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Testing RA & Dec.
Gearboxes

⬇

Atmospheric Cherenkov Array 1978

Begninning
in 1976



  

Control Room 

40 Years since the construction
1980



  

Forward Hadron Calorimeter E557/672 FermiLab 1983-1986
High Pt Jet production in p+nucleus collisions at 800 GeV



  

ISOMAX Magnetic Spectrometer NASA/GSFC 1996-1998
Measure the abundance of radioactive Be10 in cosmic rays
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Plastic Scintillator (2000)
Proportional Counters (8000)

Signal processing (8000)
DAQ systems > 20

Computer Clusters (1500)

GRAPES-3 experiment
An India-Japan collaboration

Sunil K. Gupta

1993-Present
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Top of GRAPES-3 Control Room constructed 1996
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GRAPES-3 Experiment on Google Map

Google View

https://grapes-3.tifr.res.in
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Plastic Scintillator development:
Decay Time= 1.6 ns  Light Output = 85% Bicron (54% anthracene)
Timing 25% faster  Atten. Length λ= 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
at Cosmic Ray Laboratory, Ooty
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Proportional Counter (PRC) Fabrication
http://www.bbc.com/news/world-asia-india-39100109

Kα
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2 May 2022
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Total area = 560 m2

Inside view of 
muon telescope

GRAPES-3 possibly most sensitive muon telescope



  

Physicists design experiments to study specific 
phenomenon. Sometimes unexpected surprises 

1. Short-term (2 hour) weakening of Earth’s magnetic field 
by a passing solar storm –> burst of cosmic rays. Potential 

to disrupt electric grids and communication satellites.

Physical Review Letter 117, 171101 (2016)

2. 1.3 GV electric potential in a thunderstorm, energy stored 
>720 GJ  powered by > 2 GW thermal currents.→

Physical Review Letter 122, 105101 (2019)
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There are over 1
00 re

ports
……

http
s://g

rapes-3.tif
r.re

s.in
/publicatio

ns/m
isc/Thunderstorm

_v3.pdf
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My 13-year IUPAP journey began as an Associate Member 
(2008-2011), Member (2011-2014), Vice-Chair (2014-
2017), and Chair (2017-2021) of IUPAP Commission C4 on 
Astroparticle Physics.

As Chair, C4, in-person EC&CC meetings before the onset 
of Covid-19 pandemic. In Singapore, Vilnius and London 
were a great learning experience.

Interactactions with fellow 17 Commission Chairs from other 
disciplines (which I knew so little) was a priceless 
opportunity to learn & form strong bonds!

Claes Fahlander   Sekazi Mtingwa
    Chair C12    (2017-2021)       Chair C13



  

Executive Council & Commission Chairs Meeting 
Vilnius, Lithuania (30 October - 2 November 2018)



  

Executive Council & Commission Chairs Meeting 
London, United Kingdom (1-3 October 2019)



  

  The interactions with Executive Council during 
EC&CC meetings were a learning experience for 
me. Past President, Bruce McKellar and his 
encyclopedic knowledge of IUPAP rules, bye-
laws & traditions made interactions memorable.

  Late President, Kennedy Reed, with thoughtful, 
generous temperament was a great leader and 
role model that I could not but greatly admire. 
Renaming Kennedy Reed medal for enhancing 
physics in developing countries is a fitting tribute. 

  And then there is the infinitely resourceful and 
dynamic President-designate and then President, 
Michel Spiro who I came to know and learn so 
much from over the course of past seven years 
(IYBSSD, AC5, WG16...)



  

 

Interaction with Silvina Ponce Dawson, Monica Pepe-
Altatelli, Laura Greene, enlightened me to the systemic 
discrimination of female scientists, justified the need for 
rectification based on data gathered across continents. 

As Chair, C4 we proactively sought nominations of female 
scientists for the IUPAP Early Career (IEC) Prizes in 2019 
and 2021, 3 out 4 IEC Prizes went to female colleagues!

Working with the IUPAP Secretariat especially during the 
Centenary Celebrations of the founding of IUPAP in 2022 
and representing Asia-Pacific region was a memborable 
experience. I would like to recall the role of Mihoko Nojiri, 
Kwek Leong Chuan, Kuijuan Jin, Jens Vigen, Stefano 
Fantoni, Sandro Scandolo, Rudzani Nemutudi, Gabriella, 
Cecilia, Anna Lisa.....

Silvina Monica Laura
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Nupur Gupta
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               α                           β                        β                       α                        α                    
92U238     ----->     90Th234    ----->     91Pa234    ----->     92U234    ----->     90Th230    ----->     88Ra226    ----->     86Rn222      
T1/2    4.5x109 Y              24.1 d                  70.2 s T1/2       2.5x105 Y           7.5x104 Y                1600 Y

               α                   α                       β,γ                    β,γ   
86Rn222     ----->     84Po218    ----->     82Pb214    ----->     83Bi214    ----->     84Po214 

T1/2         3.82 d                  3.1 d               26.8 min             19.9 min                  

 

1 in 100,000,000,000,000,000,000
STORY OF THE EARTH

α
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Muon Direction Reconstruction

Field of View = 2.3 sr
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0.128% hPa-1

Accuracy = 20 cm air

0.17% K-1

Accuracy  = 0.06 C

Sensitivity of muons to IMF

Apr 2001 2 4 86 10

Δ
μ

 (
%

) 

Δμ = 0.1% ≈ 0.1 nT

30 nT

GRAPES-3 is uniquely sensitive instrument;

1. Barometer (20 cm  air column / 1/2000 BP)

2. Thermometer (0.06 K)

3. IMF magnetometer (0.1 nT = 10-6 GMF)

4. Atmospheric Voltmeter (GV electric potential)

5. Atmospheric ammeter (1 fA; ΔI=1 AA=10-18 A )



  

● There is good reason to study thunderstorms 
because they are the leading cause of death by 
a natural phenomenon across the globe;

● For example in India ~2000 people die every 
year due to lightning strikes and especially 
during thunderstorm season

● Worldwide several tens of thousands lives are 
lost due to thunderstorms



  



  

1740s: Benjamin Franklin
Electrical experiments
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A thunderstorms voltage of 1 GV estimated in 1929 by C.T.R. Wilson 

0.13 GV 2000
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20 σThunderstorm of
1 December 2014

Muon intensity 
variation seen by

GRAPES-3

1 December 2014 

μ-Battery TS-Battery

I1 = E1/(r1+r2)
I2 = (E1-E2)/(r1+r2) 
ΔI = E2/(r1+r2)
E2 = ΔI x (r1+r2)

thunderthunr
aaaaaaa
aaaaaaraaaaaaaar
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(GV)

Equivalent Ohm’s law

0.9 GVPhys. Rev. Lett. 122, 105101 (2019)
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6 km travel in 6 min
speed = 60 km h-1

EW
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Mean = 1.3 GV
Charging Time = 6 min

Angular velocity = 6.2O min-1
PRL, 122, 105101(2019)
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Properties of 1 December 2014 Thunderstorm

(1) Electric potential of December 1, 2014 event = 1.3 GV 
      previously reported maximum = 0.13 GV.
Consistent with prediction of C.T.R. Wilson of 90 years ago. 

(2) Gigavolt potentials can explain production of high-energy
      γ-rays in TGFs discovered by over 25 years back.

(3) Moving at a speed of 60 km h−1 near the top of the 
 troposphere possibly carried by the westerly Jet stream.

(4) Area~400 km2, Charge stored ≥ 1100C Power ≥ 2 GW
      Energy stored ~ 720 GJ  Mumbai or Nagoya for ~ 1h→

 Biggest nuclear reactor/ hydroelectric/ thermal generator 



37



  

  Radioactivity in rain water, using scintillators.
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1. The Cosmic Ray Laboratory (CRL) at Ooty was set up by 
the Tata Institute of Fundamental Research (TIFR) as a field 
station nearly 69 years back. CRL is home to India’s largest 
cosmic ray experiment GRAPES-3.

2. The research in CRL has become a multi-disciplinary, and 
multi-institutional activity in astroparticle physics, including 
atmospheric physics, solar physics, space weather, galactic 
and extragalactic cosmic ray physics, gamma-ray astronomy.

3. In recognition of these unique capabilities, the Council of 
Management of TIFR has approved the upgrade of CRL into 
National Cosmic Ray Centre (NCRC) to serve as a centre of 
excellence in astroparticle physics in India.
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Summary

1. Ooty with its near equatorial location is a unique site

2. Development of new detector and analysis 
    techniques bode well for a bright future 

3. Based on successful past this India-Japan 
    collaboration is poised for glorious scienctific  
    discoveries
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