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γ-ray γEBL 

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

Whipple 10 m 

γTeV + γnear-IR  e+ + e-  
Punch, M. et al. 
 (Whipple collaboration),  
Nature, 358, 477 (1992) 

TeV emission from 
Blazar Mrk 421 
Redshift z=0.03 

Opacity of the Universe: First Steps 
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many contributions in 1990s: 
F. Stecker, S. Biller, V. Vassiliev, F. Aharonian, E. Dwek, . …    



Storm & Urge: Chasing Blazars … 
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Storm & Urge: Chasing Blazars … 
1ES2344+514 
    H1426+428 

5.5 σ detection 
z ~ 0.13 



What is the intensity of the EBL?  
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What is the intensity of the EBL?  
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Lower limits from galaxy counts 

Constraints 
from 
fluctuation 
measurements 

Dwek, E. & F.K. 2013,  
Astroparticle Phys., Vol. 43, 112 



Accounting of the EBL sources 
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Accounting − Models 

Jan. 17  2013                                                                             Colloquium                                                                          Chicago                                                                                                                                                                       



Accounting of the EBL sources 
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Maurer et al. ApJ, 745, 166 (2012) 



TeV γ-ray Sky 2013 
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PKS 1424+240                              IBL               > 0.6 
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extragalactic sources GeV/TeV γ-ray Sky 2013 

Fermi 

GeV & TeV spectra 

PKS 1424+240                              IBL               > 0.6 



Air Cherenkov Technique: 
Whipple 10m 

300 m 

proton shower γ-ray  shower ~ 10 km 

ΘC ~ 0.3o – 1o 

 5o 

Δt ~ 5 ns 

ΔΕ/Ε ~ 30-40% 



Air Cherenkov Technique: 
Stereo: VERITAS, HESS 

angular 
resolution  
~ 0.05o – 0.1o 

ΔΕ/Ε < 15% 

shower 
height 

shower core location  



γ-ray Absorption by the EBL  

€ 

ε th Eγ ,µ,z( ) =
2 mec

2( )2
Eγ 1− cosθ( )

€ 

β = 1−ε th
ε

€ 

σγγ (Eγ ,ε,µ, z)=
3σT
16

(1−β 2 ) f (β)

€ 

ε ≈1.5 ⋅εth

€ 

ε ≈ 4 ⋅εth

€ 

ε ≈ 2 ⋅εth

  cross section effective over a broad range  
  of target photon energies (for a given Εγ)'

  cross section peaks at β = 0.7 

€ 

Eγ TeV[ ] =
0.86λ µm[ ]
1−cosθ
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γ-ray Absorption by the EBL  

2 TeV 2.5 µm 

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

thermal  
EBL 

‘‘typical’’ blazar spectrum: 

                 with Γ ~ 1.5 – 2.5 

€ 

dN
dE

∝E −Γ

€ 

dN
dE

∝E −Γ
⋅ exp(−τ γγ )

change in  
slope 
at ~ 1 TeV  

Dwek, E. & F.K. 2012 
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γ-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 
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Sources for probing the EBL  
E

2  d
N

/d
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0.01 0.1 1 10 E [TeV] 

ΓGeV 

ΓTeV 

exp(-τγγ) ?  

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) 
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Sources for probing the EBL  
E
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0.01 0.1 1 10 E [TeV] 

ΓGeV 

ΓTeV 

exp(-τγγ) ?  

?  

  scatter due to deviation from  
  power law in source spectrum?  

Dwek, E. & F.K. 2012, 



Sources for probing the EBL  
unphysical (no exp. rise!) 

    in theory: Γ>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! 

     empirical: '
         ΓTeV > ΓGeV '



Methods I: no exponential rise!  

  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) 



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 Γ > 1.5  

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

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

Γ>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:   ΓTeV > ΓGeV    
ΓGeV = 1.69 ± 0.07  ' ΓGeV = 1.61 ± 0.26  '

ΓGeV = 1.28 ± 0.21  ' ΓGeV = 1.5  '

ΓGeV = 1.36 ± 0.25   '

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

a) 1ES 1218+304: z = 0.182 

b) 1ES 1101-232: z = 0.186 

c) RGB J0710+591: z = 0.125 

d) 1ES 0229+200: z = 0.13 



Method III, part II: 1 TeV break   

Spectral break: 
ΔΓ = Γ(E<1 TeV) � Γ(E>1 TeV)  '

Thermal  
     EBL 

€ 

dN
dE

∝E −Γ
⋅ exp(−τ γγ )

€ 

τγγ (E) ≈ const.

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



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

Method III, part II: 1 TeV break   

12 blazars: z ~ 0.04 – 0.186 



Method III: part I+II (Data)    

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) in mid-IR,  
   also constrains absolute level!  



Method III:     

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 



Detection of EBL Imprint by Fermi 
Thermal  
     EBL 

z = 0.3 

z = 1 
z = 0.5 

z = 0.1 

At ≈ 0.3 µm:  
 3 ± 1 nW/m2/sr 

Ackermann et al., Science, 338, 1190 (2012)  

Fit spectra with:  
 dN/dE ~ E-α e(- b x τ(E, ε))) 



FK & M. Orr, astro-ph  

Orr et al. 2011, 
spectral break 
analysis (GeV-TeV 
Data) 

Ackermann et  
al. 2012, 
Spectral softening  
with z, E   
(GeV Data) 

Abramowski et  
al. 2013, 
Spectral softening 
with z, E 

Helgason &  
Kashlinsky  2013, 
Galaxy luminosity  
function surveys  

Status of EBL measurements (2013) 

Tension? 
  perhaps, in mid-IR: galaxy luminosity  
    function surveys (z <  4) vs. number  
    counts & TeV constraints 



Future 



What else might we uncover? 

If γ-ray measurements, galaxy counts & direct 
detections converge we are done!  

Non-convergence  
a)  EBL from γ-rays >> EBL from resolved galaxy counts 
       diffuse component 

b)  EBL from γ-rays violates EBL from direct observations 
       secondary γ-rays play an important role  
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•  component arises from secondary γ-rays  
   generated by ALP-photon mixing  
•  spectra harden – characteristic energy 
•  but spectral rise may not be unique! 

Signatures from the EBL & ALPs  
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Signatures from Cosmic Cascades  

-  requires B < 10-16 G 
-  secondary γ-ray fluxes from cosmic ray cascade can only vary slowly (testable) 
alternatively 
-  e± could cool rapidly due to plasma-beam instability in IGM  
  (Broderick et al., ApJ, 22, 152 (2012))  

Credit: W. Essey 2011  



Summary  
  Detection of UV/optical EBL signature by Fermi with ~ 150 BL Lacs   

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

  Range of methods (assumptions) yield comparable results 

  Tension in mid-IR: between EBL from  γ-ray data and galaxy LF estimate 

  Convergence of direct EBL and γ-ray opacity measurements required to  

   rule out non-standard EBL contributors and/or secondary γ-ray  scenarios 



Thank You!  


