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OxpHMenKo ll.C. H np. PI - II980 

npononbHOe pa3BHTH6 3neKTpOHl!0-¢0TOHHblX mtnnell, 

Bbl3BaHHblX l'BMMB-KBaHTaMH c 3Hep!'Heii Ey=875 - 2625 M38 

B *HllKOM KC 6 HOHe 

npHD6Jl6Hb( pe3ynhT8Tb l ll3MepeHHii Cp6JlH61'0 3H8'16HH<I H OTHOCI!TCnbHOii 

JlHCnepCHI1 JlOnR 1!0Hil3DUIIOHHbiX HOT6pb nHBH6BbtX 3n e KTpOHOB B 3i16KTp01111Cl

<jloTOHHLIX naBI1H8X, Bloi3B8HHbiX 1'8MMA-K!l8HTBMI! C 3Hep!'nefi 875-2625 f 3 8 

B lKilnKOM KCeHOHe, 3K c n e pRM6HT DblflOnHeH np11 HOMOlllH KC6HOHOBOii l1Y3 btpb-

KOBOHK8Mepbt, o6ny'ICHHOft B l1Y'IK6 Tr -M630HOB C HMnynbCOM 3,5 r3E\/c . 

Pe3ynbTaT~ naH~ a anne, yno6HOM nnR npaKTH'IeCKO!'O I!Cnonb30BaHH~ 

Pa6oTa ehtnonneHa a Jla6opaTOpHil BbtCOKHX snepl'HJ1 Ol1.Sll1. 

npenpRHT 06'b6Jli!H6HHO!'O HHCTHTyTa SIJl6pHbiX HCCnenOB8HHii. !ly6Ha 1978 

Okhrimenko L.S. et al. PI - 11 !lP.O 

Longitudinal Development of Electron-Photon 
Showers Induced by y-Quanta with an 
Energy of E~875- 2625 MeV in Liquid Xenon 

Results of measurements of the mean value of a frac
tion of ionization losses of shower electron3 in electron 
photon showers induced by y-quanta with an energy of 
Eya 875 - 2625 MeV in liquid xenon and a relative dispe~
sion of these losses are presented. The results are given 
in the form convenient for practical use. 

The investigation has been performed at thr 
Laboratory of High Energy,JINR. 

Preprint of the Joint Institute for Nuclear Research. Dubna 1978 
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1. BBE)l,EHHE 

H3yqeHHe xapaKTepHCTHK 3JieKTpOHHo-4>oTOHHblX JIHBHeil, 

Bbl3BaHHblX raMMa- KBaHTaMH BbiCOKHX 3HeprHH B llJIOTHbiX 

cpe,IJ.aX, npe,IJ.CTaBJIJieT 3HaqHTeJibHblH HHTepec C TOqKH 3pe

HHJI pa3BHTHJI MeTO,IJ.HKH H3rOTOBJieHHJI ,IJ.eTeKTOpOB raMMa

H3JiyqeHHJI, a TaK>Ke p.ll.IJ.a .IJ.pyrHx npHKJia,IJ.HblX o6nacTeil. 

IJpH 3TOM cy~eCTBeHHO HMeTb B03MO)I(HOCTb ,IJ.OBOJibHO 

6blCTpO llOJiyqHTb ,IJ.OCTaToqHo TOqHble OUeHKH onpe,IJ.eJieH

HblX napaMeTpOB /HanpHMep, Tpe6yeMblX JIHHeHHblX pa3 • 

MepOB ,IJ.eTeKTOpa, 34>li>eKTHBHOCTH perHCTpaUHH, TOqHOCTH 

onpe,IJ.eJieHHJI 3HeprHH H T .n./, He npu6era.11 K CJIO)I(HbiM 

nporpaMMaM _HMHTHpOBaHHJI Ha 3BM KaCKa,IJ.HOrO 3JieKTpo

MarHHTHOrO npouecca. HMeJI B BH.IJ.Y 3TH coo6pa)l(eHHJI 

npH HCCJie,IJ.OBaHHH 3JieKTpOHH0-4>0TOHHbiX JiaBHH, Mbl BBeJIH 

CJie,IJ.yiO~He napaMeTpbl, He 3aBHCJIIUHe OT CBOHCTB KOHKpeT

HOB cpe,IJ.bi, B KOTopoil pa3BHBaeTCJI JIHBeHb/ 1,2/: 

!J.A "' 1'1 ~ r I ~ r - ,IJ.OJIJI noJIHblX HOHH3aUHOHHblX no-

Tepb ( /),_ ~ r) JIHBHeBblX 3JieKTpOHOB, Bbl,IJ.eJIJieMaJI B TOJI

IUHHe !J. d CJIOJI cpe,IJ.bl /HanpHMep, )I(H,IJ.KOrO KCeHOHa/, 

nepneH,IJ.HKYJI.RpHoro ocH pa3BHTHJI naBHHbl / ~r - noJIHbiH 

npo6er JIHBHeBblX 3JieKTpOHOB Ha BCeH ,IJ.JIHHe d pa3BHTHJI 

JIHBHJI/; 

a A I A - OTHOCHTeJibHaJI ,IJ.HcnepCHJI napaMeTpa 

A = ~ r(d) I ~ r ( d -> oo ), COOTBeTCTBYJO~aJI ,IJ.JIHHe d 
pa3BHTHJI JIHBHJI, Ha KOTopoil Bbl,IJ.eJIJieTcJI ( B cpe,IJ.HeM) 

.D.OJIJI A HOHH3aUHOHHblX noTepb naBHHHblX 3JieKTpoHOB • 

.6e3pa3MepHbiH napaMeTp A nponopuuoHaneH TaK)I(e cyM

MapHoMy CBeTOBOMY BblXO.IJ.Y, C03,IJ.aBaeMOMY B CUHHTHJI

JIHPYIOIUeH cpe,IJ.e 3JieKTpOHHo-4>oTOHHblM JIHBHeM, H qucny 

JIHBHeBblX qacTHU, Ha6JIIO,IJ.aeMbiX Ha ,IJ.aHHOH rny6HHe pa3-
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BHTHB JiaBHHhl / 11. CJie)J.OBaTeJihHO, KaCKa)J,Hhie KpHBhie, Bhl" 
pa)l(eHHhle 'lepe3 napaMeTp A, a TaJOKe 3aBHCHMOCTh OTHO· 
CHTeJihHhiX clJmoKTyauuii a A/ A OT A MoryT 6h1Th HC 
llOJ1h30BaHhl B pa3JIH'IHhiX MeTO)J,HKaX ,I(eTeKTHpOBaHHB 
raMMa·KBaHTOB BhiCOKHX 3HeprHH. 

B uacToB~eii pa6oTe npuse.u.euhl pe3yJihTaThl uccne.u.o· 
BaHHB npO)J.OJihHOrO pa3BHTHB JIHBHB H COOTBeTCTBYID~X 
clJmoKTyaUHH B 3JieKTpOHHo·clJoTOHHhiX JiaBHHaX,Bhl3BaHHhiX 
raMMa·KBaHTaMH c 3Heprueii E y =875·2625 M3B B )I(H.IJ.KOM 

Kceuoue. Pa6oTa Bhlnonueua c noMO~hiO 180-nuTposoii 
I<ceuouosoii ny3hiphKOBOii KaMephl HT3cl> 131 /.u.anee KITK/, 
o6nyqeuuoii B ny'IKe rr- • Me30HOB c HMnyJihCOM 3,5 T3B/c. 

2. 3KCIIEPHMEHT 

B pe3yJihTaTe npOCMOTpa OKOJIO 200 ThiC. CHHMKOB 
c KITK 6hiJIO oTo6pauo 225 cnyqaes 3JieKTpouuo·clJoToHHhiX 
JIHBHeii. MeTO.D.HKa auanu3a 3I<cnepuMeHTaJihHOro MaTepua· 
na onucaua pauee121. l.lucna Ny npoauaJIH3upoBaHHhiX cny· 
qaeB JiaBHH, COOTBeTCTBYIO~HX pa3JIH'IHhiM HHTepBaJiaM 
3Hepruu Ey uuuuuupyJO~Hx naBHHhl raMMa·KsauToB, npu· 
se.u.euhl B 111a6A. 1. 

Ta6AU11a 1 

l.lucna Ny npoauaJIH3HposaHHhiX cnyqaes 3JieKTpouuo·clloTou· 
HhiX JIHBHeH, Bhi3BaHHhiX raMMa • KBaHTaMH C 3HeprHeH 
E y ±125 M3B B )I(HAKOM Kceuoue. 

Ey{M38) 875 1125 1375 1625 1875 2125 2375 2625 

N y 16 34 33 36 41 23 26 16 
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J• 

3. PE3YJibTATbl 

3.1. HOHU3QIIUOHHble no111epu AU8He8biX 3AeK111pOH08 

B 111a6A. 2 npuse.u.euhl 3Ha'leHHB AOJIH 11A HOHH3auuou· 
HhiX llOTeph JIHBHeBhiX 3Jiei<TpOHOB, Bhl)J.eJIBeMOH B CJIOe 
)I(H,I(I<OrO I<CeHOHa TOJI~HOH !1 d =0,3368 t Xe , r,I(e txe 
pa.u.uauuouuaB e.u.uuuua AJIB )I(H,I(I<oro Kceuoua It Xe =4,05± 
0,17/4/ /, ~aHHhle COOTBeTCTBYIOT BOChMH HHTepBaJiaM 

3Ha'leuuii 3Hepruii E y raMMa·I<BaHTOB, Bhi3hiBaiO~Hx nus· 

t:! I~]] 
T l +. + Ef • 875 M ::J81vf a {6 

OfOC H! ~ • E1 - 1125 M 88 A$-•34 
o Er ·1375 Ma B l\f=33 

rtil ~ " Er: 1625 M 88 ~ =46 

ll T i 
0051- 1 1 «i 

+ T 1 

f lfl~ti 
~ t ~~i 

- - I! 

~6~ a ± + lt 

f 
)( 

0 

00 5 10 t5 20 25 JO d(0.3368·txe 

Puc.J. PacnpeOeAeHUe 0111HOCU111eAbHbiX UOHU3QIIUOHHbiX no· 
111epb AU8He8biX 3AeK111pOH08, f1lr/lr, 8 3Q8UCUMOC111U 0111 
OAUHbl d pa38U111UJI AU8HJI, 0111C'IU111bl8aeMOU 0111 1110'1KU 
KOH8epcuu nep8U'IHozo zaMMa· K8aH111a 800Ab ocu pa38U111UJI 
Aa8UHbl. E y • 3HepZUJI zaMMa· K8QH111a, UHUIIUUpy10~ezo 
Au8eH& 8 JKUOKOM KCeHoHe. Ny - 'IUCAO npoaHaAu3upo8aH· 
HbiX CAy'lae8 AQ8UH. ,lfAUHa pa38U111UJI d 8blpaJKeHa 8 eOu· 
Hu11ax, pa8H&rx 0,3368 paouaiiUOHHbiX eOUHUII OAJI JKUOKozo 

KceHoHa , t xe. 
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HH • .l(m1 E y ~ 1625 M3B npHBeAeHLI peJynLTaTLI, npocyM

MHpoBaHHLie C aHanorH'IHLIMH peJynLTaTaMH, nony'leHHLIMH 

HaMH paHee 121 . B Ka'le CTBe anmocTpauaa Ha puc. JaJo6pa

)l(eHLI pacnpe,l\eneHHH napaMeTpa !'!. A =i'!.~r/ ~r AnH Ey = 
875 - 1625 M3B. AHanorH'IHO 12/ nony'leHHLie cpeAHHe AHtil

tiJepeHuuanLHLie pacnpe,l\eneHHH HOHH3aUHOHHLIX llOTepL nHB· 

HeBLIX 3neKTpOHOB MO)I(H O annpOKCHMHpOBaTL ,l\ByxnapaMeT· 

puqecJ<oil JaBHCHMOC T L IO 

_!'!. A_ = a d exp ( - f3 d 2 ). 
/'!. d 

/1/ 

rAe a u f3 - napaMeTpLI, onpe,l\enHeMLie npu cTaT HCTH

qecKoH llO,l\rOHKe. qHCneHHLie 3Ha'leHHH 3THX napaMeTpOB 

H COOTBeTCTBYIOIUHe HM 3Ha'leHHH BepOHTHOCTH tiJHTHpOBaHHH 

npHBe,l\eHLI B ma6A. 3. 

3 .2 . OmHocumeAbHbJe ,PAK>Kmyaijuu uoHu3a!IUOHHbiX 
nomepb AU6H€6biX 3A€K111pOH06 

B ma6A. 4 npHBe,l\eHLI 3Ha'leHHH OTHOCHTenLHOH ,l\HCnep· 

CHH a A / A ,l\OnH A CYMMapHLIX HOHH3aUHOHHLIX llOTepL 

nHBHeBLIX 3neKTpOHOB Ha ,l\nHHe d pa3BHTHH nHBHH, Ha 

KOTOpOH ( B cpe,l\HCM ) BLI,l\enHeTCJI B BH,l\e HOHH3aUHH ,l\OnJI 

A 3Heprau naBHHLI. qucneHHLie AaHHLie npounmocTpupoBa

HLI B rpatiJH'IeCKOM BH,l\e Ha puc. 2 ,anH 'leTLipex 3Ha'leHHH 

3Hepruu Ey raMMa·J<BaHTOB, o6pa3yiOmux nHBHH: Ey = 
875, 1125, 1375, 1626 M3B. 

Cne,l\yeT OTMeTHTL, 'ITO JaBHCHMOCTL 

MO)I(}IO OllHCaTL, KaK paHee I 51, tiJyHKUHeH 

a A/ A = I I {- ln~- llll. 
A 

aA/ A OT A 

/2/ 

rAe a u b - napaMeTpLI, npu'leM b =136±1 ,3 / 5.' H 

a HeJHa'IHTenLHO MeHJieTcJI npH H3MeHeHHH 3HepruH Ey 
B WHpOKOM HHTepBane 3Ha'leHHH: a =1 ,20±0,01 n~~ Ey = 
50 M~B H a =0,96±0,01 npH E y =3375 M3B 5 . IIpa 

3TOM A ~ 0,1. 
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Ta6Au14a 3 

qacneHHble 3Ha':leHHB napaMeTpoa a H {3 ci>YHKUHH I 1/, 
annpOKCHMHpyiOII{eH .U:HcWlepeHI{HaJILHble HOHH3al{HOHHLie 
llOTepH JIHBHeBLIX . ::meKTpOHOB B 3JieKTpOHHO·ci>OTOHHLIX Jia· 
aauax, Bbl3BaHHLIX raMMa·KaauTaMH c 3Hepraeii E B 
)I(H,!J;KOM Kceuoue. x 5 In - JHa':leHHe TecToaoii cTaTHtTH· 

KH Xfi C ll CTeneHBMH CB060,ZJ;LI, p - BepOBTHOCTL ci>HTH" 
poBaHHB. a BLipaJKeHO B e,ZJ;HHHI{aX [ d ]-l, o6paTHLIX ,!J;JIHHe 
d; {3 • B e,ZJ;HHHI{aX [ d ]-2 

a*lO -a f3 * w-3 x; ln 

36.6±I.4 :7.z±o.7 12.8/9 

30.3±o.9 14.2±0.5 15.8/9 

2s.2±o.6 rz.2±o.4 25.2/9 

23. u±o.5 n.G±o.3 !0.4/9 
2-t.9:!:o.s r:s.?±o.3 44.1/9 

2r.2.±c.5 I0.3±o.3 10.979 

I9.0±o.4 9.3±o.2 23.2/13 
17.4±0.5 8.6±0.4 20.8/9 

Ta6Au14a 4 

' 3na':leHHB OTHOCHTeJILHLIX .u;acnepcaii a A I A .u;onH A 
CYMMapHblX HOHH3al{HOHHLIX llOTepL JIHBHeBLIX 3JieKTpOHOB, 
Bbl,ZJ;eJIBeMOH Ha ,ZJ;JIHHe d _pa3BHTHB JIHBHB, COOTBeTCTBYJO" 

p (%) 

17.5 

7.5 

~I 

26,5 

<I 

37 

5 
r.5 

ll{He cpe.u;ue_¥y JHa':leHHIO A. 06oJHa':leHHB, KaK B ma6A. 2, 
A H a A/ A BblpaJKeHLI B npoueuTax. 

2 4 6 8 IO 12 14 16 

-
A IO ± I 32± 2 55± 3 77 ±2 92 ± 2 97 1 9 99 ± 0.4 

a A/A 31 ± 6 341 4 <:.21 3 II 13 7 1 3 4 1 3 2 1 l -
A 8 1 I 261 I 491 2 68 1z 84 1 2 94 1 I 98 1 I 99 t 0.3 

aA/A 4I 1 6 291 3 251 3 18 13 I<:. 1 3 6 1 2 4 1 I 2 :t I 

A 7 ±o.4 <::<:. :ti 44±2 64± 2 79 ± 3 89 1 2 94 1 I 97 1 I 
aA/A 34 1 6 29±-3 2I:!:3 I9i 3 I4 :t 3 IO 1 2 6 1 2 4 1 I 

A 6±o.4 2o±I 4Q!z 60i2 77 13 83 12 94 ±I 97 ±I 
a A/A 3816 2813 2313 I913 16 ±3 II 1z 6 ±2 3 ±I 

IS 

-
-
-

99 1 0.3 
2 1 I 

99 t 2 

I ±I 
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+ E(- 875 M3B 
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Puc.2. OIIIHOCUmeAbHble oucnepcuu a A / A OOAU A cy..w
..wapHbiX UOHU3Q~UOHHbiX nomepb AU6He6biX 3AeKmpOH06 6 
3AeKmpoHHo- (JomoHHbiX AaeuHax, ebJ3bleaeMbiX za..w..wa-
KeaHma..wu c 3Hepzueu Ey e xuoKoM KCeHoHe. N Y- t~ucAo 
npoaHaAU3Up06QHHbiX CAyt~aee AQ6UH. 

4. Bh/B0,4hl 

Ha OCHOBaHHH BLlllOnHeHHOrO aaanHJa peJynLTaTOB HJ

MepeHHH .D.H4xtlepeH~HanLHLIX HOHHJa~HOHHLIX llOTepL nHBHe

BLIX JneKTpOHOB B JneKTpOHHO-cPOTOHHLIX naBHHaX , COJ,D.aH

HLIX raMMa-KBa HTaMH c JHeprueii: E y =/875 - 2625/ M3B 
B )I(H.IJ.KOM KCeHOHe , MO)I(HO C,D.e n aTL cne,D.yiOmHe BLIBO,D.LI: 

1. )l.H4xtlepeH~HanLHLie HOHHJa~HOHHLie llOTepH JneKTpO

HOB B nHBHJIX Y.D.OBneTBOpHTenLHO OllHCLIBaiOTCJI npOCTOH 

.D.ByxnapaMeTpH'IeCKOH JaBHCHMOCTLIO /1/. 
2. 0THOCHTenLHLie ,D.HCnepCHH ,D.OnH HOHHJa~HOHHLIX no

TepL nHBHeBLIX JneKTpOHOB MO)I(HO annpOKCHMHpOBaTL, KaK 

llOKaJaHO paaee / 5 / , COOTHOWeHHeM /2/. 

10 

B JaKniO'Ieaue cne,D.yeT no,D.'IepKHYTL, 'ITO nony'leHHLie 

HaMH npOCTLie napaMeTpH3a~HH HOHH3a~HOHHLIX llOTepb 

H HX cPniOKTya~HH B JneKTpOHHO-cPOTOHHbiX naBHHax, o6paJo

BaHHLIX raMMa-KBaHTaMH, MOryT 6LITb Henocpe,D.CTBeHHO 

HCllOnLJOBaHLI B paJnH'IHLIX MeTO.D.HKaX ,D.eTeKTHpOBaHHJI 

raMMa- KBaHTOB BLICOKHX 3Hepraii:. 
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