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Astroparticles
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p (galactic cosmic ray) + air What?
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Cosmic Ray spectrum
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p (galactic cosmic ray) + air What?
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GRAPES-3 experiment
Gamma Ray Astronomy at PeV EnergieS

Muon tracking detectors
Air shower array ~ 450 detectors
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Why simulations?
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Monte Carlo Technique

n (circle) / n (square) = Area (circle) / Area (square)

15Wednesday, December 28, 2011



Value of pi - Monte Carlo

Harishree, Devan, Souvik
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Four parts 

• General program frame handling I/O, 
decay of unstable particles, particle 
tracking, deflection by multiple scattering 
and geomagnetic field effects.

• Hadronic interactions of nuclei and 
hadrons with the air nuclei at higher 
energies.

• Hadronic interactions at lower 
energies.

• Transport and interaction of electrons, 
positrons and photons. 
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• CORSIKA - COsmic Ray SImulation for 
KAscade (Dieter Heck, Tanguy Pierog, 
Johannes Knapp et al.)

• Detailed Monte Carlo program to study 
the evolution and properties of extensive 
air showers in the atmosphere.

• Initially developed to perform simulations 
for the KASCADE experiment at 
Karlsruhe in Germany.

• Simulates particle interactions in an air 
shower.

What is CORSIKA
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• Photon interaction - 

• Photoelectric - important only at very low energies compared to the binding energy of atomic electrons

• Compton effect - important at few MeVs

• Pair production - E > 1 MeV - photon interacting with the coulomb field of the nucleus - pair creation 
probability is independent of the energy of the photon

• Depends only on the fraction of energy (v) taken by one of the pair. ( E(electron) = v E(photon)

• Electron interaction - 

• Ionization - Bethe-Bloch Equation - dE/dx ~ density of the target

• Bremsstrahlung - radiation associated with the acceleration of electrons in the electrostatic field of ions and 
the nuclei of atoms
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• A              B (decay)

• A  + X           C (interaction)

20Wednesday, December 28, 2011



Charged particles in geomagnetic field
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Charged particles in geomagnetic field
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CORSIKA output
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photon proton Fe (56)
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Bremsstrahlung Pair production

Deflection 
in 

Earth’s magnetic field

Compton scattering

32Wednesday, December 28, 2011



Student projects

20 students (so far)
17 baby projects!

Conducted by Hariharan and myself. Thanks to 
Ajay Singh (Bose Inst.) for the necessary 

arrangements!

Completed

Students with diverse background

B. Tech, M. Sc., Ph. D. students

Computer literacy
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Particle distribution

Hari Sree Krishnamurthy
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Kartheik Iyer
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Rupamoy Bhattecharyya
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Mean energy of muon vs Primary Energy
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High Energy Hadronic Interaction models

DPMJET, EPOS, HDPM, 
NEXUS, QGSJET, SIBYLL, 

VENUS
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Testing different hadronic interaction 
models

Niklesh Sekar
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MODELS 

DIFFERENT INTERACTION MODELS 

Rupa Basu
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Low Energy Hadronic Interaction Models

FLUKA, GHEISHA, UrQMD
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Neeti Keswani
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Two things...

Be prepared for surprises
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