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GRAPES-3 Observatory: A sensitive probe
in high-energy Astroparticle physics.

(Gamma Ray Astronomy at Pev EnergieS Phase-3)
ADNHEAP, Bose Inst. 16 February 2017
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560 m2 muon telescope

S.K. Gupta, K.P. Arunbabu, S.R. Dugad, B. Hariharan, I. Mazumdar, P.K. Mohanty, P.K. Nayak,
P. Jagadeesan, A. Jain, S.D. Morris, P.S. Rakshe K. Ramesh, B.S. Rao, L.V. Reddy, Y. Hayashi,
S. Kawakami, H. Kojima, S.K. Ghosh, S. Raha, P Subramanian, A. Oshima, S. Shibata,
K. Tanaka, S. Ahmad, P.K. Jain, A. Bhadra, R.K. Dey, C.S. Garde, T. Nakamura, R. Nigam,
D.P. Mahapatra, S. Mahapatra
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Ph.D. Thesis: (1) M. Sasano (2) H. Tanaka (3) T. Nonaka, (4) A. Oshima
(5) M. Minamino (6) P.K. Mohanty (7) K.P. Arunbabu

Current Ph.D.: (8) A. Chandra, AMU (9) V. Jhansi, TIFR (10) M. Zuberi, AMU
(11) B. Hariharan, MKU, (12) H. Mahapatra, Utk.

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
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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, ...

In-house technology development for Fabrication of
various detectors 
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P.K. Mohanty et al. Rev. Sci. Instr. 83 043301 (2012)
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σ=90ps

Amplifier-Discriminator response using muons
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HPTDC (Stop Watch)
32-channels τ=100 ps Range: 50 µs

Multi-hit capability
Trigger mode (no delay)

Novel method measuring TDC-Zero

S.K. Gupta et al. Experimental Astronomy
DOI: 10.1007/s10686-012-9320-3(2012)
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Proportional Counter (PRC) Fabrication
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Fe

Zn
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2270 PRCs fabricated 58% of required 3780 PRCs
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19 February 2016
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22 November 2016
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27 January 2017
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Nodes : 40 (Initial phase)

Total Jobs : 1280

Total Memory : 1280 GB

Storage at nodes: 600 TB

Storage at server : 60 TB

Optical network: 10 Gbps

Forced air cooling, 1.2KW
removes 25KW of heat

37th Rocks Cluster Rank

GRAPES-3 Cluster
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VIIT, Pune and GRAPES-3 joint R&D activity

Hardware project examples:
(1) 64 channel FPGA based scalar with Ethernet
(2) 64 channel pulse-width analysis with USB
(3) Monitoring 1000 channels of HV using Ethernet
(4) Programmable power supply (100 V)
(5) Multiple solar panel power regulation & control

Software project examples:
(6) Web-tools for remote processing of data including dynamic plots
(7) Web-based database management of calibration and other data
(8) Web-based monitoring of experiment
(9) Inventory management of detector components

Participation during 2010-2016:
VIIT faculty 10
GRAPES-3 members 10
BE Final students 77
Projects 28
(20 Hardware + 8 Software)

GRAPES-3 projects = 28 (72%) Students = 77 (73%)
Rest TIFR projects = 11 (28%) Students = 28 (23%)
Total projects = 39            Students = 105
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GRAPES-3 Radiation Monitor for RPG BARC
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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 ~100 MeV Scale ~105-106 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

World's most sensitive muon telescope



19

Diurnal Diurnal

0.128% hPa-1

1 m air column = 5σ
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Annual (2005-2010)

0.169% K-1

0.3 ̊C = 5σ



21

99.99%

Cosmic Ray Rate for 16 modules (2006)
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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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22 June 2015 Ooty, midnight

54σ
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27σ

27σ

27σ

27σ
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13σ
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>5σ   42

4-5σ   37

3-4σ   40

<3σ 25
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-Bz=680 nT

0.7 GeV
0.6 GeV
0.5 GeV
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-Bz=680 nT

0.7 GeV
0.6 GeV
0.5 GeV
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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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Science

American Physical Society
http://physics.aps.org/synopsis-for/10.1103/PhysRevLett.117.171101

http://physicsworld.com/cws/article/news/2016/oct/21/flash-physics-physicists-call-for-food-strategy-lhc-trio-bag-prize-
cosmic-rays-elude-geomagnetic-field

Physical World

http://www.natureasia.com/en/nindia/article/10.1038/nindia.2016.141

Nature

http://www.bbc.co.uk/news/science-environment-38849147

BBC

https://weather.com/science/space/news/earth-magnetic-field-crack-solar-flare-radiation
Weather.com

The Hindu
http://www.thehindu.com/sci-tech/science/Indian-muon-trackers-get-a-handle-on-solar-storms/article16085296.ece

http://www.techtimes.com/articles/185158/20161108/grapes-3-telescope-records-cosmic-ray-burst-highlights-
crack-in-earth-s-magnetic-field.htm

http://www.sciencemag.org/news/2016/10/solar-storms-can-weaken-earth-s-magnetic-field

Silicon Valley Tech Times

http://www.sciencemag.org/news/2016/10/solar-storms-can-weaken-earth-s-magnetic-field
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1. English : 174
2. Asian :   103

3. East Euro : 131
4. West Euro : 79

Total= 484 News Reports Worldwide
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Captures worldwide scientific and public imagination
500 websites reported GRAPES-3 result

48 Countries
  1. Afghanistan
  2. Argentina
  3. Armenia
  4. Australia
  5. Azerbaijan
  6. Belarus
  7. Bolivia
  8. Brazil
  9. British Virgin Isle
10. Canada
11. Chile
12. China
13. Costa Rica
14. Croatia
15. Czech Republic
16. Denmark
17. Ecuador
18. El Salvador
19. France
20. Germany
21. Greece
22. Hong Kong
23. India
24. Iran

25. Japan
26. Kuwait
27. Libya
28. Mexico
29. Nepal
30. Nigeria
31. Norway
32. Pakistan
33. Poland
34. Portugal
35. Romania
36. Russia
37. Singapore
38. Spain
39. Sweden
40. Taiwan
41 Thailand
42. Turkey
43. Ukraine
44. UK
45. USA
46. Uzbekistan
47. Venezuela
48. Vietnam

  1. Chinese
  2. Czech
  3. Danish
  4. Dutch
  5. English
  6. French
  7. German
  8. Hindi
  9. Hungarian
10. Italian
11. Japanese
12. Lithuanian

● 13. Malayalam
14. Persian
15. Polish
16. Portugese
17. Romanian
18. Russian
19. Serbian
20. Slovak
21. Spanish
22. Swedish
23. Tamil
24. Thai
25. Turkish
26. Ukrainian
27. Vietnamese

27 Languages

90% World population
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390K

8K

1K

1K

5K

5K

7K

1.5K

18 YouTube
Videos
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Post PRL grapes-3.tifr.res.in 20K hits,   TIFR GRAPES-3 5K hits
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Some facts:
 

(1) GRAPES-3 detected burst of cosmic rays due to
      weakening of geomagnetic field for 2 hours.
      Amplitude = 0.5% Sensitivity = 0.01% 54σ

(2) Led to entry of solar plasma into atmosphere,
     caused radio blackouts, tripping of electric grids.

(3) Four spacecrafts at L1 give advance warning of solar storms
      (30 min). ISRO to launch Aditya for such studies.

(4) Spacecrafts fail for short periods, may be due to cosmic rays.
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Unique Features of GRAPES-3 :

(1) Combination of (i) Large area 560 m2, (ii) Nine independent   
      telescopes make GRAPES-3 the most sensitive instrument.

(2) In-house technology development, including muon telescope
      and plastic scintillators, allowed 100% observation during
      last 17 years (2000-2016). Important for rare event studies.
      e.g. Benefits accruing to DAE through scintillator based

radiation monitor for RPG, and portal monitors for the nation.

(3) Major facilities worldwide, (i) ICECUBE (2000 m2) in Antacrtica,
      (ii) TA (2000 m2) in USA, (iii) Auger (15000 m2) in Argentina,
      (iv) HAWC (12000 m2) in Mexico, (v) AMS on Int. Space Stn.
      (vi) URAGAN in Russia 4-5σ (limited success, lack of sensitivity)
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Perspective :

(1) According to a report published in August 2016 in “Science”
      number one threat to humans is from solar super storms.
      On 13 October 2016, USA President Obama signed an

              Executive Order to prepare them for such events.
Our result in “Physical Review Letters” on 20 October 2016.
“APS” highlighted it, followed by an article in “Science”.

 
(2) NAS, USA reports that a super storm (July 2012 missed Earth) can

             disrupt satellites in space, communication systems and electronic
             devices on ground, short-circuit transformers, may cause losses
              of trillions of dollars.

(3) Early warning spacecrafts may get disabled. However, GRAPES-3
      due to equatorial location on Earth is well-shielded, will continu

             to operate providing valuable data.

(4) “Science” article explains that a cosmic ray instrument may
provide less but more accurate warning than satellites.
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Future: 
GRAPES-3 is capable of studying solar storms with highest sensitivity at
present. Being a research instrument data is analyzed after the event. If it
is be converted into an advance warning instrument, following objectives
have to be met.

(1) Large analysis effort to better understand existing 17 years of data for signs    
      of storm-like events. Algorithms to predict storms using known events.

(2) Develop suitable hardware trigger to provide advance warning in
      real time, and improve precision by cross checking with known events.

(3) Accelerate the ongoing expansion of muon telescope, including
      upgrade of electronics.
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Videos
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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
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Education: ~400 attended 11 winter schools
~300 B.E./M.Sc students ~80 projects 2010-16

Visitors: ~2500 in 2016 Thanks

http://grapes-3.tifr.res.in

Workshop & Winter School on Astroparticle Physics
GRAPES-3, Ooty  17-29 December 2016

http://grapes-3.tifr.res.in/
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