TECHNICAL NOTE

Gamma ray astronomy at PeV energieS

Sonali Bhatmagar

The GRAPES-3 (Gamma Ray Astronomy at PeV EnergieS Phase 3) experiment is a collaboration project
amongst universities and institutes in our country along with Japan. The experiment employs a high density
array of plastic scintillation detectors and a large area tracking muon telescope. The scintillation detectors
detect the electrons in an air shower for getting information on the shower, particularly for generating trigger,
determining arrival direction and estimating the energy of the primary particle. The muon telescope detects
and measures the muon component in the extensive air shower (EAS). The muon telescope is an effective
tool, in the study of the nuclear composition of primary cosmic rays. The tracking muon telescope has also
proved to be an invaluable tool in the studies of the solar flares, coronal mass ejections and the subsequent
Forbush decrease events observed at the Earth. The collaboration is being expanded with addition of sev-
eral major facilities like Cherenkov telescope, low frequency dipole array for the measurement of shower
energy, addition of several modules of muon telescopes to cover a large area and a neutron monitor. In this
article we briefly describe the experiment from its beginning.

The term ‘cosmic rays’ refers to highly
energetic charged particles' constantly
impinging onto the earth’s atmosphere
from outer space. These particles are
commonly referred to as primary parti-
cles or simply primaries. Cosmic radia-
tion was discovered in 1912 by measuring
their discharge effects in electroscopes
during balloon flights’. They are com-
posed of distinct types of charged parti-
cles like protons, fully ionized atomic
nuclei and electrons. Their energies
cover 11 orders of magnitude from 10° to
107 eV.

Although cosmic rays were discovered
almost a century ago, they are still subject
to intensive studies even today. Many
important questions could not be an-
swered so far, like the type and location
of their sources, the underlying accelera-
tion mechanisms or their exact chemical
composition at energies above 100 TeV.
Satellites and balloons carrying particle
detectors are used to study cosmic radia-
tion of energy below 100 TeV. At higher
energies ~10'" eV, ground based arrays
of particle detectors like KASCADE
Grande®, AKENO*, GRAPES® are used
to study the primary cosmic radiation
indirectly by investigating the properties
of extensive air showers®, which are ini-
tiated by the interaction of the primaries
with air nuclei.

The shower products can be classified
into four categories: the electron compo-
nent (electron, positron and gamma
rays), the muon component (positive and
negative muon), the hadrons component
(pions, kaons, nucleons, etc.), and Cer-
enkov photons. Amongst these compo-

nents, it is well established that the muon
component has the highest sensitivity in
distinguishing between the various pri-
mary nuclei. Earlier experiments studied
the muon component associated with EAS
(Extensive Air Shower) having relatively
small area detectors, usually a few tens
of m®> for lower energies observed on
the ground and only a few m® for
higher energies deeper underground.
Recently several groups like EASTOP’,
KASCADE®, GRAPES-2 (ref. 9) and
GRAPES-3 (ref. 10) have given results
on primary cosmic ray composition from
observations using large area muon
detectors with threshold energies ~GeV
in association with air showers using dif-
ferent analysis techniques.

Some aspects of ultrahigh energy (UHE)
cosmic ray astrophysics require corre-
lated studies on the electron and muon
components of air showers, namely, the
search for the cosmic ray sources through
gamma ray astronomy and studies on the
variation of the nuclear composition of
primary cosmic rays with energy. Al-
though studies on the electron compo-
nent provide basic information about the
arrival direction and energy, it is the
muon component that plays a crucial role
in distinguishing primary gamma rays
from charged cosmic ray particles and in
determining the composition.

GRAPES experiment

The GRAPES experiment is located at
Ooty (11.4°N lat., 76.7°E long. and
2200 m altitude), a popular mountain
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resort town in southern India. The
Gamma Ray Astronomy at PeV EnergieS
Phase 2 (GRAPES-2) experiment has
been designed to study the energy de-
pendence of the composition of primary
flux at energies above 10'" V. The main
emphasis of the experiment was to search
for directional excess among ‘muon-
poor’ showers to optimize the detection
of discrete sources of ultrahigh energy
gamma rays. The GRAPES-2 experiment
is a natural follow up of the successful
GRAPES-1 experiment (1984-87) which
gave some episodic detection'" of several
X-ray binaries, such as Scorpius X1,
Hercules X1, etc.

GRAPES-2 experimental system

The extensive air shower array for the
GRAPES-2 consists of 100 unshielded
‘electron’ detectors and a 192 module
200 m? area shielded ‘muon’ detectors.
The layout of the detectors is shown in
Figure 1. The interdetector separation of
only 10 m for the GRAPES-2 array
makes it one of the most compact arrays
in the world, resulting in a lower energy
detection threshold and more accurate
reconstruction of shower parameters in-
cluding the arrival direction. The 192
muon detector modules were accommo-
dated in 16 tunnels and then covered by a
0.3 m thick layer of concrete slab which
takes the load of a 3.5 m thick layer of
packed soil placed above it and provides
an overburden of 600 g cm?, which sets
the energy threshold of 1 GeV for vertical
muons.
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