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The MAKET-ANI detector is operating at altitude 3200 m., at slope of mt. Aragats in Armenia. More than
million showers with size, greater than 10° were registered, by the MAKET-ANI detector in 1999-2004.
Detector has effectively collected the cores of EAS, initiated by primaries with energies of 5-10"-3-10"eV.
After proving that the quality of the reconstruction of the Extensive Air Showers (EAS) size and shape are
reasonably good we present the LDF functions for the distances up to 120 m. from EAS core. The obtained
LDF functions are compared with CORSIKAS562 (QGSJET, NKG) [1,2] simulations. Proceeding from the
dependences of shower age on shower size we discuss the mass composition models supported by
experimental evidence.

1. Introduction

The MAKET-ANI surface array [3,4] consists of 92 particle density detectors formed from plastic
scintillators with thickness of 5 cm. Twenty four of them have area 0.09 m” and 68 have area of 1 m*
The central part consists of 73 scintillation detectors and is arranged in a rectangle of 85 x 65 m*. Two
peripheral points of a distance of 95m and 65m from the center of the installation consist of 15 and 4
scintillators respectively. In order to estimate the zenith and azimuth angles 19 detectors from 92
(with area 1m?) are equipped with timing readout measuring the EAS front appearance with an
accuracy of ~ 5 ns. The photomultipliers (PM-49) are placed in light-tight iron boxes. Logarithmic
amplitude-digital converters (ADC) and constant fraction discriminators (CFD) are assembled just
above PM. The dynamic range of the registered particle number is ~ 5 x 10°.

The normalization from PM amplitude to number of particles is performed by calibration spectrum with
mode equal to 11 MeV. The transition from “ scintillation” densities to “electronic” ones is made by [5]:
Psc(D)/pe(r) = (1/Ry)*, where o.=-0.18 and Ry, is Molier radii.

The Nishimura-Kamata Greizen approximation is used for Extensive Air Shower (EAS) characteristic
estimation [6]:

PR = e () (L) (L m
2-7-Ry, R, Ry,

where p(r) - is the particle density on the distance r from shower axes, N, — total number of shower

electrons, Ry = 118m — Molier radii, s — shower age parameter and C(s)=0.366 s> (2.07-s)'* [7].

The uncertainties of the reconstruction of EAS parameters are as following: shower size AN~ 10%, the

shower shape (age) parameter - As ~ 0.06. The accuracies of EAS angles determination are: A0 ~ 1.5° and

Agp < 5°[8].
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Monte-Carlo calculations with CORSIKA562 (QGSJET, NKG) confirmed that EAS with sizes N, > 5-10*
and core, located within the rectangle of 20 x 44m’ ,are selected with efficiency & > 95%. Showers are
initiated by primary ions with energies greater than 3-10° GeV (see Figurel).
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Figure 1. Efficiency of the MAKET-ANI detector for the showers localized in area of (20 x 44) m*

2. The Lateral Distribution Function (LDF) of shower particles.

In the period of 1998 - 2004 approximately 1.2 -10” showers were registered with effective registration time
of about 1.34:10% sec. From these showers ~ 1,200,000 events only were selected for the further
treatment. We selected EAS cores from more compact area around the geometrical center of MAKET-ANI
detector, ensuring high efficiency of EAS registration. The following cuts were applied for the events
selection: N, > 10°, 0.3 < s < 1.7, core position within area providing efficiency € > 95%, 0<46.8°.
The LDF functions were estimated in the 5 zenith angle intervals, uniformly distributed according to Sec(0)
and in logarithmic uniform intervals distributed according to N. (ALg(N, )= 0.3). The distribution of the
discrepancies (biases) between densities estimated by formula (1) and measured densities for all detector
locations were calculated. The accuracy of the approximation function (1) turns out not worse than + 5% [9].

In the Table 1 the “averaged” and approximated shower parameters are presented for the near vertical
(6<23.8°) showers. First 4 columns of Table 1 contain number of used showers, mean logarithm of shower
size, mean age parameter and MSD of age. In the next columns the same averaged parameters, but obtained
with approximation of LDF, are posted. Till shower sizes up to N, = 10%* the approximation parameters fit
the data very well, for larger shower sizes we exclude from approximation procedures detectors at near
distances to avoid saturation effects.

Table 1. Comparison of measured and approximated by NKG function LDF .

N LgNeeXp Sexp s LgNeLDF s LDF o, LDF
3.78°10° 5.15 0.96 0.16 5.11 0.98 0.14
1.49'10° 5.44 0.92 0.14 5.44 0.93 0.10
5.98:10" 5.74 0.90 0.13 5.75 0.90 0.05
2.75:10" 6.04 0.89 0.12 6.04 0.88 0.04
1.08-10" 6.33 0.88 0.11 6.34 0.86 0.04
3.27'10° 6.63 0.88 0.11 6.65 0.85 0.03
8.83°10° 6.93 0.89 0.11 6.96 0.84 0.03
2.70-10° 7.22 0.91 0.11 7.26 0.85 0.02
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Figure 2. Observed LDF functions in comparison with simulated by CORSIKA 562(QGSJET, NKG).

In Figure 2 near vertical (6<23.8°) LDF functions, measured in 7 N, intervals, are presented. The simulated
LDF are noted by asterisks. Detector response function was calculated using CORSIKA simulations. 2-10°
events for each of 5 primary nuclei (H, He, O, Si, Fe) in the zenith angle range of 0-50°, for height of 700
g/em® | for energy starting from 10" eV were simulated. Shower particles were followed till thresholds 3
MeV for electrons; 50 MeV for muons, 100 MeV for hadrons. Energy spectra has index y, = -2.7, before
knee and y, =-3.1 after knee for all nuclei. The knee position was simulated according to Ey,..= Z-E¢, Eq =
3-10" eV, Z is the charge of primary nuclei. The mass composition was taken as “ normal “ (36% H, 25%
He,14% O, 15% Si, 10% Fe) [10]. Simulated events undergo all procedures of experimental data analysis.
Remarkable agreement of experimental and simulated LDF functions pointed on the correct treatment of
transition effects in the scintillators.

3. Discussion

In Figure 3 we present the experimental dependence of age parameter on shower size in comparison with
simulations for pure proton and iron composition. To compare experimental dependence with models we
consider following possibilities:
1. “Normal” composition (36%P,25%He,14%0,15%S1,10%Fe) [10], knee position Eype. = 7310 eV
- red solid;
2. “Normal” composition with fixed knee position Ey,e. = 3-10" eV for all nuclei - red dashed;
3. “Heavy” composition (5%P,5%He,10%0,10%Si,70% Fe) [11], knee position Eye. = 7310 eV —
green.
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As we see from the Figure 3 first option fits experimental data rather well, therefore we can exclude options
2 and 3.
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Figure 3. Dependence of the averaged shower shape (age) parameter on shower size
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