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CnoaHHCKHii 5, PI - 11890 

ct>nyKTyaUHH B ~lneKTpOHHC>-cpOTOHHbiX J!HBHHX, o6pa30B8HHb!X 

raMMa-KBBHTBMH c 3Heprneli 30-3400 MaS 

B pa6oTe co6paHbr 11 rrpoaHanH3HposaHbi peaynbTBTbi 1!3MepeHHii HOHH

aauuoHHbiX riOTepb JIIIBHeBb!X aneKTpOHOB B 3JieK': pOHHD-cpOTOHHb!X Jl8BhHBX, 

Bbi3B8HHbiX raMMa-KBaHT8MH c aHeprHeii 30-3400 M38 a lKIUlKO>.t KCeHoHe. 

nony"'eHa ripOCT8SI II yao6HaSI anSI rrpaKTH"'eCKOf'O HCriOnb3_9B8HHSI arrrrpOKCIIM8-

UHSI aasHCHMOCTR MelKilY oTHOCRTenbHOii n:•crrepcne>; a AI A aonn A aHepro

BbiJJeneHRSI B nHBHSIX, COOTBeTC!BYIOWHX rny6KHe pa3BIITHSI, Ha KOTOpOfi, 

s cpeaHeM, ahraenSJeTcSJ uong A aHeprHH naaHHbi, 11 rrapaMerpoM A. 
nony'<eHHLIH peaynbT8T MOlKeT H8HTH ripi!MeHeHHe B pa3nH"'HbiX MeTOJJH

KBX perHCTp8UHH f'8MM8-KB8HTOB Bb!COKHX 3Hepr~<;\, 

Pa6oTa BbiriOnHeHa s /Ia6opaTopHH BbiCOKHX 3Heprali 0!1 Hl1. 

npenpHHT 06beLli!HeHHOf'O II:ICTi!TyTa HLlej)Hbl~ HCCJieL!Oil8HI!H, Dy6Ha 1978 

Slowinski B. Pl - 11890 

Fluctuations in Electron S110wers Produced 
by Gamma-Quanta of 30-3400 MeV Energies 

Results of measurements of ionization losses for 
shower electrons in electron-photon showers produced by 
gamma-quanta of 30-3400 MeV energie~ in li~uid xenon are 
asssembled and analyzed. A simple and convenient for 
practical utility approximation is obtained of dependence 
between relative dispersion aA/i and the parameter A, 
being the fraction of energy s~ent by electrons on the 
development depth on which on the average the fraction 
A of the total energy of shower is realized. The obtained 
results can be applied in various methods of registrating 
high energy gamma-quanta. 

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

Preprint of the Joint lnsti tute for Nuclear Research. Dubna 1978 

1. BBEAEHHE 

~nyKTyaUBH 3HeprOBhlAeneHBX B 3lleKTpOHHO-~OTOHHhlX 
llHBHXX XBRXIOTCX OAHHM H3 OCHOBHhlX BCTO'IHHKOB OWB60K 

B onpeAeneHHH 3HeprHH Ey nepBH'IHhlX raMMa-xsaHTOB, o6-

pa3YIOIUHX 3TH JIBBHH B perHCTPHPYIOIUeii cpeAe AeTeKTOpa. 

llOCKOllbKY B o6nacTH AOCTaTO'IHO BhlCOKBX 3HeprHH Ey /He

CKOllbKO AeCXTKOB M3B H Bhlwe/ npoAOnLHhle paJMephl na

BBH 3Ha'IBTenLHO npeBhlWaiOT BX nonepe'IHhle pa3Mepbl, TO 

onpeAeJIXIOillBMB JIBJIJIIOTCJI npaKTH'IeCKH BMeHHO ~nyKTyaUBB 
npOAOllbHOrO pa3BHTBJI JIBBHeii. 

B Ka'leCTBe oueHKH ~nyKTyauaa npoAonLHoro paJBHTBX 

naBHHhl uenecoo6pa3HO B3JITb BenB'IHHY OTHOCBTenLHOH 

AHcnepcBB a A I A AORH A cyMMapHoro npo6era nHBHeBhlX 

JJieKTpOHOB, COOTBeTCTBYIOIUeii ,nnHHe d pa3BBTHJI JIBBHJI, 

Ha Ko:_opoii, B cpe,nHeM, Bhl,nen.II,TCJI B BH,ne HOHBJaUBH 

.non.11 A nonHoii 3HeprHH naBBHhl l-o/TaKoii Bhl6op y,no6eH 

TeM, 'ITO BeJIH'IHHhl A H a A/A He JaBBCJIT OT CBOHCTB 

KOHKpeTHOH cpe,nhl, B KOTOpOH pa3BHBaeTCJI 3neKTpOMar

HHTHhlH naseHL. TaK KaK, B .nononHeH&e K JTOMY, A 
JIBRJieTCJI xopoweii OUeHKOH He TOllbKO ,nom~ CYMMapHhlX 

HOHHJaUHOHHhlX llOTepb JIHBHeBhlX 3lleKTpOHOB, HO TaiOKe 

cyMMapHoro caeToaoro 3~eKTa, conposo:>K,naiOmero Kac

Ka,AHhlH 3JieKTpOMarHHTHhlH npouecc, H CYMMapHoro 'iHCna 

JneKTpOHOB H ll03HTpOHOB JIHBHJI, Ha6niO,naeMhlX Ha ,naH· 

Hoi ,nn&He ero paJBHTH.II/2( TO npo.nonLHhle ~YKTyauaa 
3HeprOBhl,AeJieHBJI B naBBHe, Bhlpa:>KeHHhle B BB,ne JaBBCH· 

MOCTB OTHOCBTenLHOii .nacnepcBB a Af A napaMeTpa A OT 

K, MoryT HaiTH npaKTH'iecKoe np&MeHeH&e B n106oii Me To

,n&Ke ,neTeKTBpOBaHBJI raMMa·KBaHTOB BhlCOKBX 3Hepr&ii. 
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B HacToB~ei pa6oTe npHBe~eHM H npoaHanu3upoBaHM 

C TO"'KH 3peHHB npaKTH"'eCKOrO llpHMeHeHHB paHee nony· 

1.feHHhle 7t-4tpe3ynLTaThl H3MepeHHB OTHOCHTenLHOH ~Hcnep· 
CHH a A /A ~onu A cyMMapHoro npo6era nHBHeBMX 3neKT

pOHOB B 3neKTpOHHo·cllOHOHHhlX naBHHaX, Bhl3BaHHhlX raMMa· 

KBaHTaMH c 3Hepruei EY =30-:-3400 M3B B )I(H~KOM KCeHo

He. 

2. 3aeucuMOCIIIb ajA om A 

B ma6A. 1 CO~ep)l(aTCB 3Ha1.feHHB OTHOCHTenLHhlX ~HC" 

nepcui aAIA ~onu A HOHH3aUHOHHMX noTepL nHBHeBMX 

3neKTpOHOB Ha ~nHHe d nonHOH 3HeprHH naBHHhl. llpH· 

Be~eHHhle ~aHHhle COOTBeTCTBYIOT pa3nH1.fHhlM 3Ha1.feHHBM 

3Hepruu Ey raMMa-KBaHTOB, o6pa3yJO~Hx nHBHH B )I(H~KOM 
KCeHoHe. Mo)I(HO 3aMeTHTL, 'ITO 3aBHCHMOCTL aAIA OT A 
BeCLMa He3Ha1.fHTenLHO MeHBeT BH~ npH H3MeHeHHH 3HeprHH 

EY Ha ~Ba nopB~Ka BenH"'HHhl - oT 30 M3B ~o 4 F3B. 
3TO 06CTOBTenLCTBO ll03BOnBeT e~HHhlM o6pa30M OllHCaTL 

cooTHOWeHHe Me)l(~y a AI A H A B wupoKOM HHTepBane 

3Ha1.feHHi 3HeprHH Ey raMMa-KBaHTOB, o6pa3yJO~Hx nHBHH. 

,lJ,nB annpOKCHMaUHH 3KCnepHMeHTanLHhlX ~aHHhlX 6Mna B3B

Ta cne~yJO~aB cllYHKUHB: 

- 1 a 
a I A = 11-ln-1 

A b ~ 

% 
I, /1/ 

r~e a H b - napaMeTphl, onpe~enBeMble npu cTaTHCTH1.fec

Koi no~roHKe. 3Ha1.feHHB 3THX napaMeTpoB, a TaK)I(e cooT

BeTCTBYJO~He 3Ha1.feHHB BepOBTHOCTH cllHTHpOBaHHB ~nB O~HH· 

Ha~uaTH 3Ha1.feHHi 3Hepruu Ey npuBe~ellhl B ma6A. 2. 
YKa3aHHble OWH6KH OTHOCBTCB TOnLKO K TO"'HOCTH no~rOHKH. 

H3 npHBe~eHHOi Ta6nHULI BH~Ho, 'ITO c uenLJO ~anLHeiwero 

06o6~eHHB nonyqeHHLIX 3KCnepHMeHTanLHLIX ~aHHLIX MO)I(HO 

llOnO)I(HTL b =13,6 ± 1,3 H 

a(E ) = a - {3E , 
y y 

/2/ 

r~e a =1,02, {3=1,3·10-5 /M3B- 1j. 
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Ta6.1llUUi 2 

3Ha'leHIDI IIapar.teTpOB Gt- i! # <flYHKUlU'l (I), allllpOKCUMI'lpy!Wiell: 38BI'ICll'.lOGT.b 

OTHOCl!TeJI.bHbiX <fv!YK'!'yaUHll: O,.,;A~ neJIH'UUi!i A oT if .ll)ll JiaBI1H, o6pa3oroHnux 

rB.MMa-KBaHTru.m c aHeprHelt E r B X>IJU(OM KCeHOHe. p - nepoaTHOCT:b cfJHTllpOBaH.ll.ll 

no xpi!TepHIO X!. , tz, - 'IHCJIO CTeneHelt CD060.JUi. 

fr (YaB) a. 

50 1,20jp,01 

70 1,09z0,01 

100 1,01jp,OI 

200 1,03jp,01 

500 I,OOjp,OI 

1600 

2125 

2625 

2875 

3125 

3375 

I,OOjp,OI 

I,OOz0,01 

0,98jp,OI 

0,96jp,OI 

0,99jp,OI 

0,96jp,OI 

! 
II ,4j;5,I 

8,5,!2 ,0 

I0,3,±1,6 

10,3,±1,5 

II ,8,±3 ,8 

15,6,±4,0 

!9,3,;!;5,5 

19,5,±10,3 

17,7,±6,1 

19,9,±28,2 

II ,8,±3 ,8 

IV 

8 

8 

8 

8 

8 

8 

8 

IO 

8 

9 

9 

p (%) 

78,4 

99,8 

73,4 

3!,6 

98,! 

99,2 

74,2 

.-roo 
99,3 

IO 

99,2 

CooTHOllleHue /2/ cnpaae,IJ.nuao B o6nacru 3Hepruu 

Ey.? 100 M3B, I<oropa.ll c MeTO.IJ.H'Ieci<oii TO'II<H 3p~HHJI 
npe,IJ.cTaanJieT Hau6onLlliHH HHTepec. 

~opMyna I 1/ npaaunLHO onucLtaaeT JaBHCHMOCTL a AI A 
or A a HHTepaane 0,1 s: As: 0,95. Cne,IJ.yer Tai<)I(e OTMe

THTL, 'ITO B HHTepaane A?: 0,5, I<OTOpLIH HMeeT OCHOBHOe 

npai<TH'Ieci<oe 3Ha'leHHe, 4Jnyi<Tyauuu ,IJ.OnH A HOHH3aUHOHHLix 

llOTepL nHBHeBLIX 3nei<TpOHOB CHMMeTpH'IHLI OTHOCHTenLHO 

cpe,IJ.Hero 3Ha'leHHJI A, H HX MO)I(HO annpoi<CHMHpoaaTL Hop

ManLHLIM pacnpe,IJ.eneHHeM: A - N(A; a.2 ). 

3. 3aeucUMOCIIIb A 0111 d 

~nJI roro 'IT06LI aocnonLJOBaTLCJI Ha npai<THI<e coor

HOllleHHJIMH /1/ H /2/, He06XO,II.HMO 3HaTL 3aBHCHMOCTL 

Me)I(,IJ.y cpe,II.HHM 3Ha'leHHeM ,IJ.OnH A HOHH3aUHOHHWX llOTepL 
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JIBBHCBLIX 3JICKTpOHOB H COOTBCTCTBYIO~ei ei AJIBHOH d 
pa3BBTB. 3JICKTpOHHO-~OTOHHOrO • JIBBHJI, o6pa30BaHHOrO 

raMMa- KBaHTOM c AaHHoi 3HeprBei E y· 3Ty 3aBBCBMOCTb 

MO>KHO, B npBHUBUC, UOJIY'IBTL aHaJIBTH'ICCKBM DYTCM, Bc

XOAJI H3 OAHOMepHLIX KacKaAHLIX ypaBHCHHH / 5(a TaK>Ke 

'IHCJICHHLIM nyTeM, BMBTBpyg Ha 3BM MCTOAOM MOHTe

Kapno 3neKTpoMarHBTHLii KacKaAHLii npouecc, npoTeKaiO

~ii B onpeAeneHHOM paABaTope I eM., HanpBMep/6/1. ABTO

poM 6LJJIO UOJIY'ICHO MCTOAOM rpa~B'ICCKOH nBHeapB3aUBB 

3KCnepBMCHTaJILHLIX AaHHLIX COOTHOWCHHC MC>KAY cyMMap

HLIM npo6erOM JIBBHCBLIX 3JICKTpOHOB H AJIBHOH pa3B.BTBJI 

JIBBHCH, B.LI3BaHHLIX raMMa-KBaHTaMH B >KHAKOM KCCHOHe/7/. 

BLipa)KCHHOe 'lepe3 napaMeTpLI A H d, 3TO COOTHOWCHHe 

HMCeT CJICAYIOIUHH BHA: 

X y 

A.= 1- _!_(10- 10+ 10-10 ). 
2 

/3/ 

r .n.e lg( 1,5- v 3,3ffi2- lgEy) 
X = 0,486 [(lgdf + 1,215lgd- - 5, 1652], 

y = 0,486[(lgd) 2 + 1,215lgd+ 

0.225 

6,215(3,3ffi2 - lgE y) 

lgE + 0,9918 
y 

. 5,7285}. 

3ACCL AJIHHa ·d ,IJ.aHa B pa,IJ.HaUHOHHLIX CAHHHUaX cpe,Il.LI 

paAHaTopa, JHeprHJI Ey- B M3B. ,D.ns Toro 'IT06LI nony'IHTL 

3Ha'leHHe AOJIH A, cooTBCTCTBYIO~ei .n.nHHe pa3BHTHJI d 
JIBBHJI, HaAO fiO,Il.CTaBHTL B BLipa>KeHHe 131 BMCCTO Ey 3a

perHCTpHpOBaHHOe UpH60pOM_ 3Ha'ICHHe 3HeprHH ~(d). IlpH 

3TOM nonyqaeM 3Ha'leHHe A 0 B HynesoM npH6nH>KCHHH. 

Cne.n.yiO~ee npH6nB>KeHHe BLI'IHcnseTcs npH noAcTaHOBKe 

B 131 ~MecTo EY senH'IHHLI Ey= Ey(d)/ A 0 H T.A. HTepa

UBOHHLIH npOUCCC MO>KHO npepBa TL DO ,Il.OCTH>KCHHH )KCJiae

Moii TO'IHOCTH HCKOMOii BenH'IHHLI A, HanpHMep, TOrAa, 

KOrAa BLinonHeHo ycnosHe A i- ~-t.-.5- Q, rAe Q AOCTaTO'IHO 

UOJIO>KHTL paBHLIM 0,01. cllopMyna 131 cnpaBCAJIHBa B HH-

Tepsane 3Ha'leHHi 3HeprHi raMMa-KBaHTOB E = 
= 20-2000 M3B. y 
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4. Br.reoor.r 

Ha OCHOBaHHB BLIUOJIHCHHOro ailaJIB3a pe3yJILTaTOB H3-

MepeHHH HOHH3ai{HOHHLIX UOTCPL JIHBHCBLIX 3JICKTpOHOB B 

3JICKTpOHHO-~OTOHHLIX JIHBHJIX, BLI3BaHHLIX raMMa-KBaHTaMH 

C 3HeprHei Ey =30-3400 M3B B >KHAKOM KCCHOHe, MO>KHO 

3aKniO'IHTL, 'ITO: 

1. «<lnyKTyauHH 3HeproBLIAeneHHJI B npoAonLHOM pa3BH

THH naBHH onHCLIBaiOTCJI npH noMo~H npocToii ~opMynLI I 11 

B WHpOKOM HHTepBane 3Ha'leHHH 3HeprHH Ey. 
2. 1ie3pa3MepHas :senH'IHHa A, onpeAeneHHas KaK AOJIJI 

HOHH3aUHOHHLIX UOTCpL JIHBHCB.LIX 3JICKTpOHOB Ha AJIHHC d 
pa3BHTHJI JIHBHJI, DPCACTaBJIJICT co6oi TaK>Ke AOJIIO CBeTo

BOrO 3~CKTa, C03AaBaCMOrO KaCKaAHLIM 3JICKTpoMarHHT

HLIM npouecCOM B paAHaTope TOJI~HHOH d. 
CneAOBaTenLHo, 3aBHCHMOCTL ~nyKTyauHi , BLipa>KeHHLIX 

B BHAC OTHOCHTCJILHOH AHCnepCHH a A/A , OT A, MoryT 6LJTL 

HCUOJIL30BaHLI npH OUCHKC TO'IHOCTH onpeAeJICHHJI 3HeprHH 

raMMa-KBaHTOB BLICOKHX 3Heprui, perHCTpHpyCMLIX pa3-

JIH'IHLIMH MCTOAaMH. 

B 3aKJIIO'ICHHC CJICAYCT OTMCTHTL, 'ITO AJIJI npH6JIH3H

TCJILHLIX OUCHOK TO'IHOCTL onpe,IJ.eJICHHJI 3HeprHH raMMa

~,a,TOB MO>KHO BLipa3HTL HCUOCpeACTBCHHO qepe3 napaMeTp 

A 8 . ABTOP 6naroAapeH B .Il3pLITy 3a noMo~L B BLinon

HCHHH Ha 3BM CTaTHCTH'ICCKOH UOArOHKH. 

JIHTEPATYPA 

1. CAoeuHCKUU E., CmpyzaAr.c~euu 3., .JiHoecKa.R E. .Jltl>, 
1969, 9, c. 120. 

2. CAoeuHcKuu E., CmpyzaAr.cKuu 3., Xy6epm B . .Jltl>, 1972, 
16, c. ,734. 

3. OxpuMeHKO JI.C. u op . .J/41, 1975, 22, c. 110. 
4. OxpuMeHKO JI.C. u op. OH.JIH, E1-9210, ,4y6Ha, 1975. 
5. EeAeHr.Kuil C.3., HeaHeHKO H.II. Yti>H, 1959, 69, c. 591; 

PaMa- KpuwMaH A. 3AeMeHmapHr.re -.acmUIIbl u KOCMu
-.ecKue Ay-.u. "Mup", M., M., 1965; CmpyzaAr.cKuu 3., 
.Jl6AOHCKUil 3. OH.JIH, P1-8806, ,4y6Ha, 1975. 

9 



6. liopKoecKuu M . .R., KpyzAoe C.II . .RtP, 1972, 16, et.m. 2, 
c. 349; IlpenpuHJI JIH.RtP, - 184, JI., 1975. 

7. CAoeuHcKuil li. OH.RH, 1-10932, .l(y6Ha, 1977; 
HeaHoecKaJI H.A. u op. IIT3, 1968, Jig 2, c. 39. 

8. CAoeuHcKuu li. OH.RH, P10-7681, ){y6Ha, 1974. 

10 

PyKonuct. nocllynuAa e U30alleAt.cKuu o•oeA 
13 ceHIIJ16pR 1978 zooa. 


