUA TCXHOJIOT'HH, ,E[aJ'II:HCfIIlICC YBCIWYCHUC BbIXOAAa AOCTUTACTCA IPU OXJIAXKICHUH
KpucTauia. DT0 00BACHIETCS TEM, YTO IPHU OXJIAKICHUU KPUCTAJLJIa TEMIICPATYPHOC
TYHICHUC CHUHTUWUIALUA CTAHOBUTCA MCHEE MHTCHCHUBHBIM, UTO IIPUBOJUT K YBCIUYCHUTIO
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Puc. 1. 3aBucumocTu CpCAHECI0 3HAaYCHUA CBETOBBIXO/a OT BPEMCHU UHTCTPUPOBAHUS AT
10 xpucrannoB PWO-II npu pa3znuassix Temneparypax: 1 —u3mepenue npu T = +25 °C;
2 —m3mepenue npu T =+10 °C; 3 — uzmepenue npu T = 0 °C; 4 — u3Mepenue npu
T=-10°C; 5 — usmepenue npu T =-25 °C
cBeTOBbIX0/a. OHAKO B HEAKTUBHUPOBAHHBIX KPHUCTAJUIAX MOHMKEHHE TEMIIEPATypHI
IPUBOJUT K CYIIECTBEHHOMY 3aMEUICHUI0 KMHETHKU JIOMUHECLEHIUU, a CIEI0Ba-
TEIbHO, U CLHUHTUJUISALNY, 3a CUET BO3PACTaHUS MHTEHCUBHOCTH MENJIEHHBIX KOMIIO-
Hent [10].

VYCTaHOBJIEHO, YTO B aKTHBHPOBAHHBIX KPUCTAJIaX, BBIPALIEHHBIX IO ONTHMHU-
3UPOBAHHON TEXHOJOIMH, IIPH IMOHIKEHUM TEMIEPATYPbl HE IMPOUCXOAUT CTOJb
OBICTPOTO TepepaclpeieNicHus] KUHETHKA CHUHTHULILHMA B CTOPOHY MEIJICHHBIX
kommnoHeHT. Ha puc. 1 npencraBineHsl pe3yabTaThl MU3MEPEHHs] CBETOBBIXO/Ia KpHUCTalla
PWO-II mpu pasznuuHbeIX TemrepaTypax M BpeMeHax HMHTerpupoBaHus. Bumgxo, 4to
BEJIMYMHA CBETOBBIX0/1a TIPH MMOHWKEHNH TeMIepatypsl ¢ —25 © 1o +25 °C Bo3pacTaeT B
cpeaHeM B 4 pa3a IpH 3HaYEHWU BpPEMEHHU MHTEerpupoBaHus 75 HC U B 4.5 paza — npu
1000 HC. DTO 0OBSICHAETCS TEM, YTO MPH OXJIaXKACHUH 00pa3la TeMIlepaTypHOe TyIle-
HUE CLUUHTWULILIUY CTAHOBUTCS MEHEE WHTCHCUBHBIM, 3TO IPUBOAUT K YBEIMYECHUIO
CBETOBBIXOJA 3a CYET BO3pPACTAHUS MHTCHCUBHOCTM MEIJICHHBIX KOMIIOHEHT B
CUMHTWUIAIMY. M3 NpUBENECHHBIX 3aBUCUMOCTEMl MOYKHO CHENAThb BBIBOJ, YTO IIPU
temriepatype —25 °C ne menee 90 % 3amaceHHONW CBETOCYMMBI BBHICBEUUBAETCS B
cpenneM 3a 200 Hc.

5. CoiictBa maTpuibl 3%x3 kpuctaioB 3x3 PWO-II ¢ JI®/] B
KavecTBe GoTOAETEKTOPA NMPHU 00JYUEHHH HA MYYKAX Y-KBAHTOB
BakubpIM 5Tariom Ipu CO3JaHUHN OMK saBasgercs MMPOBCACHUC TCCTOBLIX UCCIICO0-
BaHHUH MaTtpull, COCTOAIIMNX U3 HECKOJBbKUX ACTCKTOPHBIX Mozlyneﬁ, Ha Iy4YKax 4aCTUIl

C ICJIbKO OLHCHKU OCHOBHBIX XAPAKTCPUCTUK KaJIOPUMCETPA. PeSy.]'IBTaTBI TaKHuX H3MEC-
peHI/If/’I MO3BOJIAIIOT OAHO3HAYHO OLCHUTHL PAa3pClIArOIIyHO CIIOCOOHOCThL BCErO JCTCK-
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TOpa ¢ NMPHUBJICYCHUEM YUCIIEHHOTO MOJETUPOBAHMUS U MapaMeTPOB, OTYUYEHHBIX 3KC-
MIEPUMEHTAIBHBIM Ty TEM.

B manHOM paszere npeacTaBieHbI pe3yIbTaThl TECTOBBIX HCCIIEIOBAHUN MaTpH-
ubl 3%3 kpuctamwioB PWO-II (2x2x20 cm) ¢ JI®/] (akTusHas mwiomans 1 CMZ) B Kaue-
cTBe (OTOJETEKTOpa Ha My4yKaxX Y-KBAaHTOB. ODKCIEPHUMEHTaJbHAs YCTaHOBKa ObLIa
cobpana Ha 0Oaze Tagged Photon Facility B Hay4yHO-HCCIEIOBATEIbCKOM IICHTpPE
MAMI (Maiinu, I'epmanust). [Ty4ox BTOPUYHBIX Y-KBaHTOB (DOPMUPOBAJICS B PE3YJIlb-
TaTe KOJUIMMAaLUuK (POTOHOB TOPMO3HOTO HM3JIyueHMs, 00pa30BaBILUXCS B pe3yjIbTaTe
MPOXOXKIECHUS TIEPBUYHOTO ITydKa AJIEKTPOHOB ¢ 3Heprueil 855 MsB uepe3 mukene-
BBIH paauaTop. DHEPrusl y-KBaHTa ONpelessach IO pasHULE SHEPIuil 3JIEeKTpoHa
MEPBUYHOTO IMydYKa /10 BXOXKJICHHS B PaHaToOp M ITOTO K€ dJIEKTPOHA pEerucTpupye-
MOT0 TI0CJIE IIPOXOXKIEHUSI €TO Uepe3 paauaTop. TpacKkTopHs MydKa 3IEKTPOHOB 3a/1aBaslach
KOH(HUTypanueil MarHUTHOTO TOJIsl, CO34aBaeMOr0 AUIOJIBHBIM MarHUTOM. J{uanason 3Hep-
MU Y-KBaHTOB cocTaBisiil 40—-675 M»aB. Temneparypa matpuis! coctasisiia 0 °C.

Ha pucynke 2 mnpencraBieHa 3KCIEPUMEHTANbHAs 3aBHCUMOCTb JHEPIETH-
YECKOT0 Pa3pelleHns] MaTpULbl 3X3 KPUCTAJUIOB BoJb(pamara CBUHIA OT SHEPIUH Y-
KBAaHTOB U pe3yjbTaT ee QUTUPOBAHUS BEIPAKEHUEM BHIA

o 1.98%

E JE
IToydyeHHOE 3HaYEHWE CTATHCTUYECKOIO YJIEHA SHEPTETUYECKOTO pa3pelleHMs,
paBHoe 1.98 %, ynoBieTBopsieT TpeOOBAHUSAM IKCIIEPUMEHTAIBHON MPOTPaMMBI TIPO-
exkta PANDA. [Ipu atoMm cienyer oxuaaTh JalbHENIIETO YMEHBIIEHUS CTaTUCTHYE-

CKOT'O YJIeHa DHEPTEeTHYECKOTO Pa3pelIeHUs NP MMOHKCHUH pabodel TeMIiepaTyphl
Matpusl 1o —25 °C.

®1.68%.

6. 3akarouenue

VYiydieHue CTPYKTYpHOTO COBEPIICHCTBA CHHTETHYCCKHX KPHUCTAJLIOB BOJB(]-
pamara CBHHIIA TIO3BOJISIET CHU3HUTH KOHIICHTPAIMIO aKTHBATOPOB WUTTPHUS U JIAaHTaHA,
HCIIOJIb3YEMBIX IJIS MMOBBIIICHUA paHHaHHOHHOﬁ CTOHMKOCTH KpHUCTAJLUIOB, 10 CyMMap-
HOW koHIeHTparuu 40 ppm. TeM caMbIM JOCTHTaeTCsl AByKPATHOE YBEIIMYCHHUE BBIXO/IA
CIMHTHIUBIIMK B KpucTtamte pu +25 °C, no 1942 ¢3/M»aB, st aneMeHToB amHoN Ooee
20 cM, TIpU COXPaHEHUHU WX PAJUAIIMOHHON CTOMKOCTH M OBICTPOJICUCTBUS CIIMHTUILISIIHIM.

[MonmkeHue TemMreparypbl SKCIUTyaTalluy TaHHOTO Kpuctaya a0 —25 °C mo3Bo-
JISIET YBEJIMYUTh CBETOBBIXO/I IOTIOTHUTENIEHO HE MEHEe YeM B UeThIpe pasa, MpH STOM
90 % cBera COMHTWUIALNNN BBICBeYHBaeTcs 3a Bpems He Oomee 200 He. Takum obpa-
30M, CyMMapHO€ YBeJIHW4YeHHE CBETOBBIXoaa KpucTtamioB PWO-II nmpu temneparty-
pe —25 °C cocrapisetr 8-9 pa3 B cpaBHeHHH ¢ KpucTtaymamu st DMK skcriepumenTa
CMS, xoTopble OyayT SKCIUTYyaTHPOBAThCS MPH KOMHATHON TeMIleparype.

[TomrydaeHHOE 3HAaYEHHWE CTATHCTUYECKOTO WIEHA DHEPTeTUYECKOTO pPa3pelIeHus
st MaTputpl 3%3 kpuctamioB PWO-II ¢ JI®/] npu temmeparype 0 °C ymoBiaeTBOps-
eT TpeboBanmsaM k DMK skcriepumenta PANDA. DTo 1MO3BOJIUT MPUMEHSITHh KPHCTAIIT
PWO-II B netexTopax, pabOTAONHX B THUANA30HE HU3KUX U CPSIHUX SHEPTHH Y-KBAaHTOB U
AJIEKTPOHOB, HaunHas ¢ 10 MaB, Ha yCKOPUTEISIX ¢ OOBIION CBETUMOCTHIO.
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ELECTROMAGNETIC CALORIMETER BASED ON THE LEAD
TUNGSTATE CRYSTALS FOR THE PANDA EXPERIMENT
(GSI, GERMANY)

V. 1. Dormenev, G. Yu. Drobychev, M. V. Korzhik, O. V. Missevitch

New accelerator FAIR (Facility for Antiproton and Ions Researches) will be created at
the nearest future at GSI (Darmstadt, Germany). The PANDA detector will be installed at the
FAIR for the hadron physics studies using a cooled antiproton beams. PWO-II a new type of
the lead tungstate crystal was chosen as a scintillation material for the electromagnetic calo-
rimeter construction of the PANDA detector. Some research results of the PWO-II crystal light
yield improvement and beam test of the 3x3 crystals matrix in the temperature range
from —25 °C till +25 °C are presented at the paper.
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