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All of the above science requires the following

High performance detectors

 High speed signal processing

Large data acquisation systems (DAQ)

 Commercial equipment is expensive and does not always meet our exacting requirements 

 Indigenous development of detectors and electronics has become a necessity for us

 High performance detectors

Indigenously developed Plastic Scintillation Detectors 

Indigenously developed Proportional Counters 
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Plastic Scintillator Casting @ GRAPES-3 Ooty
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GRAPES-3 

Plastic Scintillator
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GRAPES-3 Plastic Scintillator 

• These state-of-the-art scintillators have a high photon output (55% of anthracene)
• Long attenuation length (>100 cm)
• Short decay time (1.5 nanosecond) 

• With the aid of wavelength shifter (WLS) fibre readout, the GRAPES-3 scintillator detector 
provides a uniform response (r.m.s. non-uniformity <2.5% over 1m2 area)

• Large signal from minimum ionizing particles (18 photo-electrons)
• Large dynamic range (1-500 particles with single-PMT, >10000 particles with dual-PMT 

readout)  P.K. Mohanty et al. Astropart. Phys. 31 24 (2009) 

• In addition, a Monte Carlo code G3sim developed by the GRAPES-3 team allows precision 
simulation of the response of assembled scintillator detector with WLS readout 
P.K. Mohanty et al. Rev. Sci. Instrum.  83, 043301 (2012)

• G3sim was used to optimize the design of 200 new scintillator detectors used during 
expansion of the GRAPES-3 experiment as well as to design detectors for other collaborating 
institutions
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GRAPES-3
CRL, TIFR, Ooty, India
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EAS Landing at GRAPES-3
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Google Earth View 
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Gas Mixture 90% Ar +10% CH4

Total 3712

Total Area 560 m2

Absorber 2.4 m

Threshold E = 1 GeV

Proportional Counter
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Inside view of Muon Supermodule at GRAPES-3
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 Proportional Counter         - 3712 nos

 Total area - 560 m2
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Expansion of Muon Detectors

• Double the area of Muon Detectors

560m2            
 1130m2          

3712nos  +3776 = 7488nos

 Fabrication and Installation of PRCs
 Target – 3776 nos
Status as on 14 Feb 2019 
 Fabrication  - 3803 nos
 Installed in Field - 3009 nos
 Final Test Bench - 645 nos
 Ready for Final Test      - 149 nos
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PRC  Cleaning 

16



PRC end plate welding
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Needle valve

Counter fixed with needle valve 

Needle valve assembly and brazing
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Tungsten wire assembly &  hermetic seal fixing

Tungsten wire

Hermetic  seal
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Leak detection, evacuation and gas filling
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Evacuation set-1 Evacuation set-2 P10 Gas filling
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PRC New Area with Counters 
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First Layer
PRCs Placed
March-2016 
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Placement of PRCs in the field 
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PRC Mobile Test Bench 
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Proportional Counter Performance 

Mu 

Fe_peak :  6.4  keV
Zn_peak   :  8.6  keV
Mu_peak : 20.0  keV

 The muon tracking telescope provides a high statistics, directional measurement of the muons, and 
permits small changes of ∼0.1% in the muon flux to be accurately measured on a time scale of ∼5 min
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Muon Detector

EAS DAQ

GRAPES-3 DAQ

Sc_RATE

1 GB

Monitoring

Sc_MAIN

22 GB

MUON ANGLE DAQMUON  EAS DAQ

Mu_ MAIN 

1 GB
Mu_ANGLE

4 GB

PRE 

ANALYSIS

3712
400

 Monitoring  Performance 

EAS TRIGGER

Weather 
Data

ScDet

Scintillation         
Detector

 SMS Alert

GRAPES-3 Computer Cluster 

45 Hz 50 KHz

 Compression  of data

 Conversion to ROOT 
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GRAPES-3 High Performance Time to Digital Converter 

(HPTDC)

 32 Channel CAMAC Interface in Single Module 

 24 psec Resolution 

 External Clock 40 MHz. ( Internally 80,160,320 MHz)

 Dynamic Range 51 µsec 

 Double Pulse Resolution 5 nsec

 Trigger Mode of Operation
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GRAPES-3 Integrated Amplifier and Discriminator Card

for Proportional Counter

 Programmable amplification and decay constant adjustment

 On board protection for transient voltage and short circuit

 Compact card with plug and play design

 7244 / 8000 cards are ready

 2060 has been installed
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Building 

Blocks

 8 channel Integrated Fast Amplifier and Discriminator module 

 FPGA based pulse width analyser

 Multipurpose fast logic unit and scalar module

 TCP/IP interface board for 32 Digital I/O’s

 USB interface board for 16 Digital I/O’s

 32 channel HPTDC

 High voltage monitoring system

 Temperature Scanner and Controller

 TTL to optical link 
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GRAPES-3 Control Room
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GRAPES-3 Monitoring Tools

 ROOT based data analysis tools

 Web based parameter monitoring

 SMS alerts in case of abnormality in DAQ 
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GRAPES-3 Computer Cluster

• Nodes – 40

• Memory – 1280GB

• Storage – 660GB

• Optical N/W – 10Gbps

• Rocks Cluster Ranking – 36
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Interplanetry magnetic field (IMF)  
Data from OMNI Web 
Measured by wind space craft
Located at L1 (1.5 million kms from Earth)

Muon Flux Variation  
Data from GRAPES-3 experiment,
Measured by Muon Tracking Telescope
Located at Ooty, India
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Media Coverage
119   – Countries  
1096  – Reports in 37 Languages
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Web    :  grapes-3.tifr.res.in

Email   : atul@crl.tifr.res.in
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