


I. INTRODUCTION 

The longitudinal development of an electromagnetic cascade 

process (ECP or e.m.shower) produced by high energy gamma quanta (GQ) 

is traditionally considered to be a basic characteristic of the ECP 

malnly for reason of relative simplicity of its theoretical recon- 

struction (at least on the qualitative level) as well as of its great 

Importance from practical point of view. Consequently. the problem 

of the longitudinal development of the e.m.shower (LDS) is studied 

more frequentlv than another one. Recentlv relevant experimental 

data /1,2/ are used often to check the accuracy of different 

formulas approximating the LDS and computer modeling programs. par- 

ticularly EGS-4 code system / 3 / .  

In the present work we study the longitudinal distribution of 

deposition of energy released as ionization loss of electrons and 

positrons (later: electrons) in e.m.showers produced by GQ with the 

energy E = 100--3500 MeV in liquid xenon. The investigation has been 
Y 

performed with the help of pictures of the 180 1 xenon bubble cham- 

ber (XeBC) of ITEP (Moscow) exposed to the beam of n- mesons at 

3.5 GeV/c. 

The advantage of using for this purpose the pictures of the XeBC 

with its dimensions 25.7*11*10 expressed in units of radiation 

length (RL) is such that, firstly. it is possible to ensure maximum 

potential length ( L  ) for LDS as large as 25 RL and, secondly. on 
pot 

a XeBC picture one can distin-ish many details of the e.m.shower 

structure (fig.1) and to measure all ranges of cascade electrons in 

a picture plane (PP)/4/. Here Lpot is counted out along the shower 

axis (SA) from a primary GQ conversion point up to the edge of the 

registering volume of the XeBC. 

Fie. 1. Electromannetic shower initiated by a high energy photon in 
the 180 1 xenon bubble chamber of ITEP (Moscow). 
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been repeated using experimental data without the aforesaid critical 

regions of extent of 2-3 RL. The obtained results do not differ sia- 

nif icantlv from the pre'ceding ones. although the X~/NDF values 
for both functions are markedlv lower. Darticularv in case of the 

Weibull distribution ( 1). 

Table. 

Fitted values of ~arameters A. (i=0.1.21 appearlne in eqs. (1) and 

(2) vs GQ energy Ey . and corresponding I~/NUI values. IJnits ere 

such that the shower depth t is expressed in HL and the DD - in MeV/ 

0.6 RL. Ny is the number of shower events in a sample at a eiven G(d 

energy centred at E . Lpot is the potential length. Y 

E (MeV) eq. Ao( MeV) 
Y 1 0 0 . ~ ~  1 0 0 . ~ ~  , t 2 / ~ ~ ~  N? L ~ ~ ~ ( R L )  

Table (continued _ - - - . - p  

(1) 365 +/-9 131+/-2 342+/-6 17/27 
375 ............................................. 61 17.3 

Fig.3. Fitted values of Darameters 

of the Weibull distribu- 

tion (1) as a function of 

the energy Ey. 

-1- 
O S  7 8 1.6 (E,. in MeV) 

111. CUMULATIVE DISTRIBUTION 

Figure 4 shows the cumulative distribution function of the average 

ionization loss (ID), viz. 

1 t  

( 4 )  

I for several values of the enerav E . It follows from this equation Y I that 05A(Ey.t)~l because ~racticallv the whole of the primary photon 

energy Ey is released.on the average. as ionization loss of shower 

electrons up to the depth t being equal to about Lpot. The' ID 



Fig.4. Same as fie.2. for the 

cumulative distribution 

defined hv eq.(4) is useful in practice indicating, for example. how 

large should be the average thickness t of active lavers of calori- 

meters (or shields) to measure (or simply to absorb) the given part 

A(E .t) of shower electron ionization Loss when exposed to a team of 
7' 

GQ with the energy Ep. A better parametrization. i.e. the Weibull 

function (1) is indicated bv smooth curves of fig.4. 

It is suggestive to find such a s imple  demensionless and natural 

var.iable xiE ) depending on E onlv that, being used instead of t, 
? t 

would make possible to build a more eeneral description of the LDS 

within sufficinntlv wide enerev interval of GO producine e.m.showers 

in dense enough media. Tn this end the ratio x(E )=t/FlE ) has been 
7 Y used. where tlE,l ie the average value of the length t, 1.e. 

Fig.5 shows our appropriate results obtained earlier on a part of 

exper.imenta1 material /7/. Smooth linas correspond to the Weibull 

pararnet,rization of the cumulative distribution function. viz. 

A1 
A(E .t) = 1 -  ex^(-(-) ) ( 6 )  

for two extreme values of energy: 210 and 3375 MeV. 

One can see (fig.5) that in this wav (if anv) the experimental 

data cannot be reduced to the one universal distribution. although 

there are two common points for all energies: at xiE )P1.2 and the 
7 

point of the shower origin (if media are not too densel. It should 

Fig.5. Cumulative loneitudinal distribution 

of the average ionization loss in 
showers initiated bv gamma-quanta with 
the energy EC. Solid lines show the 

best. fit t.o the form ( 1) for two 
extreme values of the enerev E ?' . 5 is 
the average value of t. 

E,= (3375 1 i2UM.V . ( 2 f25  1125)McV 
v ( r f Z 5  rf2$MeV 
o 1555?55 )M.V  
n 1310 r 3OIPlcV 
0 1210 i ZOIMN 

be also noticed that the hieher is the enerev Ey the more compact 

are t,he showers. 'The enerev dependence of the average length %(Ex) 

is plotted in fig.6. This dependence can be parametrized by a simple 

linear function of 1nE : 
7 -  

t ( E  ) = h 1nE - a. 
Y 

w h ~ r e  a = 4 HL and b = 1 .2 .  t is expressed in RL. 

Fie. Ener~v dependence of the 

averaee thickness €(Er) 

of showers produced in 

liquid xenon ( 1  RL 5 4 cm) 
h v  photons with the 

ener,ev E 7 . 

IV . CONCLUSIONS 

The average partial ranges of electrons observed along the 

shower axis within a laver Atz0.6 RL as a function of depth ' in 
liquid xenon for photon initiated e.m.showers with energies between 

100 and 3500 MeV have been measured using pictures of the 180 1 XeBC 

of ITEP (Moscow). This chamber permits to analvse many details of a 

shower structure within the absorber thickness as large as 25 RL. 

The obtained experimental reaults were fitted both to the Weibull 

(1) and to the gamma (2) dietribution. It turned out that the 



Weibull parametrization is preferable. esperiallv at the energy 

range of primary photons E >I000 MeV and the parameters A and A, 
Y 1 

of this distribution can be described bv simple functions of 1nE : 

A. = a. + b.lnE 
1 1 1 Y '  

( 8 )  

where : a1 = 0.014+/-0.067. bl = 0.23+/-0.10. a2 = -5.93+1-0. nt7. 

bZ : 1.55+/-0.01. 
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npHBe~e~b1 pe3ynbTaTbl HCCiTeaOBaHHH 3JleKTPOMarHUTHbIX nHB- 
Hef i ,  HHmHHpyeMhfX raMMa-KBaHTaMH C 3HeprHefi Ey=lOO-3500 kb 

/ 
B XHJJKOM KceoHe. n m y s e ~ b l  pacnpeaeneHHR cpeaHkix H O H H ~ ~ ~ H O H  

HbIX XIOTepb KaCKWHbLX 3neKTpOHOB BAOnb OCH Pa3BHTHH ~ H B H & .  

0 6 c y x , q a e ~ c ~  BOnpOC 06 annpOKCHMal4iH 3KCnepHMeHTaJIbHblX aaH- 
HbM paCnpe&(eneHWfM&i BeR6yna H ~ ~ M M ~ - @ ~ H K I @ ~ R M H .  B pa60l.e HC 

IIOnbsOBaHbl ~ T e p e ~ & T ~ r p a @ m i  CO 1 8 0 - ~ H T ~ O B O ~ ~  K C ~ H O H O  BOR lly- 

3blpb~0~0fi  KaMepbI HT30 / M o c K B ~ / ,  06nysen~ok  B nysKe n--Me30 
HOB C HMllynbCOM 3,5 I ' ~B /c .  
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11. Longitudinal  Development Y 

The l o n g i t u d i n a l  development of pho ton - in i t i a t ed  sho- 
wers of  primary energy between 100 and 3500 MeV i n  l i q u i d  
xenon has  been s tud i ed  us ing  p i c t u r e s  of t he  180 1 xenon 
bubble chamber of  ITEP /Moscow/. The d i s t r i b u t i o n  of t he  
average i o n i z a t i o n  l o s s  of shower e l e c t r o n s  a long  the  sho- 
w e r  a x i s  i s  obta ined  and f i t t e d  both t o  t h e  Weibull and 
gamma func t ions .  

The i n v e s t i g a t i o n  has  been performed a t  t he  Laboratory 
of  High Energ ies ,  J I N R  and the  ~ n s t i t u t e  of Physics  of t h e  
Warsaw Un ive r s i t y  of  Technology. 
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