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1. The experimental setup

The ANI-Prototype is one of the components .of the ANI~
f e c i l i t y d -3] on mountain Aragads. It was constructed in order to
develop in practice the combination of three detection techniques: X-
ray f i lms, ionization chambers and scintil lation counters in order to
simulate the central overground part of the AN1 faci l i ty and to study
the characteristics of muitycore EAS [4,5].

The hadron-photon experimental faci l i ty consists of two parts:
the hedronic module (ANI-Prototype colorimeter) and the EAS detector
[6] (scinti l lator array [7] and hodoscope system 18,9]). The schematic
layout of the ANI-Prototype calorimeter is presented in figure 3.1.
The scinti l lator rov/s are not installed yet. The sequence of materials
of calorimeter layers used for the present simulation is given in
Table 3 - 1 . As it is seen from the table the overall depth of the
absorbers isZrna>,=226.2cm and amounts to ~278g/cm2. The area of the

calorimeter is 6x40m2 (the module length equals 40m and is defined
from the constructive specifications of the ANI-facil i ty [\-Z, 10]).

The ANI-Prototype calorimeter is covered from the top by 3cm
lead and 2.5mm iron plates under which the modules of proportional
chambers have to be^rranged 3m long and 40cm wide[l 1]. The axes of
the proportional wire chambers,which w i l l be arranged within the two
upper gaps, ore perpendicular, and 3cm-lead ..plate is in te r i ieved
between them. This port of the setup allows to investigate the spatial
distribution of theenergy flux of the EAS electromagnetic component.

Further the 45cm thick carbon absorber is installed which
amounts to about one nuclear.interaction-length. There is a 4.5cm
thick lead plate under the carton absorber bellow which two layers.of
PT-6M type X-ray films are Installed. The upper,X-ray film layer is
fixed, the lower layer con.be nroved^long Uie longer side of the setup
by the help of a speclellzed belt pulllng.gearEech layer of X-ray fi),m



consists of fP strips 42cm wide pieced within light-proof gaps.
X-ray; films, with the absorber above them, form the hadronic X-

ray chambers, which are similar to those used in experiment "Pamir"
[12J, and those to be used in the "ANI" experiment 11-3,13]. The
method of treatment of X-ray films developed in ref. 114] makes it
possible to compare the results of three experiments "Pamir", "ANI-
Prototype" 8nd "ANI".

Two rows of ionization chambers follow the X-ray films [15].
Twenty 40m long chambers and 130 5m long chambers are installed
in the upper and lower rows respectively. There is a 6cm thick lead
plate between the two rows of ionization chambers. The IC-s were
manufactured of galvanized 5m long iron tubes, having 2mm wall,
thickness and 250mm internal diameter. The tubes can .be
hermetically joined.to make chambers of arbitrary length (multiple of
5m). The IC-s are filled with argon at 3 atm. The anodeis made of a
6mm copper-nickel alloy tube with 0.4mm wall thickness (see ref.-s
ft 0,15]).

2. The Monte-Carlo Simulation

The Monte-Carlo simulations of the calorimeter were carried out
with the help of the MARS10 code [16-18]. The simulations for
incident energies above 20TeV were carried out by using the same
interaction cross sections as for 20TeV. The simulations were
performed in cylindrical geometry with the Z-axis pointed downwards
and the origin at the middle of the calorimeter upper surface. The
energy cutoff was lOMeV. The number of simulated showers per each
primary was 10000..The primary protons were incident along the Z-
exis. Hadron cascades were calculated for 0.5, 1, 2, 4, 5, 7, 10, 12, 15,
20,22 and 30TeV primary energies.

.. The energy dependence of the total energy deposition in the
calorimeter is presented in figure 3.2. It can be fitted by-the
following relationship:

Etot = 0.63(10.09)- E0
091<i002>, (Etot and Eo in GeV). ' (3.1)

The energy dependence of the energy deposition in argon layers
(the "detected" energy in ionization chambers) of the calorimeter is
presented in figure 3.3. It can be fitted by the following formula:



A r = 0.5(±0.3)-E0

0 9 6< i 0 0 7>, (Eo in GeV). j (3.2)

The departure from l inearity in eq.-s (3.1) and (3.2) is a
consequence of substantial energy leakage.

The longitudinally integrated (over the calorimeter length)
reduced lateral profiles -

1/Etol(AEtot/AR),

where
E l o l - is the total deposited energy,

дЕ 1 о 1 - i s the energy deposited in a cyl indrical ring of AR
thickness and Z m a x height, are presented in figure 3.4. The reduced
lateral energy depositions in the two argon layers of the calorimeter
for 0.5, 5 and 20TeV proton induced showers are presented
respectivally in figures 3.5, 3.6 and 3.7. These can be f i t ted by the
following exponential formula:

f(R) = 1/EAr(AEAr/AR) = NT(p/2)exp{-V pR}, (3.3)

where
R - is the distance from the shower axis,
EA r- is the sum of the energy depositions in the two argon layers,

д Е А г - is the energy deposited within [R, R+AR] in the two argon
layers,'

p - is the shape parameter,
NT - is fixed bu the normalization condition

f"f(R)dR = EA r, (3.4)

giving

NT = EAr . (3.5)

The shape parameter p is obtained from a x 2 - f i t to the Monte-
Carlo points w i t h

x2 = ZKI/EQXAE/AR) - ( I/R> J R*ARf(R)dR)2 / °2- (3.6)

The %2 - minimization was performed by MINUIT[I91.



The energy dependence of the fitted values of the slope parameter
are listed in Table 3.2. As it is seen from the table there is no energy
dependence of p within the error limits end it can be approximated by

p r: 0.30 ± 0.04. (3.T-

The leakage energy 8nd the number of leakage psrticles for 0.5, 1,
2, 4, 5, 7, 10, 12, 15, 20, 22, 30TeV proton induced showers are listed
in Table 3.3. The energy dependence of the forward leakage energy is
given in figure 3.8. It can be fitted by the formula:

EL. = 0.69(10.003) E0 °"3< l 0 0 °0 4>, (EL and Eo in GeV). (3.8)

Ths energy dependence of the number of forward leakage
perticles is given in figure 3.9. It can be f i t t e t by the formula:

H ••• > .31 (±0.04) C f t°-
5 7 6 ( i 0 0 0 2 ), ( Eo in GeV). VS.9)
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TABLES
Table 3 - t . •' The sequence of materials with corresponding

thickness and density in the ANI-Prototype celorimeter.

D e p t h 1
. . - *

crn 1 g/cm2

1 3. I 34.05
i 3.25 I 36.0175
1 10.251 36.0265
1 20.25 I. 36.0394
1 23.25 1 70.0894
I 39.251 70.1101
1 49.251 70.123
1 74.251 70.1552
1 119.251147.1052 I
1 123.751198.1802
! 126.25 1198.1834
i 126.5 1200.1459
1 150.5 1200.1769
1 150.8 1202.5379
! 175.8 1202.6714
1 176.1 1205.0324
1 183.1 1205.0414
I' 187.1 1205.0466
1 193.1 1273.1466
1 200.6 1273.1563
1 200.9 1275.5173
1 225.9 1275.6508
1 226.2 1278.0118

cm

3.
I ' 0.25
! 7.
! 10.

3.
1 16.
1 10.
1 25.

45. I
4.5 I
2.5
0.25

24.
1 0.3

25.
! 0.3
1 7.

4. •
! 6.
1 7.5
1 0.3
I 25.
1 0.3

рЛ2

g/cm2

34.05
[ f.9675
i 0.00903
1 0.0129
I 34.05
I 0.02064
I 0.0129
1 0.03225

76.95
51.075

0.003225
1.9625

! 0.03096
i 2.361
I 0.1335
1 2.361
1 0.00903
1 0.00516
1 68.1 •
1 0.009675
! 2.361
i 0.1335
I 2.361

E

п s a ] и m t
*

I Pb |
Fe 1

: Air 1
Air I

1 Pb I
1 Air !
1 Air 1
! Air 1

С I
Pb I

Air 1
Fe I

1 Air 1
Fe j
Ar i
Fe !

! Air i
1 Air i
I Pb 1

Air 1
I Fe i
! Ar }
! Fe !

Table 3-2. The energy dependence of the slope parameter
in formula (3.3).

IE,

1
1
1

0.5
5.

20.

1

1
\
1

P

0.25
0.26
0.34

!

|

1
0.02
0.03
0.04

\

\
1
1



Tebie .:—5. Leekags from the АЖ-Prototype calorimeter.
(Number of showers is 1OOOO, hadron cutoff energy is lOfieV.)
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FIGURE CAPTIONS

Fig. 3.1. The layout of the ANI-Prototype calorimeter.

Fig. 3.2. Dependence of total energy deposition on primary energy.
©-MARS 10, f i t (formula (3.1)).

Fig. 3.3. Dependence of energy deposition in argon on primary
energy, о-MARS 10, f it (formula (3.2)).

Fig. 3.4. Reduced lateral shower profiles in ANI-Prototype
calorimeter. Eo- is the incident energy.

Fig. 3.5. Reducec laterel shower profile in the ionizstion
chambers ( in Ar) of the calorimeter for Eo = 500GeV. ф - MARS 10,

fU (formula (3.3)).

Fig. 3.6. The same es in fig. 3.5 for ^ = SOOOGeV. 4 - MARS 10,
fit.(formula (3.5)).

Fig. 3.7. The same as in fig. 3.5 for Eo = 20000GeV. Ф- MARS 10,
f i t (formula (3.3)).

Fig. 3.8. Dependence of the forward leakage energy on primary
energy, e - MARS 10, f i t (formula (3.8))."

Fig. 3.9. Dependence of the number of forward leakage particles on
primary energy. «-MARS 10, f i t (formula (3.9)).
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