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Abstract. Detector responses to air shower particles inci- ~ WO;‘;
dent on the electron (scintillation) and muon counters of the © 18;
GRAPES lIl experiment at Ooty have been investigated us- ;' =
ing Monte Carlo simulations based on Geant4. The results 5 1 F
are summarized as response functions which are then used 0 ,¢
for simulating air shower events for reducing systematic un- 1873? e
certainty in primary energy estimation. The intensity spec- m*f, **?;;ﬂ T
trum of signals detected by the scintillation counter is calcu- wojzg %ﬁﬂ} ”‘%%
lated using these response functions and compared with the 18,75 T T ‘mﬂﬁmﬁﬁﬁfﬁﬂ
observed intensity spectrum. . o 102 = ot 105 e
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1 Introduction

The air shower array of the GRAPES Ill experiment has been
in operation at Ooty, India since 1999 with the first-stage
configuration of 217 Im? electron (scintillation) counters
and 16 56am? muon counters (Ito et al., 1997). The exper-
iment aims to measure the energy spectrum and the chemi
cal composition of cosmic rays around tkieeeregion (just .
above 1 PeV). The dense array of the scintillation counters 1
(8 m span) and the large area muon counters are useful to
measure them accurately. Observed results obtained using
these detectors have to be exactly compared with results dfig. 1. Energy spectra of air shower particles at the Ooty level gen-
air shower simulations to estimate above characteristics oérated using the air shower simulation program CORSIKA and the
cosmic rays as in the recent reports from some experimentisponse (energy deposit) functions for one shower particle entering
(Arqueros et al., 2000; Beraihr et al., 2000). In doing such the GRAPES il scintillation counter.

comparisons, it is very important to understand the detector

responses to air shower particles correctly. Figure 1 shows

the energy spectra of air shower particles at the Ooty levef @St thebdletect(t))r resz%onMsth(;_s howEr partlcle_s rap|§lly d_e-
(2200 m asl) generated using the air shower simulation pro-Creases elow about eV. Since the opposite tendencies

gram CORSIKA (Heck et al., 1998), together with the re- are competing with each other, estimated shower sizes are

sponse (energy deposit) functions for one shower particlé‘raglle with respect to the detector response. One can also

vertically entering the scintillation counter, which are later Seein Figure 1 that the number of secondary gamma rays

explained in detail in this paper. One can see that we havé® an order of magnitude greater than that of electrons espe-

ean Energy Deposit (MeV)

M

L \\\HH‘ L \\\HH‘ Lol
10" 10° 10°
Kinetic Energy (MeV)

10°

10°

10

more particles at lower energies down to 1 MeV, but in Con_C|aII3( at Iqw energies. Although our scintillation counters are
relatively insensitive to gamma rays because they do not have

any converters such as the counters of the Tibet (Amenomori
et al., 1990) and HEGRA (Merck et al., 1996) groups, we
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should investigate how much the contribution of secondary /
gamma rays is in primary energy estimation.

As for the muon counters, the detector response is closely
related to the accuracy of the chemical composition of cos-
mic rays since mass numbers of primary cosmic rays are
probed by detected numbers of secondary muons. Resolution
of the mass number estimated from the muon number is not
much better than the overall range of observed mass numbers
(Weber et al., 1999) owing to the fluctuation of the air shower
development. Therefore, the fine structure of the mass num-
ber distribution determines the accuracy of the fraction of
minor components. The accuracy is also sensitive to the de-
tector response on the same score. Our muon counters ca
also detect single or multiple muon events without getting
any trigger signal from the air shower array, that is, they can
be used to monitor the intensity of lower energy cosmic rays
and to study the solar modulation of cosmic rays at lower
energies (Kawakami et al., 2001). Taking coincidences of
16 muon counters allows us to select primary cosmic rays of 9. 2. Virtual s_cintillation counter of the GRAPES Il experiment
different energies and makes a study of the solar modulatioffonstructed using Geant4.
possible in a wide energy range using the same detector sys-

tem. The amplitude of the modulation may be smaller than

0.1% and it is again important to understand the response dpattern of at least three detectors, and the latter requires si-
the counters correctly. multaneous hits of any 9 detectors. The events that satisfy

To reduce systematic errors in estimating primary energiedn® Poth conditions are recorded.
and chemical composition of cosmic rays due to the effects 5 x 10° events of gamma ray8,x 10° events of electrons
mentioned above, we have investigated detector responses {8nd positrons) anzlx 10° events of muons are generated us-
air shower particles incident on the counters of the GRAPESNG the simulation program. Their energies are distributed in
1l experiment, using Monte Carlo simulations based on thethe region between 1 MeV and 10 GeV for gamma rays and
detector simulation toolkit Geant4 (Giani et al., 1998). Al- electrons, between 10 MeV and 100 GeV for muons with
though the program is still under development, the resultghe equal weight in the logarithmic scale. The particles are

currently obtained are summarized in this paper. randomly injected into the scintillator area of 1 m1 m
from the directions of which zenith angles are smaller than

60°. The simulation program outputs energy deposits in the

2 Simulations and results four scintillators due to incident particles. The obtained en-
ergy deposit distribution for each particle is averaged on the
2.1 Electron (scintillation) counter incident position and the azimuth angle since it is almost in-

dependent of these parameters. The resultant mean energy

The virtual scintillation counter constructed using Geant4 isdeposit distributions for gamma rays, electrons and muons
visualized and shown in Figure 2. Each of the scintillation are shown in Figure 3. Each of the distributions is fit by a
counters consists of four 50 ¢ 50 cm x 5 cm scintilla-  two dimensional function of particle energy and zenith angle
tors which are put inside of a container and covered by a rair{cot #) as shown in the figure. The residuals of the fit are
cover, both of which are made of aluminium of 0.8 mm thick- well smaller than 10% except for incline £ 55°) gamma
ness. The scintillators are viewed by a 2 inch photomultiplierrays, for which the number of simulated events is not enough.
tube (PMT) from the height of 50 cm. However, the fraction of such inclined events is negligibly

Signals from each PMT are divided and sent to a discrim-small considering the observed zenith angle distribution of
inator and an ADC module. The discriminator has two out- primary cosmic raysc cos™5 6).
puts, one of which is sent to a TDC module and the other is We have tried to reproduce the typical intensity spectrum
used to generate event triggers. The gain of each scintillatiorf signals detected by the scintillation counter, using the mean
counter is monitored by using penetration of single muons,energy deposit functions defined above. First, 1000 proton
in which most of muons vertically enter the counter. The showers are generated using CORSIKA with the QGSJET
ADC value at the single muon peak is calibrated and kept tomodel (Kalmykov and Ostapchenko, 1993) assuming that their
be about 20 counts. In the configuration of 217 scintillation energy spectrum has a power-law form of the index-2f7.
counters, air shower triggers are generated by using centralhen, shower particles entering each scintillation counter are
96 counters. We have adopted two different trigger condi-fed into the functions and resultant energy deposits are accu-
tions, which are called the level-0 and level-1 triggers. Themulated. Here we assume the intensity of scintillation light
former is a kind of pattern trigger that requires a localized being independent of the incident position of the particle and
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o 20 The overall tendency of the full simulation spectrum agrees
N with that of the observed spectrum except for the shape near
the single particle peak. This difference must come from the
| L L . i fact that we have ignored some fluctuations in the simula-

10t 10° tions. The spectrum obtained using the energy deposit func-
Kinetic Enerqy (MeV) tions is also similar to the observed spectrum, however, it
gives lower triggering rates and a slightly higher value of the
Fig. 3. Mean energy deposit distributions as a function of par- single particle peak than the full simulation spectrum. These
ticle energy for electrons (top), gamma rays (middle) and muonsdifferences are probably due to the fact that we have also ig-
(bottom) obtained using Monte Carlo simulations based on Geant4nored the fluctuation of energy deposits when we define the
Several distributions for different zenith anglest(f) are sampled  fynctions. We should further consider the fluctuations not
and plotted. included in the current simulations.

107 10°

2.2 Muon counter
ignored the fluctuation of the number of photoelectrons gen-

erated in the PMT. The total energy deposit of each detectof he virtual muon counters constructed using Geant4 are vi-
is compared with the typical discrimination level @ MeV) sualized and shown in Figure 5. We call this unit of coun-
and the hit detectors are compared with the condition of theters ‘muon station’. One muon station consists of four muon
level-1 trigger. For the sake of comparison, we also fed thecounter modules, each of which has four layers of 58 10 cm
same shower particles into the full Monte Carlo simulation x 10 cm x 6 m proportional counters sandwiched by con-
program based on Geant4. Figure 4 shows the energy desrete absorbers of 15 cm thickness and covered by concrete
posit spectra obtained by the above two methods and thslabs of about 210 cm thickness. The proportional counters
typical observed intensity (ADC) spectrum. The spectra areare filled by the P-10 gas (Ar 90%HZ 10%) of the pressure
normalized in the horizontal direction using the conversionof 830 mmHg. At each detector module, we are monitoring
factor of 2 ADC countsMeV~! assuming the typical en- the rate of any three or four-fold trigger events, which are re-
ergy deposit by a relativistic particle in the scintillator to be quired to have any three or four coincident layers having at
2 MeV g~! em?. The fluctuation corresponding to the ob- least one hit counter.

served pedestal distribution is added to the simulated spectra. 2 x 10> muon events have been injected into the virtual
The spectrum of the full Monte Carlo simulation is vertically muon station. Incident positions are randomly distributed in
normalized to the observed spectrum at the pedestal peakhe area of the counter array and incident directions are also



615

e

Fig. 5. Top and side views of the virtual muon station of the
GRAPES Il experiment constructed using Geant4.

randomized in the region & < 6 < 50°. The simulation
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Fig. 6. Triggering efficiencies of four-fold events detected by the
virtual muon counter as a function of muon energy and zenith angle.

3 Conclusions

We have constructed the virtual detectors in imitation of the

GRAPES llI scintillation and muon counters using Geant4

and investigated the responses of them to air shower par-
ticles. The intensity spectrum of signals observed by the
scintillation counter has been reproduced using the simula-
tion program, but at the moment, the simulated spectra do
not agree well with the observed spectrum probably owing

to the underestimate of some fluctuations and further inves-
tigation is necessary. After some adequate modifications, we
are planning to use the simulation program together with the
air shower simulation program so that the simulated results
reflect exact detector responses.
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