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Origin of  
cosmic rays ?
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π0 -> γγ
π± -> µ + ν

nucleus + X -> π + X‘

µ -> e + νν



Shock acceleration mechanism
(by Enrico Fermi)

Predicts a E-2.0  
spectrum 

Particles (electrons and hadrons) get scattered many 
times in shock front and gain energy in each cycle 
(TeV energies  several 100 years)
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Max. Energy about 1015 eV
Efficiency ~ 10%, needed for
CR from SNR
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γ-ray astronomy and cosmic rays (CR)
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Origin of CRs?
(charged) CRs deflected 

by B-fields
=> search for γ-rays 

produced by CRs close to 
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discriminate hadronic vs 
leptonic acceleration 

=> shape of spectrum



 
TeV Gamma-rays
(1012eV)

Very High Energy γ-ray Astronomy

Youngest astronomic discipline  
First significant measurement of TeV γ-ray 

emission from Crab Nebula  by Whipple 
telescope in 1989  

   > 50 hrs for 9 sigma detection> 50 hrs for 9 sigma detection

 Current generation since 2004
    1% of Crab nebula flux 1% of Crab nebula flux 
  You can now see TeV gammaYou can now see TeV gamma

  rays from Crab nebula in rays from Crab nebula in 

< 2 mins< 2 mins  MAGIC-IMAGIC-IMAGIC-I MAGIC-II



Imaging Air Cherenkov Telescopes

~ 10 kmParticle
shower
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Gamma
ray

Cherenkov light Image of particle 
shower in telescope camera

reconstruct: 
  arrival direction, energy
 have to reject hadron 
background



Background Rejection 

hadron shower (background)

gamma shower

raw image cleaned image

Main Background:
- Cosmic Ray (hadron)
  showers

- >104 times more 
  numerous than γ-ray 
  showers

- Reject based on shower
  shape



Standard “Hillas” Analysis

Background rejection with 
multidimensional cuts on 
Hillas parameters:
Length, Width, Dist, Alpha, 
Size

On data

Off data

Alpha Plot

α

WIDTHLENGT
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DIST

Hadron background:
- isotrop arrival direction
- flat Alpha distribution
Gammas:
- excess in source direction  



 Current generation of IACTsCurrent generation of IACTs

HESS CANGAROO  III

VERITAS

MAGIC

TACTICTACTIC



VHE γ-ray targets 

> 100 sources above 100 GeV, rapid growth in recent years 

HESS galactic plane scan

pulsar

µµ-quasar-quasar

shelltype
SNR

galactic
center

pulsar wind
nebula GRBs

AGN

cold dark 
matter

quantum gravity 
effects

origin of 
cosmic rays

cosmologicalcosmological
γγ-ray horizon-ray horizon



Photon Background in the universe 

Relic of structure formation in the Universe
UV to far IR wavelengths ( 1 to 1000 microns) : EBL



Extragalactic Background Light 

−+→ eeEBLHE γγ

accumulated 
radiation in history of 
universe

Test of star formation 
and galaxy evolution

 

Direct and indirect 
measurements 
Uncertainities due to 
strong foreground emission 
(zodiacal light)
Can TeV photons shed some 
light on it ? 

 



Attenuation of VHE Gamma Rays

EBLBL-Lac object
Cherenkov 
Telescope



Effects of EBL Absorption 

Assuming no cut off in intrinsic spectrum

Optical depth depends on z and energy of the photons emitted
Tau = 1 is the Gamma Ray Horizon
 



Effects of EBL Absorption 

• Absorption leads to cutoff 
in AGN spectrum

• Measurement of spectral 
features allows to 
constrain EBL Models

• A low threshold detector 
is required to see distant 
source 



Extragalactic Background Light Models

•Backward Evolution : takes existing galaxy population, scales it 
backwards as power-law (1+z) 

•Backward Evolution from 
Observations : Attempts to correct
for changing luminosity functions 
and SEDs with redshift and 
galaxy types

•Evolution directly observed 
and Extrapolated based on MWL 
observations 

•Forward Evolution : stars 
with cosmological initial conditions,  
takes into account formation of galaxies 
including stars and AGNs, stellar evolution , 
scattering, absorption, re-emission by dust 



Observations of High red shift objects



Constraints from mid to high 
redshift objects ( z ~ 0.1 to 0.5)

MAGIC, Science (2008)



The extragalactic GeV sky 



Constraints from GeV-TeV data



Constraints from GeV data



Constraints from GeV data

Robust upper 
limits 

Proceeding 
beyond ULs 

 



Test of EBL Models



Test of EBL Models



Combined GeV-TeV Constraints



Alternative Approaches to constrain EBL 



Applications to a few sources 





Motivation to search for Dark Matter

Current cosmological models suggest DM content ~ 25%  

Mainly observed through gravitational lensing

Indirect detection possible if candidates are WIMPs
(appear in extensions of standard model Particle 
Physics : SUSY )

WIMPs can self-annihilate giving standard model particles : 

   Gamma ray lines from direct annihilation of photons 
   Gamma ray continuum from hadronization of annihilation products. 
 



IACT Dark Matter Program

 Galaxy Clusters : Lot of DM content, 
distant, possible astrophysical 
background

 Galactic Center : Complex region, huge 
astrophysical background, nearby

 Dwarf Galaxies : DM dominated, less 
astrophysical background, low flux 

Unidentified HE sources from Fermi
 

Plan : Deep observations on a  variety of 
source classes
 



Observations on dSph, focus on Segue

 

 
 

Segue1 : 23 +/- 2 Kpc, discovered in 2006 in SDSSSegue1 : 23 +/- 2 Kpc, discovered in 2006 in SDSS

Most DM dominated dSph known to dateMost DM dominated dSph known to date

Deep Exposure on SegueDeep Exposure on Segue

No signal, flux UL limits calculatedNo signal, flux UL limits calculated



Upper limits on Annihilation Crosssection

 

 
 

For Segue, Einasto profile has been chosen

Exclusion curves give us an idea on the 
several range of uncertainities from DM 
models on crosssections   

VERITAS Coll, PRD, (2012)



Tests for Lorentz Invariance Violation



Manifestations
● Energy dependent dispersion of radiation can be 

manifested in arrival time of photons 



Taken from R.Wagner, Scineghe 2008



A large flare from Mrk 501



A Large Flare from PKS 2155-304



Perspectives for future Cerenkov Telescope Array 
(CTA)
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Indian Consortium in CTA (SINP, TIFR, IIA, BARC)

 Site Survey at Hanle (IIA/TIFR) : Proposal submitted to 
CTA Consortium

 Simulations for optimizing array configurations ( SINP, 
BARC, TIFR ) : Test production done at SINP

 Calibration for the camera of the prototype LST 
(SINP) : Technical responsibility under Pratik Majumdar

 Other tasks being identified and worked upon

 Next major task is to identify areas of contribution, 
make a proper budget and submit the 4-institute 
proposal. 
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Major Goals to be accomplished

Simultaneous observation of intrinsic and absorbed parts of the 
spectrum 

15 – 20% EBL resolution is possible : What about EBL evolution ?



Cosmology with AGNs in GeV TeV gamma rays



Cosmology with GeV-TeV gamma rays

Independent and behaves differently than 
Luminosity-distance relation in SN 1A

Relies on existence of EBL which is 
assumed to be uniform and isotropic on 
cosmological scales. 

AGNs as sources : high z 

The study of absorption spectra of AGN at different redshifts will open up 
the study of cosmological parameters 

Blanch and Martinez 2004



Conclusions 

EBL carries essential cosmological information : Blazars validated as 
probes of gamma ray horizon 

GeV – TeV gamma rays can put strong constraints on 
density of EBL 
With common sources between Fermi and TeV instruments we hope to 
disentangle internal absorption from EBL
UV/optical component of EBL at z ~ 1 by Fermi-LAT

Current understanding : EBL lower than what was thought before.  

Upcoming Cerenkov Telescope Array (CTA) will give 
more insights to it
Specially measure mid to Far IR EBL to better accuracies

Indirect independent distance measurements : Hubble parameter, hope to 
do serious cosmology , Indirect detection of DM is quite feasible. 

CTA will also probe fundamental physics questions : tests on LIV .  



Backup Slides

 



Immediate Steps in future 

Year Item Status

2009 Relocation of Telescope 1 Complete

2010 Network Upgrade Complete

2011 Trigger Upgrade: faster, more 
flexible telescope trigger.

Complete

2012 Camera Upgrade: 
replacement of all 2,000 
PMTs with high-QE devices.

Complete : 
Summer 2012

VERITAS Upgrade 
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Giant 28 mt telescope : H.E.S.S. II 
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Wish list ~ at least 10 times better
Sensitivity, ~ 5 angular resolution 
may be possible 



Cosmology with TeV gamma rays. 



Pair Conversion Telescopes
● EGRET (on Compton gamma ray observatory)



• Launched successfully in 2008 June, 
delivering a wealth of data on gamma ray 
sources, > 1500 point sources

• Skymap for first 2 years



 

Fermi Acceleration 

Stochastic Mechanism
Charged particles collide 
with clouds in ISM  and
      are reflected from 

irregularities 
in galactic magnetic field

2nd order 

Charged particles can be 
accelerated to high 

energies in astrophysical 
shock fronts

1st order acceleration 
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