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GRAPES-3
(Gamma Ray Astronomy at PeV EnergieS Phase-3)

\

g2 © Scintillator detector ~ 400 x 1m? each with
8m inter detector separation

B ¢ Measure particle densities and relative arrival
2 tl_rnes_ in EAS to estimate primary energy and
direction.

® Muon detector 35m? x 16 modules, 560 m?
area. Consists of 58 counters x 4 layer x 16
modules = 3712 proportional counters.

® Detection of muons associated with EAS
trigger (35Hz)

® Continuous record of muon flux in 225
direction bins (10s interval)




GRAPES-3 Muon Telescope

A Muon Module

Detect muons of Eu >=1 GeV

Trigger:
4-layer coincidence trigger
Clean Muon events

Angular Reconstruction
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Directional measurements: 13 x 13 = 169
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Muon Rate

Muon rate for each module ~ 3000 Hz.

The number of muons being measured
in a day counted by 560m? muon
station is:
~ 4 Dbillion in a day
Within 0.002% of statistical variations
Good statistics of muon data.
Most sensitive muon detector to

measure tiny variation in cosmic ray
flux
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We propose to exploit this high statistics of muons measured by GRAPES-3, to identify
appropriate hadronic interaction models.

The 169 directional measurement of muon telescope demands a detailed simulation
study of equally good statistical precision.

The geomagnetic rigidity cutoff for the GRAPES-3 muon telescope Field Of View
(FOV) varies significantly.
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Spectral Index

For a precise determination of primary spectrum of H and He, the following direct
measurements have been used

1) CREAM (Proton & HeIium) Balloon Borne Experiment
Proton Energy Range: 2.5 TeV — 250.0 TeV, Y, = 2.66 £ 0.02,

Helium Energy Range: 0.63 TeV/n —63.0 TeV/n, y, = 2.58 +0.02

2) CAPRICE (Proton & HeIium) Balloon Borne Experiment
Proton Energy Range: 20 GeV — 350GeV, y, =2.776 £ 0.002,

Helium Energy Range: 15 GeV/n — 150 GeV/n, Y, = 2.753 £0.014

3) BESS (Proton & Helium) Balloon Borne Experiment
Proton Energy Range: 30 GeV — 540GeV, y, =2.732 £ 0.011,

Helium Energy Range: 20 GeV/n — 250 GeV/n, Y, = 2.699 £ 0.010



4) PAMELA (Proton & Helium) sateliite Based Experiment
Proton Energy Range: 30 GeV —1000GeV, vy =2.782 £ 0.003,

Helium Energy Range: 15 GeV/n — 600 GeV/n,y, =2.712+0.01

5) AMS (Helium) sateliite Based Experiment
Helium Rigidity Range: 20 GV — 200 GV, Y. =2.740 £ 0.010

PAMELA and AMS measured Proton & Helium flux in terms of rigidity while CREAM,
CAPRICE and BESS have observed in terms of kinetic energy per nucleon.

Therefore, in order to generate cosmic rays showers by using CORSIKA-Simulator, which
needs total energy of the primary particles as input, hence, we need to transform units of
flux from:

(m? sr sec GeV-n?)?!-->> (m? sr sec GeV)?
(m? sr sec GV)* -->> (m? sr sec GeV)*
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Rigidity €-2> Total Energy (GeV) €-> K.E (GeV/n)
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PAMELA
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Since geomagnetic rigidity cutoff for GRAPES-3 FOV is 14 GV, we are fitting the all
experimental points from 10GeV - 10TeV for Proton and 20GeV - 20TeV for Helium.

-{ pO 1.009e+04 + 27.93 |-----

4 p1 -2.652 + 0.0009079 |.....

" P-PAMELA

° P-CAPRICE

. : For Protons: 10GeV - 10TeV
. I "y Y, = 2.652 + 0.001

R R R . 6 Kp = 1.009 + 0.0028 x 10*

o | e ] PO 2737 + 14.76 |..

. [ - -2.494 + 0.001429 |-

------- - For Helium : 20GeV - 20TeV

Ng 10° - = -He-PAMEL;A yhe — 2-494 i 0-001
= 0F ] - Hecapmice |7 B — 3
5 ::g-s ....... * He-BESS R i e oo Khe - 2'740 i 0'0148 X 10
101_2 """" e He-AMS o g oo
e b g
1071 fm—-eee He-CREAM T ERTRTR
10 | = ||| ................... | ................... oo
- 10 10? 10° 10 10 10



Shower Generation

Interaction of primary CRs with atmosphere by using CORSIKA-73700.

Precise study of simulation requires precise values of input parameters: spectral index in
the selected energy range, zenith and azimuthal angle range, site location parameters,
etc.

Input parameters for event generation:

Number of events to be produced about ~ 10°,

Particle ID: Proton=14, Helium = 402 (A x 100 + Z)

Energy Slope: For proton = 2.652 £ 0.001 & Helium: 2.494 + 0.001

Energy range: Proton: 10GeV — 10TeV & Helium: 20GeV — 20TeV.

Range of Zenith angle (in degrees): 0° - 60° & Azimuthal angle: 0° — 360°.

Observation level at Ooty: 2200 x 10?2 cm



Computation for the generation of similar number of muons takes several months on a
conventional computer of high performance(Dual Core processor).

We have cluster of 200 nodes each of 2.8TB memory, which is capable to complete
multiple jobs in few days.

While generating billions of showers, modification in corsika.F has been done on the
basis of the geomagnetic rigidity cutoff by using standard geomagnetic rigidity field
model (IGRF-11).

Primaries are rejected before generation if their rigidity is smaller than the geomagnetic
rigidity cutoff for that direction bin.

This modification improves the computing time and storage space.

In CORSIKA: High Energy Low Energy
SIBYLL 2.1 FLUKA
QGSJETII-04 GHEISHA 2002d

EPOS LHC UrQMD 1.3cr




| Before and after modified generation time and file size comparison

R Ceneraion e (mies) (| Time s reducea by a faco

of two after performing the

Models Before After I
Modification Modification ~ edification

Sibyll_Gheisha 19 11
Sibyll_Fluka 52 28
Sibyll_Urgmd 116 64

reduced by a factor of two. Models Before After
Modification Modification
Sibyll_Gheisha 2.2 1.1
Sibyll_Fluka 2.2 1.1
Sibyll_Urgmd 2.2 1.1

Output file size has also

Same behavior was observed for other combinations of high and low energy models.



Computing time details for the 10° Proton primaries generation on the individual *
node of the cluster by using modified corsika.F

Models SIBYLL 2.1 QGSJET-Il 04 EPOS
GHEISHA 11 12 26
FLUKA 2002d 28 30 44
UrQMD 1.3cr 64 66 80

For each low energy model: EPOS takes longer time to generate same number of showers
when compared to SIBYLL 2.1 and QGSJET-II 04.

For each high energy model: UrQMD 1.3cr takes longer time than GHEISHA and FLUKA
2002d

SIBYLL 2.1 and QGSJET-II 04 take almost same amount of time irrespective of the low
energy model used.



The three low energy models are used up to an energy of ~ 80GeV and afterwards the

high energy hadronic interaction models are used.
The median rigidity for GRAPES-3 is ~ 77GV, therefore, sensitivity to the low and high

energy models can be tested.

Median Rigidity Map

Rigidity Cutoff Map
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Summary

By combining different direct measurements of cosmic ray spectrum and after proper
transformation we get the appropriate spectrum for proton and helium.

Spectral index values:
10GeV - 10TeV proton primaries y, = 2.652 + 0.001

20GeV - 20TeV Helium primaries y, = 2.494 + 0.001.

A comparative study of simulated data from various combinations of high and low energy
Interaction models is in progress.

The results of simulated data will be compared with the GRAPES-3 muon data for
identifying appropriate high and low energy hadronic interaction models.

So far 10° proton showers and 150 x 10° helium showers have been generated by using
nine combination of high and low energy models.

Further analysis is under progress.



THANK YOU



CAPRICE

10* : - 10*
: X2 / ndf 577317 . x2 / ndf 1.904 /4
Ee ) M P-CAPRICE po 1.403e+04 + 1750 10 g HeCARRIGE po 646.2+ 185.6
1Rl —— | p1 -2.774 + 0.03045 102 L= P S Pl -2.752 + 0.08332
< 10— P acmaaaacanaan B eeesesnananananan - E 10
= =
(O} | R Beemcnencnanananan A 8 1
o : : :
. . H (77]
?) 10 e N e LLELELEEERPPPPPP Nt
o : : )
= o | , ................. R , ................. (16/10'2
x
T | K.E.(.G.EV) ......... - A e é 10°
josf-...(20-350) GeV.. i e
5 2.776 £ 0.002 s 5
10 e . ................. ?“““““““““E ................. 10
10-6 L 1 ||||||i 1 L ||||||i 1 I ||||||i 1 1 [N EET! 10-6 L L IIIIIIi L L IIIIIIi L 1 IIIIIIi L L L L 1111
1 10 10? 10° 10 1 10 10° o’ 10
E; (GeV) E; (GeV/n)
10° . . 10¢
- %2 / ndf 5.311/9 3 %2 / ndf 1.733/4
BTl P.CAPRICE PO 1.6886404+ 1086 10 g He-CAPRICE pO 3095+ 1112
- -2.808 + 0.01788 102 s R —!|_p1 -2.816 + 0.08628
............... B ...............E.........._____._g_._._._._._._._._ />\ 10 ---------------,-----------......,.................;.................
: O : : ;
............... 7 1
H A H
S D 4ot e
: e :
............. , — 102 .
: o :
..................................................................... = 10°®
L
........................................... 104
105 =it R R R RER R R AL LR EEERLEEEE RO 10° ;
10—6 1 1 ||||||i 1 1 ||||||i 1 |||||||i 1 11 11111 10-6 L L lllllli 1 1 lllllli L 1 ||||||i 1 L1 1 111l
1 10 10° 10° 10* 1 10 10° 10*

107
R (GV) R (GV)



Caligra '

opmu scintillators 15x15 cm2 area of 5 cm thickness with the 5 cm separation
N

pulse

Inimum*fonizing particles.

Scin. Blocks

Muon Telescope —————————
For calibration
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BESS
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Cosmic Rays

Primary cosmic rays

' These are the charged particles or
atomic nuclei zooming through space
I Called “primary” CRs
I Mostly protons or a (He) nuclei (other
elements too, in much shorter
supply) B
| There are more coming in at lower ~
than higher energies
' When these hit another nucleus in the
atmosphere and stop, more particles taost Blonc
are knocked downward, causing a '
cascading effect called a “shower””
| Particles in the shower are called
“«secondary”’ Crs

I E.M and Hadronic components h

shower hadron

. cascade

This cosmic ray Image-is-a modified versi ioh of a rlongmal P c‘mre ploducnd by CERN



mic Ray Spectrum: | Cos

mic Ray Spectra of Various Experiments
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1erate one kind of primaries in some fraction of other.

vith in the selected energy ranges for proton and helium primaries for the same solid angle and €

e K and y values from the spectrum for all the experimental data sets used earlier.

5 x 107 helium primaries for 20GeV - 20TeV energy ranges.
n the CORSIKA program, which caused the unwanted primaries to be rejected have their rigidity

ost 50% of the unmodified CORSIKA generation.



are produced when pion decay, whereas pion is being produced in the shower developed in the &

mic rays that reach the Earth's surface. We look for them to detect that a primary cosmic ray has
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