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1. The exps;rihentol setup

The ANI-Prototype is one of tne components of the ANIi-
facility{1-3] on mountein Aragads. It was constructed in order to
develop in practice the combination of three detection techniques: X-
ray films, ionization chambers and scintiliation counters in order to
simulate the central overground part of the ANI facility and to study
the characteristics of multycore EAS [4,5).

The hadron-photon experimental facility consists of two parts:
the hedronic module (ANI-Prototype celorimeter) and the EAS detector
(6] (scintillator array (7] and hodoscope system [8,9]). The schematic
layout of the ANI-Prototype calorimeter is presented in figure 3.1,
The scintitlater rows are not instalied yetl. The sequence of materials
of calorimeteir isyers used for the present simulation is given in
Table 3-1. As it is s2en from the table the overall depth of the

absorbers is'Z , =226.2cm and .amounts to ~278g/cm?. The area of the

calorimeter is 6x40m? (the moduie length equals 40m and is defined
from the constructive specifications of the ANI-facility [1-Z, 10].
The ANI-Prototype calorimeter is covered .from the top by 3cm
lead and 2.5mm iiron plates under which the modules of propoi’tiona]
chambers have to be.arranged 3m long and 40cm wide[11]. The axes of
the proportional wire chambers,which will be arranged within the two
upper gaps, are perpendicular, and 3cm lead plate is interlieved
between them. This part of the sstup allows to investigate the spatial
distribution of the.energy flux of the EAS electromagnetic component.
Further the 45cm thick cerbon absorber is installed which
amounts to about one nuclear interaction length. There is a 4.5cm
‘thick lead plate under the cerbon ahsorber bellow which two layers-of
PT-6M type X-ray-films are instelled. :‘The upper X-ray film layer is
fixed, the lower layer can.be moved.along the longer side of.the setup
by the help of a specielized belt pulling.geer. Each lager of X-ray film
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consists of ¥ strips 42cm wide placed within light-proof gaps.

X-ray fiims, with the absorber ebove them, form the hadronic X-
ray chembers, which are similer to those used in experiment “Pamir”
[12], and those to be used in the "ANI" experiment [1-3,13]. The
method of treatment of X-ray films developed in ref. [14] makes it
possible to compare the results of three experiments "Pamir”, "AN|-
Prototupe” end "ANI"

Two rows of ionization chambers follow the X-ray films [15].
Twenty 40m 1ong chambers and 130 Sm long chambers are installed
in the upper and lower rows respectively. There is a 6cm thick lead
ptate between the two rows of ionization chambers. The IC~s were
manufactured of galvanized Sm long iron tubes, having 2mm wall
thickness and 250mm internal diameter. The tubes can .be
,hermetlcang joined to make chambers of arbitrary length (multiple of
Sm). The IC~s are filled with argon at 3 atm. The anode is made of a
6mm copper-nickel alloy tube with 0.4mm wall thickness (see ref.-s
{10,15)).

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 20TeVY. The simulations were
perfaormed in cylindricel geometry with the Z-axis pointed downwards
and the origin at the middle of the calorimeter upper surface. The
energy cutoff was 10MeV. The number of simulated showers per each
primary was 10000..The primary protons were incident along the Z-
axis. Hadron cascades were calculated for 0.5, 1, 2, 4,5, 7, 10, 12, 15,
20,22 and 30TeV nrimary energies.

.. The energy dependence of the total eneirgy deposmon in the
calorimeter is presented in figure 3.2. It cen be fitted by the
following relationship: - ‘

Eyyq = 0.63(20.00) E09160.02), (E, . and E, in GeV).  (3.1)

The energy dependence of the energy deposition in ergen lagere
(the "detected” energy in ionization chambers) of the calorimeter is
presented in flgure 3.3. lt can be fitted by the following formuta:



Egr{MMeV) = 0.5(H0.3VE0%6¢ 007, (€ in GeV). G2y
“The departure from linearitg in eq.-s (3 l) and (32)is"a
consequence of substantial energy leskage.
The longitudinally integirated (over the calorimeter Iength)
reduced lateral profiles -

where
Eio — is the total deposited energy,

AE,  ~1s the energy deposited in a cytindrical ring of AR
thickness and ., height, are presented in figure 3.4. The reduced

lateral energy depssitions in the two argon layers of the calorimeter
for 0.5, S and 20TeVY proton induced showers are presented
respectivally in figures 3.5, 3.6 and 3.7. These can be fitted by the
following exponential formula:

1(R) = 1/E, (AE, ./AR) = Np(p/2)exp{~ pR}, (3.3)

where
R - is the distance from the shower axis,
E,— is the sum of the energy depositions in the two argon layers,
AE, .~ is the energy deposited within [R, R+aR] in the two argon
layers,
p - is the shape parameter,
N, - is fixed by the normalization condition

T fRIR = E,, (3.4)
giving
Np= Eqp . (3.5}

The shape parameter p is obtained from a %% - fit to the Monte-
Carlo points with

%2 = S(1/E,)AE/AR) - (1/R) J "H(R)ARIZ / 62. (3.6)

The ‘,{2 - minimization was performed by MINUIT{19]
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- 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 Ilmits and it can be approxlmated by

p=0.30% 004 _ (3.7
The Ieakaqe energy and the number of leskage particles for 0.5, 1,
2,4,5, 7,10, 12, 15, 206, 22, 30TeV proton induced showers are listed

in Table 3.5. The energy dependence of the forward ieakage energy is
given in figure 3.8. It can be fitted by the formuia:

E,_‘=0.69(10.003) Eo0-993¢:0.0009)  (E and E, in Gev).  (3.8)

The energg dependence of the number of forward leskege
icles is given in figure 3.9. It can be fittet by the formula:

4-9-

ey
2
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5w 3.91(20.04) E,0-576(0.002) (€, in Gew). (3,
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CTABLES
 Table 3-1.

The smuence of meterials with curreepondmg
| thickness and densxtg ih the ANI-Prototype celorimeter.

| e u S oy AL GRS IS TS AP S Y Wi WL R S SU R S S G s GO s A g T et S S BV Saeh A e P s e e st e et o S rm

A Depth | sz | paZ | I
e e e e e | M A UM |
oo} ogéem? | ocm | giem? [
| 3. 134065 | 3. | 3405 f Fb |
| 3251 360175 1 0251 19675 | Fe l
| 10251 360265} 7. | 0.00903 | Air |
| 20625) 360394} 10. | 0.0129 | Air 1
| 2325| 700894 | 3. | 3405 | Pb l
| 39251 701101 | i6. | 0.02064 | Air !
| 49.25] 70.123 | 10. | 00128 | Air I
| 74251 70,1552 | 25. | 0.03225 | Air !
| 119.251147.1052 | 45. | 76.95 | ( f
| 123.751198.1802 | 45| 51.075 | Ph i
| 126.251198.1834 | 25 | 0.003225| Air I
| 1265 1200.1459 | 0.25] 19625 |  Fa |
| 1505 [200.1769 | 24. | 0.03095 | Air |
| 150.8 12025379 | 03 | 2361 | Fe f
| 1758 12026714 | 25. | 0.1335 | Ar !
| 176.1 12050324 | 03| 2361 | Fe ;
| 183.1 (2050414 | 7. | 0.00903 ! Air i
1" 187.1 12050466 | 4. .| 0.00516 | Air |
| 193.1 2731466 | 6. | 681 - | Pb !
| 2006 (2731563 | 75| 0.009675| Alr |
| 2009 127551731 03| 2361 | Fe ]
| 2259 [2756508 | 25. | 0.1335 | Ar i
| 2262 (27801181 03} 2361 | Fe i

- 0 B ST AW Y T S0 D O BRI O G U A G G O v G0 OF S G aB oB O 4N IR OB U A0 & 0 G 4R o £B W] $R 1O B T B HS e

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

B Tevl p | ap |

| 051 o025 | 002 |
I S 1 o026 | 003 |
1 20. | 034 ) 004 |
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lincident | Les kage Energuy, Gev [ {
! e e e e [Number of Leakage Particles !
FEnergy,] -H=drons | Law- | Phatons | { | b
| for e mmm e b e el | Energy | and | Total  femmm e e e L
| TeVY | Bsckwerd | Forwerd )] Side  INeutrons JElectrons] |Backweard] Forward|] Side | Total |
05 | 046 | 327. 1050 | 003 | 38, | 366, | 5. | 67. | 6. I 781
1. | . 023 | ea4 073 | 005 | 91, | 736 | 4. | 102. | 9. b 115, |
o2} Gas ] 1283 [ 116 I 007 | 216, | 1511, | 4 | 153 | 14 I 171 1
o4 | w06 | 2529, | 128 I 009 | 505 | 3106. | 4. | 248 | 16 | 268. |
b5 | | | 3231 116 I 007 | 673 | 3906. | 4 | 261 | 18 1 284. |
[ 7. | ¢34 | 4542 {1895 | 0.08 | 1025 | $5569. | 7. 1 308. | 30 [ 345. |
100 1 G<4 | 6485 1312 o011 | 15720 ] 8061. | 3. | 358 | 37 |1 414, |
! 12, | 080 | 7844 |3.45 | 015 | 2019 | 9888. | 2t. | 477 | 48 | 546. |
I 5. | 047 | 9680. |231 | 013 | 2608. [12290. | 10. | 445 | 35, | 490. |
I 20, § G632 12830 243 } 012 | 3698 [16530. | 7.} 590 | 31 | -628. |
I 220 1 0$32 114490, | 244 | 026 | 4333. [18830. | 7. 1 578 | 34 | 619. |
i 30. | 642 [19340. | 562 | 023 ] 601i. [25360. | 10. | 749. | 67. | 826. |
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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.
® ~ MARS10, —— - fit (formula (3.1)).

Fig. 2.3 Dependence of energy deposition in argon on prxmarg
energy. o - MARS10, ——r- - ﬁt (formula (3.2)).

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

Fig. 3.5. Reduceg lsters] shower profile in the ionization
chambers ( in Ar) of the calorimeter for E, = 500GeY. ¢ - MARS10,
—— — fit (formula (3.3)). -

Fig. 3.6. The same as in  fig. 3.5 for £, = S000GeV. &~ MARS10,
— ~ {it (formule (3.3}).

Flg 3.7. The same &s in fig. 35 for E, —2ooooeev ¢ - MARS10,
— — it (formula (3.3)).

Fig. 3.8. Dependence of the forward leakage energy on pnmarg
energy. e - MARS10, —— - fit (formula (3.8))."

Fig. 3.9. Dependence of th¢ number of forward leakage particles on
primary energy. e - MARS10, —— - fit (formula (3.9)).
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