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CaeTOBbrxon Kpacrannoa Csi(Tl) a Csi(Na) npu o6nyqeHHH 
38pSDKeHHbTMB 'IBCTHUBMB 

nony'!eHbl .O.BHHble 0 38BHCHMOCTR CBeTOBb!XOJlB KpRCTannoB Csi (TI) 
H Csl(Na) OT 9HeprBH npH o6ny'leiiHH HX npOTOIIBMH, JleiiTpOHBMH H 
allb,Pa-qacTHJIBMH B auanaaoHe 3t-15 MaB. llnH npoTOHOB H .o.eilrpoHoB 
Ha6nro.o.anacb naHeilHBSI 38BHCHMOCTb, J]nSI anb,Pa-'IBCTHU - OTKnOHeHHe 

, or nKHeilHOCTH npK aHeprHSIX, MeHblliHX 10 MaB. CBeTOBLrxoa KpHcTanna 
Cs I(Na) 6onee '!eM B 2 paaa npeabrrnaer CBeTOBLrxo.o. Kpacranna Csi (Tl ). 

Pa6ora BbmonHeHa B lla6oparopua SI.o.epHLrx npo6neM Oi1fH1. 

flpeDpBBT 0tn.eJUUieBBOrO BBCTBTYT& aJlepBWX BCCJieJIOII&IIBI. J:{y6&& 1977 

Dorchoman D. et al. PI - 10910 

Light Output of CsiiTl) and Csi(Na) 
Crystals at Bombardment by Charged Particles 

The data on scintillation response-energy dependence 
of Csi(Tl) and Csi(Na) crystals for protons, deutrons and 
alpha-particles of 3~15 MeV are presented. The linear 
dependence has been observed for protons and deutrons. 

The deviation from linearity has been observed for 
the energy of alpha-particles less than 10 MeV. 

The light output of a Csi(Na) crystal exceeds more 
than twice that of a Csi(Tl) crystal. 

The investigation has been performed at the 
Laboratory of Nuclear Problems, JINR. 

Preprint of the Joint Institute for Nuclear Research. Dubna 1977 
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1. BeeOeHue 

JIHHeHHaJI 3aBHCHMOCTL CBeTOBLIXO)J.a OT 3HeprHH 'laC

THU. BMeCTe C BWCOKHM a6COillOTHWM ero 3Ha'leHHeM II03BO

llJIWT 3cllciJeKTHBHO HCIIOllL30BaTL HeopraHH'IeCKHe KpHCTan

llH'IeCKHe cu.uuTunnJJ:Topw Csi (Tl) H Csi (Na) .nn.11 

crreKTpOMeTpHH H H)J.eHTHciJHKali,HH 3apJJ:)I(eHHWX qaCTHU. C 

3HeprHJJ:MH .no uecKonLKHx .necJJ:TKOB M3B. Oco6euuo rrep

crreKTHBHLIM )J.llJI 3THX ll,eneif Cli,HHTHllllJITOpOM JIBllJieTCJI 

OTHOCHTenLHO ue.nasuo rrony'IHBWHH pacrrpocTpaueuue uo.nuc

TWH u.eJHH, aKTHBHposauuwii uaTpHeM. 11ccne.noaauuro xa

paKTepucTHK Cs I (Tl) rrocBJJ:ll\eH PJJ:.D. pa6oT. 3uaquTenLHO 

MeHLWe )J.aHHWX HMeeTCJI ITO CBeTOBLIXO.D.Y KpHCTannOB 

Csi(Na) 11 -3 ~ B oco6euuocTu rrpu ux o6nyqeuuu TJI)I(enwMu 

3apJJ:)I(eHHWMH qacTHU.aMH. Ba)I(HWM .nn.11 rrpaKTH'IeCKHX rrpu

Meueuuii rrpu u.neuTuciJuKau.uu qacTHU. JJ:BnJJ:eTCJI uccne.nosa

uue OTHOWeHHH CBeTOBWXO,II.OB ,II.llJI pa3HOrO COpTa 'laCTHll,. 

B pa6oTe 
141 

HaMH 6Lin H3MepeH CBeTOBOH BLIXO)J. B 

Kpucrannax Cs I (Tl) .nn.11 rrporouos c 3HeprHJIMH 'oT 3 
.no 15 M3B. B uacTOJJ:ll\eH pa6oTe HJnararoTCJI peJynLTaTLI 

H3Mepeuuii cseTOBLIXO)J.OB KpHcTannos Cs I ( Tl) u Cs I (Na ) 
)J.nJI IIpOTOHOB, )J.eHTpOHOB H anLciJa-qacTHU. B 3TOM )l(e HH

TepBane 3Hepruii. 

2. 3KcnepuMeHm 

/4/ 
113MepeHHJI IIpOBO)J.HllHCL auanorH'IHO Ha IIy'IKaX TaH-

)J.eM-reuepaTopa 11HCTHTyTa aTOMHOH ciJH3HKH B liyxapecTe. 

~nJI H3MepeHHH HCIIOllL30BanHCL ynpyro pacceJIHHWe IIO)J. 

yrnOM 9c:fl Ha MHWeHH H3 30llOTOH ciJonLrH IIpOTOHW, )J.eHT-

3 



pOHbi H anb<lJa-qaCTHI.(bl. 06pa3UaMH CUHHTHnJUITOpOB cny-

>KHnH nnacTHHbi KpHcTannoB Cs I ( Tl ) pa3MepaMH 

100x100x2 ..w..w 3 u nnacTHHbi KpHcTannoB Csi(Na) pa3-

MepaMH 50x50x2 .M.M 3 , llpOCMa TpHBaeMbie C llOMOI.QbiO CBeTO

BO,IJ,OB <lJoTOYMHO)I(HTeneM ci>3Y- 491i. 06e nnaCTHHbi pac

nonaranHCb BMeCTe Ha CBeTOBO,IJ,e <lJoTOYMHO)I(HTenR H no-

0'-lepe,II,HO BBO,IJ,HflHCb B ny'-IOK '-laCTHU. 

)J,nR yCTpaHeHHR OCHOBHOrO HCTO'-IHHKa B03M0)1(HbiX CHC

TeMaTHl.J:eCKHX OWH60K, CBR3aHHOrO C HeCTa6HflbHOCTbiO 

ClleKTpOMeTpHl.leCKOrO TpaKTa, O,IJ,HOBpeMeHHO C HCCne,IJ,ye

MbiMH l.J:aCTHUaMH OT yCKOpHTenR perHCTpHpOBanHCb B Ka

l.J:eCTBe penepuoro HCTO'-IHHKa curuanoB anL<l!a-qacTHUbi oT 

HCTO'-IHHKa 241 Am, llOCTORHHO JaKpenneHHOrO BHe llYl.J:Ka 

ua uccne,IJ,yeMOM o6paJue Cs I (Tl). BpeMJI HHTerpupo

BaHHJI JneKTpuqecKoro curuana OT cBeToBoro HMnynLca 

COCTaBnJlnO 1,5 MKC. 

Oco6.oe BHHManue 6blno y,IJ,eneuo oueuKe BenH'-IHHbi no

BepxuocTHoro He'-lyBCTBHTenhnoro cnoJI o6pa3UOB uccne

.D.YeMbiX CUHHTHflflJITOpOB, npHBO,IJ,Rl.Qero K yMeHbWeHHIO HO

MHHanLHoro JHal.leHHJI 3Hepruu qacTHU. CneuuanbHOH wnu

<l!oBKH H llOflHpOBKH llOBepXHOCTeH nony'-leHHbiX HaMH o6pa3-

UOB CUHHTHflflJITOpOB Mbl He npOH3BO,IJ,HflH. Tom.I.~HHa He

'-IYBCTBHTenbHOrO CflOJI onpe,IJ,enJlnacb C llOMOl.QbiO anb<lJa

qaCTHU OT pa,IJ,HOaKTHBHblX HCTO'-IHHKOB H OT TaH,IJ,eM- rene

paTopa, a TaK)I(e nyTeM aHamna 3aBHCHMOCTeH CBeTOBbiXO,IJ,a 

OT npoTOHOB u ,IJ,eHTPOHOB. BenH'-IHHa MepTBoro cnoJI uc

nonhJOBaHHbiX o6pa3UOB oKaJanacb ,IJ,nJI KpHCTannoB 
2 Csi(Na) paBHOH 24±3 M2/CM ,,IJ,nJI KpHCTannoB Csi(Tl) -

5±1 M2/CM2. 

3. Pe3YIIbmambJ 

l13MepeHHJI .D.nJI pa3Horo copTa '-laCTHU 6blnu npoBe,IJ,eHbi 

B paJ,IJ,enbHbiX ceaucax o6nyl.leHHJI, pa3nH'-IaBWHXCR no ypoB

HIO HHTeHCHBHOCTH '-laCTHU llYl.J:Ka H K034>4JHUHeHTY ycuneHHJI 

cneKTpoMeTpuqecKoro TpaKTa. CTaTHCTHl.lecKaR TO'-IHOCTb 

B onpe,IJ,eneuuu cpe.IJ.HHX JHal.leHHH pacnpe,IJ,eneuuii: cBeTo

BbiXOJJ.OB BO BCeX H3MepeHHRX 6blna nyqwe 1 CJ/o. 
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Pe3yflbTaTbi H3MepeHHH ,IJ,flR o60HX CUHHTHflflRTOpOB B 

OTHOCHTenbHbiX e,IJ,HHHUaX npHBe,IJ,eHbi Ha pUC. 1+3. 06pa6oT

Ka ,IJ,aHHbiX npoBO,IJ,Hnacb auanorul.IHo
141 . B 3Hal.J:eHHR 3Hep

ruu BHeCeHbl nonpaBKH Ha llOTepH B Hel.J:yBCTBHTeflbHOM 

cnoe. 
,l],nJI npoTOHOB I puc. 11 u .u.eii:TpOHOB I puc. 21 B JJ.Hana-

30He HJMepeHHbiX 3Hepruii: B npe,IJ,enax 3KCnepuMeHTanbHbiX 

OWH60K Ha6niO,IJ,aeTCR flHHeHHaR JaBHCHMOCTb OT 3HeprHH. 

)l.nJI anb<lla -qacTH:U I puc. 31 ua6niO,IJ,aeTcR oTKnoueuue oT 

nuueB:uocTH npu 3HepruRx, MeHhWHX 10 M:JB. 

Coemoob1xoa 
omHOC. ea 
10 

5 

5 

npomoHbl 

• CsJ(Tl) 

o CsJ (Na) 

10 
Puc. I 

M:~o 

15 
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Coemo6blxoa 
OffiHOC. e8 

10 

5 

lletirpoHbi 

• CsJ(Tl) 

o CsJ( No) 

5 

Puc.2 

M36 

10 IS 

CooTHOWeHHe cBeTOBblxo.noB CUHHTHnmnopoB Cs I (Na) H 

Cs I (T 1) ,nnJI npOTOHOB H ,neii:TpOHOB UOCTOJIHHO B BHTepBa" 

ne 3HeprsB: OT 4 .no 14 M3B B paBHO .nnJI npoTOHOB: 

W(Na) 

~Tl) "'2,45± 0,05, 

wP 
,nnJI ,neHTpOHOB 

6 

W (Na) 

d "'2.12 ± 0·.04. 
W (Tl) 

d 

/1/ 

/2/ 

i 
I, 

t 
~ J 

~nJI anLwa-qacTBU B 3TOM *e 3HepreTuqecKoM HHTepBane 

OTHOWeHBe CBeTOBbiXO,nOB TaK*e npaKTBqecKB He H3MeHJI· 

eTCJI: (Na) 

wa 
W (Tl) 

a 
W (Na) 

a 
W (Tl) 

a 

2,21±0,04 npu 5 M3B, 

= 2,13±0,04 nps 13 M3B. 

Cne.nyeT OTMeTHTh, qTo nps conocTaBneHHH cBeTOBblxo-

,noB Heo6xo,nBMO yqHTbiBaTb, qTo CUeKTp lliOMHHeCUeHUBB 

KpHcTannoB Cs I (Na) c,nBHHYT B CTopoHy MeHLWHX .nnBH 

BonH no cpaBHeHHIO co cneKTpoM OT KpHcTannoB Cs I (Tl) . 

Cflemo6btxoa 
ornHOC. e8 

5 

5 

cs.- 4acmu4b1 

• CsJ (Tl) 

o CsJ (No) 

10 
Puc3 

M36 

15 
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HcnonL3yeMble uaMH $oTOYMHO)I(HTenu ci>3Y-49li c cypLMJI· 

uo-Kanueao-ue3HeBbiM <PoToKaTO.ll.OM o6na)l.aiOT wupoKoB: o6-

nacTLIO cneKTpaJILHOH 'IYBCTBHTeJibHOCTH OT 3000 )].0 

8500 A, 3<P<beKTHBHO nepeKpbiBaroll.{eo cneKTpbi JIIOMHHecueu

l.I,HH 060HX Cl.I,HHTHJIJI.IITOpOB. 

)J;JI.Il cpaBHeHH.Il CBeTOBbiXO)l.OB OT npOTOHOB H )l.eHTpOHOB 

6LIJIH npoBe)l.eHbl OT)l.eJibHble H3MepeHH.Il )l.JI.Il KpHCTaJIJIOB 

Csi(Tl) B O.LJ.HOM ceauce B O.LJ.HHaKOBLIX ycJIOBH.IIX. Pe-

3YJILTaTLI 3THX H3MepeHHH npe)l.CTaBJieHbl Ha puc. 4. 0THO· 

WeHHe CBeTOBbiXO)l.OB npOTOHOB H )l.eHTpOHOB llO 3THM H3" 

MepeHH.IIM COCTaBJI.IleT: 

8 

W (Tl) 
p 

W dTI) ~ 1.01 ± 0,02. 

Coemoob1xoa 
omHoc.ea. 

4 

3 

2 

• npOTOHbl 

c !leHTpOHbl 

5 

Puc.4 

/3/ 

MJo 

10 15 

I 

CpaBHHBa.ll 3TO OTHOWeHHe C /1/ H /2/, llOJIY'IHM OTHOWe· 

uue caeTOBbiXO.LJ.OB npoTOHOB u )l.eHTpouoa .LJ.JI.Il Cs I (Na ): 

W (Na) 
p 

W (Na) 
d 

1.16 ± 0,04. /4/ 

ConocTaaneuue c H3MepeHH.IIMH caeTOBbiXO.LJ.OB .LJ.JI.Il anL<ba

qacTHI.I, Ha o60HX KpHCTaJIJiaX ll03BOJI.IleT llOJiy'laTb OTHO" 

WeHHe CBeTOBbiXO)l.OB npOTOHOB, )l.eHTpOHOB H aJIL$a·qac

THI.I,. ,D;n.11 KpHcTaJIJIOB Cs I(Tl) npu 3Hepruu 10 M:JB 
(Tl) ('l'l) (Tl) 

W :Wd :W ==1:(0.99 ±0,02):(0,61± 0.03). 
p a 

AuanorH'IHble oTHOCHTeJILHLie caeToBLIXO.ll.bl .LJ.JI.Il Cs I(Na) 
npu 10 M:JB paBHLI: 

W(Na): W (Na) : W(Na): 1: (0,86±0,03): (0,53 ±0,03). 
p d a 

Pe3yJILTaTbl H3Mepeuuu CBH.LJ.eTeJILCTBYIOT o 6onLwux 

B03M0)1(HOCT.IIX HCllOJib30BaHH.Il KpHCTaJIJIOB HO)l.HCTOrO l.l,e3H.Il 

)l.JI.Il H)l.eHTH$HKal.I,HH H cneKTpOMeTpHpOBaHH.Il 3ap.ll*eHHbiX 

qacTHU c 3HeprH.IIMH .LJ.O uecKOJILKHX )l.eCHTKOB M:JB. Oco-

6euuo 3<P<beKTHBHbiM Cl.I,HHTHJIJI.IITOpoM .IIBJI.IleTC.Il Cs I(Na) 
CaeTOBbiXO.ll. ero npeBblwaeT 6onee 'leM B 2 pa3a caeTOBLI· 

XO.ll. KpHCTaJIJIOB Cs I (T l). BpeMeHHa.ll ero xapaKTepucTu-
tt ,2/ 

Ka TaK)I(e nyqwe, 'leM y Csi(Tl). 
IJpu npaKTH'IeCKOM HCIIOJib30BaHHH KpHCTaJIJIOB HO)l.HCTO" 

ro ue3H.Il BMecTe c TeM HY)I(HO y'IHTbiBaTL PH.D. <baKTopoa, 

Cyll.{eCTBeHHbiM o6pa30M BJIH.IIIOll.{HX Ha HHTeHCHBHOCTb H $op

MY CBeTOBbiX BCllbiWeK. K HHM OTHOC.IITCJl 3aBHCHMOCTb OT 

nnoTHOCTH uouuJauuu I co pTa qacTuu/, uanuque Me.LJ.JieHHbiX 

KOMllOHeHT B CBe'leHHH H IIOCJieCBe'leHHe, TeMnepaTypa, 

KOHI.I,eHTpal.I,H.Il aKTHBaTOpa, KBaHTOBa.ll xapaKTepHCTHKa 

$OTOKa TO)l.OB HCllOJib 3 yeMLIX $OTOYMH0)1(HTeJieH, yCJIOBH.Il 

CBeTOC6opa, o6pa60TKa llOBepXH.OCTH KpHCTaJIJIOB. 

ABTOpbi Bblpa)l(aiOT 6naro)l.apuocTL .LJ.HpeKI.I,HH HAcl> B 

liyxapecTe 3a npe)l.OCTaBJieHHYIO B03MO)I(HOCTb npoBe)l.eHH.Il 

H3MepeHHH, Hay'IHO·npOH3BO)l.CTBeHHOMY o6be)l.HHeHHIO 

"MOHOKpHCTaJIJipeaKTHB" 3a H3rOTOBJieHHe KpHCTaJIJIOB, a 

TaK)I(e B.r .3uuoay u A.,D;.Kouuuy 3a o6cy)l()l.eHH.Il. 
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