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1. The Experimental Setup. 

The ANI facility [1-3] is a unique set of installations on 
mountain Aragads (3250m above sea level) designed for the 

in11estigation of hadron and nucleus interactions in the 102 -1 os 
TeV energy range, primary cosmi c radiation in that ener gy range and 

gamma astronomy. 
The ANl f acility consi sts of t he following main components: an 

ion i zation calorimeter, scintilla tion hodoscopes[4,51, Air Cherenkov 
detectors (4,6, 71, underground muon detectors(" AN I - Magnet") (8-121, 
the PION colo r imeter [13-151, the ANl-Prototype [16,17] and cosmic 
ray intensity variation detectors ( 18 - NM-64 type neljtron 
supermonitors). The central part of the ANI facility is intended f or 
the investigation of the space- time and energy characteristics of the 

EAS core. 
The layout of the central part of the ANI facility is gi11en in 

figure 4.1. The overground part of the AN! calorimeter consists of 
three sections: the gamma section - for detection and identification 
of high energy (above 2TeV) gamma ray families; the hadronic sect ion 
- for the determinotion of high energy hadron coordinotes in the EAS 
core ; and the ionization colorimeter - for hadronic shower detection. 
The. sequence of materiols up to foundation level (011er the central 
underground experimental holl) is gi11en in Table 4-1. As it is seen 
from the table the overall depth of absorber is Zmax=1195cm and 

amounts to 1304.15g/cm2. The surface of the calorimeter i s 40x40m 2
. 

The gamma- section consists of two layers of X-ray films (one 
of them is fixed, the other can be mo11ed over it) placed over blowing 
pillows, two layers of ionization chambers (IC) end two layers of lead 
absorbers eech 3cm thick The first row of IC is pl'lCt:ld under the first 
lead absorber the second row of IC is pl oced under the X-ray films 
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which ere under the second leyer cif leed ebsorber. 29.4cm wide elr 
geps exist under eech IC leyer (see fig. 4. 1 e)). The PT-6M type >C-rey 
film Is double sided with 200 micron thickness end ellows to define 
the Incidence · engles of the rQuente. The . wide density renge 
combined with en eppropr1ete meesurement method ellows one to 
def 1ne the energ~ of single rquonte up to -1 OOTeV. The posttton 
reso lutton ts -1 O Jlm [ 1 BJ. The conjunction of fixed end moYing X-ray 
mm layers ollows to put in correspondence the rquonto end r 
quonto fomrnes with the extensiYe oir showers detected by the other 
(electronic) perts of the ANI setup. The tonizetlon chombers ellow to 
meosure the energy flux corned by electrons end photons with 
energies less then 2TeV which wm be obsorbed in the leod obsorbers 
end to reconstruct together the eYents detected by the colorimeter 
ond the >C-roy mms. The ionization chambers ore mode of 3mm steel 
with dimensions 10cm X 14cm X 600cm end ore f111ed with ergon et 
3 elm. 

The hedronic section consists of o 45cm thick corbon loyer end 
3cm leod plete whtch serYes as e target for hadron interaction, one 
layer of X- ray film, 2cm iran plate and one row of IC, after which 
remains yet another 29.4cm wide etr gop. There is a 13Scm empty gop 
between the rsectton end tile h-sectton eimed for inste11etion of tm 
eddtt 1onol module in the future. 

The tonizatton calorimeter consists of 7 modules eoch of which 
includes a 60cm layer of standord composition concrete, a 2cm iron 
plate, a .row of ionization chambers of the same canstrucUon ss move 
end a 29.4cm wtde air gap. The IC tn the alternating layers of the 
calortmeter as well as in the r imd h-secttons re located in 
perpendicular directions Whteh allows to estimate the coordtnates. of 
the EAS core. 

2. cascade Slm.ulat tons 

The rtonte-Carlo simulation of the central port of the. ANI 
facility were carried out wtth the help of the t1ARS10 code(19-21). 
Tiie code was written by N. v. HClltbov tn mid 70-tes and has been 
extensively madtflad and tested by tile IHEP (Ser!X*hov) group over 
the psst yaen.. A weighted rtantrearlo algarltlm Is used tn tlARS, so 
thllt only tke avwaga chsaetar1stics of thl show8r con be nt tmoted.. 
Typical camputlng ttmes are of the onlr of an ttour am wry 
lcgarttlmke11y With thll lnddlmt ....-gy. 

In l'tARS10 the tabulallld MIUIS of bldron-nucleus lnterocUon 
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cross sections are used for Eo ~ 20TeV . The simulations for the 

incident energies above 20TeV were carried out using the same 
int1:1raction 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 1 OMeV. The number of simulated showers per each 
primary energy was 5000. The primaries were incident protons along 
the Z-axis. Hadron cascades were calculated for 1, 2, 5, 10, 15, 20, 
30, 50 and lOOTeV primary energies . 

The computer time needed for shower simulation increases 
substantially with the complexity of the absorber geometry. To savT 
time we have "added" the 2cm iron plates to the concrete layers b!!I 
weight , recalculating the composit i on and density of the latter. This 
had practically negligible influence on the results but made the 
simulations much faster (of the order of several hours per inc ident 
energy on a BESM-6 computer). 

The total laterally integrated energy deposition in concrete as a 
f unction of ioniz ation calorimeter module number for 1, 5 , 10, 20, 50 
and l OO TeV primary prot on induced showers are gi ven in fi g. 4.2. The 
total laterally integrated energy deposition in the act i ve absorb er 
layers(ar gon ) as a fun ction of ionization calorimeter modu l e number 
for the same showe rs ar e gi ven in fig. 4.3. Longitudinall y i ntegrated 
(from 0 t o zmox) re duced la teral profiles -

i / Etot (t:.Eto/ t:.R), 
where 

Etot - is the total depos i ted energy, 

t:. Etat - i s total deposi t ed ener gy in t he cyl in dr ical ri ng of 
thickness t:.R, 

R - is di st ance from the shower ax i s, for 1, 5, 1 O and 2 OTe V 
primary proton energi es are given i n fig. 4.4. The lateral r ed uced 
profiles at the cascade maxi mum -

1 /Emox(b.Emo/ t:.R)' 
where 

Emox - is deposited energy i n the layer of maximum, 

t:.Ema x - is deposited energy in the layer of maximum within [R, 

R+t:.Rl, for 1, 5, 10 and 20TeV primary proton induced showers are 
given in f i g. 4.5 . The reduced la t eral profiles in ttrn 4-the concret e 
layer (middle) -

1 /EiLi.E4 / t:.R), 
where 

5 



E4 - is deposited energy in the 4-tti layer, 

.o.E
4 

- is deposited energy in the 4-th layer within [R, R+e,R], for 

1, 5, 10 and 20TeV primary proton induced showers are given in fig. 
4.6. The energy deposition in the active absorber of the ionization 
calorimeter (!i~ 1 Ej•) as a function of primary energy is presented in 

Table 4-2 end in fig . 4.7. It can be fitted by the following formula: 

/\ 
(; (GeV) = 0.49(.!.0. 02)E0 (TeV), (4.1) 

where E0 (in TeV) is the primary proton energy end X2=0.91. 

The leakage energy end the number of leakage pertjcles for 1, 2, 
5, 10, 15, 20, 30, 50 end lOOTeV proton induced showers ere 
presented in Table 4-3. The energy dependence of the total leakage 
energy is given in fig. 4.8. The energy dependence of the forward 
leakage energy for the above mentioned cascades is presented in fig. 
4.9. It can be fitted by the following formula: 

A 

(;F-w.L(GeV) = 18.90(.!.1.46)E0 (TeV) (4. 2) 

The energy dependence of the number of forward leakage 
particles for mentioned showers is presented in fig. 4.10. It can be 
fitted by the following formula: 

A 

NF.-w.L. = 20.11(:!:1.41) E0(TeV). (4.3) 

The r.m.s. errors of the calculated values in (4.2) end (4.3) is 
considered to be 20~. 
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TABLES 

Table 4-1. The sequence of materials with corresponding 
thickness and density in the ANI setup. 

De pt h I 1:;.Z I p 1:;.Z 

cm I g/cm2 I cm I g/cm2 

3. 
3.3 

13.3 
13.6 
43. 
46. 
61. 
61.4 
61.7 
71.7 
72. 

101.4 
236. 
281. 

I 284. 
I 291. 
I 293. 
I 303. 
I 332.4 
I 395. 
I 405. 
I 434.4 
I 497. 
I 507. 
I 536.4 
I 599. 
I 609. 
I 638.4 

I 701. 
I 711. 
I 740.4 
I 803. 

I 34.032 
I 36.39 
I 36.4434 
I 38.8014 
I 38.8393 
I 72.8713 
I 72.8907 
I 
I 78.3927 
I 78.4461 

80.8041 

81.0156 
157.9656 
191.9976 
192.0067 
207.7267 
207.78 
207.818 
364.318 
364.3714 
364.4093 
520.9093 
520.9627 
521.0007 
677.5007 
.677.5541 
677.592 
834.092 

I 834.1454 
I 834.1833 
I 990.6833 

3. I 
0.3 I 

10. I 
0.3 I 

29.4 I 
3. I 

15. 
0.4 
0.3 

10. 
0.3 

29.4 
1134.6 
I 45. 
I 3. 
I 7. 
I 2. 
I 10. 
I 29 .4 
I 62.6 
I 10. I 
I 29.4 I 
I 62.6 I 
I 10. I 
I 29.4 I 
I 62 .6 I 
I 10. I 
I 29.4 I 
I 62.6 I 
I 10. I 
I 29.4 I 
I 62.6 I 
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34.032 
2.358 
0.0534 
2.358 
0.03793 

34.032 
0.01935 

5.502 
0.0534 
2.358 

0.2116 
76.95 
34.032 

0.00903 
15.72 

0.0534 
0.03793 

156.5 
0.0534 
0.03793 

156.5 
0.0534 
0.03793 

156.5 
0.0534 
0.03793 

156.5 
0.0534 
0.03793 

156.5 

Medium 

Pb I 
Fe I 

Ar (et 3etm.) I 
Fe I 
Air I 
Pb I 
Air I 
Fe I 
Fe I 

Ar(et 3etm.) I 
Fe I 
Air 
Air 

Carbon 
Pb 
Air 
Fe 

Ar(et 3etm.) 
Air 

Concrete 
Ar(et 3etm.) 

Air 
Concrete 

Ar(et 3atm.) 
Air I 

Concrete I 
Ar(et 3etm.) I 

Air I 
Concret•' I 

Ar( et 3atm.) I 
Air I 

Concrete I 



Tab I e 4-1. (Continuation) 
I 1 I 2 I 3 

I 813. 
I 842.4 
I 905. 
I 915. 

I 990 .7367 
I 990.7746 
11 147.2747 
11147.3281 
11147.366 
11303 .866 
11303 .9194 
11304.149 

I 10. 
I 29 .4 
I 62.6 
I 10. 
I 29.4 
I 62 .6 
I 10. 
1178. 

4 

0.0534 
0.03793 

156.5 
0.0534 
0.03793 

156.5 
0.0534 
0.22962 

5 

Ar(at 3atm.) 
Air 

Concrete 
Ar(at 3atm.) 

Air 
Concrete 

Ar(at 3atm.) 
Air 

I 944.4 
11007. 
11017. 
11195. 
I The Foundation L e v e I 

Table 4-2. Energy deposition in active part of calorimeter, GeV. 

I\ 

I Eo, TeV Ii:= ~i~ 1 E~r I t.i: I i: 

0.67 I 0.105 I 0.49 
2 I 1.14 I 0.18 I 0.97 
5 I 2.57 I 0.26 I 2.43 

10 I 4.68 I 0.7 I 4.86 
15 I 6.59 I 0.52 I 7.3 
20 I 9.84 I 0.77 I 9.73 
30 I 13.28 I 1.91 I 14.59 
50 I 23.94 I 3.53 I 24.32 

100 I 53.28 I 5.7 I 48.64 
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FIGURE CAPTIONS 

Fig. 4.1. a) The layout of the ANI setup above ground. The 
dimensions are in cm. The sequence of materials is presented in 
Table 4-1. 

b)The layout of central part of ANI setup under ground. The 
dimensions are in cm. 

Fig . 4.2. The average longitudinal shower profiles in the 
concrete+iron absorber. E0 -is primary proton en ergy. The cutoff 

energy is 10MeV, the number of shower hi stories is 50 00. 

Fig. 4.3. The average longitudinal shower profil es in the IC-s 

(in:l:i!
1
Ari) of ANI calorimeter for the same cascades as in fig. 4.2. 

Fig. 4.4. Longitudinally integrated (from 0 to Zmox) reduced lateral 

shower profiles. Ea-is pri mary proton energy. 

Fig. 4.5. Reduced lateral shower profiles at the showers' maxima. 
E

0
-is primary proton energy. 

. F g. 4.t. Reduced lateral profiles in the 4-th (concrete) layer of 
the ' or· ization calorimeter. E0-is primary proton energy. 

l·1g . ..+.1 . Dependence of the total energy deposition in the IC-s 

(:l:i!
1
Etr) on primary energy. Circles are MARS! 0 results, the straight 

line is x.2 f it. See also Table 4-2 . 

Fi g. 4.8 . Dependence of the total leakage energy on incident 
energy. See also Table 4-3. 

Fi g. 4.9. Dependence of the forward leakage energy on incident 
ene rgy. Circles are MARS10 results, the straight line is fit. See als-0 
Table 4-3. 

Fig . 4.10. Dependence of the average number of forward leakage 
particles on incident energy. Notations - as i n fig. 4.9. See also Table 

4.-3. 
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