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RADIAL PROFILES OF PHOTON INITIATED ELECTROMAGNETIC
SHOWERS BETWEEN 100 AND 3500 MeV
B.Stowinski, J.Rogulski
It is shown that the radial dependence of the density of shower electrons
ionization loss may be approximated by some universal function F(x) of the

dimensionless variable x only. This function has its asymptotics as F(x) ~¢ *at
large enough x.

The investigation has been performed at the Laboratory of High Energies
JINR (Dubna) and at the Institute of Physics, Warsaw University of Technology
(Warsaw).

Panuanennie npopwin 31K TPOMATHUTHHX TMBHEH, BH3KBae-
MBIX raMMa-KBaHTaMH ¢ sHeprueit 100—3500 M3B

B.Cnosuuckuii, 9. Poryasckui

TToka3ano, 4TO pagHaIbHAS 3ABUCHMOCTD IUIOTHOCTH MOHHM3ALMOHHBIX NO-
TEPH JIMBHEBBIX 3IEKTPOHOB MOXET ObITH ANMPOKCHMMPOBAHA HEKOTOPOH YHH-
BepcanbHoi dpyuxumen F(x), aasucamen Toasko or GeapasmepHoit
nepemennofi x. Ilpu pocratouHo Gosbmmx X acMMITOTHKON 310M (ByHKLMM

SBAKETCS IKCNOHeHTa: F(x) ~e~ ~.

Pa6ora sbinonxena B JlaGopatopum sbicokux 3uepruit OUSIU (Jly6ua) u s
HucTuTyTe hnanxm Bapmasckoro Texnmuueckoro yiusepeurera (Bapmasa).

I. Introduction

It has been found earlie’"/ that the average radial profile
Er(rlEy, t) of showers created in liquid xenon by gamma quanta of

energy Er = 100—3500 MeV is related with the corresponding plane
distribution fp(plEy, t) of shower electrons ionization loss according to

the equation:

o F(rlE, 1) )
f(p'E,t):zfr——y—d",
Py p V1 — (p/r)?

where r is a distance from the shower axis (SA), p is its projection in
the picture plane, in which the normalized density of partial summary
projection ranges fp(piEy, ) of shower electrons was measured within
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squares having sides Af = 0.6 radiation length (rl) along the SA and
Ap = 0.3 rl. As a result of the fit to the experimental data of exponential
function

(PIE, 1) = (E ) e~P/PE,D @

the followmg parametrization of the average plane shower width was
obtained’ %/

ﬁ(Ey, H=a+ ,B(Ey)-t. 3

Here a = (4.2%1.2)-1072 g, P(E)=a—bInE, a=(1.5+0.3)-1077

= (6.6+0.4)-10"3 when E, is in MeV.
The equation has a unique solution of the form’!/;

r
F(NE, 0= —5 [ 4o 0,0 @

Substituting the function (2) into (4) we can obtain the exact formula
for the average radial distribution of ionization loss in electromagnetic
showers.

In the present work we show that this distribution may be expressed
by means of a universal function determining its radial shape.

II. Radial Shower Profile

Let us denote for short: p = ﬁ(Ey, ), x=r/p,s=r/p and F(x)=
= Fr(rIEy, ). Then from (4) and (2) we have

1 8]
F(x =—7 " "F(x ’
(x) ) (%)
where the function
l__
~x/s
F(x) = f ———-—e *ids ,

0 2vV1-s? ©

depending on the dimensioniess variable x, determines the radial
behaviour of the density Fr(x) of shower electrons ionization loss,

whereas all information about the primary photon energy Ey as well as
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F(x) Radial dependence of the density of

700 shower electrons ionization lass
\ T1.1 x
F8)=f Sally & Sdis
0
(homogeneous) absorbent
0 properties and a shower depth ¢

is contained in the parameter
p. The figure displays the
function (6) within the interval
2 of x = 0.2—7.

10
It is to be shown strictly that
at higher values of x (x=2)
F(x) ~ e™* as can be seen in the
i figure.

Mention finally the
suggestion 3/ that the solution
o 1 2 3 4 5 & 7 of (1) is as follows

1 )]
Fr(r) = J—r? Ko(x) ’

where K (x) is the McDonald function. But then it would satisfy the
equation:

25 1 ) r.\2 ®)
reF(r)+rFf'(r) - (3) F()=0 .
which is not the case.
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