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Cascade Curves and Fluctuations of the 
Average Characteristics of the Development 
of Showers Produced by 1600 MeV Gamma~anta 

in Liquid Xenon 

There has been studied the process of development of 
the electron-photon showers produced oy 1600 MeV y -quanta 
in liquid xenon. The results are presented in the form 
suitable for the development of the technique of they -
quanta energy determination according to the showers 
produced. In particular, information is given about 
fluctuations,of the complete range of the observed shower 
electrons corresponding to certain depths of the 
shower development. 
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• 
B pa5oTe onacaHbl peaynhTaTbl nccneJ:lOBaHHst aneKTpOHHO-!pOTOHHblX 

naaaeii, Bbl3BaHHblX raMMa-KBaHTaMH C aaeprtteii 1600 Mas B )KllJlKOM, 

KCeHOHe, 8KcnepHMeHT BbmonHeH npH IlOMOIIlH 26-nttTpOBOii KC9HOHOBOii 

ny3biphKOBOii KaMepb1 nB8 OIHB1. 3KcnepttMeHTanbHast npoueJlypa 5hrna 

/1/ 
OilHCaHa paH?e B 

1. 8KCil9PHM9HTanhHbie ,gaHHbie 

B peaynhTaTe npOCMOTpa 35000 CTepeoipOTOI"paipaii KCeHOHOBOii ny-

3biphKOBOii KaMepbI, o5nyti:eHHOii B ny'IKe ~ + -Me30HOB C HMnynhCOM 

2,34 raa/c, 5hin0 Bbil5paHO 35 cny'laeB aneKTpOHHO-!pOTOHHbIX nttBHeit, Bbl.. 
3BaH1IbIX raMMa-KBaHTaMH c aaeprtteit E = 1600 :.!:.,240 Mas, YllOBneTBopsno-

/1/ 
lllHX KpHT9pHstM npoCMOTpa • 8 HepI"HH raMMa-KBaHTOB onpe]lenstnHCh 

no CYMMapHbIM llnHHaM npo5eroB aneKTpOHOB a naBHHe. 8ipipeKTHBHOCTh 

'laCTH'IHO JlByKpaTHOI"O npOCMOTpa paBHsteTCst 97%. 

B Ka)K]l0M BbI5paHHOM cnyqae 5bmH onpelleneHbl CYMMapHbie npo6e'rn 

aa5mojla9Mb!X nHBH9BbIX aneKTPOHOB H RX 'IHCna B 3aBHCHMOCTH OT rny5HHbl 
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pa3BIITIISI mrnHSI. l13MepeHHSI 6hinH BbmonHeHhl 11.nSI OTC'leTa 11.nHHbl pa3BH

THSI KaK OT TO'IKH l'eHep8UHH, TaK HOT T~'IKH KOHBepCHH, HHHUll11pyrom11x 

nllBHII 1'8MMa-KBaHTOB, • a TaKlKe I He3aBIICHMO, C y'leTOM II 6e3 y'leTa MHOl'O

Kpa THOl'O KynoHOBCKOl'O pacceSIHIISI nHBHeBhlX sneKTpOHOB. Te >Ke caMble 

H3MepeHll51 6bmll llpOH3BeJJ,eHbl JJ,nSI JJ.BYX 3Ha'leu11ii MHHIIManbHb!X rrpo6el'OB 

mIBHeBhlX sneKTpOHOB, COOTBeTCTByromHX suep!'IISIM o6pe3aHIIH: 3,0 :!:. 1 ,2 Msa 

11 33 ±. 5 Msa. 

2, PesynbTaThI 11sMepeH11w II o6cy>KgenRe 

A. KacKaJJ.Hh1e Kp11ab1e 

Ha p11c. 1 H306palKeHa 3aBIICIIMOCTb cpe11.Hel'O 'IIICna n11aHeBhlX sneK

'l;'pOHOB C 3Hepl'lf9ii Bhlllle 3 Msa II 33 Msa COOTBeTCTBeHHO, OT rny611Hhl 

pa3BIITIISI n11BHSI, Crrno111Hoii KPIIBOH 11306pa>KeHbl pesynbTaTbl COOTBeTCTBy

/2 / 
romnx pac'leTOB IIO MeTOJJ.Y MOMeHTOB 

Ha pHC, 2 IIOKa3aHhl aHanOl'U'IHhle JJ.811Hhie, HO B cny'lae OTC'leTa 

rny611Hhl pa3BIITH.H nHBHeii OT TO'IKII KOHBepc1111 HIIIIUIIHpy10umx l!X l'aMMa

KBaHTOB (rrep~ll'IHblX !'aMMa-KBaHTOB), 

TipeJJ.CTaBn.HeT lll!Tepec 3aBHCIIMOCTb cyMMapHbIX rrpo6e!'OB Ha6nro11.a

eMblX nllBH9BbIX sneKTpOHOB :s r ( t) OT rny6HHbl t pa3BHTIISI n11BHSI. BbinO 

/3/ 
IIOKa3aHO , 'ITO TaKa.H 3aBIICIIMOCTb rrone3H8 C MeTOJJ.ll'leCKOii TO'IKH 

3peHHSI, ecn11 cyMMapHblii rrpo6er Ha6nro11.aeMh!X sneKTpOHOB n11BHSI HOpMll

poBaTb Ha rronHylO suep!'HlO. rrepBH'IHOl'O l'aMMa-KBaHTa, CooTBeTCTByromHii 

K03cpcp11u11eHT paneu k = 0,6 MsalMM H rrpaKTJI"JeCKH He 3aBIICHT OT 3Hep

l'HH rrepBH'IHhlX !'aMMa-KBaHTOB B rimpOKOM JJ.Halla3OHe 3Ha'leHHii 3Hepl'Hii, 
!),.fl 

, CpaBHeHHe IIHTerpanbHhIX KaCKaJJ,Hb!X KPHBhlX k --;.- !),. t C qiyHKUHeii 1 ut 
131 

arrrrpoKCHMHpyromew cyMMapHbie rrpo6e!'H nHBHeBbIX sneKTPOHOB ' 11.aHO 

Ha puc, 3, fny6HHbl n11aueii: OTC'IHTbIBanHCb OT TO'IKH KOHBepCHH nepBH'IHb!X 

1'8MMa-KB8HTOB. TipuBeJJ,eHHhie IIHTerpanbHbie KplIBhie rrony'leHbl llpH JJ.BYX 
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:3Ha'IellHSIX,_jlHepr1m o5peaaHHSI: ·3 Maa H 33 Maa, a TaKlKe C yqeTOM H 5ea. 

y'IeTa MHOI'0KpaTHOI'O KynoHOBCK0I'O pacceSIHHSl nHBHeBbIX aneKTPOHOB. <l>yHK

UHSl cyMMapHblX npo5eroa aneKTP0H0B nHBHSI HOPMHPOBanacb no nonolKeHmo 

aCHMnTOTHKH TeX HHTerpaiibHbIX K8CK8/lHbIX KpHBbIX, B KOTOpb!X He Y'IHTbI-
-;.~ 

aaeTCSl MH0I'OKpaTHOe pacceSIHHe, npH o50HX aHa'IeHHSIX auepI'HH o5paaoaa-

HHSI C00TBeTCTBeHHO, 

Ma npHBe/leHHOI'0 pHCYHKa cne/lyeT, 'ITO BH/l aaBHCHMOCTH OT rny5HHbl 

cyMMapHbIX npo5eroa naBHHHbIX aneKTp0HOB H IIHTerpanbHbIX KpHBblX 

npaKTH'IeCKH coana/laeT, no KpaHHeH Mepe,B o5naCTH 5onbillHX aHa'IeHHH t 

flpH npHHSIT0M ware /leneHHSl rny5HHbl paaBHTHSl nHBHSl ( 1:-,. t = 2,2 CM) 
6.N . 

K08cpq>HUHeHT H0pMHpOBKH K =k"i,r(t)/I Te" 1:-,. t paaeH: 10,71 ±. 0,32 npH 

aHeprHH o5peaaHHSI 3 Mae H 8, 76 ± 0,52 npH aneprHH o5peaamrn 33 Maa. 

B. <t> n y K Ty a u H H 

OTHOCHTenbHbie /lHCnepCHH /l0nH A nonHOH aueprHH nHBHSI, a A I A 

Ha cpa.nHeH rny5HHe d A paaaHTHSI mrnHsi, oTc~mThIBaeMOH OT TO'IKH KOH

aepCHH nepBH'IHOI'O raMMa-KBSHTa, Ha K0TOpOH BbI/lensieTCSl B cpe/lHeM /lO

nSI A nonHOH auepl'HH nHBHSl ( 0 < A ·.'.:: 1) I noKaaaHbl na pHi:: •. 4. naHHbie 

0TH0CSITCSI K llBYM aHa'IeHHSIM auepI'HH o5peaaHHSI: 3 MaB H 33, Maa. 

OTHOCHTenbHbie llHCnepCHH . (1 I d rny5HHbl d A 'ISCTH'IH0I'O paaBH-
d A· 

THSI nHBHSI, B aaBHCHMOCTH OT napaMeTpa A I npH llBYX aHa'IeHHSIX aHepI'HH 

o5peaaHHSI, npe/lCTaBneHbl Ha pHC, 5. 

Ha o50HX PHCYHKax ( 4 H 5) npHBe/leHbl SHanOI'H'IHbJe /laHHbie, nony

'IeHHbie H8MH npH llPYI'HX 3HepI'HSIX l'SMMa-KBaHTOB, BbiabIBaIOIUHX naBHHbJ: 

100, 200 H 500 MaB / 
11• 

Ma pHc. 4 cne/lyeT, 'ITO aaBHCHM0CTb OTHOCHTenbHOH llHcnepCHH 

a IX 
A OT napaMeTpa A He MeHSieTCSI, B npe/lenax OWH50K, C HaMeHeHHeM 

3HeprHH nepBH'IHb!X raMMa-KBaUTOB B /lHanaaoHe OT 100 /lO 1600 Msa. 

MOlKHO aaMeTHTb TeH/leHUHIO K yMeHbilleHHIO OTH0CHTenbHbIX q>!IyKTy-- .. ~ .. 
SUHR ad / d A rny5HHbl d A 'ISCTH'IHOI'O paaBHTHSl naBHH npH pOCTe aHep- . 

l'HH nepBH'IHblX raMMa-KBaHTOB ( pHc. 5). 
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PaBHhIM o6pasoM, KaK aA I A , TaK H a.d Id A m:icymecTBeHHo saBH-

csiT OT sHepI'HH o6pesaHHSI naBHHHhIX sneKTpoHoB B HHTepBane suati:eHHfi 

3 t- 33 MsB npH suepr.HH nepBH'IHbIX I'8MMa-KBaHTOB 1600 MsB (pHc.4 H 5). 

HaMH npoBo,:rnnHCb T8K)Ke HCCneaoBaHHS! OTHOCHTenbHblX qinyKTyauHfi 

ti:Hcna naBHHHbJX sneKTpOHOB C 9HepI'HS!MH Bblllle 3 H 33 MsB COOTBeTCTBeH

HO. 11ccneaoBaHHS! 6hmH BbmonHeHbl KaK c yti:eTOM, TaK H 6es yti:eTa MHOI'O

Kpa THOI'O pacceSIHHSI. O6uapy)KeHO, 'ITO 9TH qinyKTyauHH He OTnHti:aJOTCS! OT 

nyaccoH0BCKHX B npeaenax OlllH60K 9KcnepHM9HTa. 
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N 

' 3 

4 5 

j j £;" 1=3 Mev 

II £!"= 33 Mev 

8 9 10 II IZ 13 t 

P HC, 1. KacKa/lHbJe KpHBble - cpe/lHHe 'IHCna N nHBHeBblX aneKl'pOHOB 

C 9HepI'HSIMH Bbl!Ue: 0 - 3 MaB, ~ - 33 MaB COOl'Bel'Cl'BeHHO, B naBHHaX, 

o6pa30B8HHbIX I'8MM8-KB8Hl'8MH C 9Heprueii: 1600 MaB B )Kll/lKOM KCeHOHe. 

3aqepHeHHblMH 3Ha'IK8MH o603Ha'leHbl aHanorH'IHbie /l8HHbJe 6ea y'leTa MHO

I'OKpal'HOI'O paccesi:HHSI nHBHeBbIX aneKl'pOHOB, rny611Ha nHBHeii: Ol'C'IHl'bJBa

ercsi OT TO'IKH o6pa30B8HHSI nepBH'IHbIX I'8MM8-KB8HTOB, Cnnonrnoii: Kp1rnoii: 

npe/lcTaBneHbl peay~TaTbl pacqeTa no MeTOllY MOMeHTOB 12 1 npu 'aaepI'HH 

o6peaaHHSI 3 MaB, .nnsi HeKOTOpbIX 9KcnepuMeHTanbHbIX TO'leK YK838Hbl ·CO

OTBeTCTBYIOIUHe CT8THCTH'leCKHe OWH6KH, 
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Puc. 2. To )Ke, 'ITO Ha puc, I, HO rnyouHa nuBHefi OTC'IHTblBaeTCSI .OT Toq
KH KOHBepcuu nepBH'IHbIX f'8MM8-KB8HTOB, 
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H-Et • 3MeV 

H-~' • 33MeV 

36 '4 It cm> 

PHc. 3. l111Terpalll>Hble K8CK8Jlllb!e KpHBb!e I OTC'IHTb!B80Mbl0 OT TO'IKH KOH

Bepc1:m nepBH'IHb!X raMM8-KB8HTOB C 9Hepr1Iei1 1600 MaB, npH 9Hepr1rn 

o6peaaHHSI: 0 - 3 MaB H a - 33 MaB. 3a'lepH0HHb!Mll 3H8'1K8Mll o6o3Ha

'10Hbl COOTBeTCTBYIOIUlle Jl8HHbie, nony'leHHble 6e3 y'leTa MHOI'OKpaTHOI'O 

pacceSIHllSI mrnHeBb!X aneKTpOHOB. CnnOIIIHbIMH nHHHSIMll H8HeC0Hbl KpllBbie t 

annpoKCHMnpy10mile cyMM~Hbie npo6ern nnBHeBbIX aneKTpOHOB 131 , HOpMn

poBaHHbie no noJ'iO)KeHll!O aCHMilTOTHKII llHTerpanhHb!X K8CK8JlHblX KPllBblX 

C y'leTOM MHoroKpaTHOro pacceSIHIISI, npH 0601IX 3H8'10HllSIX 9Heprnn o6pe-

38HllSI. 
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Puc. 4. OTHOCHTenba1,1e i:mcnepCHH a A I A A0nu A nonaott aaepr1m nua
aett, BbI3eaHHbIX raMMa-KBaHTaMH C aaeprneil: 1600 MaB, Ha rny6uae paa
BHTHSI mrnHsi, 0TC'IHTb!Ba0M0il: OT T0'IKH K0HBepCHH nepBH'IH0I'0 raMMa-KBaH
Ta, Ha KOTopoil: ebIAemrnTCSI e cpeAJieM A0nSI A npH 3Ha'leHHSIX aHepl"'HH 
06peaaa11SI: A - 3 Mae u , - 33 Mae. ITpueeAeHni° TaK)!<e cooTeeTCTBYIO
ume peaynbTaTbl H3 npe)!CHeil: pS:60Tbl /1 I, 0TH0CSII.UH0CSI K aHepl"'HSIM nep
eu•rn1,1x raMMa-KBaHToe: 0 - 100 Mae, A - 200 Mae u D - 500 Mae. 
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PHc, 5, Ol'HOCHTenbHhie llHCnepCHH ad I d A rny6HHhI d A tJaCTH'IH0I'0 pas

BHTHSI nHBHSI, Ha KOT0poil: BbIJ:(enSieTCSI J:(0nSI A nonHoil: aHepI'HH nHBHeil:, 

BbI3BaHHhIX raMM8-KBaHTaMH C 8Heprneil: 1600 MaB, npH J:tBYX 3Ha'IeHHSIX 

aHepI'HH o6pe3aHHSI: A - 3 M:.1B H ♦ - 33 MaB, TipHBei:teHhl aHan0I'H'IHhl8 

J:(aHHhie, nonytJeHHh!8 pauee /1 / i:tnSI aueprnil: nepBH'IHbIX raMMa-KB8HT0B: 

0 - 100 MaB, .A - 200 MaB, n a - 500 MaB, rny6HHa nHBHeil: 0TC'IHTbl

Banacb OT T0'IeK KOIIBepCHH nepBH'IHhIX I'aMMa-KB8HT0B, 


