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Cosmic Ray Shower:
1. Electrons, Positrons & Gamma rays
    (E-M component, 90 %)
2. Muon (μ+, μ-) Penetrating Component (8%)
3. Pions, Kaons, Hadron Component (1%)
4. Neutrinos usually go undetected

For E =  1014 eV at mountains (Ooty)
20000 particles spread over ~1000 m2

https://www.nature.com/articles/nature24647
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Plastic Scintillator development:
Decay Time= 1.6 ns Light Output = 85% Bicron (54% anthracene)
Timing 25% faster Atten. Lengthλ= 100cm Cost ~fraction of Bicron
Max Size 100cmX100cm  Total > 2000
CERN, Osaka, IUAC Delhi, Bose, VECC,  DEI Agra, BARC, ECIL, Utkal, BITS(H), IOP, ...

Fabrication of plastic scintillator detectors
India-Japan collaboration (CRL & CI Industries) 
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Proportional Counter (PRC) Fabrication
http://www.bbc.com/news/world-asia-india-39100109
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3803 PRCs fabricated 101% of required 3776 PRCs in March 2018
http://www.bbc.com/news/world-asia-india-39100109
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19 February 2016
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3 May 2018
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14 October 2019
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400 Plastic Scintillator detectors (1 m2 area)
560 m2 muon telescope (E

µ
=1 GeV) (11.4N, 76.7E)

3712 Proportional Counters (6m x 0.1m x 0.1m)
E = 1014 eV  ~20000 particles over ~1000 m2

High Precision Measurements
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Objective: Universe at high energies 
Acceleration, propagation of high energy particles,
Extreme conditions may require new physics ...

1. Acceleration in atmospheric electric field 
Energy ~1 GeV Scale ~106-107 cm

2. Solar flares, Coronal Mass Ejections
    Energy ~10 GeV Scale ~1011-1013 cm

3. Galactic Cosmic Rays at  “Knee”
    Energy ~1 PeV Scale ~1021-1023 cm

4. Diffuse multi-TeV γ-rays
    Energy ~100 EeV Scale ~1024-1026 cm
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Total area = 560 m2

Inside view of 
muon telescope

GRAPES-3 has a sensitive muon telescope
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GRAPES-3 is unique instrument, being a sensitive,

1. Barometer (20 cm  air column or 1/2000 blood pressure change)

2. Thermometer (0.06o C)

3. Interplanetary magnetometer (0.1 nT = 10-6 Geomagnetic field)

4. Atmospheric Voltmeter (GV electric potential)

5. Atmospheric ammeter (1 fA; precision=1 AA or 10-18 A )
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0.128% hPa-1

1 m air column = 5σ

0.17% K-1

0.3 ̊C = 5σ
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A thunderstorms voltage of 1 GV predicted in 1929 by Wilson (NL)
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1 December 2014
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Thunderstorm properties measured by GRAPES-3:

(1) A giant capacitor with a voltage of 1.3 GV

(2) Area = 400 km2  

(3) Speed = 60 km/h

(4) Altitude between 11.4 to 17.4 km above sea level in Jet stream

(5) Energy stored = 720 GJ (power Mumbai for 50 minutes)

(6) Powered by >2 GW thermal power
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30 September 2015 thunderstorm
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Charging time = 60 s
Power > 10 GW
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Massive Solar storm
of 22 June 2015

Mass=1010 tonne
Energy=1033 erg

Solar power= 4x1033 erg/s

Initial Speed= 1400 km/s
Speed at L1=700 km/s
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Solar Storm on 22 June 2015 Ooty, midnight

54σ
CME characteristics
for 22 June 2015 event

Mass=1010 tonne
Energy=1033 erg
Solar power= 4x1033 erg/s

Initial Speed= 1400 km/s
Speed at L1=700 km/s
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13σ
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-Bz=680 nT

0.7 GeV
0.6 GeV
0.5 GeV

28 minutes
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By Julia Rosen  Jul. 14, 2016 , 2:00 PM

http://www.sciencemag.org/news/2016/07/here-s-how-world-could-end-and-what-we-can-do-about-it

http://www.sciencemag.org/author/julia-rosen
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whitehouse.gov/the-press-office/2016/10/13/executive-order-coordinating-efforts-prepare-nation-space-weather-events

EXECUTIVE ORDER
--------------------------

COORDINATING EFFORTS TO PREPARE THE NATION FOR SPACE WEATHER EVENTS
By the authority vested in me as President by the Constitution and the laws of the United
States of America, and to prepare the Nation for space weather events, it is hereby ordered as
follows:

Section 1. Policy. Space weather events, in the form of solar flares, solar energetic particles,
and geomagnetic disturbances, occur regularly, some with measurable effects on critical
infrastructure systems and technologies, such as the Global Positioning System (GPS),
satellite operations and communication, aviation, and the electrical power grid. Extreme space
weather events -- those that could significantly degrade critical infrastructure -- could disable
large portions of the electrical power grid, resulting in cascading failures that would affect key
services such as water supply, healthcare, and transportation. Space weather has the potential
to simultaneously affect and disrupt health and safety across entire continents. Successfully
preparing for space weather events is an all-of-nation endeavor that requires partnerships
across governments, emergency managers, academia, the media, the insurance industry, non-
profits, and the private sector.
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Worldwide coverage 119 Countries
24 YouTube Videos
1093 Reports in 37 Languages
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Other events
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Summary

1. High precision measurements vital for progress

2. Research where natural advantage exists

3. Universe is the best laboratory

4. High energy particles are best messengers

THANKS
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