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Key Questions 
!  Direct measurements/TeV !-ray limits: what do we make of this? 

!  What has been done so far with TeV instruments? 

!  What are the conclusions from TeV data, how reliable are they? 

!  What do we expect from ongoing observations & future instruments?  
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Historical Note 
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!-ray !EBL 

Gould, R.J. & P.G. Schreder, 
PRL, 16, 252 (1966)  
Phys. Rev, 155, 5, p1404 (1967)   

Whipple 10 m 

!TeV + !near-IR " e+ + e-  
Punch, M. et al. 
 (Whipple collaboration),  
Nature, 358, 477 (1992) 

TeV emission from 
Blazar Mrk 421 
Redshift z=0.03 
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Air Cherenkov Technique: 
Whipple 10m 

300 m 

proton shower !-ray  shower ~ 10 km 

"C ~ 0.3o – 1o 

 5o 

#t ~ 5 ns 

#$/$ ~ 30-40% 



Air Cherenkov Technique: 
Stereo: VERITAS, HESS 

angular 
resolution  
~ 0.05o – 0.1o 

#$/$ < 15% 

shower 
height 

shower core location  



!-ray Absorption by the EBL  
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!  cross section effective over a broad range  
  of target photon energies (for a given $!)%

!  cross section peaks at & = 0.7 
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!-ray Absorption by the EBL  

2 TeV 2.5 µm 

Dwek, E. & F.K.,  ApJ, 733, 77 (2005) 
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!-ray Absorption by the EBL  

thermal  
EBL 

Consider special case: 
absorption by a black body  
photon gas with peak at 1 µm 
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!-ray Absorption by the EBL  

thermal  
EBL 

‘‘typical’’ blazar spectrum: 

                 with ' ~ 1.5 – 2.5 

! 

dN
dE

"E #$

! 

dN
dE

"E #$
% exp(#& '' )

change in  
slope 
at ~ 1 TeV  

Dwek, E. & F.K. 2012, in preparation 
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!-ray Absorption by the EBL  
Consider more realistic case: 
EBL model (Franceshini) 

z = 0.1 

z = 0.3 

z = 1 

Dwek, E. & F.K. 2012, in preparation 

Franceschini et al., A&A, 487, 837 



Sources for probing the EBL  
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Do we see spectral softening (z)?  
!  3 dozen extragalactic sources  
   (blazars, few radio & starburst galaxies 

!  Spectra ~ 1 GeV – 1 TeV  

!  redshift (known for 50% of BL Lacs) 



Sources for probing the EBL  
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!  scatter due to deviation from  
  power law in source spectrum?  

Dwek, E. & F.K. 2012, 
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Sources for probing the EBL  
unphysical (no exp. rise!) 

possible (if '>1.5)%

measured 

Abdo, A.A. et al. 2012, arXiv:1106.1348 

Mrk 421 (z = 0.03) 

!  ‘‘typical’’ blazar SED: synchrotron peak – inverse Compton peak 
!  SSC model: generally does not allow precise prediction of IC peak! 



Methods I: no exponential rise!  
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!  consider range of EBL scenarios with 
  different near-IR, mid-IR far-IR intensities 
!  consistent with limits (2005) 
!  use to unfold absorption-corrected blazar spectra 
!  exponential rise: " EBL intensity is too high !  

no exp. rise! 

Dwek, E. & F.K.,  ApJ, 733, 77 (2005) 
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!  3 EBL scenarios with high mid-IR (10 – 60 µm) 
   are rejected using 2 nearby blazars (z ~ 0.03) 
!  only 1 EBL scenario with moderately high mid-IR  
   but extremely high near-IR remains! 
!  strong upper limit: )I) (60 µm) < 15 nW/m2/sr 

z = 0.03 

Dwek, E. & F.K.,  ApJ, 733, 77 (2005) 

Methods I: no exponential rise!  
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Dwek, E., F.K., Arendt, R. G., ApJ, 634, 155 (2005) 

!  excess near-IR background light (NIRBL):  
   incompatible with ‘‘typical’’ blazar spectrum! 

Abramowski et al, arXiv:1201.4135 

z = 0.116 

Methods I: no exponential rise!  



Method II: hardness limit ' > 1.5  
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!  EBL intensity near-IR (1 – 4 µm) is constrained by 
   allowing absorption-corrected spectra with ' > 1.5 only! 
!  strong upper limit in near-IR:  )I) (1-2 µm) < 14 ± 0.4 nW/m2/sr 

!  dependents on assumed intrinsic source spectrum! (' ~ 1.2 Fermi spectra!)  

'>1.5%

z = 0.186 

Aharonian et al. 2006, Nature, 440, 1018 (2006) 

More comprehensive analysis is given in Mazin, D. & Raue M., A&A, 471, 439 (2007) 



Method III, part I:   'TeV > 'GeV    
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'GeV = 1.69 ± 0.07  % 'GeV = 1.61 ± 0.26  %

'GeV = 1.28 ± 0.21  % 'GeV = 1.5  %

'GeV = 1.36 ± 0.25   %

Orr, M., F.K. & Dwek, E., ApJ, 733, 77 (2011) 

1ES 1218+304: z = 0.182 

1ES 1101-232: z = 0.186 

RGB J0710+591: z = 0.125 

1ES 0229+200: z = 0.13 



Method III, part II: 1 TeV break   
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" Orr, M., F.K. & Dwek, E.,   
ApJ, 733, 77 (2011) 
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Orr, M., F.K. & Dwek, E., ApJ, 733, 77 (2011) 

Method III, part II: 1 TeV break   



Method III: part I+II (Data)    
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Orr, M., F.K. & Dwek, E.,  
ApJ, 733, 77 (2011) 

!  part I and part II are ‘‘orthogonal’’ 
!  constrain near-IR to mid-IR ratio! 
!  considering lower limits (direct), also  
   constrains absolute level!  



Method III:     

May 14  2012                               Near Infrared Background and the Epoch of Reionization                                   Austin, Texas                                                                                                                                                                       

Orr, M., F.K. & Dwek, E., ApJ, 733, 77 (2011) 

at 1.6 µm:  
 17 ± 0.3 nW/m2/sr 

at 15 µm:  
1.36 ± 0.58 nW/m2/sr 
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Summary of EBL limits from !-rays     

Dwek, E. & F.K. 2012, 
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Summary of EBL limits from !-rays     

Dwek, E. & F.K. 2012, 

Absolute direct measurements 
Lower limits 
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Future 



Unique Signature? (VERITAS-II)     
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Credit: Orr, M.  (2011) 



Unique Signature? (CTA)     
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Orr, M., Krennrich, F., Proc. of  the 32nd International Cosmic Ray Conference, Beijing, Vol. 8, p161 (2011) 

1. 1ES 2344+514
2. 1ES 1959+650
3. PKS 0548-322
4. PKS 2005-489
5. RGB J0152+017
6. PKS 2155-304

7. RGB J0710+591
8. H 1426+428
9. 1ES 0229+200
10.1ES 1218+304
11.1ES 1101-232
12.1ES 0347-121
13.1ES 0414+009

1 2

3

4

5 6 7

8

9
10

11

12

13

Simulated CTA measurements 
(50 hours of observation per source)

Current generation IACT measurements

proxi for much  
larger population 
of blazars! 



Summary  
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!  TeV !-ray data provide strong constraints to the near-IR and mid-IR 

!  Range of methods (assumptions) yield comparable results 

!  > 35 sources with GeV - TeV spectra: better constraints! 

!  Potential for a unique signature from EBL absorption ~ 1 TeV 

!  Deep exposures (100h VERITAS-II) required to achieve sensitivity             

!  precision measurements of absorption effects likely with CTA 

!  potential for using different classes of sources:   

           hard spectra BL Lacs: <z> ~ 0.3  " near-IR + mid-IR 
           radio galaxies: nearby " mid-IR + far-IR  
           SB galaxies:  nearby  " mid-IR + far-IR  
           FSRQs: likely to extent to z ~ 1  


