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Variation of Azimuth Angle Distribution of
EAS, With Slope of the Detector Array Plane — A
Examination by Semi-Montecarlo Simulation
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Abstract: The azimuth angle distribution of EAS is expected, as
Cosmic Rays are isotropic. It is seen that, if the plane of the
detectors is not horizontal, the azimuth angle distribution becomes
non-uniform. In such cases it is necessary to make proper
correction for this non-uniformity, when one attempts to use the
EAS data collected in such array, for source search. An attempt is
made to correlate the extent of non- uniformity with the slope of
the array plane, using simulation.
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I. INTRODUCTION

One of the main aims of most of the cosmic ray

experiments is to search for sources of UHE gamma rays. The
minimum requirement for such an array is good angular
resolution and pointing accuracy [1]. Angular accuracy of an
array can be determined by analyzing the same showers using
even numbered detectors and odd numbered detectors
independently, and then comparing the two results [2,3].
Pointing accuracy is determined by looking for shadow of sun
and moon in the cosmic rays [4,5]. Before proceeding for
these, it is necessary to make sure that the estimation of the
angle is correct. For this, the following distributions are
checked. The zenith angle distribution is expected to peak
around 20°. The projected angle distribution in the E-W and
N-S plane is expected to have a uniform distribution peaking
at zero.

It is well known that the azimuth angle distribution
of extensive air shower shows a uniform distribution. This is
due to the fact that cosmic rays are isotropic. This is true in
the case of an array of detectors which is plane (where there is
no systematic variation of z-coordinates of detectors). It is
seen that if the plane of the detectors is considerably different
from horizontal, the azimuth angle distribution is no longer
uniform. This is clearly seen in the case of the GRAPES IlI
experiment [6] of TIFR at Cosmic Ray Laboratory, Ooty
(Fig.1a). The zenith angle distribution is shown in Fig.1b.
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GRAPES |1l experiment at Ooty [6].
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Fig. 1b Zenith angle distribution of CR showers collected
at GRAPES Il1I, Ooty [6]

In this paper, an attempt is made to study this variation
systematically, using simulated data. | have generated EAS
data using NKG function, for a hexagonal array of 217
detectors, similar to the GRAPES Il array at Ooty, with
varying slopes, and analysed the data. The azimuth angle
distributions are plotted.

Il. SIMULATION

An array of 217 detectors of each of area 1 square meter,

was taken for the data simulation. The inter detector
separation is taken as 8 m. One million showers are generates
using NKG function. The showers are generated with size
ranging from 10* to 10°, and age ranging from 0.8 to 1.2. The
variation of flux with zenith angle is assumed to be
proportional to Cos’0, where 0 is the zenith angle. The
showers are generated with zenith angle varying from 0° to
90° and azimuth angle varying from 0° to 360°.
Size and age are generated using random numbers, and the
number of particles in each detector is estimated assuming a
lateral distribution, which follows NKG
(Nishimra-Kamata-Grieson) function:
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where A is the density of particles in a detector which is at a
distance r from the core of the shower, N, is the size (total
number of particles) of the shower, r, is the Molier unit of
scattering length, s is the age of the shower and I' is gamma
function. Poisson and Gaussian fluctuations are also included
for the densities.

The relative time of arrival of shower at different
detectors are estimated using the relation

I.t[- + m}f[- + 'H.Z'f + I:'I:tf — tn:] = I]

where |, m and n are the direction cosines of the shower-axis,
Xi, Vi and z; are the coordinates of the i detector, ¢ is the
velocity of the detector, t; is the relative time of arrival of the
shower in i detector and t, is the time of arrival of the shower
at a fictitious detector at the core of the shower.

The first set (Set 0) of a million showers are generated for
an array of detectors having same z coordinates (a flat array
plane). Set 1, Set 2 and Set 3 are generated for arrays sloping
from east to west, at different angles. Set 4, Set5 and Set 6 are
for arrays sloping from North to south at three different
angles. Set 7, Set 8 and Set 9 are for arrays sloping from
South to North and Set 10, Set 11 and Set 12 for arrays
sloping from west to east.

I11. DATA ANALYSIS

The generated sets of data are analyzed for size, age and
angle. The zenith angle distributions and azimuth angle
distributions are plotted for the 13 sets separately. These are
shown in Figs. 2 to 4. 1t is clearly seen that as the slope
increases, the variation from uniformity also increases. It can
be noted that, there is a depletion in the number of showers
from the direction where the z-coordinates of the detectors are
the highest. Similarly, there is an increase in the opposite
direction. Even though it is not very well understood, the
possible reason for this non-uniformity is the difference in the
projected area of the array perpendicular to the arrival
direction of the shower. The projected area of the detector
plane in the direction of the shower is not the same or different
azimuth angles of the same zenith angle. This causes a
variation in the trigger efficiency of the detectors for showers
of the same size coming from the zenith angle but different
azimuth angles. If the array is perfectly horizontal, this
variation will not be there. So, the effect is only experimental,
and hence proper correction in the flux of showers has to be
made before using the data for source search.

Azimuth angle distribution for a flat array
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Fig.2 Azimuth angle distribution for a flat array
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Azimuth angle distributions for three arrays having different slopes (West to East)
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Fig.3 Azimuth angle distribution for arrays sloping from
West to East

Azimuth angle distributions for three arrays having different slopes South to North)
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Fig.4 Azimuth angle distribution for arrays sloping from
South to North

Azimuth angle distributions for three arrays having different slopes North to South)

2500
‘ ——sope 1

—=—Siope 2 >Siope 1

Siope 3> Siope 2

|

1500

No.of events

e 135 180, 225 270 315 360
ast sout West North

Azimut angle in degrees

Fig. 5 Azimuth angle distributions for arrays sloping
form North to South
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Azimuth angle distributions for three arrays having different slopes East to West)
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Fig. 6 Azimuth angle distributions for arrays sloping
from East to West
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IV. CONCLUSIONS

The variation of the azimuth angle distribution of the cosmic
rays showers is found to have an effect on the slanting of the
plane of the array of detectors. It can be inferred that the
effect is due to the variation of the triggering efficiency of the
shower with respect to the variation of projected area of the
detector plane. More systematic study is in progress, and it is
expected that a method to make correction for this
non-uniformity can be obtained.
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