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Origin of  
cosmic rays ?

 γ, ν

apparent 
source
direction 

charged 
particle

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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Power law spectrum

Max. Energy about 1015 eV
Efficiency ~ 10%, needed for
CR from SNR

Emax

Random 
B-Field

SNR



 
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



 Current generation of IACTsCurrent generation of IACTs

HESS CANGAROO  III

VERITAS

MAGIC

TACTICTACTIC



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

• Skymap for first 2 years



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



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 

Cosmic Gamma Ray Horizon => fundamental 
quantity in cosmology



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 



Detections of mid redshift objects 
( z ~ 0.1 to 0.25) : Probe mid-IR

High z (<1)probes optical 
and near-IR

z>1 probes UV radiation,from 
young stellar objects ==> 

global star formation rates



Observations of High red shift objects



 

Strong limits on EBL
can be imposed through these 

detections
Universe more transparent to 

gamma rays than expected



 

Strong limits on EBL
can be imposed 
through these 

detections
Universe more 

transparent to gamma 
rays than expected

• Is it possible to derive EBL constraints from the 1ES1218 
spectrum?

• Assuming 6 different EBL realizations, all reconstructed 
deabsorbed spectra do not contradict the rising slope dN/dE ∼ EΓ, 
Γ > 1.5

EBL Constraints from TeV data



Constraints from GeV-TeV data



The extragalactic GeV sky 



Constraints from GeV data

Highest Energy Photon method
Chance Probability the HEP events are 

not real is small using MC 

Rule out the EBL 
models 

based on a large 
sample of 

AGNs and GRBs



Constraints from GeV data



Constraints from GeV data

Likelihood Ratio Test

Compares the likelihood of a null 
hypothesis model (L0) to best represent 

the data with the likelihood of a 
competitive model (L1)

Observed  spectrum



Test of EBL Models



Combined GeV-TeV Constraints



Alternative Approaches to constrain EBL 



Applications to a few sources 

15 well studied blazars in Fermi in quiescent state
TeV data not used in the SSC fits to exclude EBL effects
Calculate optical depth, compare with model predictions 

Dominguez et al, ApJ 770 (2013)



Cosmic Gamma Ray Horizon 

Calculate CGRH : energy at which optical depth = 1 
Uncertainities higher for closest objects because of less power 
for current IACTs to observe highest energies (~ tens of TeV)

 Dominguez et al, ApJ 770 (2013)



Perspectives for future Cerenkov Telescope Array 
(CTA)



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 regime



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 



Conclusions 
● TeV Gamma rays can be a good probe of Extragalactic

Background light  

● Determination of CGRH is an important quantity in cosmology
● Already, new generation of detectors providing wealth of 

data to constraint EBL
● Furture with more data from Fermi-LAT and upcoming CTA 

looks bright. 
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Test of EBL Models



γ-ray astronomy and cosmic rays (CR)

π-

π0

π+

γγ (TeV)

p+ (>>TeV)

matter

hadronic acceleration
Origin of CRs?
(charged) CRs deflected 

by B-fields
=> search for γ-rays 

produced by CRs close to 
source 

e- (TeV) Synchrotron
γ (eV-keV)

γ (TeV) 
Inverse Comptonγ (eV)

B

leptonic acceleration

E2
 d

F/
dE

energy E

π0decay

IC

discriminate hadronic vs 
leptonic acceleration 

=> shape of spectrum



Imaging Air Cherenkov Telescopes

~ 10 kmParticle
shower

~ 1o
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~ 120 m

Gamma
ray

Cherenkov light Image of particle 
shower in telescope camera

reconstruct: 
  arrival direction, energy
 have to reject hadron 
background
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