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● Introduction to GRAPES-3 experiment 
● GRAPES-3 detector R&D 
● Physics objectives
● Complementary physics capabilities of GRAPES-3 and ICAL

○ Thunderstorm physics 
○ Solar physics  
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           Outline



400 plastic scintillator detectors (1 m2 area) with 8 m inter-separation spread over 25,000m2

560 m2 muon telescope consisting 3712 proportional counters (6m x 0.1m x 0.1m)
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       The GRAPES-3 experiment at Ooty (2200 m)



In-house development of plastic scintillators

4Dayalbag Inst., IISER Pune



5

Monte Carlo code G3sim for simulation of plastic scintillator detectors with wavelength 
shifter fiber readout, P.K. Mohanty et al., Rev. Sci. Istr. 83 043301 (2012)
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      Proportional counters from iron tubes

Filled gas P10 (90% Ar + 10% CH4)



                   Evacuation, filling and testing 
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              Construction of new muon telescope 
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14 October 2019
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Inside view of muon telescope
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                 Scientific objectives of GRAPES-3 
(Understanding high energy particle acceleration in various astrophysical settings)

1. Particle acceleration by electric potential in thunderstorms.
2. Space weather and heliospheric physics  
3. Cosmic ray energy spectrum and composition over 1012-1017 eV. 
4. Investigation of composition dependence of CR anisotropy in TeV-PeV range
5. Search for point-like gamma ray sources above 50 TeV to identify the accelerators 

of Galactic cosmic rays at PeV energies
6. Search for multi-TeV diffuse gamma ray flux from Galactic disk
7. Indirect searches for ‘dark matter’ in the PeV mass range
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Thunderstorms
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● Dipolar structure (actual structure is complex)
● V >1 billion volts (predicted by C.T.R. Wilson 90 years ago)



Muon image of 1st Dec 2014 event
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Since µ+/µ- > 1 
deceleration of µ+  and 
acceleration of µ-  would 
result a net decrease and 
vice versa
  



Monte Carlo simulation
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                               Cloud movement
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Electrical properties of the cloud
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● Comparable to biggest nuclear 
reactors/hydroelectric/thermal power plants

● Enough to power a big city like Mumbai for the 
duration of the thunderstorm 

Giga-Volt natural particle accelerator above our head !!!
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Benjamin Franklin
charging mechanism Discovery of Terrestrial gamma ray 

flashes (TGFs) by CGRO Detection of
100 MeV 𝛾-ray in TGFs

C.T.R. Wilson’s prediction 
of 1 GV 90Y ago Measurement of 0.13 GV Measurement of 1.3 GV

1750s
1994 2011

1920s 2001 2019
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Measurement of electrical properties of a thundercloud through muon imaging by 
the GRAPES-3 experiment, Physical Review Letters 122 (2019) 105101



  Thunderstorm physics with ICAL 
● The engineering ICAL detector (8m x 8m) will detect ~6000 muons per 

second of energy > GeV with a statistical precision of ~0.2% on a minute time 
scale.

● Therefore, a change of 1% of muon flux  during a thunderstorm event can be 
measured with 5 sigma effect.

● The ICAL’s ability to measure µ+ and µ- separately could help to establish the 
phenomenon of charged particle acceleration by thunderstorm electric field 
directly.        
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        Muon burst at Ooty midnight of 22 June 2015



23

     A coronal mass ejection on 22 June 2015
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0.7 GV                     Simulation of the muon burst

Result: Earth’s magnetic field 
weakened by 680 nT



25



26



22 June 2015 event - Delay of storm arrival
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36 minutes to cover 1.5 million km distance between L1 and Earth. 
Burst event shows additional 28 minute delay (36+28=64 minutes) 
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                          Perspective
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      Solar studies with GRAPES-3 and ICAL

● GRAPES-3 (11.4oN, 76.7oE),     Engineering ICAL (9.6oN, 78.0oE)
● Magnetic cutoff rigidities of both detectors are similar (17 GV for vertical)
● GRAPES-3 muon detector has a threshold of 1 GeV for muons. Suitable 

number of layers can be selected in ICAL for similar response.
● Any solar phenomena will be viewed by both detectors almost simultaneously 

and similar magnitude effects are expected in both detectors
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 GRAPES-3 Collaboration
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              THANK YOU
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