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GRAPES-3 Scientific Objectives:

1. The origin, acceleration and propagation of UHE (>1014eV)
     particles in the galaxy and beyond through the study of the
     “ Knee”  in energy spectrum and the nuclear composition.

2. Production and/or acceleration of highest energy (~1020eV)
    particles in cosmic rays through the study of diffuse -rays
    of >100 TeV.

3. Astronomy at multi-TeV using -rays from neutron stars
    and other compact objects.
 
4. Sun the closest astrophysical source and accelerator of
    energetic particles and its effects on the Earth.



   

`knee’ Region 



   

Detection and Measurement of Cosmic Rays: 

HE particles produce a shower of electromagnetic (e+, e-, )
particles, muons (+, -) and other particles in atmosphere.

Measurement of particle density and time (ns) in the shower 
provides an estimate of the energy and direction of primary
particle.

Measurement of muon density in the shower provides 
information on the composition of primary particle. It also
allows discrimination between rays and protons.

The flux of muons is sensitive to the solar wind and is used
to study various Sun induced phenomena.



   

GRAPES-3: A powerful tool for Astroparticle Physics. 

Conventional  array with highest 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. 
       



   



   



   



   



   



   



   

Decay Time= 1.6 ns
Light Output = 85% of 
Bicron (54% of 
anthracene)
Timing 25% faster than 
Bicron
Atten. Length 00cm
Cost ~10% of Bicron
Size 50cmX50cm
Total > 1500

Detector Development: Plastic Scintillator



   



   



   



   

 



   



   



   

Fast Amplifiers with >300 MHz bandwidth
+

Fast Discriminators with <100 ps time jitter

Charge integrating ADCs 12 bit dynamic 
range, fast conversion

Arrival time measurement by TDCs  12 bit 
dynamic range, 100 ps resolution, multi-hit
capability, triggered operation

Our requirement: Large number of 
channels for Signal Processing  



   

σ=90ps

Amplifier-Discriminator response using muons



   

y = 10239.953x  377.705
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 L.C.= 98 ps

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



   







 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



   



   

 (a) Shower Size `N
e
’  104.4-104.6 

(b) Shower Size `N
e
’  105.0-105.2



   



   



   

● -ray astronomy

● 
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Moon and Sun shadow

Shape of the shadow
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High solar activity (2000-2003) 
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Future Expansion Plans

● Expansion to an area of 1 km2 using widely 
spaced detectors with in-situ signal digitization

● Increase of muon detector area from 560 to 
1120 m2

● Installation of a multi-element, wide-angle, 
steerable Cerenkov telescope

● Installation of neutron monitors for solar studies
● Installation of low frequency dipole array for 

detection of radio emission from showers
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Comparison of muon multiplitcity distributions for showers initiated by 
protons and Fe nuclei, simulated assuming the same value of 2.71 for the 
spectral index



   



   



   

● A(r) = K x r

● K = (12.30.3)%
● 
● 



   

Future Goals:

1. Precision measurement of nuclear composition 
    and energy spectrum from 3x1013 to 3x1018 eV 
    encompassing the region which includes the
    direct measurements, “ knee” and “a nkle” in a
    single experiment with electron and muon  
    and Cerenkov detection.

This information is essential for understanding 
the origin of cosmic rays, the nature of 
acceleration processes and the properties of the 
interstellar medium in which they propagate prior 
to detection at Earth.



   

2. Pin down the ratio of the diffused -rays and   
    protons above 100 TeV produced by >1020 eV 
    particles. This should clarify if the non-  
    conventional models based on topological      
    defects can explain the highest energy                
    particles.

3. Precision measurements of the energetic solar   
  particles to determine the sites and 

    mechanisms for acceleration. Studies of Sun 
    induced phenomena such as CMEs and 
    Forbush decrease etc. having implications on 
    space-weather.



   

4. High sensitivity search for point source of -rays
    above 100 TeV from neutron stars, black holes
    and other compact sources.
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