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Other GRAPES-3 talks

1. Precision simulation of muon flux for GRAPES-3: Anuj Chandra

2. Cosmic ray interaction models: Shakeel Ahmad

3. Development of electronics and software tools: C.S. Garde

4. Status and planned upgrade of GRAPES-3 DAQ: P. Jagadeesan 



   

Objective: Universe at high energies 
Acceleration, propagation of high energy particles,
Extreme conditions may require new physics ...

1. Acceleration in atmospheric electric field 
Energy ~100 MeV Scale ~105-106 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 -rays
    Energy ~100 EeV Scale ~1024-1026 cm



   

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

µ
=1 GeV) (11.4N, 76.7E)

S.K. Gupta et al. Nucl. Instr. and Meth. A 540 311-323 (2005)
S.K. Gupta et al. Pramana 65 273-283 (2005)
Y. Hayashi et al. Nucl. Instr. and Meth. A 545 643-657 (2005)



   

Acceleration in atmospheric electric field 
Energy ~100 MeV Scale ~105-106 cm 

LHC
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Muon rate 
variation
on 18 April 2011
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Thunderstorm
18 April 2011

P.K. Mohanty et al.
B. Hariharan 
CORSIKA (70K) 
Electric field incl.



   

Solar flares, Coronal Mass Ejections
Energy ~10 GeV Scale ~1011-1013 cm



   

Solar 
phenomena

Energy ~10 GeV
Scale ~1011-1013 cm
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Daily muon rates in 2 of 16 modules (2006)
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Modelling of efficiency variation
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Matrix G  dimension 12000 x 80
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Fit parameters
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Timing 
capacitor
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Amplifier 
card
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+12V 
fuse blew
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Unknown 
problem
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DAQ PC Hanging
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RMS = 0.33  Statistical = 0.26 
Mean = 3000
Fractional Error = 1 part in 104 
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Muon count rate of 16 modules 

99.99%



   



   



   

First Harmonic
BEFORE and AFTER time offset correction

-0.531±0.006



   

Second Harmonic
BEFORE and AFTER time offset correction

-0.45±0.02



   

Third Harmonic
BEFORE and AFTER time offset correction

-1.89±0.08



   

Fourth Harmonic
BEFORE and AFTER time offset correction

-1.8±0.4



   

Summary of GRAPES3 Harmonic Measurements

Harmonic   Amplitude (%)               Phase        Spectral index (γ)
      1                 0.132     12.4 h  .       .03 h 0 53  .001       
      2                 0.054      12.4 h  .  03 h        0.45  .002       
      3                 0.014    12.7 h  .  02 h        1.9  0.1
      4                 0.004     12.9 h  .  02 h          1.8  0.1       

Measurement of first three harmonics by Bieber and Pomerantz (1983)
neutron monitor data during 1965–1976 from Swarthmore observatory. 

              Harmonic   Amplitude (%)        Phase
                    1                  0.277               14.1 h                            
                    2                  0.057               13.5 h   
                    3                  0.014               13.5 h 
    
 



   



   

E(t) − W(t) = I(t + τ /2) − I(t − τ /2)

ΔI = I(t + τ /2) − I(t − τ /2) = E(t) − W(t) 



   

N(ɵ) = A cos(ɵ) + B sin(ɵ)

A = (-0.0050  . )% (00008 6σ)

= B (-0.0642  . )% (00008 80σ)

= C (-0.0644  . )% (00008 80σ)

Ψ = (17.70  0.05) h

Amplitude = (0.355  0.005)%

 = .  % / . .Gradient 14 AU

 = Current 106
  / . .Amp AU 2



   

GRAPES-3

TIBET-NM

Coronal Mass Ejection (28 October 2003) 

A(r) = K x r

K = (12.30.3)% 





T. Nonaka et al. Phys. Rev. D 74 52003 (2006)
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2001

Study of 
Interplanetary 

Space from 
the Earth
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Galactic Cosmic Rays at  “Knee”
Energy ~1 PeV Scale ~1021-1023 cm



   

QGSJet QGSJet

SIBYLL

N
e
 105.0-105.2



   

All particle energy 
spectrum

H. Tanaka et al. J. Phys. G: Nucl. Part. Phys. 39 (2012) 025201

Nuclear group
spectrum



   

CORSIKA simulations of 109 CR protons >10 GeV,

Produced muons = (1.96 – 2.30) 108

Normalized muons = 2x108 

Used IGRF-2011 for rigidity cutoff calculations

Then calculate muons in 9 directions

High energy hadronic interaction models: EPOS, SIBYLL, QGSJet-II

Low enegy hadronic interaction models: GHEISHA, FLUKA, UrQMD

Calculate percent difference in muon content in 9 directions



   

FLUKA - GHEISHA

EPOS 1.9 QGSJet-II

SIBYLL 2.1



   

FLUKA - UrQMD

EPOS 1.9 QGSJet-II

SIBYLL 2.1



   

SIBYLL 2.1

FLUKA - GHEISHA FLUKA - UrQMD

GHEISHA - UrQMD



   

QGSJet-II

FLUKA - GHEISHA
FLUKA - UrQMD

GHEISHA - UrQMD



   

Diffuse multi-TeV -rays
    Energy ~100 EeV Scale ~1024-1026 cm



   

1998
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Moon Shadow

Moon

-ray astronomy 

 = 25'

AIROBICC
HEGRA
UTAH-MICHIGAN
CASA-MIA
EASTOP
GRAPES-3

C C
CCC

E~100 EeV Size~1024-1026 cm

GRAPES-3
Angular Resolution

A. Oshima et al. Astropart. Phys. 33 97-107 (2010)



    GRAPES-3 >10TeV



   

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 



   



   

P.K. Mohanty et al. Rev. Sci. Instr. 83 043301 (2012)



   

Proportional 
Counter   

Test Setup



   



   

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

Requests: Atomic, Chemistry, Biology in TIFR, Oulu 
Finland, IUAC Delhi, Bose Institute, BARC etc.  

S.K. Gupta et al. Exp. Astr. DOI 10.1007/s10686-012-9320-3(2012)



   

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



   

Multi-hit = 2

0-50m

50-100m

>100m

Recent results

 EAS neutrons in 
scintillator detectors

Muons in scintillators



   

-ray variation during total solar eclipse, 22 July 2009



   



   



   

Summary of recent results
1. Muon detection efficiency calculated to 99.99%

2. Uninterrupted data in 2006, possibly for 2001-12
    Higher harmonics up to Fourth detected

3. Muon angular distribution sensitive to H.E. models
(EPOS1.99, QGSJet-II, SIBYLL-2.1)

4. Muon angular distribution sensitive to L.E. models
(FLUKA, GHEISHA, UrQMD)

5. Global anisotropy seen, bridging both hemispheres

6. Detection of neutrons in EAS through scintillators

7. Precision measurement of Swinson flow 



   THANKS

NEXT WAPP at GRAPES-3 Ooty December 2014



   



   

GRAPES-3

KASKADE



   

KASKADE and GRAPES-3

1. Tracking muon detectors with high efficiency, large area

2. Similar arrays but with different elevations (0, 2200m)

3. Capture EAS at different stages of development thus 
    provide complementary information

4. Should be able to nail composition with greater 
    precision than any one single experiment could



   



   

THANKS



   

VIIT, Pune and GRAPES-3 joint R&D activity

Hardware Projects GRAPES-3 and E&TC dept.
(1) SiPM design using SILVACO
(2) 64 channel FPGA based scalar with ethernet readout
(3) 32 channel FPGA based scalar and pulse width with USB
(4) Monitoring 1000 channels of HV using ethernet
(5) Programmable power supply (100 V)
(6) Solar energy generation

Software Projects: GRAPES-3 and Computer Science dept.
(7) Development of web-tools for remote processing of data
(8) Web based database management of calibration and other data
(9) Development of web-based tools for monitoring of experiment
(10) CORSIKA simulations using parallel processing

Participation during 2013-14:
VIIT: 10 faculty, 37 B.E. Final students Total=10+37
GRAPES-3: 4 faculty, 4 scientific, 2 JRF Total=10
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