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GRAPES-3 experiment at Ooty, India, altitude: 2200m

» 400 plastic scintillator detectors (1 m2area) with 8 m inter-separation spread over 25,000m?2
* 560 m2 muon detector consisting 3712 proportional counters (6m x 0.1m x 0.1m).
+ 3 x 106 EAS events per day in TeV- PeV range with median energy of 15 TeV.

EM cascade

Hadronic cascade

« Scintillator detectors measure density and arrival
times of EAS particles

» 25% of scintillators instrumented with 2 PMTs for
extended density measurements over 10000 m-2

Y [m]

50

-100

1 PMT Scintillator 2 PMT Scintillator

1 1
bbbt /
/// """"""""" YA
A/’k'-k--k-—k——l——i——i\ \
/e e - = \
AAA%A"A&-A—A*A—A—AA—-A\ l‘ N

AKAAKNL AkA &4 Ak A- kA AW ‘\
A,&A,&A/Aki—xi—A—A—AA—-AAA\A

,&A,(A,&A,KA—A-A— —A—A—A—-AAAA\\\\
/ ,&A,l A k-hkA-hA-kAAALAA l\
A ,& ,‘ A AL A AkA-kAAAAMAAM

A } ,‘A/‘A,KA—A-AA--AAKAAAA\ ANV

\\\\\\

,A ,A A A A ,KA,KA-AA--AAAAAA
AKANANAAKAAA r«xxxxxxxx\\

'A,AAAA,&A,&A,AA,&k A AAAAAAA L 1
\
N

< KAKAAXA/XXXXX\\\
\\

AAAAR ) A kAkakakal S S
AN \AAAAKNA KA AN -ALA ),y
s haaa A:-A—xrx—A—x-A—i,// cS
N NN N O e o A At
\ A KAk A kA Ak A

\\
AN

\

\ \

\\\_

-100 -50 0 50
Muon detector (16 modules)

100

X[m] 3



Development and fabrication of plastic scintillators at GRAPES-3
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Shower reconstruction and parameters
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Performances of the scintillator array (through MC)

Trigger efficiency (%)

Trigger efficiency
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Performances of the scintillator array (angular resolution)
Shower front curvature | Moon shadow
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GRAPES-3 muon detector (560 m?2)

Muon detector consists of 16 modules of
35 m2 area each.

Threshold of muons = 1 GeV

Muons recorded associated with each EAS
trigger, also with self trigger or individual
muons for measurement of muon flux.

Self triggered muons are recorded in 169
directional bins with 4° resolution. Muons
recorded per day ~4 billions.

proportional counter

Needle Valve

Anode - Tungsten Wire
Hermetic Seal

Inside view of
muon telescope




540GeV (y) |

Geant4 response of a muon module
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Sclentific objectives of GRAPES-3

« Cosmic ray energy spectrum and composition over 10 TeV - 100 PeV
« Cosmic ray anisotropy at TeV-PeV energies

» Point and diffuse gamma ray sources at PeV energies

» Space weather and heliospheric phenomena

e Particle acceleration in thunderstorm electric fields
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Global Spline Fit (Composition and Energy Spectrum)

Fit of spectra within experimental uncertainties, allowing for constant shift in energy scales
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Does proton spectrum follow single power Law (with known
spectral tndex of -2.7) below the Kinee 2 Answer is NO.
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GRAPES-2 proton spectrum measurement from 50 TeV to 1.2 PeV
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The observed spectral hardening by GRAPES-3 ~165 TeV against the long-held
belief of single power-law description of the spectrum below the Knee
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P. Lipari and S. Vernetto, Astropart. Phys. 120, 102441 (2020)
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May require complex models, such as those where multiple classes of sources

with different rigidity cutoffs contribute to the flux.
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Cosmic ray anisotropy results  Php work of M. Chakraborty

Analysis is performed using 3.7 billion cosmic ray events spanning 4 years at median

energy of 16 TeV. Time scrambling method is used for background map generation.
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Comparison with other experiments

GRAPES-3

Region A (x10™%) | Region B (x10™%)

ARGO-YBJ 10.0 5.0
HAWC (8.5+£0.6+0.8) (5.2 4 0.6 +£0.7)

GRAPES-3 | (8.9+2.1+0.3) (5.6 +1.84+0.1)

Table 1. The peak relative intensities of regions A and
B as reported by ARGO-YBJ, HAWC and GRAPES-3

Origin of the anisotropy is
not known.Various models proposed.

1. Supernova explosion that gave rise to
Geminga pulsar

2. Turbulent magnetic field within CR
scattering length

relative intensity [x 107*]

(a) HAWC (b) ARGO-YB

-0.001 -0.0005 0 0.0005

3. Decay of quark matters in pulsars

0.001
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gamma ray sowrce search at multi-Tev energles

PhD work of D. Pattanaik
CR background rejection > 99.5% using muons in shower

Crab detection > 80 TeV with 9 years of observation
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The near-equatorial location of GRAPES-3 and nearly 100% duty cycle would allow it to
observe many point gamma ray sources including from the Galactic plane 18
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Upgrade of the GRAPES-3 experiment

1. Upgrade of muon detector from 560 m2 to 1130 m2 ’g .
2. Upgrade of scintillator array to 3.5 times larger area §150:—
Scientific objectives: 521003_
1. To enhance sensitivity for gamma ray observation i 503—
Expected 5 sigma detection of Crab Nebula in 1 yea oE—
observation for E > 100 TeV B
2. To enhance cosmic ray composition measurements _505_
- Good separation of mass in 10-100 TeV range _1005_
- Measurements beyond the Knee (up to 100 PeV) _150§I....l....|....T....|....|....|.

_ _ 150 -100 -50 0 50 100 150
3. To enhance solar & atmospheric studies East--> (meters)

New muon detector has 70% more sky coverage 19



Proportional counter fabrication at GRAPES-3. ~4000 successfully made.

Rust removal Hermetlc seal flxmg Evacuation
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Muon detector upgrade (560 m2 to 1130 m2)

3776 PRCs needed for new muon detector successfully fabricated in-house

Partial view o




Summary

Compact configuration of scintillator detectors coupled with the mid-altitude location of
GRAPES-3 has lead to achieve excellent performances in terms of core, angular and
energy, resolution.

Cosmic ray composition is measured below the Knee and proton spectrum has a good
overlap with direct measurements and shows deviation from single power law.

Observation of cosmic ray anisotropy has been demonstrated from near-equatorial
location.

Near equatorial location of GRAPES-3’s is an advantage for gamma ray studies.
However it's sensitivity needs to be enhanced.

Ongoing upgrade of the muon telescope together with scintillator array expansion can
provide enhanced sensitivity for cosmic ray composition and gamma ray studies.

THANK YOU



