


1. INTRODUCTION

Fluctuations are characteristic feature of an electromag- '
netic cascade process, (ECP or e.m. shower) as a stochastic pro-
cess produced by high energy gamma-quanta (GQ) or electrons
in dense enough media. A thorough knowledge of them is very
-important for reliable, to_the ~necessary degree, measutrement
of energy of inducing ECP pr1mary particles, especially. when -
they are detected within limited volume of absorbent and/or v
at not too high energies (for example, up to some GeV). In the
first place of principal interest are fluctuations of such. .
parameters of e.m.showers which are used for determining the
energy and position of hard GQ (or electrons). For this pur-
pose it is not enough to know the fluctuations of, the number B
of shower particles at a fixed depth along the shower axis:

(SA) only which have been well studied in 11terature/1 &br

even the ones. concernlng the long1tud1nal energy d15tr1but10n;
but. obta1ned in. a. 51mp11f1ed way and so be1ng of very 11m1ted .
application. | . )

From pract1ca1 y01nt of 'view it turned out suitable, as
firstly shown in /1 and next papers/l°11/ such quantities as
a relative.standard deviation (RSD)a /A ,0f the part A" of “ifoni- -
zation loss released w1th1n a certa1n volume of absorbent 1i-
mited by some depth tA ‘measured from: the conversion point of
a primary GQ along the SA or. by two mutually parallel planes y
each belng para11e1 to the SA and, separated by’ a’ dlstance p
away from it. Moreover,. these quant1t1es ‘as . a Function, of A
show interestlng propertles of approx1mate scaling, -and . are
useful when:applied in various methods of registration’ of hlgh
energy GQ, particularly in xenon bubble chambers'(XeBC) /12/

So do the similar shower parameters as §; /D’and S /p descr1-
bing: “the -lon 1tud1na1 and 1atera1 spread of e:m. s owers res-
pectively/11/ ., o : S

All: aforesald quant1t1es are anaIysed Ain’ thlS work u51ng
pictureés ‘of the 180 1 XeBC of ITEP (Moscow) 13/._It is well.
known ‘that' because’ of*relatlvely low value of radiation length
(r.1)) of 11qu1d xenon” (1 r.l, = & cm/15 ) and good quality
of ‘image. of‘electron traJectorles*thls chamber 1s very fit for
such 1nvestlgat10n. On the whole 908 events of e.m: showers
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produced by GQ of energy E, = 100- 3500 MeV and reglstered on

the pictures which have been selected and analyzed/14/ are
used to this end. As is described previously/14/, the ranges
of shower electrons (SER) with the energy greater than 0.5-
1.5 MeV within each square of AtAp= 0.6x0.3 r.1.2 at the depth
t and the width p were measured in the projection plane (PP)
for all intervals of energy’Ey. In the work the maximum value.
of p is equal to 5 r.1. whereas the relevant value of t chan-
ges from 11 r.l. at E, ='100+ 10 MeV to 24 r.l. at Ey 3375
125 MeV/14/. The SER are' determined, on .the average, to with-
in. the accuracy of about 20%. Not& at last that plane SER are
approx1mate1y proportional. to the relevant’ ionization loss,

at least within the central shower region in which more than
90% of the total cascade energy is dep051ted/16/

2. LONGITUDINAL FLUCTUATIONS

Flgure 1 shows the 10ng1tud1na1 dlstrlbutlon of the RSD
IA(TY) y /A plotted with steps of A = 0.1 for 6 among 22 inter-
vals of energy E,, analysed in' the work. Here’ Ta( t,) means the
sample standard deviation of the part A of ‘ioniza %1on loss of
shower electrons deposited, on the average, within an absor- |
bent layer of thickness tA along the SA, so that for a g1ven

value of E we have

g

05p Cam i a A ‘ ,
A(t, >=———f f(B,,t) -, (1)
5;?4 where (B is the‘longitu—
e ‘dinal pro%&le of average ioni-
S -zation loss/17/. One can obser-

.. ve that the behaviour of-

o " "Fig.1. Coefficients of variation
Tp(T,) /A of the part A:of the sho- :
wer électron ionization loss relea- -

: . sed within a liquid xenon layer of

otk . thickness tA(measured along the sho-

i ] wer ax1s) at which, on the average,

1 some fixed part A(t )of this' loss

B is deposited. Expermental data at
QL ‘ E)?555 MeV are fitted to the func- ~
-0 ~ tion (2) shown as the solid line. -

P e

Ta(tp) /A as a funct1on of ‘A is 1ndependent of E,, within sta-
t15%1ca1 errors, at E > 500 MeV. It can be.simply parametrl—
zed as follows: :

N - , | R
YR / \/a +B(y-A)-a o @)
Here a = 0 038+, 0 001 ﬁ" 0.166% 0.005 and @ = 1.01+ 0.01. L

The solid curve in fig.1l displays this parametrization. s

3. LATERAL FLUCTUATIONS

Lateral f1uctuat1ons are deflned as a sample standard de-'
viation oy (3 "about the sample mean P, measured on the PP
when the distance p, from the SA is taken to be always positi-

ve, independently whether it is.to the left or right side of.

the SA.. As has been p01nted out earlier between .two mutually
parallel planes each being as well parallel to the SA and se-:
parated from it by a distance Py the part A of the total 1on1—
zation loss of shower e1ectrons 1s dep051ted All aforesaid.
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Fig.2. Same as fig.1, for lateral shower development normalized to
" maximum values of relevant coefficients’ of variation. ‘P, is:the:
v+ 1. didtance .between two parallel:planes.one of which is drawn through
. the:SA-so:that within-them, on the average, the part A of the total
shower” electron ionization loss is deposited.”
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- F1g 3. Maximum value of the coeffi-
l : ' ‘ cient of variation (QA( y Admax

for lateral e.m. shower spread as a

{\L4 . function of primary GQ energy Ey

e"

i ‘ concerns a given individual

L?#i#éf shower event whereas p, refers

to ‘the sample mean at a fixed
L interval of.primary GQ energy

( q‘@t’/A Jnax
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. In fig.2 the coefficients
0 3 7 of variation o, 5 /A norma11-
: InE,(Ein MeV) Py)

‘zed to their maximum values
(A(p ) /A) .y are displayed

as a function of A for the same as 1n flg 1 six values of ener-
gy E . Fig.3 shows the energy dependence of the maximum coef-
f1c1ent of variation. This dependence may be dep1cted by the
following linear function of lnE :
(o A(p )/A) =a4—b-lnE R o ’ (3)
which is drawn in the flgure as the stralght line. Here a =

= 0.48+0.02, b = 0.048% 0.003 when B, is expressed in MeV and
the corresponding linear correlation 1ndex r 2 0.95. One can
perceive that fluctuations of the part A are larger at lower
energy E, and they are relatively still larger at lateral ed-
ges of e. m. showers ‘produced by GQ of lower energy. This can
be easily explained by the- fact that the visible ionization
loss of shower electrons is closely connected with the number
of these electrons. Thus, for example, the longitudinal dist-
ribution of ionization loss in e.m. showers produced by
1600 MeV GQ in liquid xenon has the same shape, within the er-
ror, as the relevant distribution of shower electrons numbers
at two different values of cut-off energy 3 and 33 MeV/18
So, at lower energy of GQ inducing e.m. showers, the number
of electrons involved in the ECP is lower than at higher ener-
8Y. Therefore the appropriate fluctuations defined as the coef-
ficients of variation are relatively 1arger, too. The same
concerns. the shower peripheries, i.e. at A =.1 where the num-
ber of shower electrons is considerably lower than in the
centre._, \

Flgure 4 presents the dependence on E of the coeff1c1ents

of variation 8. /p and 8§, /t ‘about the sample mean of the late-

ral (p) and long1tud1na1 ) shower d1mens1ons, it be1ng borne .
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‘where r denotes the correlation coeff1c1ent E
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. Fig.4. Energy dependence of the coeff1c1ents of variation:in -
longitudinal. (S /t) and plane lateral (St/p) spread_of e. m. ..

showers about their relevant average values: t and p. Experimen-
“tal data are fitted to functlons (&) displayed by: straight’ lines.

in mind'that P is an estimator of the average‘distanceffrom

the SA. It is clearly seen that both the coefficients rapidly -

decrease with E increasing and that, on the average, 8 /p—
-S /t within a11 energy interval c051dered The energy de-:-

pendence of the coefficients was f1tted to the 11near functlons

oflnE as follows-v

St/t—061-577 107 nE, , | ‘ o
r =0.90, S 3]
S /D= 3 38 - 3 33 10 y.

r-095 ' -

in MeV The re-
lative dependence is shown in fig.4 as. stralghz lines: the so-
1lid line corresponds to the longitudinal d1mens1on and the da-
‘shed one concerns the 1atera1 spread of e. m.»showers '



IV. CONCLUSIONS

 As a result of the investigation of e.m. showers produced
by GQ of energy E = 100-3500 MeV in liquid xenon one can draw
the following conc1u51ons.
- 1. The standard deviation UA Ta) “of. the part A of ‘ioniza-
ﬁtlon loss of shower electrons’ at various depths tA at which,

on the average, the part A of this energy loss is deposited,
may be simply scaled with regard to the energy E, as a func-
tion of A using the relatlon (2) at E. > 500 MeV. At lower
energy this dependence is: - somewhat d1f¥erent (fig.1).

2. The standard deviation aA(p y - of the part A of shower
energy deposited as an ionization loss between two ‘parallel-
planes being ‘as well parallel to the SA and separated a distan-
ce QA from it  may be represented as a function of ‘A in the
form approximately ‘scaled with respect to E (flg 2) when the
factor of energy scale ( /A) 1s a 11near function of

]nE (2), as demonstrated in flg 3. :
. The relative spread of the ‘average longitudinal St/t and
lateral S /p shower dimensions as.defined in the text falls
with 1ncrea51ng primary.GQ energy. This- dependence may be fit-
ted re11ab1y .enough to the lineat’ functlons of ]nE 7(3).'In

all investigated energy reglon S /p-—%?s /t., i.e. the relatlve

1ong1tud1na1 fluctuatlons of 1on1zat10n 1oss in e.m. showers
are nearly twice as large as, the lateral ones.
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