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400 Plastic Scintillator detectors (1 m?area)
560 m?muon detector (EH=1 GeV) (11.4N, 76.7E)

3712 Proportional Counters (6m x 0.1m x 0.1m)
E=10"eV ~20000 particles over ~1000 m?*










In-house technology development for
Fabrlcatlon of varlous detectors

Plastic Scintillator
development:

Decay Time= 1.6 ns
Light Output = 85%
Bicron (54%
anthracene)

Timing 25% faster
Atten. Length A=100cm
Cost ~10% of Bicron
Max Size 100cmX100cm
Total > 2000

CERN, Osaka, IUAC Delhi,
Bose, VECC, BARC etc.
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Proportional
Counter
Test Setup
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Proportional Counter (PRC) Fabrication, Talk by Atul




Front end electronics of the Proportional counter

Amplifier and Discriminator PCB
~“CRL=TIFR PRC AMP & DISC CARD

= OuUTPUT

Features:

= Amplification by resistive programmable gain

= Decay constant adjustment by trim POT

» Discrimination(Digitization)

= Threshold adjustment by trim POT

= Additional access to Analog and Digital
outputs

= Reverse, transient voltage and short circuit
protection

Poster by K. Ramesh

A number of interfaces,
and control boards using
micro-controllers, and
FPGAs were developed in
collaboration with VIIT that
serve as building blocks of
larger systems.

Poster by Pankaj Rakshe

PRC box with front end electronics
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Performance of HPTDC (Stop Watch)

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

Novel method measuring TDCZero: Poster by Hari

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)
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GRAPES-3 Cluster

Poster by Hari

ARE RV

s

Nodes : 40 (Initial phase)
Total Jobs : 1280

Total Memory : 1280 GB

Storage at nodes: 600 TB
Storage at server : 60 TB
Optical network: 10 Gbps

Forced air cooling, 1.2KW
removes 25KW of heat

36" Rocks Cluster Rank
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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 ~10°-10°cm

2. Solar flares, Coronal Mass Ejections
Energy ~10 GeV  Scale ~10%'-10"° cm

3. Galactic Cosmic Rays at “ Knee”
Energy ~1 PeV Scale ~10%*-10%*°cm

4. Diffuse multi-TeV y-rays
Energy ~100 EeV  Scale ~10%*-10°°cm




3050 3 3 3 0.2

- 0.128% hPa™

i‘Llllll

» 3040

T
£...
o
|

8 3030

o
>

n

3020
788

M

786

Muon Rate Change (%)
o o
T T

784

Ilk:i:.-:'.'!"lllllll IIII|IIII"|'I-

Pressure (hPa)

782

] | | | | | \ | , | , | , _02 ] ] ] ] ] 1 ] | ] ] ] ] | ]

o
-
V)
w
IN
6]
(o)
~
L
o

Day Pressure Change (hPa)
Poster by Arunbabu

3100

3080

3060

Muon Rate

3000

2980

nozn

226

225

N
N
N

R
OIII|IIII|II

|l|||

Seasonal

(a)

(b)

200

PRI [N TR TR TR N S '
1800 2000

Muon Rate Change (%)

o)
=

-0.2

0.3

g 0.194% °K*

0.2

o
e

[}

b-,IIII|IIII|IIII|IIII|IIII|IIII|

1
—_

-1 -0.5 0 0.5 1
Temperature Change (K)



|
R P T AE [ 8

|
—-:L—--—--—--—-
|

|
2801088

- 45"N, 1'6"E

Poster by Pranaba Nayak
(o) o
GRAPES-3 Lat. =11 23'26”" N Long. =76 39'50” E

1' 47"N, 244"E

19



0.5

0.0
9
6 05
=]
5
=
-1.0
-1.5

-
e
-
-
-
|

IIIllllllllIIIII

| M i A |

16:00 18:00
Time (IST)

20:00

-1.7% --> 1.2 GeV (6kV/cm, BF=10kV/cm) Poster by Hari

% change in Muons

< | 1 [ 1 [ | 1 1 1 A 1
1-%000 -1000 0]

1 | 1 1 1 1 .
1000 2000

Electric Potential (MV)

20






Solar flares, Coronal Mass Ejections
Energy ~10 GeV  Scale ~10'*-10*° cm




28 October 2003
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e (a) Swinson Flow Amplitude (%)
‘_ I GRAPES-3 6-Yr Data 2000-2005
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Cosmic Ray-Solar Wind Correlation

GRAPES-3 6-Yr Data 2000-2005
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Amplitude (%)

Harmonics of Solar Diurnal Anisotropy (2006)
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Talk by P.K. Mohanty
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Muon rate Variation (%)
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Muon rate Variation (%)
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Talk by Mohanty
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Poster by Sam Morris



Galactic Cosmic Rays at “Knee”
Energy ~1 PeV  Scale ~10°-10%°cm
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Hadronic Interaction models are key
to interpreting composition data.

Precision measurement of GRAPES-3

muon angular distribution offers a
probe of hadronic interactions.

Poster by Anuj Chandra
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Fiber-Fiber

Ratio of number of particles
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Poster by Meeran Zuber!

EAS trigger rate affected by atmospheric
pressure, and temperature

Pressure coefficient = (-0.85 + 0.01)% hPa™

Temperature coefficient = (-0.25 = 0.03)% oC™t



Diffuse multi-TeV y-rays
Energy ~100 EeV Scale ~10%*-10%°cm
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Winter School at Ooty In I_)ecember 2014
Next edition will be in Ooty in December 2016

Tm,_

9 WoRKsHoP ON ASTROPARTICLE PHYSsICS
18-20 December, 2014, Ooty, India

9" WinTer SCHOOL ON ASTROPARTICLE PHYSICS
21-29 December, 2014, Ooty, India
Organized by
tlfr Cosmic Ray Laboratory, TIFR, Ooty
Bose Institue, Kolkata



http://grapes-3.tifr.res.in/

Backup slides
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Radioactivity in fresh rain water using
GRAPES-3 scintillators and the story of Earth

Counting rate/sec
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The Story of Earth

238 234 234 234
LU - > JITh™" e > Pam - > U
T,  4.5x10°Y 24.1d 70.2's

(04 (04 (04

234 230 226 222
92U ----- > 90Th ----- > 88Ra ----- > 86Rn
T 2.5x10°Y 7.5x10%Y 1600Y

Since U**has a long half-life of 4.5 billion yr, comparable to age of Earth
it acts as constant source of daughter nuclei. Since all _U*** daughter

nuclei have half-life smaller than 4.5 billion yrs, rate of production of
., Th**and __Ra** is constant. At the end of decay chain a steady supply of

radon . _Rn***a radioactive gas with a half-life of 3.82 days is produced

which is mainly responsible for hazardous radiation detected inside
underground locations and sealed areas.



Since . _Rn*** escapes from soil into atmosphere mixes in air due to 3.82

d half-life before eventually decaying into 82Pb214 and 83Bi214 with half-
life of 27 and 20 min. that produce short-term radiation measured here.
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Detection and Measurement of Cosmic Rays:

HE particles produce a shower of electromagnetic (e*, e, v)
particles, muons (u*, u) and other particles.

Measurement of electron 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 nuclear composition of primary particle.

It also allows discrimination between yand protons.

The muons are also sensitive to the flux of solar energetic
particles and can be used to study solar and atmospheric
phenomena.



Thunderstorm on 18 April 2011
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% Rate Change

% Rate Change

Coronal Mass Ejection (28 C_)cto.ber _2003)
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Detection and Measurement of Cosmic Rays:

HE particles produce a shower of electromagnetic (e*, e, v)
particles, muons (u*, u) and other particles.

Measurement of electron 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 nuclear composition of primary particle.

It also allows discrimination between yand protons.

The muons are also sensitive to the flux of solar energetic
particles and can be used to study solar and atmospheric
phenomena.
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Fiber Detector (D#1) 10 Jan, 2015
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RS 7]
"03 115 HE B Pressure, Mean =791 10065
Q. - 0
e
o 1.1 1.004
Z
1.05 1.002
1 1
0.95 0.998
0.9 0.996
0.85F- 0.994
0.8 0.992
(] s — _— 0.99,.
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Daily muon rates in 2 of 16 modules (2006)
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Modeling Efficiency Variation I

R(t) = R, €W
EM=l+at+a 4 a3t3+ a4t4

t*)

Rt)l+at+at’+at+a.
01> k 11 k 21 k 31 k 41 k

R (t) =

j° k
J R(t)l+at+at*+at+at?)
05" k 1j k 2] k 3j k 41 k
taking log and using approximation In(1+x) =~ x
— 2 3 4
In [Rij(t k)]—ln(ROi) - ln(ROj) + (a1i - alj) t + (azi-azj) t-+ (a3i -a3j) t '+ (a4i-a4j) t

120 x 100 days = 12000 linear equations
solved to get 80 coefficients for 16 module

Ga=Db
Solved using SVD technique



Coefficients obtained from the least square fit using SVD

module an aq ao s a4
1| 7.1E-03 1.3E-04 | 2.8E-03 | -60.1E-03 | 3.5E-03
2 | 3.5B-03 | -8.1E-04 | 7.5E-04 | -7.3E-04 | -1.7E-04
3| 3.6B-03 | 9.3E-04 | -7.2E-03 | 9.3E-03 | -4.9E-03
4 8.4FE-03 | -3.5E-03 | 9.0E-03 | -1.4E-02 | 5.6E-03
5 1.0E-02 | -3.3E-03 1.4E-02 | -2.0E-02 1.0E-02
6| 5.2E-03 1.2E-03 | -8.6E-03 1.5E-02 | -8.1E-03
7 59E-03 | -1.7E-03 | 5.5E-03 | -9.3E-03 | 4.7E-03
8 | -7.9E-03 | -2.1E-03 | -8.5E-04 | 4.2E-03 | -3.5E-03
9| -5.7E-02 | 3.0E-03 | -1.3E-03 | -1.6E-03 1.7E-03
10 | -4.3E-03 1.6E-03 | -9.3E-04 1.8E-04 | 8.7E-04
11 6.1E-03 | 9.9E-05 | 8.1E-03 | -1.6E-02 | 9.5E-03
12 | -1.9E-02 1.1E-03 | -2.2E-03 | 4.0E-03 | -1.8E-03
13 9.2E-03 | 4.2E-04 | -3.8E-03 | 9.3E-03 | -5.7E-03
14 | 2.3E-02 | 5.5E-03 | -2.5E-02 | 3.9E-02 | -1.9E-02
15 2.1E-02 | 6.9E-04 | -3.0E-03 | 5.0E-03 | -2.5E-03
16 | -1.5E-02 | -3.2E-03 1.3E-02 | -1.9E-02 | &8.7E-03
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