
ELECTROMAGNETIC CASCADES PRODUCED 

BY GAMMA-QUANTA 

WITH THE ENERGY Ey = 100-3500 MeV 

3. LATERAL DEVELOPMENT 



1 1, Introduction 

I 
The great practical importance of the knowledge of the la- 

teral (or transversal) spread of an electromagnetic cascade 
process (ECP or e.m. shower) produced by high energy gamma 
quanta (GQ) in dense enough media can be easily appreciated, 
for instance, by simple inspection of fig.1 where two e.m. 
showers arising from the decay of no meson of about 3 GeV 
energy are recorded on a picture of the 180 1 xenon bubble 
chamber (x~BC) of ITEP (Moscow). As has been pointed out ear- 
lier this chamber with its large dimensions 25.7~11~10 in 
units of radiation length (RL)  is perhaps the unique one which 
enables it to obtain detailed and various experimental infor- 
mation about e.m. showers up to some GeV of primary GQ energy. 

One can see on the picture (fig.1) that two neighbouring 
cascades would be erroneously taken as a single one if an ang- 
le between their shower axes (SA) is sufficiently small as is 
often the case at high energies. The problem of the GQ detec- 
tion becomes even more complicated when the process of multip- 
le production of no (orland rlO) mesons or other particles 

I Fig.1. Two neighbouring e.m. showers in i t iated by gamma quanta, each 
having of about 1.7 GeV energy, from the decay of a IT meson produced 
in  n X e  interaction a t  3 . 5  GeV/c (180 1 xenon bubble chamber of ITEP, 
Moscow). 



being a source of hard photons is to be investigated as well / as direct production of high energy GQ is analysed. Neverthe- 
less, in contrast with the problem of the longitudinal develop- 
ment of a shower which is well studied in literature the know- 
ledge of the lateral spread of the ECP is so far rather scar- 
ce because the relevant experiments are much more difficult. 
Now one can believe to be shown/2/ that the distribution of 
shower energy in transverse direction (or profile) is indepen- 4 

dent of the absorbent when expressed in Moliere units RM = 
= 21 MeV XO/EO, where Xo is the value of the RL and Eo is the 
critical energy. The lateral profile is sometimes described 
by a single/double slope exponential decay/3/. 

In this paper the investigation of the transverse develop- 
ment of e.m. showers created by GQ with energies of 100- 
3500 MeV in liquid xenon was carried out using 220 thousand 
pictures of the 180 1 XeBC of ITEP (Moscow) exposed to the 

I beam of n- mesons at 3.5 GeV/c. From among 1657 shower events 
selected during the scanning, 908 only fulfilling the condi- 
tion of minimum risk to be cut off by the chamber /lV4/ have 
been used for further analysis and grouped into 22 bins of 
primary GQ energy E The number of events in a bin varied 
from 11 to 86 /I/. Y '  

For each selected event the summary projection ranges of 
shower electrons (SER), AZr, ( t . p  lE ) in a picture plane were 

Y measured using grid with the dimensions of the elementary 
square A t =  0.6 RL along the SA (which is in the picture pla- 
ne, according to the selection criteria) and Ap = 0.3 RL in 

1 its transversal direction. Minimum value of electron range to 
be discerned reliably enough on a picture corresponds to their 
cut off energy of 0.5-1.5 MeV. As has been shown by means of 
the computer modeling/5/ the SER are proportional, on the 
average, to the relevant ionization loss of shower electrons 
f ( p  lE , t) B E  (E , t , p )  / At Ap within about 3%. Other details 
of tge method usld in the work are described in and refe- 
rences quoted herein. 

2, Plane Lateral Distribution 

Figure 2 presents, as an example, one among 22 bins obtai- 
ned in the lateral distribution of average electron ioniza- 
tion loss measured on the picture plane in step of 1.2 RL 
along the SA for e.m. showers produced in liquid xenon by GQ 
with the energy E,y = 1125k 125 MeV. Experimental data are fit- - 
ted for all bins of energy by common least-squares techniques 
to the simplest exponential function, i.e. 

(md. length) 
Fig.2. Plane lateral distribution of the ionization loss of electrons 
in e.m. showers produced in liquid xenon by gamma quanta of Ey=1125+ 

+ 125 MeV energy (t is the shower depth measured in step of 0.6 rad. 
length along the shower axis from the conversion point of a primary 
photon). The best fit to the form (1) is superimposed (dashed lines). 

where A2 =A2(tlEy) is the free parameter depending on the 
shower depth t at a given value of Ey. The fitted values of 
the parameter A2 are shown in figs.3a-3c for all 22 intervals 
of primary photon energy. 

One can see that displayed points are markedly collimated 
along some straight line, at least at lower values of t. The- 
refore, it is reasonable to approximate the t dependence of 
A2 to the linear function as 

where a and /3 are free parameters. 
But when the shower depth t increases the spread of A2 

values increases too, mainly because of relative low statis- 
tics of event available. That's why the parameters a and /3 
have been evaluated for two intervals of t: 0-6 RL, 0-12 RL 
and for all values of t. Figs.4 and 5 present the relevant 
results as a function of lnESy, respectively. From the obser- 
vation of these figures conclusion arises that within the er- 



Fig.3a. Dependence on 
t of t.he slope parame- 
ter A of the func- 
tion (1) within the in- 
terval of the primary 
photon energy E = 
= 100-310 MeV. 

Fig.3~. Same as fig.3a, for a primary photon energy of 1625-3375 MeV. 

r o r s  achieved i n  t h e  work t h e  parameter a does n o t  depend 
on LnE,y and i s  equal  t o  0.042 +_ 0.015 RL whereas t h e  InE, de- 
pendence of 6 is  a l i n e a r  one a t  l e a s t  a t  E > 175 MeV. $0, 

Y -  
we have 

f l  = a + b lnESy, ( 3  

where t h e  f i t t e d  va lues  of t h e  parameters a and b a r e  given 
i n  t h e  t a b l e -  f o r  t h r e e  ranges of t .  

Table 

Fitted values of parameters a and b corresponding to the three 
ranges of t at E 2 175 MeV (both the parameters are dimensionless) 

Fig.3b. Same as fig.3a, 
for a primary photon 

I 
energy of 373-1375 MeV. 1 

a l l  0.075+0.003 0.0066+0.0004 
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function (I), where the slope A2 is approximately a linear 
function of the absorber depth t and proportional to the loga- 
rithm of the primary GQ energy E,,. 

2. The radial distribution of ionization loss in e.m. sho- 
wers is much more complicated and can be estimated either from 
the eq.(5) f 3 the computer techniques or from eq.(6) pro- 
posed in ref. . 
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Cnoemnc~uA 6. El-89-789 
3 n e n ~ p o ~ a r n r n ~ ~ u e  nmenm, 06paaoeannue r a m a - ~ e a n ~ a ~ u  
c 3t iepr~eA Ey = 100-3500 Ma0 
3. l lonepewoe pao~m~me 

HayqaeTcR nonepertnoe pa3emTme s n e n ~ p o ~ ~ o - @ o ~ o n ~ u x  nnetieA, cooaaeaewx 
e mmnKoM Kcenone r a m a - ~ e a n ~ a ~ m  (TK) c sneprmeA EY=lOO-3500 MsB. Hcxonnw 
sKcnepwHTanbnw HaTepuanon ~ W H  CHHMKH c 180-nu~poeoA K G ~ ~ O H O B O ~  nysupb- 
~ o e o A  K ~ M W  HTM (Moc~ea) ,  06nyvennol B n y w e  n--nesonoe c mnynbcon 
3.5 TsB/c. llonyqenu pacnpenenetimn cpednmx monmaaqmontwx noTepb nme?reeux 
3neKTpOHOB 8 IlnOCKOCTH CHHMKOB C LUarOn 0.6 paA.eA. BAOflb OCH nbl8HR. OHM an- 
nponcmmpoeanu s ~ c n o n e ~ w a n b ~ o l  4ynnqnel c napaMeTpon HaKnotia, nmneAno oaem- 
C R ~  OT rny6nnu nmenn m n o r a p w a  s~eprmm Ey nepemwux TK. t lpneene~ TaKme 
o6uylR emA PanmkAbHoro pacnpenenenmn monmaa~mon~ux noTepb e mccnenyemx nue- 
HRX. 

P a 6 o ~ a  8bKlOnHeHa 8 fla6opa~opum euconnx 3HeprmR OHqH H 8 HHCTWTYT~ @MJHKH 
Bapue.c~(oro nonmTexHmI(ecKoro mncTmTyTa. 
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SYowlnskl 0. El-89-789 
E l  e c t r m a g n e t l  c Cascades Produced by Gama-Quanta 
w l t h  t h e  Energy Ey = 100-3500 MeV 
3. La te ra l  Development 

Experlmental s tud les  o f  l a t e r a l  spread of electromagnetic showers created 
I n  l l q u i d  xenon b y  gamaaquanta (643 of 100-3500 MeV, us lng p l c t u r e s  o f  the  
180 1 xenon bubble chamber of ITEP (Moscow), are made. The d l s t r i b u t l o n  o f  
the  average l o n l z a t l o n  l o s s  o f  shower e lec t rons  measured on t h e  p i c t u r e  p la -  
ne I n  s tep o f  0.6 r a d i a t i o n  leng th  along t h e  shower ax is  was obta lned and 
f i t t e d  t o  t h e  exponential  func t ion ,  where t h e  s lope has tu rned  o u t  t o  be 1 i -  
n e a r l y  dependent on the shower depth and p ropor t iona l  t o  t h e  logar i thm o f  
GQ energy Ey. General form of t h e  r a d i a l  spread o f  l o n l z a t l o n  l o s s  expres- 
sed by the  p lane d l s t r i b u t l o n  i s  repor ted  too.  

The I n v e s t i g a t i o n  has been performed a t  t h e  Laboratory o f  Hlgh Energies, 
JINR and a t  t h e  Institute o f  Physlcs o f  t h e  Warsaw U n i v a r s l t y  o f  Technology. 

Comnrudytion of the Joint Inrtltute for Nuclbu Rmmch. D u b  1989 
L 


