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Objective: The universe at the highest energies 
The origin, acceleration, propagation of these particles,
Extreme conditions require modification laws of physics ...

1.  UHE (>1014eV) particles in the galaxy through study of
     their composition at “ Knee” in energy spectrum.

2. Diffuse -rays at >100 TeV as probe of highest energy
    (~1020eV) particles in the universe.

3. Multi-TeV -rays from neutron stars, other compact objects.

4. Impact of solar flares, CMEs on Earth and space weather
    studies.

5. Acceleration of particles in thunderstorms and atmospheric
electricity.



   

400 Plastic Scintillator detectors (1 m2 area)
560 m2 muon detector (1 GeV)  (11.4N, 76.7E)



   

400 Plastic Scintillator detectors (1 m2 area)
560 m2 muon detector (E

μ
=1 GeV)



   



   

Plastic Scintillator 
development:
Decay Time= 1.6 ns
Light Output = 85% Bicron 
(54% anthracene)
Timing 25% faster
Atten. Length 00cm
Cost ~10% of Bicron
Max Size 100cmX100cm
Total > 2000

CERN, Osaka, IUAC Delhi, 
Bose, VECC, BARC etc.

In-house technology for the Fabrication of 
Various Detector Components 



   



   



   

Proportional 
Counter   

Test Setup



   



   

Signal processing electronics & detection: 

(1) Fast Amplifiers with >300 MHz bandwidth

(2) Fast Discriminators with <100 ps time jitter

(3) Charge integrating ADCs 12 bit dynamic range

(4) Time measurement TDCs 12 bit, 100 ps 
      multi-hit, triggered operation

(5) Si photomultiplier, high quantum efficiency, high 
      photon resolution



   

σ=90ps

Amplifier-Discriminator response using muons



   

Performance of HPTDC (Stop Watch)
32 Channels
100 ps time resolution
Multi-hit capability
Huge dynamic range (100 ps - 50 μ s)
Trigger mode  (avoids delay cables)



   

Phillips

HPTDC

Hoshin

1.5 μ s

3.2 μ s

Multi-hit = 2
Multi-hit = 2



   

SiPM Results using LED as a Source



   

Muon Signal with SiPM

Green Fibers
SiPM VME PC

Scintillator Size
25x25x1 cm3

Ped. Peak = 90.3
Single p.e.= 17.4
p.e. at peak = 44
p.e. at mean ~ 50

QE: SiPM=3xPMT

KCR



   

A modular, efficient ROOT based  framework is being developed 
for the analysis of GRAPES-3 data. Use of OOP allowed 
independent development of code and portability.

Tasks completed: 
Conversion of shower (scintillator) and muon (proportional counter) 

data. 

Integration of calibration and other important house-keeping data. 
Efficient monitoring tools to aid trouble-shooting.

Online Solar Flare and CME watch

ROOT Based Data Analysis



   



   



   

GRAPES-3 Results
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tion
QGSJet
SIBYLL
NEXUS

CORSIKA Simulations 
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All particle energy spectrum
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Proton Spectrum

Comparison with direct measurements is possible
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Mean Mass Number

Lower threshold enables data to compare with direct measurements.
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GRAPES-3 Angular Resolution (AO)



   

Moon Shadow

Moon

 

-ray astronomy 



 = 25 arc min.
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Solar phenomena



   

GRAPES-3

TIBET-NM

Coronal Mass Ejection (28 October 2003) 



   

A(r) = K x r

K = (12.30.3)%







   

7 April 2001

Study of 
Interplanetary 

Space from the 
Earth



   

5 Nov. 2001



   

30 Sep. 2002



   

Future probe 
Space Weather: 
Through the study of 
interplanetary medium 
using CMEs, flares, 
anisotropies and long-
term study of cosmic 
ray variation.

Prasad



   

21 15 70

6 0 44

42 20 79



Decrease in muon rate
at shorter time scale

Thunderstorm Event



   

Pb214, Bi214



   



   

Acceleration of Particles

Distance and Energy Scales

Atmospheric Electric Field 107 cm ~100 MeV
Solar Effects 1010 1013 cm ~10 GeV
Galactic Cosmic Rays1021  - 1023 cm ~100 TeV
Extra Galactic CR 1024  - 1025 cm ~100 EeV



   

Future Simulation Plans

Propagation of Cosmic Ray Protons in 
magnetosphere and atmosphere

Composition dependent shower simulation in 
atmosphere for KASKADE and GRAPES-3

Simulation of proton rejection efficiency

Effect of atmospheric electric field on muons



   

THANKS



   

Backup Slides



   

MILESTONES:
DST-DAE Vision 2020 meeting accorded highest priority to the 
GRAPES-3 experiment.., 7-8 April 2006

GRAPES-3 activity to be utilized as a nucleating centre for 
astroparticle physics.., Panel Report, 19 December 2006

Future activity at Ooty will offer a basis for a national facility in 
this area of science.., DHEP Review Report, 17 January 2008

With enhanced resources in manpower and funding 
would allow success on all three fronts, namely, 
science, R&D, training and education
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Training & Education:

(1) Schools, workshops, symposia
(2) Projects, thesis (M.Sc., B.E.)
(3) NSF --> training of new staff
(4) CORSIKA school, 2010 at Ooty

Backbone: 25 staff members, very 
skilled, motivated, multi-tasking


