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GRAPES-3 Experiment on Google Map

Google View

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



  

1. Cosmic Ray Composition
2. Thunderstorms

Sunil K. Gupta
gupta.crl@gmail.com

OOTY
N(E) = K E-γ
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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



  

  Radioactivity in rain water, using scintillators.



  

          
               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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400 Plastic Scintillator detectors (1 m2 area)
560 m2 muon telescope (Eµ=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 possibly most sensitive muon telescope
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Muon Direction Reconstruction
Field of View = 2.3 sr
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-0.128% hPa-1

20 cm air column = 1σ

12 hour

day

ΔP (hPa)
P.K. Mohanty et al. Astropart. Phys. 79 23 (2016)



13

-0.17% K-1

0.06 K = 1σ

Annual (2005-2010)

day

K.P. Arunbabu et al. Astropart. Phys. 94 22 (2017) ΔT(K)
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Study of Interplanetary Space from the Earth
April 20012 4 6 8 10

30 nT

IP magnetic field

Muon intensity

Δμ = -0.1% ≈ 0.1 nT

%

%

%

Δμ
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GRAPES-3 is uniquely sensitive instrument;

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

2. Thermometer (0.06 K)

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

4. Atmospheric Voltmeter (GV electric potential)

5. Atmospheric ammeter (1 f A; precision=1 A A or 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

● A disproportionate number of people killed are 
farmers working outdoors during Monsoon

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

● Lightning is estimated to increase (12 ± 5)% for 
every degree celsius rise in global temperature  
   D.M. Romp et al. Science, 346 (2014) 851



  



  



  

Benjamin Franklin’s
1749 electrical 
experiments



  



  



  
Anatomy of a thunderstorm in 1899, 
150 Y after Franklin, Elster & Geitel

8 km

5 km

2.5 km

1 km



  

Conventional wisdom of thunderstorm development

(i) Average duration of precipitation and electrical activity from a single 
thunderstorm cell is about 30 min.

(ii) Average electric moment destroyed in a lightning flash is  ~110 C km, 
corresponding discharge of 20–30 C.

(iii) This charge is generated and separated in a volume bounded by the −5 
and −40 celsius levels and having an average radius of ~2 km.

(iv) The separated negative charge is contained in a vertical column stretching 
from near the 0 level up to −40 celsius level 6 km higher up. Positive charge 
extends from about −30 celsius level well into the ice-crystal anvil. A 
subsidiary positive charge may exist near cloud base astride 0 celsius level.

(v) Charge generation and separation operates in supercooled part of cloud 
and is associated with development of precipitation, in form of soft hail pellets 
formed by aggregation and freezing of supercooled cloud droplets.

(vi) Sufficient charge must be generated and separated to supply a lightning 
flash within 10–20 min of precipitation particles of radar-detectable size, and
to establish large-scale electric fields of at least a few kV/cm.
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A thunderstorms voltage of 1 GV predicted in 1929 by C.T.R. Wilson 

0.13 GV 2000
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April 2011 – December 2014 184 thunderstorms

7 Largest events  ΔIμ > 0.4% selected

6 events had very complex electric field profiles.

Only the event on 1 December 2014 had a simple profile
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20 σ
Thunderstorm of

1 December 2014
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Muon intensity 
variation seen by

GRAPES-3
1 December 2014 
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μ-Battery TS-Battery

abcdefgsijlffff
fffffffffffffffff

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

ΔI = E2/(r1+r2)



29(GV)

Equivalent Ohm’s law
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0.9 GV

PRL, 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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1. Angular velocity- 6.2o/min, linear velocity 1 km/min  height →
of cloud 11.4 km amsl consistent with velocity and height of 
subtropical jet stream in south India.

2. Angular size 75o cloud radius >11km Area > 380 km→ 2

3. A cloud is a thick (2 km) parallel plate capacitor with similar 
sepration; capacitance > 0.85 μF

4. V= 1.3 GV   Q > 1100 C,  Energy > 720 GJ→ →
Charging time = 6 min   Power > 2 GW→
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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 for about hour→
Biggest nuclear reactor/ hydroelectric/ thermal generator 
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There are over 100 reports……

https://grapes-3.tifr.res.in/publications/misc/Thunderstorm_v3.pdf
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30 September 2015 thunderstorm
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30 September 2015
Thunderstorm
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Charging time = 60 s
Power > 10 GW
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Discharging Pixels
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Summary

1. Ooty with a long rainy season (8-9 months), ideal 
location for thunderstorm studies 

2. GeV threshold is well-suited for GV

3. GeV muons serve as an excellent precision tool

4. Electric field measurements provided unique 
complementary  information



  

The GRAPES-3 Team

THANKS
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