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1. INTRODUCTION

Experimental results have been published’!/ recently on
the structure of an extensive air shower (EAS) within a nar-
row central region about its axis, In this connection the
evaluation of three-dimensional nuclear - electromagnetic
showers with account of the characteristics of an experimen-
tal installation becomes of interest for the analysis of the
experimental data. At present numerous models are available
for the evaluation of nuclear and electromagnetic air sho-
wers’/?/ ; these models provide satisfactory descriptions and
correspondingly interpretations of the experimental data on
the hadron spectrum, the muon spectrum, and so on.

In this work a Monte Carlo program/8/ for three-dimensio-
nal simulation of nuclear - electromagnetic air showers is
applied for evaluating the characteristics of electromagnetic
showers; the model is based on the extrapolation of accelera-
tor data to the region of super-high energies.

Calculations are made for the distributions of central den-'

eities {(cf clectromagnetic particles) by integratiing ovver ra-—
dii R=~ 0.4 m and R~ 0.8 m, and for the spectrum over the to-
tal number of particles in a shower, as well as for the dis-
tributions of over the fractions of the full number of partic-~
les in an (maximum) detector retting the thresholds to be N2
2170 and N,2 625 particles. Comparison with the experimental

data is performed.

2. THE MAIN FEATURES OF THE MODEL

A primary proton enters the standard atmosphere/’Y where
it undergoes interaction in accordance with the usual exponen-
tial law. A logarithmic dependence was assumed for the mean
charged particle multiplicity on energy’% , while the Koba -
Nielsen formula’®/ was taken as the multiplicity distribution.
Each interaction act was required to satisfy energy and mo-
mentum conservation. Particle production was considered in
‘two regions: of fragmentation and of pionization. The mean
mult;plicities in these regions were taken from refs.’%/ .
and’” . The energy spectrum of secondary particles was cho-
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sen in accordance with ref.’3 , and distribution of trans-
verse momenta was considered to be exponential for Pi<1 GeV/c,
while for P{> 1 GeV/c the enhancement of the transverse mo-
mentum was taken into account /% ., The integral energy spect-
rum of the primary protons was taken to be of the form

I(E,) = 0.858.E,"" (om s sr™). )

In our calculations the difference between the interaction
of a proton passing through the atmosphere with the nucleus
of an atom making up the air and its interaction with a nuc-
leon was not taken into account, since the main part of the
pions initiating electromagnetic cascades lies within the
region of x ~ 0.1:0.4, owing to the slope of the primary pro-
ton spectrum (1) being steep. In this region of x the ratid ¥

1 do "(x) / 1 daﬁ(x)’
oln dx o8 dx
ajr P

differs little from unity.

3. THE PROCEDURE FOR SHOWER STMITTATTON

A proton interacting with the nucleus of an atom that pre-
sents in the air produces pions (only the production of pions
is assumed). In accordance with isotopic invariance a third
part of the pions is considered to be 7°s, which initiate
electromagnetic cascades. The spatial distribution of partic-
les in these cascades is described, in the Greisen approxima-
tion, by the Nishimura-Kamata function (NKG)/19/:

R ,s-2 R ,8-458
f(R.Ro,B) gc(s)(—R";) (1+'R—°) ’ (2)

Ro = 95 m for the observation level of 840 g/em® (altitude
of 1700 m),

t(R,R,.8)RAR = 1,

The shower age s, is determinated by the formula’!? :

3t
= [} _-'“l)*v 3
t + 2In(E/B) O Meaiucninil e 3)
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where t = T/37.1 and B= 0.081 GeV. The number of particles
in an electromagnetic shower is given by the expressioni

0.31
.-.mexp(t(1—3/2lns)). (4)

F(N,R,Ro.s) =Nf(R,R ,s ).

The transition effect due to the concrete roof over thz
experimental installation and the walls of the vessel, con-
taining the scintillator, having a certain thickness/11/ | was
taken into account:

0.4<s<1.35 R(m) s<0.4, s>1.35
F(R)=5.1-1.4R 0<R<1.5

F(R)=3.9~0.6R 1.5< RSZ.S (;§2RRS(:.£75"_0.51)
F(R)=3.525-0.45R 2.5<R<3.5 f(R,s)=— 1155
F(R)=3.55-0.4R 3.5<R 4.5 ’
F(R)=2.45-0.2R 4,5<Rg5.5 by R> 4.5
F(R)=2.25-0.15R 5.5<R 8.5 f(R,s)=F(R).

F(R)=0.95 (5)

The experimental installation represented a continuous
"carpet" of 400 detectors, (0.7x0.7)m®? each/'® | The readout
of each detector is generated in the form‘'of integer numbers
A Fasmen N = 2L 2P NP, M. e N PR Y S - 1
AV LAV VLU U \QUUYVYE LIIlD VALUC DaLulakivil uLLuLd))y witiLu
are then transformed into the numbers of particles by the
formula:

M = 9.(1.25)" ! (6)

For the dispersion of each individual detector an expres-
sion was applied that was obtained in studies of real sho-
wers

(2.)2- 1, 00169 + (N - 1)% (4.10°%)% 4 L[ (2=8)035¢8 D)
M M 3 R
where the first term takes into account the Poisson density
fluctuations, and the other summands are due to dispersion of
the thresholds and of the slopes of the characteristics of the
logarithmic transformator for each individual detector, as
well as to the steps of the transformer being discrete and to
the dimensions of the detector inself.

M” =M+ oAy,

where A; is a random number generated by the Gaussian distri-
bution.
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4. RESULTS OF OUR SIMULATION

Simulation of nuclear-electromagnetic cascades in the at-
mosphere was performed applying the procedure described in
Section 3. The distribution was determined of central densi-
ties for different integration radii, corresponding to adding
up densities for different numbers of detectors. In Figs. 1
and 2 presented are the density distributions N; (a single
detector, integration radius R= 0.4 m), N, (the sum of densi-
ties in four maximum detectors, R~ 0.8 m) and N, (spectrum
for the total number of particles in the shower). Showers
were selected on the basis of a large release of energy with-
in the area with R= 0.4 m (this corresponds to the selection
of a single detector with a high energy deposit). The thre-
sholds for the energy release were chosen to be the following:

6<N<I13

13 N< 17

17< N< 20

20< N <24

24 S N<29

29 <N<36

N2 36

where N is determined by formula (6).

The pionts in Figs. | and 2 are experimental ones from
ret. "* (multiplied by the normalizing factor 1/lg 1.25, in-
cluded in transition from the distribution over p to the dis-
tribution over 1lg p), the histogram is calculated. The results
of calculation are in agreement with the experimental data,
with the exception of the region of small lgp. This discrepan-—
cy is due to the NKG-function (2), made use of in the present
study, at low energies; for this reason a more precise evalua-
tion of electromagnetic showers is required in this region.

Table 1 (N7)

3.8 3.9 4.0 4.1

y gp 5.2 4.3 4.4 4.5

: a1 1.0 6.0 5.1 3.9 1.7 1.0 4.4 2.0
"7 Tagey

(lgp 1007 1072 1078 10~ 108 107® 107 107°

8.6 5.3 3.6 1.2 7.0 3.3 3.3 3.0

AL (uts

d(1gp) 108 10-8 10-8 10~8 10~? 10~® 107 10~°

et vt

Table 1 Continuation

Y lgp 4.6 4.7 4.8 4.9 5.0 5.1 5.2 5.3
R gt 2.4 2.6 1.4 1.6 9.0 5.0 3.3 1.6
d(lgp) 107 107® 107 10~° 10710 10710 10710 1071°
2.3 1.2 6.9 6.6 2.9 1.5 1.5 7.3
2.2 3L {w %]
d (1gp) 10 107? 10710 1071 10710 10710 o710 |t

Table 2 (Ny)

y 1gp 4.4 4.6 4.8 5.0 5.2 5.4 5.6 5.8
a 7.9 4.3 2.3 5.5 2.7 2.6 1.0 2.4
1.7 91 [p-251)
d(1g p) 108 108 108 10? 10~® 10 10® 10710

4.6 2.0 4.4 1.4 7.2 6.1 2.5 1.5

2.2 —91 [g2g1]

3(:3 ,To) ]0—3 ]0-3 ]0—; 10—9 lo—il) ]o—i\) lo—.lu lo—.lU

Table 3 (Nc)
y 1gp 5.9 6.1 6.3 6.5 6.7 6.9 7.1 7.3
a1 7.5 4.4 2.3 7.3 5.2 1.7 1.4 4.2

] ————(m 2] "
dlgp) 108 108 108 107 10 10 10? 107
7.6 3.8 1.5 6.1 2.2 1.4 7.8 1.1

2.2~ fur®et) , o —to
d(gp) . 10~% 107® 1078 10 107? 107® 107!% 107

In Tables 1, 2 and 3 calculations are presented for large
p for Ny, N4, and N, with account of the bend in the primary
spectrum (y = 1.7) at energies E, 2 10% Gev/¥ (v= 2.2).
From these Tables it can be seen that taking account of the
bend in the primary spectrum leads to a significant cange in
the slope of the density distribution and in the total number
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of particles (if the bend is taken to be in the region of E,2
25+108 GeV, then calculations for Y= 1.7 and for ¥ = 2.2
coincide within the errors for the given intervals of 1gp).

In integration over the solid angle in expression (1) the
effective solid angle, at which observation was performed
with the experimental installation, was taken to be 1.7 str.

In Figs. 3.and 4 presented are the distributions (norma-
lized to unity) of the part of the total number of particles
detected by one detector (k = pmax/pmt) for the thresholds
N,2 170 and N,2 625 (the points are experimental data from
ref.”Y the errors are statistical, the histogram is calcula-
ted; the statistics used for calculations and the experimental
statistics are about the same). As one can see from these fi-
gures the calculation is in qualitative agreement with the
experimental data. For thresholds N, 2 170, 625 the mean va~
lues of shower characteristics. (age, height expressed in ra-
diation units, energy) are the following:

5 H E (Gev
N, 2170 0.6 4.9 1.7-1
N, 2625 0.8 10.1 4.3+10%

The complete picture obtained at the experimental installa-
tion represents a superposition of a large number of showers
and therefore the image corresponding to the mean shower dif-
fers quite significantly from superpositional picture.

The authors are grateful to G.T.Zatsepin and A.E.Chudakov
for discussion of the program applied for calculations,and to
E.N.Alexejev, V.S.Barashenkov, D.D.Dzhappuev, V.A.Tizengauzen
for discussion of the work.
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MopenupoBaHHe y3kMX aTMochepHBX IHBHel

[lpousBefeHs pacueTH paclpefielleHHH NeHTpanlbHbX MIOTHOC—
Teil /3MeKTPOMArHHTHHX uacTui/ NPH HHTEerpHPOBAHHH MO pajguyt
cam R®0,4 M u R~0,8 M, cmexTpa MO MONMHOMY UYMCIY UYaCTHIL,

a TaKke pacnpefesileHHA [NOJH IIOJIHOTO YMCJA 4acTHI] B OJHOM
/MaxcuManvHOM/ geTexTope Ansi moporoB Ne = 170 u N, < 625
yacTHil. [IpOBOOHTCA CpaBHEHHE C SKCIEePHMEHTAIbHBIMH [ aHHBIMH

PaGoTa BomonHeHa B JlaBopaTOpPHH BHMHCIIHTEIIBHON TeXHHKH
H aBToMatusamuun OUAN.

Ipenpumr O6benuHeHHOro MHCTUTYTA ANEPHLIX HccnenoBamil. [lyGua 1988
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Modelling of Narrow Air Showers

Calculations are made for the distributions of central]
densities (of electromagnetic particles) by integrating
over radii R®0.4 m and R®0.8 m, and for the spectrum over]
the total number of particles in a shower, as well as for
the distributions of over the fractions of the full num—
ber of particles in a (maximum) detector retting the
thresholds to be N, 2 170 and N, > 625 particles. Compaﬂ
rison with the experimental data is performed. i

The investigalion has been performed at the Laborator
of Computing Techniques and Automation, JINR.
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