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1. Introduction 

In the present paper the results of the investigation of 
the longitudinal development of electron-photon showers 
produced by gamma-quanta of energies EY ~ 1600 -

3400 MeV in liquid xenon are given. The work was per
formed on the photographs from the xen~n bubble chamber. 

· In the region of high energies of gamma quanta i~itiat
ing the electron-photon shower, E Y ;,,;, 2m,. c 2 . the 
principal importance is due, also from the methodical 
point of view, to the longitudinal development of showers. 
In Fig. 1 the typical picture of the electron-photon shower 
registered in 180 E xenon bubble chamber of the Institute 
of Theoretical and Experimental Physics in Moscow is 
presented. 

In order to get the characteristics of the longitudinal 
development of the shower, we recall firstly some nota-
tions. Let I r be the observed total range, i.e., the -
total length of the tracks of. shower with energies equal 
or larger than some minimal value E O. ; by A Ir we 
denote the total length of shower electrons with energy 
equal or larger than E O in the layer of matter of the 
assumed constant thickness At perpendicular to the 
axis of the shower on the depth t of the development 
of the shower: t1 t should be chosen much smaller than the 
total depth of the shower. The useful quantity for the 
investigation of the longitudinal development of the shower 
is the function L.\ Ir ;' I r of the total range X r . 

' 
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Fig. 1. A typical electron-Photon shower registered in the 
180 l xenon bubble chamber of JTEF. 

· The so defined quantity (depending on Ey , E 0 , t ) 

appears to be a function of the same variables as _the 
so-called one-dimensional cascade curve Ne(Ey, E 0 ,tl 21

. 

The total range . of shower electrons * of energy 
Ey» E 0 is proportional to the energy spent by them 
on ionization I l/. The quantity ti Ir / I r is more 
convenient in the laboratory practice of the investigation of 
the processes with the participation of high energy gamma 
quanta than the cascade curve since in physical experiments 
we have mostly to measure either the total range of shower 
electrons or the ionisation or luminous effect. 

The process of the longitudinal development of showers 
is ~ccompanied by fluctuation which essentially restricts 
the precision of the determination of the energy of high· 
energy gamma quanta. Let us define A as the fraction 
of the total range of shower electrons on the development 
length d A , on which on the average the fraction A of 

* Electrons are ment as both negatons and positions, 
whole traces in our experiments were undistinguishable. 
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the total range of shower electrons is realized. Then one 
can conveniently represent the fluctuations in the form 
of the dependence of the relative dispersion a A I A of 
the parameter A , on A . 

This work is the continuation of the series of our 
experimental investigations of characteristics of electron
photon showers generated by gamma quanta in a wide 
energy interval / 3 - 5,:. 

2. Description of the Exj}eriment 

As a result of scanning of about 200.000 photographs 
from the 180 f xenon bubble chamber of the Institute of 
Theoretical and Experimental Physics in Moscow irradiat
ed by the 3.5 GeV /c rr - -meson beam, 180 events of 
electron-photon showers were selected in which the va-
lues of total range Ir of the investigated shower elect
rons were contained in the interval 1 r - 1740-4280 mm 
on the scale of reprojector. The mean linear enlargement, 
relative to the chamber, obtained on the reprojector on 
which the analysis of events was performed, was equal to 
0.6821. The minimal length of the investigated electron 
tracks was assumed to be 5 mm in the chamber, which 
corresponds to the cut-off energy of electrons E~ 1.5 MeV. 

In each event the energy of the primary gamma quan
tum was determined from the known range-eriergy depen
dence for shower electrons · I. . The total range on the 
lengths intervals -1t ~ 20 mm in the reprojector plane 
along the axis of the development of the shower, beginning 
from the point of conversion of the primary gamma quan
tum tum was also measured. The numbers of the selected 
showers corresponding to the different values of energy 
of primary gamma quanta are shown in Table 1. Methodi
cal problems concerning the analysis of events of electron
photon showers registered on photographs from xenon 
bubble chambers were treated in our earlier publicati
ons :l-:i . 
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3. Experimental Results 

Differential distributions of ionization losses of shower 
electrons in liquid xenon and also the corresponding 
fluctuations of the fraction A .of the total. range of shower 
electrons in showers produced by gamma quanta of 
energies contained in the interval Er= 1600-3400 MeV 
are given below. 

3.1. Distribution of ionization losses 
· of shower electrons 

In Fig. 2 differential distributions of ionization losses 
of shower electrons in showers produced by gamma quanta 
for eight values of the energy Ey are presented. The 
corresponding numerical values are given in Table 2. 
We see thatthemaximumofthedistributionsof ."l2r/2r 
slowly moves towards larger values of the depths of the 
development of showers with the increase of the energy 
of primary gamma quanta. 

3.2. Fluctuations of total ranges of 
shower electrons 

In Fig. 3 the dependence of the relative dispersion 
aA/ A on the param_gter A is presented. The experimental 
distributions a A I A refer to the eight energy value 
Ey of gamma quanta producing the sho~ers. Let us 
remark that the kind of dependence of a A/ A on A 
dqes not change at the achieved experimental accuracy, 
with the change of the energy E y for the entire consider
ed interval of energy values E Y 

Fig. 2. (a,b). Distributions of ionization losses of shower 
electrons in showers produced by gamma quanta of ► 
energy E y in liquid xenon. Functions (1) for Ey = · 
= 2125 MeV (Fig. 2a) and E y = 3125 MeV (Fig. 2b) 
are represented by solid lines. Notations on the Figures. 
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4. Discussion of Experimental Resuits 
and Conclusions 

The presently existing theoretical calculations of 
cascade curves, based on the one-dimensional equations 
of the diffusion type l 21 do not describe correctly the 
experimentally observed process of the development of 
electron-photon showers produced by gamma quanta of 
high energies / 3

- 5/. More satisfying agreement with 
experimental results can be attained with the help of the 
Monte-Carlo method 161, but the application of this 
method is connected usually with considerable technical 
difficulties. 

Therefore it will be of great interest to generalize the 
existing experimental materials in a form .of simple, and 
convenient from the methodical point of view approximate 
rules describing the longitudinal development of showers. 

It turned out, that the obtained experimental distribu
tions of ionization losses of shower electrons in electron
photon showers produced by gamma quanta of energy 
Ey = 1600-3400 MeV in liquid xenons are well approxi
mated by the two parameter function of the form 

~ !r ~ = at • exp( -/3 t 
2 

) • (1) 

Numerical values of the parameters a and /3 depending 
on the energy Ey are presented in Table 3. In Figure 2 
curves calculated from (1) for two cases Ey = 2125 MeV 
and Ey= 3125 MeV are plotted. The dependence of the 
parameters a and /3 of the function (1) on the energy 
Ey of gamma quanta producing showers in liquid xenon 
is also represented in Fig. 4. 

It should be stressed that the quantity ~Ir/ Ir used 
by us is propcrtional to the number Ne (Ey, E o, t ) of 
electrons with the energy E e2 E o on the depth t of 
the development of the shower and the corresponding 
proportionally coefficient inessentially depends on ,the 
cut-off energy E0 in a wide interval of the E0 values 1 41 . 

It can be concluded on the basis of the results obtain-
ed by us that the relative dispersion a A I A of the 
fraction of the total range of shower electrons does not 
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depend, within me limits of experimental errors, on the 
energy E y of gamma quanta producing showers in the 
considered interval of E values. The analogical res111t 
was obtained by us in the interval E =30-120 MeV 151 and 
E y = 100-1600 MeV ! 3 ,4 ,1. Bu? the tendency of the 
decrease of the value of aA I A with the increase of the 
gamma quanta energies by one order of magnitude, i.e., 
from 30 MeV to 3400 MeV, can be observed. 

The authors are grateful to Dr. T .Kanarek for his 
friendly help in performing computations of the parameters 
of the approximating curves . 
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