
THE EXTRAGALACTIC BACKGROUND 
LIGHT AND THE TRANSPARENCY OF

THE UNIVERSE TO GAMMA-RAYS

• The EBL in the IR and in the optical-UV and the 
cosmic - opacity

• Current status of the field

• Contributions from the MAGIC observatory
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The Global Background Radiation & the EBL

CMB
EBL



The Extragalactic Background Light
• Background radiations concern the whole history of astrophysical sources,

• They are the repository of all radiant energy produced by cosmic sources and 
cosmic structures since the Big Bang

 -- Point sources

 -- Diffuse structures and components

• Essential data to understand how the Universe has taken shape and evolved

• Three main physical processes for generating energy (and light): 

-- Thermonuclear reactions (in stars)

-- Gravitational accretion (in galaxy nuclei – Active Galactic Nuclei)

-- Decaying particles (generated in the early phases of cosmic

expansion - still speculative)
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WELL KNOWN ENERGY  SOURCES

• Young (& old) stars in galaxies
• Gravitational accretion onto nuclear black-holes in active galaxies

A solid constraint: mass in local Massive Dark Objects 
(MDO's):
MMDO ~ 2 10-3 M*   (M* : mass in spheroids Kormendy & Richstone)

How much energy out of this?  

η* ~ (1-5)10-3 , ηAGN~0.06-0.4 (Kerr limit)

LAGN  ~ 2 10-3 ηAGN/η* Lstar  ~  0.1 Lstar 

Energy=ηρbc2



The Extragalactic Background Light

• Measurements and theoretical evaluations
of the local EBL and its evolution with 
cosmic time are highly controversial
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Mazin & Raue (2007)

Bernstein et al. 2002

Data from the Infrared 
Telescope Facility (IRTS)

… of uncertain origin
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Foreground emission
sources in the optical, 
upper limits on the 
EBL, and lower limits
based on the 
integrated flux from 
resolved galaxies
(V555 > 23 AB mag) 
in the HDF (Williams 
et al. 1996). The 
spectral shape and 
mean flux of
zodiacal light and of 
diffuse galactic light 
(DGL) are shown. The 
effective bandpasses
for our HST 
observations are 
indicated. 

IEBL = Itot - IZL – IDGL-Istars

IPD 
emission
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FOREGROUND 
RADIATION 

CONTRIBUTIONS: 
THE APPROACH TO 
MEASURE THE EBL

The sub-millimeter:
the only spectral
region where the 

total EBL has been
reliably measured



• In all other bands, attempts for 
direct measurements essentially
unsuccessful

• IN CONCLUSION,  EBL direct 
measurements particularly difficult 
(virtually impossible) where they 
would be most interesting! (UV –
optical – IR)



CONSTRAINING THE
EXTRAGALACTIC BACKGROUND
LIGHT (AND TESTING MODELS OF) 
FROM VHE OBSERVATIONS (WITH
CONSEQUENCES FOR PHYSICS AND
COSMOLOGY)
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Dominguez et al. (2011)Dominguez et al. (2011)

Absorption:
dF/dEOBS= (dF/dEEM) e-

VHE photon + diffuse light
 electron-positron pair 
production

VHEEBL  e+e-



• Stecker & de Jager (1993)
• Stanev & AF (1998)
• Malkan & Stacker (1998)
• Kneiske et al. (2002)
• FRV (2008)
• Finke, Razzaque, Dermer (2010)
• Kneiske & Dole (2010)
• Dominguez et al. (2011)
• Gilmore et al. (2012)
• Stecker, Scully & Malkan (2016)
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Minimal EBL 
estimates  
by known 
sources

• FRV 2008
• F & R 2017-18
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Spitzer & HERSCHEL 
observatories have 
sampled the elusive 

sources of the IR EBL
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IRAC Spitzer
GOODS CDFS 3.6m image 
Dickinson et al., Rodighiero et al.

S3.6m > 1 Jy,   
160 arcmin2

…at least a portion of the 
Extragalactic Background can 

be resolved into sources !
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GOODS–north field (10′×15′) at 100 μm 
(blue), 160 μm (green) and 250 μm (red)

GOODS–south (10′×10′) at 24 μm 
(blue), 100 μm (green) and 160 μm 

(red)

Elbaz et al. 2011
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Source number
counts & 
luminosity
functions
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Galaxy number counts and the source 
contribution to the cosmic background 

emissivity
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A.F. et al. 2015

Current view of the local EBL  

A.F. et al. 2008

AF & Rodighiero 2017A&A...603A..34
(+ tables in 2018A&A...614C...1 Corrigendum)
[slightly improved model in the MIR and FIR]
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The redshift-dependent photon number
density in the comoving volume. 

Red:  z=0, 0.2, 0.4; 
green z=0.6, 0.8, 1.0; 
Blue: z=1.2, 1.4, 1.6; 

Cyan: z=1.8, 2.

The CMB «wall»



Dashed-dotted blue:
Franceschini et al. 2008; 
Long-short dashed red &  
solid and dotted black 
lines: Gilmore et al. 2012
long-dashed green:
Kneiske et al. (2004); 
dashed orange: Finke et
al. (2010);
low and high dotted 
violet points:  Stecker et 
al. 2006.

Reviewed by Gilmore et al. 2012

Controversial modelling of EBL

EBL INTENSITY AT VARIOUS z
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A. Dominguez et al. 2011



23The γ-γ cosmic optical depth
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The γ-γ cosmic optical depth

x10 width

The γ-γ
cross-
section
is quite
broad...

2

2

[ ] 1.2 [ ] (1 )

(0.1 2.4) [ ] (1 )

m E TeV z

m E TeV z




 

 

 

  




z’ is where the γ-γ
interaction happens
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z=1 AF+ 2008

F & R 2017-18
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CTA LST    
region

CTA SST    
region
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The cosmological - horizon



APPLICATIONS FROM VHE 
OBSERVATIONS OF BLAZARS
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Dominguez et al. (2011)Dominguez et al. (2011)

Absorption:
dF/dEOBS= (dF/dEEM) e-

VHE photon + diffuse light
 electron-positron pair 
production

VHEEBL  e+e-
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Imprint s of the Extragalactic Background Light on the spectra of 
the brightest blazars    (observed by the H.E.S.S. collaboration,
Abramowski et al. 2013)
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Ratio of the average 

extrapolated vs observed Fermi 
LAT spectra of BLAZARs in 

different redshift bins, showing 
a cut-off feature increasing with 
redshift. Vertical lines: energy 
below which <5% of the source 
photons are absorbed by EBL, 
and where the source intrinsic 

spectra are estimated. 

Dashed curves show the 
attenuation expected from the 

EBL (A.F. et al. 2008), obtained 
by averaging in each redshift 

and energy bin the opacities of 
the sample. 

Thin solid curve: best-fit model 
assuming that all the sources 
have an intrinsic exponential 
cut-off and that blazars follow 
the “blazar sequence” model.
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Constraints on EBL intensity.   (Abramowski et al. 2013) 
Based on the analysis of the TeV spectra from HESS of several BLAZARs. 
The systematic uncertainty is added quadratically to the statistical one to derive the 
H.E.S.S. contour.
Lower limits based on galaxy counts and direct measurements are respectively shown 
with empty upward and filled downward pointing triangles . The region excluded by 
Meyer et al. (2012) with VHE spectra is represented by the dashed area.
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Orr, Krennrich, Dwek (2011)

Models by  Aharonian et al. (2006, red stars), Stecker et al. (2006, green
triangles), Franceschini et al. (2008, blue diamond), Kneiske et al. (2004, orange
square), and Dominguez et al. (2011, purple hexagon) 
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Mazin, Dominguez + 2017

• Reference model by 
Dominguez + 2011

• (similar to FRV08)

(including systematics)
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A. Dominguez et al. 2011



A.F. et al. 2014

(Costamante 2012)

IR background 
crisis, calling for 
new physics? (LIV, 
ALPs)
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So, with current instrumentation, 
no much more than confirmation 

of our best guessed EBL 
spectral intensity and time-

evolution up to z≈1...
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The current
cosmological

conundrum



38

Photon density in proper units
dn
d





Note:   while due to sources
decreases with z at high-z ,

from Pop III sources increases (1+z)3

dn
d





dn
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MAGIC observed spectrum (green 
datapoints) corrected (red 
datapoints) for photon-photon 
absorption assuming EBL as in 
FRV2008. Top: the γ-γ extinction. 
Bottom panel: Fermi and MAGIC 
data (black lines are the model 
spectrum, the blue line is corrected 
by absorption). 

Mirzoyan et al. 2014
Buson & Cheung 2014

Detection of a Hard Spectrum 
Flare from the Gravitationally 
Lens Blazar B0218+357



40Simulation of a CTA 50 h obs of PKS1441 at proper redshift (z=0.94)Simulation of a CTA 50 h obs of PKS1441 at redshift z=1.8
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What about high-energy 
observation with CTA of local 
bona-fide blazars to constrain 

the CIRB at long wavelengths?
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... this fitted by LSP blazar 4C2135 

Simulation of a CTA obs of MKN421 assuming a nominal FIR background
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... this fitted by ISP GB6J09455757

Simulation of a CTA obs of MKN421 assuming a high FIR background

This assumes CIRB (>10µm) intensity x2 higher than nominal



Summary
 Constraints on local EBL local flux and its time evolution
already achieved from MAGIC and other blazar data, 
however limited by sensitivity and systematics

 The analyses of the present TeV spectra of well-known
Blazars indicate consistency with current state-of-art 
models of the EBL based on known sources only

 The CTA Large Area Telescopes will substantially
expand the -ray horizon at low and intermediate energies
for the high-z blazar and will offer constraints on EBL 
evolution with time    =>  e.g. tests of integrated PopIII
emission at z10.

 Simulations performed of CTA very high energy (>10 
TeV) observations of local extragalactic sources (blazars) 
indicate that finer constraints on their spectra will be 
achieved, however limited by huge EBL opacity @ these  .
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