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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.



   

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 > 1500

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

Technology driven activity, with additional 
requirement of large number of instruments  



   

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

Requests: Single photon (chem, bio) TIFR, Oulu Finland, 
IUAC New Delhi, Bose Institute etc.  



   

Phillips

HPTDC

Hoshin

Deviation of TDC from linearity



   

1.5 μ s

3.2 μ s

Multi-hit = 2



   

Multi-hit = 2



   

SiPM Results using LED as a Source



   

MIP 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



   

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



   



   



   



   

QGSJet
SIBYLL
NEXUS

Composition Studies



   

QGSJet
SIBYLL
NEXUS
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All particle energy spectrum



   
23

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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Moon Shadow
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-ray astronomy 
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Solar phenomena



   

GRAPES-3

TIBET-NM

Coronal Mass Ejection (28 October 2003) 



   

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.



   

Pb214, Bi214



   

Future Expansion Plans

Double muon detector 560 ---> 1120 m2 (2012)

Wide-angle Cerenkov telescope (2012)

Expansion to ~1 km2 (2015)

Neutron monitors for solar studies (2012)

Low frequency dipole array to detect radio 
emission from cosmic ray showers (?)



   

THANKS

14-16 December 2010, Ooty



   

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



   

-ray variation during total solar eclipse. 22 July 2009



   



   

Detection and Measurement of Cosmic Rays: 

Shower of electromagnetic (e+, e-, ), muons (+, -) etc.
in atmosphere.

Measure particle density and time (ns) ---> Energy and
direction of primary particle.

Muon content of shower ---> composition of primary
Also discrimination between rays and protons.

Muon ---> solar wind and Sun induced phenomena.



   



   

A(r) = K x r

K = (12.30.3)%







   



   

GRAPES-3: A powerful tool for Astroparticle Physics. 

Conventional  array with high density of detectors

Basic Detector Component:

~400        - Plastic Scintillator detectors (1 m2 area)

3712        - Proportional Counters (6m x 0.1m x 0.1m)   
                  deployed in four crossed layer configuration
                  as 1 GeV muon detector of area 560 m2. 
       



   



   



   



   



   



   



   



   



   

 



   



   



   

5 nos of SiPM ( Made in Russia)
5 nos of Pre­Amplifier boards (NE5539)
900 pixels (30x30 matrix) covering an area of 1mm2 

Photon Detection Efficiency ~35%
Operating Voltage ~ 50 ­ 58 Volts (SRD)

       SiPM



   

Silicon Photomultiplier
(quantum efficiency = 3x

high resolution, inexpensive)
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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



   


