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KHani-1K E. 1-1 AP. 1 - 12428 
H3MepeHI-1e 3Heprl-11-1 3neKTPOHOB e ycnoei-1RX 
aApOHHOrO ~OHa B 4epeHKOBCKOM raMMa-cneKTPOMeTpe 
1-13 CBI-iH~OBOrO CTeKna 

B pa6oTe np!-iBOARTCR pe3ynbTaT~ I-1CcneAOBaHI-1R noAaeneHI-iR 
rr -Me30HOB C 1-iMnynbCOM 2 r3B/c B MOAyne 4epeHKOBCKOrO 
rOAOCKOna 90-KaHanbHOrO 4epeHKOBCKOrO raMMa-cneKTpOMeTpa 
1-13 CBI-iH~OBOrO CTeKna, a TaKme B Cl-iCTeMe 1-13 ABYX 4epeHKOB
CKI-1X C4eT41-1KOB, COCTOR~e~ 1-13 MOAYnR 4epeHKOBCKOrO rOAOCKona 
1-1 AOnonHI-1TenbHoro "aAPOHHoro" C4eT41-1Ka, pacnonomeHHOro 
nepeA OCHOBH~M MOAyneM. np~-1 3~~eKTI-1BHOCTI-1 perl-iCTpa~l-11-1 

3neKTpOHOB, paBHO~ 90%, eenl-141-iHa nOAaBneHI-iR aApOHOB COCTae
nReT 3,8x10 4 AnR Cl-iCTeM~ C 11 aApOHHbiM 11 C4eT41-1KOM, 4TO 
e 2,1 pa3a ny4we eenl-141-iH~ noAaeneHI-iR AnR OAHOro MOAYnR 
rOAOCKOna. 

Pa6oTa e~nonHeHa B na6opaTOPI-11-1 B~COK!-iX 3Heprl-1~ OHRH. 

npenpHHT 06'bel1HH8HHOI"O HHCTHTYT8 Sl.ll8pHblX HCCneJlOB8HHII, .lly6Ha 1979 

Knapik E. et al. 1 - 12428 
Me~surement of Electron Energy Under 
Conditions of Hadron Background 
in Cherenkov Lead Glass Gamma-Spectrometer 

The results of investigating the suppression of 
2 GeV/c rr--mesons in a module of Cherenkov hodoscope of 
a 90-channel Cherenkov lead glass gamma-spectrometer and 
in the system of two Cherenkov counters consisting of 
a Cherenkov hodoscope module and an additional 11 hadron" 
counter positioned in front of the main module, are given. 
At the 90% electron detecting efficiency, the value of 
hadron suppression is 3.8x104 for the system with the 
"hadron" counter. It is 2.1 times better than the suppres
sion value for one hodoscope module. 

The investigation has been performed at the 
Laboratory of High Energies, JINR . 

Preprint of the Joint Institute for Nuclear Research. Dubna 1979 

1 . BBEAEHHE 

npl-1 l-13y4eHI-11-1 npo~eCCOB, B KOTOp~X 06pa3y~TCR 3neKTPOH~ 
C Man~M B~XOAOM no cpaBHeHI-1~ C B~XOAOM aAPOHOB, 04eHb 
eamH~M napaMeTpoM raMMa-cneKTpoMeTpa RBnReTCR eenl-141-iHa, 
xapaKTepi-13Y~~aR BepORTHOCTb l-iMI-iTa~l-11-1 3neKTPOHOB aAPOHaMI-1. 
3Ty eenl-141-iHY MOmHO OnpeAeni-1Tb, I-13MepRR 3neKTpOHH~e 1-1 aApOH
H~e cneKTp~ np~-1 TOM me CaMOM 1-iMnynbce. 04eBI-1AHO, 4TO OHa 
3aBI-1CI-1T KaK OT 3HepreTI-14eCKOrO pa3peWeHI-1R, TaK 1-1 OT ypOBHR 
3HepreTI-14eCKO~ AI-1CKPI-1MI-1Ha~I-1H. 

B AaHHO~ pa6oTe 1-iccneAyeTCR noAaeneHI-ie oTp!-i~aTenbH~x 
nl-iOHOB C 1-iMnynbCOM 2 r3B/c B MOAyne 4epeHKOBCKOrO rOAO
CKOna 1-13 CBI-iH~OBOrO CTeKna 90-KaHanbHOrO Macc-cneKTPOMeTpa 
na6opaTOPI-11-1 BbiCOKI-iX 3HeprH~ OHRWL 21, a TaKme noAaBneHHe 
aApOHOB C HCnOllb30BaHI-1eM AOnOnHHTenbHbiX 11 aApOHH~X11 4epeH
KOBCKHX C4eT4HKOB 1-13 CBHH~OBOrO CTeKJla, pacnonomeHH~X 

nepeA MOAylleM rOAOCKOna. TaK KaK paA1-1a~I-10HHaR AnHHa B CBHH
~OBOM CTeKJle MeHbWe CpeAHe~ AnHHbl RAepHoro B3ai-1MOAe~CTBHR, 

3JleKTPOMarHI-1TH~e llHBHI-1 OT 3neKTpOHOB 6YAYT pa3BHBaTbCR 
6~cTpee, 4eM nHBHH, B~3BaHH~e aAPOHaMH. B pe3ynbTaTe e cpeA
HeM B "aAPOHHOM11 C4eT41-1Ke aMnnHTYAbl HMnynbCOB OT 3neKTPOHOB 
6YAYT 60llbWe, 4eM OT aAPOHOB . .[\HCKPHMHHHPYR aMnnHTYA~ HM
nyllbCOB B KaHane 11 aAPOHHOr011 C4eT4HKa, MO>KHO nOllY4HTb AOnon
HI-1TenbHOe nOAaBneHI-ie aApOHHOrO ~OHa. 

2. 4EPEHKOBCKHE C4ET4HKH H CXEMA H3MEPEHH~ 

noAaBlleHHe aApOHOB H3MepR110Cb B ny4Ke rr -Me30HOB, COAep
>Ka~eM OKOnO 2,5% 3JleKTPOHOB npH HMnynbce 2 r3B/c 1-1 HHTeH
CHBHOCTI-1 nHOHOB 2500 B CeKyHAY· 

Ha PHC. 1 noKa3aH BHeWHH~ BHA HCnOnb3yeM~X B H3MepeHHRX 
4epeHKOBCKHX C4eT4HKOB: 

CO - MOAYnb 90-KaHanbHOro 4epeHKOBcKoro roAOCKona; 
C alll - "aApOHHbl~ 11 C4eT4HK C pa3MepaMH paAI-iaTopa 

180xHlOx105 MM 3; 

CCIA2 -"aAPOHH~~" C4eT4HK c pa3MepaMH paAHaTopa 
800x180x80 MM 3. 
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PHC. 1. 4epeHKOBCKH e C4eT4HKH, HCnOilb3yeM~e B H3MepeHHRX: 

Bo - MOAYilb 90-KaHanbHoro 4epeHKOBcKoro rOAOCKona; ~ a11 1 
H ~aA 2 - 11 aApOHHble11 C4eT4HKH C pa3MepaMH paAHaTOpOB 
180x180x105 MM 3 H 800x180x80 MM 3 COOTBeTCTBeHHO . 

PaAHaTOp~ BCeX C4eT4HKOB H3rOTOBJleH~ H3 CBHH~OBOrO 
cTeKna MapKH T~-1 s~coKo~ npo3pa4HOC TH. K paAHaTopaM H3 
CBHH~osoro cTeKna npHKneeH~ KneeM MapKH HE-10 ~oTOYMHOmHTe

IlH _THna ~3Y-49o /~aA2 HMeeT ABa ~OTOYMHOmHTenR/ C KBaHTOBO~ 
4YBCTBHTenbHOCTb~ ~oToKaTOAa 6onee 100 MKA/nM. 

AnR KOHTponR napaMeTpos ~OTOYMHOmHTene~ H perHcTpHpy~~e~ 
3JleKTpOHHKH K paAHaTOpaM C4eT4HKOB npHKJleeH~ HCT04HHKH CTa
fiHilbH~X CBeTOB~X BCn~WeK, H3rOTOBJleHH~e Ha OCHOBe KpHCTan
JlOB Nai(Tl) H paAHOaKTHBHoro H30Tona 241 Am /anb~a-4aCTH~bl 
c 3HeprHe~ 5, 5 M38/ 13 1. PaAHaTOPbl o6epHyTbl an~MHHHeso~ ~onbro~ 
H CBeTOH30IlHpOBaH~ ~ nOMO~b~ 4epHO~ 6yMarH H 4epHO~ nonH
XIlOpBHHHJlOBO~ nJleHKH. 

onoK-cxeMa H3MepHTenbHO~ annapaTyp~ npHBeAeHa Ha pHc . 2. 
ny40K OTpH~aTeJlbHbiX nHOHOB H 3JleKTpOHOB BbiAellRilCR C no
MO~b~ c~HHTHilllR~HOHHbiX c4eT4HKOB C1, C2 , C3 c pa3MepoM 
c~HHTHilllRTOpos 70x70x5 MM 3 • C4 - c pa3MepoM c~HHTHilllRTopa 
40x40x5 MM 3 H C4eT4HKa aHTHCOBnaAeHH~ Ca C ~eHTpaJlbHbiM 
OTBepCTHeM ]0x]0 MM 2. C~~HTHilllR~HOHHbl~ C4eT4HK C4 pacnonaran
CR HenocpeACTBeHHO nepeA HCCJleAyeM~MH 4epeHKOBCKHMH C4eT-
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PHC. 2. DJlOK-cxeMa H3MepeHH~: C1, C2' C3, C4, ca - C~HH

THJlllR~HOHH~e C4eT4HKH; ~r- ra30B~~ 4epeHKOBCKH~ C4eT4HK; 
v v ~ 

Ca11 1 , Ca11 2 - "aAPOHHble" 4epeHKOBCKHe C4eT4HKH; vO - MDAYilb 
90-KaHaJlbHOrO 4epeHKOBCKOrO rOAOCKOna; Pb - CBHH~OBaR nna
CTHHa; ~ - ~OpMHpOBaTeJlH HMnyllbCOB; o3 - fiJlOKH 3aAepmeK; 
CC - cxeM~ cosnaAeHHR; I - cyMMaTop~; A - aTTeH~aTop~; 
na - IlHHe~H~e BOPOTa; A - AHCKPHMHHaTop, A~ - aHaJlH3aTOP 
HMnyJlbCOB. 

4HKaMH. AnR B~AeneHHR 3IleKTPOHOB H3 ny4Ka HcnOilb30BancR 
ra30Bbl~ 4epeHKOBCKH~ C4eT4HK ~f' • BKJ1~4aeMbl~ AilR 3TO~ ~eJlH Ha 
cosnaAeHHe co c4eT4HKaMH C1- C4. ·npH B~AeneHHH rr- -Me30HOB 

nepeA C4eT4HKOM C1 ycTaHasnHBanacb CBHH~OBaR nnacTHHa (P~ 
TOJl~HHO~ 10 MM, a C4eT4HK ~f' BKil~4aJlCR Ha aHTHCOBnaAeHHe 
c C1-C4. npH H3MepeHHH noAaBJleHHR aAPOHOB c nOMO~b~ OAHOro 
4epeHI<OBCKOrO C4eT4HKa CO AOnOJlHHTellbHbl~ / 11 aApOHH~~ 11 / C4eT-
4HK y61-1pancR. CHrHan co C4eT4HKa Co HilH cyMMapHbl~ cHrHall 
C CHCTeM~ ABYX 4epeHKOBCKHX C4eT4HKOB (~0 + ~3/1) nOCTynaJl 
Ha aHaJlH3aTOP HMnyllbCOB THna N'I'A-512 4epe3 IlHHe~H~e BOpOTa 
/nB/, ynpaBJlReM~e OT CXeM~ COBnaAeHHR /CC-3/, Ha KOTOpy~ 
nocTyna~T CHrHan~ co c4eT4HKOB C 1-C4, Ca , Cr. a TaKme, 
B Clly4ae BBeAeHHR AHCKpHMHHa~HH B KaHaJle "aAPOHHOro" C4eT-
4HKa, OT AHCKpHMHHaTOpa /A/. 
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3. nOAABnEH~E AAPOHOB 
C nOMOmbD MOAYnR 4EPEHKOBCKOrO rOAOCKOnA 

noAaBneHHe aAPOHOB c noMo~b~ MOAYnR 4epeHKOBcKoro roAo
cKona Co H3MepRnOcb no cxeMe, npHBeAeHHO~ Ha pHc. 2. 6btnH 
npoBeAeH~ ABe cepHH H3MepeHH~ : 

1/ B~AenRnHCb 3neKTPOH~ ~3 ny4Ka nyTeM BKn~4eHHR ra30BO
ro 4epeHKOBCKoro C4eT4HKa ( C~) Ha coBnaAeHHe c C1-C4; 

2/ B~AenRnHcbv rr - -Me30H~ BKn~4eHHeM ra3oBoro 4epeHKOB 
cKoro c4eT4HKa (C r) Ha aHTHCOBnaAeHHR c C1-C4, H B ny40K 
BBOAHnaCb CBHH40BaR nnaCTHHa TOn~HHO~ 10 MM. 

AMnnHTYAH~e cneKTp~, nony4eHH~e B 3THX H3MepeHHRX, 
npHBeAeH~ Ha PHC. 3. 

Ko3$$H4HeHT noAaBneHHR c noMO~b~ MOAYnR 4epeHKOBCKoro 
rOAOCKOna (W) onpeAenRnCR cneAY~~HM o6pa30M: 

W = N(A)/ N 
0 

, /1/ 

r Ae N( A) - 4HCno rr -Me30HOB, aMnnHTYAbl CHrHanOB OT KOTOPbiX 
C B~XOAa MOAYnR 4epe HKOBCKOr O rOAOCKOna npeB~Wa~T ypoBeHb 
o6pe3aHHR A, KOTOPbl~ 3aAaeTcR Tpe6yeMo~ 3$$eKTHBHOCTb~ perHcT
pa4HH 3neKTPOHOB; N0 - non Hoe 4Hcno " -Me30HOB , nonaBWHX 
B MOAYnb 4epeHKOBcKoro rOAOCKona. 

BenH4HHa K03$$H4HeHTa noAaBneHHR aApOHOB B 3aBHCHMOCTH 
OT 3$$eKTHBHOCTH perHCTPa4HH 3neKTPOHOB AnR C4eT4HKa CO(Wv ) 

co 
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P~c. 3. AMnn~TYAH~e cneKTP~ 3neKTPOHOB(e )~" -Me30HOB err-) 
B C4eT4HKe. 
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npHBe AeHa Ha pHC. 6. npH 3$$eKTHBHOCTH perHCTPa4HH 3neKT
pOHOB 90 % OHa COCTaBnReT 8,0x10-4.Ha 3TOM me pHCYHKe noKa-
3aHO OTHOWeHHe K03$$H4HeHTa nOAaBneHHR aAPOHOB, nony4eHH0 -
ro B AaHHO~ pa6oTe npH HMnynbce 2 r3B/c, K K03$$H4HeHTY 
nOAaBneHHR, npHBeAeHHOMY B pa6oTe ~~ npH HMnynbCe 4 r3B/c 
AnR C4eT4HKa ~0 (W ~ 0 (2 r3B )/ w ~o < 4 r3B )) . KaK BHAHO H3 
PHCYHKa, K03$$H4HeHT nOAaBneHHR MOAYnR 4epeHKOBCKOrO rOAO
CKOna npH HMnynbce 2 r3B/c B 2,9 pa3a xyme, 4eM npH ~Mnynbce 
4 r3B/c. 

4. nOAABnEH~E AAPOHOB 
C nOMOmbD AOnOnH~TEnbH~X 4EPEHKOBCK~X C4ET4~KOB 

B 3THX ~3MepeHHRX nepeA 4epeHKOBCKHM c4eT4~KOM CO ycTa
HaBn~BancR 4epeHKOBCKH~ c4eT4HK ~aA 1 HnH ~ aA 2. B KaHan 
11aAPOHHOr011 C4eT4HKa MOmHO 6btno BBOAHTb pa3n~4Hble ypOBHH 
AHCKP~M~Ha4~H. 

AnR nony4eH~R MaKCHManbHoro 3HepreT~4ecKoro pa3peweHHR 
3neKTPOHHOrO cneKTpa CHCTeMbl ABYX C4eT4HKOB (~Q + ~aA ) noA-
6Hpan~Cb COOTBeTCTBy~~~e OCna6neH~R CHrHanOB C nOMO~b~ 
aTTeH~aTopoB A1 ~ A2 /p~c. 2/. 3aBHC~MOCTb 3HepreTH4eCKoro 
pa3peWeH~R (FWHM) OT ocna6neH~R B KaHane 11 aAPOHHOr011 C4eT-
4~Ka ~ali 1 np~BeAeHa Ha pHc. 4. 6btno Bbt6paHo ocna6neHHe , 
COOTBeTCTBy~~ee ny4We~ BenH4HHe 3HepreT~4eCKOrO pa3peweHHR, 
paBHO~ 8,5%. 

Ha p~c . 5 np~BeAeH~ aMnn~TYAH~e cneKTP~ 3neKTPOHOB: 
a/ cneKTP B "aAPOHHOM 11 c4eT4~Ke IA~CKP~MHHa4~R B "aApOHHOM" 
KaHane OTCyTCTByeT/ ~ 6/ CyMMapH~~ cneKTP B C~CTeMe ABYX 
C4eT4~KOB (~ -+ ~ aH ) . 

npoBOA~n~Cb ~3MepeH~R nOAaBneH~R aAPOHOB C~CTeMO~ (~Q +~aA ) 
np~ pa3nH4HbiX YPOBHRX A~CKpHMHHa4H~ B "aApOHHOM11 KaHane 
/pa3n~4HO~ 3$$eKTHBHOCT~ per~CTPa4~H 3neKTPOHOB/. 

Ko3$$~4~eHT noAaBneH~R aAPOHOB c~cTeMo~ 4epeHKOBCK~x 
C4eT4~KOB (Co +c al\ ) onpeAenRnCR no $OpMyne I 1 I' rAe N(A) -
4~CnO rr-Me30HOB, aMnn~TYA~ C~rHanOB OT KOTOp~X C B~XOAa 
c~cTeMbt c4eT4~KOB (~O +~<!Ji) npeBbtwa~T ypoBeHb o6pe3aH~.R A ; 
N0 - nonHoe 4~cno rr-Me30HOB, nonaBw~x B CHCTeMy ABYX 
4epeHKOBCK~X C4eT4~KOB ern + ~ ) . . 

3aB~C~MOCTb K03$$~4~eHTa n~AaBneHHR aApOHOB C~CTeMO~ 
e ~0 + ~aA ) W( ~O + ~ ) OT 3$$eKTHBHOCT~ per~CTpa4~~ 3neKTpo-

3/.i v 

HOB, COOTBeTCTBy~~e~ pa3n~4H~M ypOBHRM AHCKPHM~Ha4H~ B Ka-
Hane "aAPOHHOr0 11 C4eT4~Ka, npHBeAeHa Ha pHC. 6. np~ 3$$eK
T~BHOCT~ per~cTpa4~~ 3neKTPOHOB 90 % BenH4~Ha K03$$~4~eHTa 
nOAaBneH~R COCTaBnReT ~)8x10-4 , 4TO B 2,1 pa3a ny4We nOAaB
neH~R OAHHM C4eT4~KOM CQ. : 
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PHc. 4. 3aBHCHMOCTb 3HepreTH4ecKoro paapeweHH~ An~ 3neKT
poHOB C 3HeprHe~ 2 r3B ( F~M) OT ocna6neHH~ CHr Han OB B Ka 
Hane "aAPOHHOr0 11 C4eT4HKa CaA 1 An~ CHCTeMbl ABY X C4eT4HKOB 
( ~0 + ~ aA 1). : 

Ha pHc. 6 npeACTaeneHa TaKme aaeHCHMOCTb OTHOWeHH~ no
AaeneHH~ aApOHr- a CHCTeMO~ C4eT4HKOB (~ + ~a,[l) K nOAaBneHHIO 
C4eT4HKOM ~0 W( ~o+~~~W~O H OTHOWeHH~ nOAaBneHH~ CHCTeMO~ 
(~0 + ~aA ) K nOAa~neHHIO 3TO~ CHCTeMO~ 6e3 BBeAeHH~ AHCK-
pHMHHa4HH B aApOHHOM KaHane OT 3¢¢eKTHBHOCTH perHCTpa4HH 
3neKTpOHOB W( ~o+Y:: /[W(~o+~ a )( D=O)]. nocneAHflfl 3aBHCHMOCTb 
npHBeAeHa TaKme H~n~ HMnynb~a 4 r3B/c /B3~Ta H3 pa60T~ ~I /. 
B npeAenax owH60K H3MepeHH~ OHa coenaAaeT c aHanorH4HO~ 
3aBHCHMOCTbiO npH HMnynbce 2 r3B/c. 

113MepeHH~, B~~OnHeHH~e CO C4eT4HKOM C~ 1. 6binH nOBTOpe
H~ co c4eT4HKOM CaA ~ : PeaynbTaT~ 3THX H3MepeHH~ e npeAenax 
OWHfiOK H3MepeHH~ COBnaAaiOT. 
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PHc. 5. AMnnHTYAH~~ cneKTP oT 3neKTPOHOB, nony4eHH~~ 
e "aAPOHHoM" c4eT4HKe CaA 1 /AHCKPHMHHa4Hfl e 11 aAPOHHOM 11 

KaHane OTCYTCTByeT/- /a/ H CYMMapH~~ aMnnHTYAH~A cneKTP CHC
TeMbl ABYX. C4eT4HKOB ("60 + ~aA 1) -/6/. 
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P~c. 6. 3ae~c~MOCT~ oT 3¢¢eKT~BHOCT~ per~cTpa4~~ 3neKTPOHoe: 
W~O - Ben~4~Hbl nOAaBneH~FI aAPOHOB C4eT4~KOM ?50 ; 

W (~o+ ~a ) - een~4~Hbl nOAaeneH~FI aAPOHOB C~CTeMOH ABYX 
C4eT4~K~B; Wc; 0 (2 r38) / WCO (4 r38) - OTHOWeH~FI Be!1~4~H 
noAaeneH~H WCO np~ ~Mnynbcax 2 r3B/c~ ~ 4 r3B/c; W( ~O+ ~aA/Wco
OTHOWeH~FI Ben~4~H noBaeneH~FI C~CTeMO~ ABYX C4eT4~KOB K no
AaBneH~IO C4eT4~KOM Co ; w(CO+C ) I [W(Co+X j(I)=O)}- OTHOWeH~FI 

~ 3A '-tlA 
een~4~H~ nOAaBneH~FI C~CTeMO~ ABYX C4eT4~KOB K Ben~4~He 
nOAaBneH~FI C~CTeMOH ABYX C4eT4~KOB 6~3 BBeAeH~FI A~CKP~M~Ha-
4~~ B "aAPOHHOM 11 KaHane AnFI ~MnynbCOB 2 r3B/c ~ 4 r38/c 
/nyHKT~pHaFI n~H~FI, paUOTa . ~/ /. 
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B 3aKnro4eH~e aeTopbr Bbrpa>KaroT 6naroAaPHOCTb npo¢eccopy 
A.M.5anA~HY 3a COAer:1cTe~e ~ ~HTepec K pa6oTe, npo¢eccopy 
M.H.Xa4aTypFrHY 3a nocTaHOBKY 3aAa4~, E.Bnacoey, M.C.XeacTy
HOBy ~ B.M.MeaHoey 3a noMO~b e npoeeAeH~~ ~3MepeH~r:1. 

nMTEPATYPA 

1. AcTea4aTypoe P.r. ~ AP· Nukleonika, 1974, T.19, 'N'6,c.575. 
2. Aeep~4ee C.A. ~ AP· OM~M, 1-11482, ,Qy6Ha, 1978. 
3. Hro KyoK 5~y ~ AP· nT3, 1974, 11'6, c.163. 
4. Astvatsaturov R.G. et al. Nucl.lnstr. and Meth., 1973, 

107, p.105. 

PyKon~cb nocTyn~na e ~3AaTenbCK~r:1 OTAen 
27 anpenFr 1979 roAa. 

. . 

11 


