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The GRAPES-3 is a high density extensive air shower (EAS) array located at Ooty India. The
array is presently operating with 400 plastic scintillation detectors (1 m2 area each) with the inter-
detector separation of 8 m spread over 25,000 m2 and a large area (560 m2) tracking muon de-
tector.The variation in atmospheric pressure can significantly affect the observed cosmic ray flux
measured by these detectors. We have simulated this effect by using CORSIKA package after
folding the detector response using GEANT4. The results of this work will be discussed during
the conference.
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1. Introduction

Cosmic rays are the relativistic charged particles impinging on the Earth’s atmosphere from
outer-space and develop the extensive air showers (EAS) by interacting with the atmosphere’s
gaseous nuclei. As the atmosphere acts as a medium where the EAS develops, its variability affects
the lateral and longitudinal development of the shower. Atmospheric pressure is the major property
of the atmosphere which mostly affects the EAS and define as the force per unit area exerted by
an atmospheric column. An increase (or decrease) of the atmospheric pressure corresponds to and
increased (or decreased) amount of matter traversed by shower particles, which affects the stage
of longitudinal development of the shower when it reaches the ground. The cosmic ray intensity
variations due to modulation in pressure is known from the time of cosmic rays discovery. There
have been several attempts to study this effect by many ground based detectors and by now we
have a fairly good understanding of this phenomena [1, 2, 3]. There are many EAS simulation
packages amoung them CORSIKA [4] is widely used by cosmic ray community. It has several
low and high energy interaction models which can be used in different combinations to simulate
the EAS. However, as discussed earlier, atmospheric conditions for ground-based experiments are
very crucial for doing any precision study. We have attempted to simulate the atmospheric pres-
sure effect by modifying the atmospheric parameters. We have also studied the effect of different
interaction model combinations to check their reliability by comparing the simulated results with
observed pressure coefficient obtained by using GRAPES-3 EAS data.
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Figure 1: Schematic layout for GRAPES-3 shower array

The GRAPES–3 (Gamma Ray Astronomy at PeV EnergieS – phase 3) is a high density EAS
array, designed for precision studies of cosmic rays energy spectrum, composition, acceleration in
atmospheric and various solar induced phenomenon. It is located at Ooty (2.2 km altitude, 11.4oN,
76.7oE) in southern part of India. Presently there are 400 plastic scintillation detectors deployed
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on a hexagonal pattern with the inter–detector separation of 8 m as shown in Fig. 1. In addition to
that, Fig. 1 also shows sixteen squares in the north-west region. Each of these squares represents
a tracking muon telescope (35 m2 area) with 1 GeV energy threshold for vertical muons having
the total area of 560 m2. The detailed description of GRAPES-3 scintillation detectors and muon
telescope is discussed elsewhere [5, 6].

2. Pressure Effect on Particle Density

The high statistical EAS data recorded by 400 plastic scintillation detectors were used to
calculate pressure coefficients for individual detectors. Due to usage of photo multiplier tube for
photons conversion to the electrical signal in plastic scintillation detectors, hourly particle density
shows a strong temperature dependence. A fast Fourier transform (FFT) technique was used to
segregate the temperature and pressure effects. Further study reveals the presence of delay between
temperature and particle densities for all detectors. After taking into account of time delay, the
particle densities were corrected for the temperature effect then they were correlated with pressure
which shows very high degree of correlation. The mean pressure coefficients were calculated for all
scintillation detectors which is found to be (-0.68 ± 0.01) % hPa−1 with 0.1 % hPa−1 rms as shown
in Fig. 2, very similar to the earlier reports [7, 8]. However, there is no lag observed between PD
and pressure which is expected because pressure effect is independent of detector properties and
therefore, all the detectors pressure coefficients are observed to be very similar which is reflected
by narrow spread in coefficients. More technical details of atmospheric effects on particle densities
can be found elsewhere [9].
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Figure 2: Distribution of pressure coefficients of all the detectors for year 2014. The average value is found
to be (-0.68 ± 0.01) % hPa−1 with 0.1 % hPa−1 rms.

3. The Monte Carlo Simulations

The pressure dependence of cosmic rays simulation for GRAPES–3 experiment was done in
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two steps. Firstly, by using CORSIKA package, cosmic rays showers were generated for different
interaction models and then these showers were used as an input of GEANT4 simulation package
for obtaining the effect of pressure changes in GRAPES-3 EAS array. CORSIKA (COsmic Ray
SImulation for KAscade) is a detailed Monte Carlo program developed to study the development
and properties of EAS in the atmosphere [4]. We have simulated 35×104 proton initiated showers
(1013 to 1016 energy range) in GRAPES-3 fiducial area (as shown in 1 by black dashed line) with
the nine possible combinations of high energy (SIBYLL [10], QGSJETII [11] and EPOS [12]) and
low energy (FLUKA [13], GHEISHA [14] and URQMD [15]) hadronic interaction models. In
CORSIKA the atmospheric density variation with altitude is modeled by 5 layers. The density of
the lower 4 layers follows and exponential dependence on the altitude which can be expressed in
terms of mass overburden T(h) of the atmosphere and height h as:

T (h) = ai +bi.e−h/ci (3.1)

where i runs from layer 1 to 4. However, for the 5th layer, the mass overburden decreases
linearly with height as:

T (h) = a5 −b5.h/c5 (3.2)

Here a, b and c are the parameters taken from “Central European atmosphere” (ATMOD5) atmo-
spheric model which gives the closest value of pressure at Ooty altitude. Later, the parameter ‘b’
was modified by changing its value ±3% in steps of 1%. Fig. 3 shows the variation of atmospheric
density for unmodified atmosphere (by dashed red line), -3% change (by solid blue) and 3% in
parameter ’b’ (by black long dashed line). Expectedly, all three plots showed exponential behav-
ior with -3% has highest and 3% has lowest atmospheric density for a given height. In all seven
atmospheric conditions proton initiated showers were generated.

After generating the showers in modified atmosphere, they were randomly thrown over fiducial
area of GRAPES-3 array (as shown by dashed black line in Fig. 1). The response of plastic
scintillation detectors have been studied by using simulated showers and GEANT4 package. For
every set, the sum of observed particles in all detectors were calculated and then normalized to
their mean value.

4. Results and Discussions

Earth’s atmosphere plays a vital role in indirect cosmic rays measurement studies. Any peri-
odic changes in atmospheric conditions can modulate observed comic rays flux. The atmospheric
pressure effect on cosmic rays is a well known phenomena and have been studied in past [1, 2, 3].
GRAPES–3 experiment has also studied the pressure effect of particle densities. The observed
average pressure coefficient for all the plastic scintillation detector is (-0.68 ± 0.01) % hPa−1

with 0.1 % hPa−1 rms. Furthermore, we have attempted to simulate this effect by modifying the
atmospheric parameters of CORSIKA and generated the proton initiated showers for different com-
binations of high and low energy hadronic interaction models as discussed earlier. Fig. 4 shows
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Figure 3: Atmospheric density variation as a function of altitude from 0 to 50 km for different atmospheric
conditions. The inset plot shows the zoomed view from 0 to 4 km.

High/Low GHEISHA FLUKA URQMD
Energy Models

SIBYLL -0.45±0.01 -0.43±0.01 -0.45±0.01
QGSJETII -0.49±0.01 -0.47±0.02 -0.50±0.02

EPOS -0.44±0.01 -0.42±0.01 -0.45±0.01

Table 1: Regression coefficients for different combinations of high and low energy interaction models.
Columns and

the ratio between SIBYLL-FLUKA combination to the other high and low energy hadronic inter-
action model combinations for each pressure value which clearly shows the model dependence.
Fig. 4 also shows that for a given high energy model the ratio for different low energy models are
comparable. However, for high energy models the difference in ratios are clearly visible. The com-
bination of low energy models with QGSJETII shows the least value of ratios, with EPOS it shows
moderately higher values then QGSJETII and with SIBYLL combined with two other low energy
models named as GHEISHA and URQMD shows the highest values of ratios (∼1) as compared to
the other high and low energy model combinations.

The sum of observed particle were calculated which were then normalized with respect to the
mean value for a given model as shown in Fig. 5. Afterwards, the regression coefficients were
obtained for every high and low energy model combination as tabulated in Table 1. The regression
coefficients for SIBYLL and EPOS high energy model combination with low energy models shows
the comparable values. However, for QGSJETII, the regression coefficients with other low energy
models are found to be systematically higher as compare to other two high energy models.
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Figure 4: Ratio between SIBYLL-FLUKA combination to the other high and low energy hadronic interac-
tion model combinations for different pressure values.
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Figure 5: Mean number of particles at different pressure for different high and low energy model combina-
tions.
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