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PLANAR SYMMETRY FLUCTUATIONS
IN ELECTROMAGNETIC SHOWERS INDUCED
IN LIQUID XENON BY PHOTONS BETWEEN 100 AND 3500 MeV

B.Stowinski

Planar symmetry of electromagnetic showers created by gamma quanta of
energy Ey = 100—3500 MeV has been studied using pictures of the 180 liter

xenon bubble chamber of ITEP (Moscow). We have measured the energy de-
pendence of a shift, from the shower axis, of the plane dividing a shower into
halves and found that the average value of this shift decreases roughly linearly

with In Ey increasing. The energy behaviour of the relevant r.m.s. as well as the

shower symmetry depth and its r.m.s. is also obtained.

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

QuyKkTyallM 3€pKajIbHOi CHMMETPHH B 3JIEKTPOHHO-(POTOH-
HBIX JTHBHSX, BRI3BAHHBIX TAMMA-KBAHTAMM C SHeprueit ot 100
10 3500 M3B B XHUaKOM KCEHOHE

B.Crosunckuit

H3yuena sepkanbHas CHMMETPUS B AIEKTPOHHO-(POTOHHBIX JIMBHAX, CO3RA-
BAEMbIX MAMMA-KBAHTAMH C SHEPruen Ey = 100—3500 M3B. B xauecrse 3kc-
NEPHMEHTAJIBHOIO MATEPMANA MCNONbL30BAHbI CHUMKM 180 n xCceHOHOBOF

ny3bipbkoBoit kamepbl UTIM (Mockea), 00ay4eHHOM B MyuKe 1~ ME30HOB ¢
nmnysnscom 3,5 TaB/c. Uamepena suepreTMueckas 3aBMCUMOCTDb CABMTA, OTHO-
CHTEJIBHO OCH JIMBHS, TIOCKOCTH, Pasiesisiolleit SMBEHb HA JBE NMOMOBUHbBI, U
YCTAHOBJIEHO, YTO CPEAHAS BENMUMHA ITOMO CABHMIA YMEHBILAETCH Npubanau-
TEAbHO JIMHEHHO C pocToM In Ey' INonyuena 3aBUCMMOCTD OT IHEPIUM COOTBET-

CTBYIOWETO CPERHEKBANPATHUUHOTO OTKJIOHEHMS (C.K.0.),a TAKXKE PAYOHHbE
CHMMMETPHH JIMBHS U ee C.K.0.

Pa6ora seinonuena s JlaGopatopun seicokux anepruit OUSU (Ily6ua) u B
HUncturyTte dranku Bapimanckoro TeXHUUECKON0 YHUBEPCUTETA.

I. Introduction
Precise measurement of the position of high energy gamma quanta

registered by a hodoscope gamma spectrometer (for example,/ 1/ )
requires a good knowledge of axial symmetry fluctuations in
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electromagnetic showers created by these gammas. It is evident that
such fluctuations increase the errors of estimation of effective masses
of gammas accompanying hadronic interactions at high energies and set
a natural limit to the accuracy of measurements. Unfortunately, the
problem of axial (or lateral) symmetry distortion in showers has not
been raised until very recently in literature 2/ and, in particular, was
not yet touched on experimentally at all. As a consequence, every single
event of a shower registered in the hodoscope is actually considered to
be axial symmetric as it is indeed the case in homogenous media but
on the average only.

In this article we present the results of investigation of planar
symmetry distortion in electromagnetic showers produced by photons
between 100 MeV and 3500 MeV in liquid xenon. For this purpose our
previous data obtained from the pictures of the 180 liter xenon bubble

chamber of ITEP (Moscow)/ 3 exposed to the beam of x#~ mesons at
3.5 GeV have been used.

II. Material and Method

The experimental material consists of 908 events of showers satisfying
the appropriate criteria and grouped into 22 intervals of primary photon
energy Ey in such a way that the relative width AEy/ Ey of each intermal

is not less than the average energy resolution (=0.1). In all cases of
these events summary projection ranges of shower electrons and
positrons (later: electrons) of energy greater than 0.5—1.5 MeV
observed in the projection plane (PP) within a rectangle of side Af = 0.6
radiation length (r.l.) along the shower axis (SA) and Ap =0.3 r.l. in
its laretal direction, have been measured with an average accuracy of
0.2. The shower electron ranges, both summed over the whole shower
event and some their part contained inside a rectangle of large enough
area in the PP, are practically proportional to ionization losses released
by these electrons with an accuracy of -~2—3%/ 45/ In more detail
methodical problems are described in’®.

III. Planar Symmetry Fluctuation
Figure 1 shows the energy distribution of such average distance d
from the SA in the PP that a plane perpendicular to the PP and

a distance d from SA divides a given shower event into two equal
parts having, on the average, the same,_ values of summary electron
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Fig.1. Average shift d of a shower st X —
symmetry plane from the shower axis and e d rl
the relevant r.m.s. S, Superimposed is S nrt
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ranges. The distribution of = :
estimates of r.m.s. S, is also wxx
plotted in the figure. As to be .7 & N 3
expected, both d and ! l %
decrease with increasing energy 5 5 7 8
Ey, and at Ey >> 1000 MeV (nE, (E;in MeV)
these quantities become less
than ~0.1 r.l. The simple fitting
function for d

d = (0.52+0.03) — (0.059= 0.004)-In E, (1)

is also displayed on this figure as a straight line. Here E is in MeV;
d, in r.l. and the relevant lincar correlation index equals r = 0.83.

IV. Symmetry Depth, Its Fluctuation and Correlation

From practical point of view it seems important to know at what value
of the shower depth Lo being the most remote from the conversion point

of a primary photon and measured along the SA, a shower may be
considered to be planar symmetric with respect to a plane passing the
SA. The distribution of t averaged over all fluctuations is shown in

fig.2 as a function of Ey together

6
with the distribution of the
relative rm.s. S,. One can 5 i
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Fig.2. Average maximum depth ;s at 5 ﬁ/ | A
which the showers remained planar ‘{ */*¥' - XK

symmetric with a symmetry plane passing 1 o £

the shower axis. §, is the corresponding X (in rt)
I X S

r.m.s. The straight line represents the ) 5 6 7

fitting function for £, (2) InEy (Ey in MeV)
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notice from the figure that 7s and S, increase approximately linearly
s

with In Ey. For 7s one can admit
t, = —(2.9+0.4) + (0.87x 0.07)-In Ey

at r=0.94, Ey is in MeV; ?s, in r.l. This function is superimposed in

the figure as a straight line.

Finally, the correlation between the symmetry depth and the shift d
has been studied and found that the appropriate correlation coefficient
does not exeed 0.5 within all interval of energy considered. So, one can
infer that no such a correlation perceptible occurs.
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