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Abstract: The extragalactic background light (EBL) contains important information about the formation and
evolution of the galaxies and stars. It is difficult to be directly measured at the Earth due to the strong foreground
contamination. The pair production between EBL and the very high energy γ-rays emitted from sources at
cosmological distances provides an indirect method to study the EBL. In general the EBL will couple with the
source spectrum and is difficult to be isolated from the γ-ray observations. Here we propose a method to measure
the EBL directly by extracting the collective attenuation effects in a number of γ-ray sources at different redshifts.
Using the Markov Chain Monte Carlo fitting method, the EBL intensities and the intrinsic spectral parameters of
γ-ray sources are derived simultaneously. No prior shape of EBL is assumed in the fit. This is for the first time to
extract the EBL intensities and spectral shape in a model-independent way. The result is consistent with the recent
predictions of the EBL models and thus supports the present understanding of the origin of EBL.
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1 Introduction
The extragalactic background light (EBL) refers to the
isotropic, diffuse radiation from far infrared to ultraviolet
(UV) wavelengths, an analogue of the cosmic microwave
background (for review of EBL, see [1, 2]). Different from
the cosmic microwave background as the thermal relic of
the hot big bang, the EBL is generally thought to originate
from the radiative energy releases of the stars and intra-
galactic dust, which dominate in UV-optical and infrared
bands respectively. Its intensity and spectral shape contain
crucial information about the formation and evolution of
stellar objects and galaxies throughout the cosmic history.

Theoretically there are many works to calculate the EBL
intensity based on the semi-analytical models of galaxy
formation and/or the direct observations of the galaxy
spectral energy distributions [3, 4, 5, 6, 7, 8, 9, 10, 11].
Generally there are two distinctive bumps of the EBL: the
UV-optical component peaks at ∼ 1µm from the direct
emission of the starlight and the infrared component peaks
at ∼ 100µm from the absorption and re-emission of the
dust. Depending on the star formation history, the stellar
initial mass function, the evolution of metallicity, the size
distribution and composition of dust grains and so on, there
is diversity of different model predictions of the EBL.

Due to the foreground contamination from the solar
system (especially the zodical light) and Galactic emission,
it is very difficult to measure the EBL directly [12]. At
present only a very wide band quotes the lower and upper
limits of the EBL is available from the direct measurements.
The lower limit comes from the integral measure of the light
from the resolved galaxies [13, 14]. And the upper limit can
be derived from the absolute measurement of EBL within
its errors [1].

The e+e− pair production interactions between the EBL
photons and the very high energy (VHE) γ-rays, which lead
to the attenuation of the γ-ray spectra of the extragalactic
sources, provide another indirect way to study the EBL
[15, 16, 17]. Thanks to the remarkable progresses of the γ-
ray detection in recent years, especially the ground-based

imagining atmospheric Cerenkov telescopes (IACTs) and
the spatial telescope Fermi-LAT, many extragalactic sources
from cosmological distances have been detected in the γ-
ray window. There are more than fifty extragalactic sources,
most of which are blazars, have been discovered to be VHE
emitters. Even more such kind of sources (∼ 1000) have
been discovered at lower energies by Fermi-LAT [18]. To
constrain the EBL through γ-ray observations is a widely
adopted and effective way nowadays [19, 20, 21, 22, 23, 24,
25, 26, 27].

It has a potential problem to apply this indirect method
to study the EBL due to there are two unknowns coupled to-
gether: the intrinsic γ-ray spectrum of the source and the E-
BL. From the measurement of the absorbed spectrum from
one source, it is difficult to disentangle the attenuation ef-
fect from the intrinsic source effect. Generally people apply
constraints on the source spectrum through theoretical argu-
ments such as the source spectral index should not be too
hard or the source spectrum should not rise exponentially,
and then obtain the upper bounds of the EBL according to
the measurements [19, 20, 21]. With large sample of the
γ-ray sources, it is possible to isolate the EBL from the
source spectra through a likelihood fitting method, because
even the source spectra differ from one source by another,
they should share a common EBL attenuation effect (with a
strength proportional to the distance). This method has been
realized recently by Fermi-LAT and HESS collaborations,
based on the likelihood fit of given EBL spectral templates
[28, 29].

However, in [28, 29] the spectral templates of EBL from
different models are adopted as inputs. In [30], we propose
to measure the EBL directly by extracting the absorption
effects in a number of γ-ray sources without any prior as-
sumption of the spectral shape. We adopt the Markov Chain
Monte Carlo (MCMC) fitting method to derive both the in-
trinsic source parameters and the EBL intensities simultane-
ously. The MCMC algorithm is well known to be efficient
for the minimization in high-dimensional parameter space
[31]. The EBL is parameterized as a series free parameters
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binned by energy, and in each energy bin it is approximated
with a constant energy density. We will use the γ-ray data
to derive both the spectrum and intensity of the EBL.

2 Attenuation of VHE photons
The optical depth τ(E,z) of a VHE photon when propagat-
ing in the extragalactic space as a function of energy E and
the source redshift z is [32]

τ(E,z) =
∫ z

0
dl(z′)

∫ +1

−1
dµ

1−µ

2

·
∫

∞

ε ′thr

dε
′n′(ε ′,z′)σ(E ′,ε ′,µ) , (1)

where the variables with prime are the quantities at red-
shift z′, dl = cdt = c

H0
dz′

(1+z′)
√

ΩM(1+z′)3+ΩΛ

is the differen-

tial path traveled by the VHE photon, µ = cosθ with θ

the angle between the momenta of VHE and EBL photons,
n′(ε ′,z′) = n(ε ′/(1+z′),z = 0)(1+z′)3 is the EBL number
density at redshift z′, σ is the pair production cross section,
and ε ′thr is the threshold energy for the pair production in-
teraction. For VHE photon with energy E, the cross sec-
tion reaches maximum for EBL photons with wavelength
λ/µm∼ 1.24E/TeV [33]. Therefore for VHE γ-ray obser-
vations by IACTs which have energies higher than hundred-
s of GeV, the sensitive wavelength region of EBL can be
probed is from infrared to optical band.

The observed VHE γ-ray spectrum after absorption by
the EBL is

Fobs(E) = e−τ(E,z)Fint(E) , (2)

where Fint(E) is the intrinsic spectrum of the source at
redshift z. In this work the intrinsic spectra of blazars
Fint are parameterized by a power-law (F ∝ E−α ) or log-
parabolic (F ∝ E−α−β logE ) function, with two or three free
parameters for each source. The log-parabolic spectrum
can approximate the concave γ-ray spectrum as predicted
by the synchrotron self-Compton (SSC) model of blazar
broadband emission. If the measured energy range is not
too wide the simple power-law can also give a quite good
description to the data.

We do not assume any spectral shape of EBL in this
study, but to divide the wavelengths of EBL into 10 bins
logarithmically spanned between 0.1 and 100 µm instead.
The EBL intensity νIν is approximated with a constant ξi
in each wavelength bin. Then we fit these ξis, together with
the intrinsic spectral parameters, from a set of observed γ-
ray spectra Fobs(E).

We adopt a flat ΛCDM cosmology, and take the cosmo-
logical parameters as ΩM = 0.274, ΩΛ = 1−ΩM , H0 =
70.5 km s−1 Mpc−1 [34].

3 Fitting the EBL intensities
3.1 Sample
For the purpose of this study we need relatively good
measurements of the energy spectra of the blazars. There
are two or three free parameters for the intrinsic spectrum
as described above, therefore the measured spectrum should
be good enough to constrain the source parameters together
with the attenuation behavior induced by EBL. We have
chosen seven TeV blazars in this study, as listed in Table 1.

The redshifts of these sources are smaller than 0.2, and the
evolution effect of EBL with redshift is negligible [19].

Table 1: Source sample information
Name redshift Experiment Reference

Mkn 421 0.031 VERITAS [35]
Mkn 501 0.034 HEGRA [36]

1ES 1959+650 0.047 HEGRA [37]
PKS 2005-489 0.071 HESS [38]
PKS 2155-304 0.116 HESS [39]

H 2356-309 0.165 HESS [40]
1ES 1101-232 0.186 HESS [19]

The high redshift source 3C 279 at z = 0.536 as observed
by MAGIC [20] is thought to be effective to constrain the
EBL in UV-optical band [27]. However, since there are
only 5 points of the energy spectrum given by MAGIC,
this source does not help enough to improve the results
significantly in our approach. It is the same situation for H
1426+428 at z = 0.129 [41]. Therefore we do not include
them in the sample. We will test the effect on the results in
the following.

The observations of Mkn 421 by VERITAS covered
seven states from very low to very high states from 2006 to
2008 [35]. Therefore it can be used to test the robustness of
the method. Through combining one state of Mkn 421 with
other 6 sources, we will compare how the results change
with different source sample (referred as sample 1-7 for
Mkn 421 from very low to very high state).

3.2 Results
To make the fit meanful and convergent, we further apply
some physical constraints on the parameters. The power-
law index α is required to be larger than 1.5, according to
the diffusive shock acceleration of particles in the blazar
jets [42]. For the log-parabolic spectrum, the parameter
β is limited in the range [0,1]. The EBL intensities ξi
are restricted in the lower and upper limits set by direct
measurements [1]. The effect of relaxing those constraints
will be further tested in the following.

The fitting results for samples 1-7 are shown in Fig. 1.
The left panel is for power-law intrinsic spectrum and the
right panel is for log-parabolic intrinsic spectrum. The shad-
ed region shows the current bounds on EBL from the di-
rect measurements [1]. We see that for power-law intrinsic
spectrum, the results show moderate diversity among dif-
ferent data set, while for the log-parabolic intrinsic spec-
trum the results converge quite well. It may imply that the
log-parabolic shape, as expected from the synchrotron self-
Compton model, indeed reveal the intrinsic nature of the
γ-ray emission from blazars.

We also compare the χ2 values for the fit [30]. It is found
that the reduced χ2 varies significantly for different data
samples for the power-law source spectrum, and in most
cases the fits are not good enough. For the log-parabolic
injection spectrum, the reduced χ2 is close to 1 for almost
all the data samples. The fit quality is stable, and better for
log-parabolic spectrum than the power-law spectrum.

Then we test the case of relaxing the constraints on the
parameters. The EBL intensities are relaxed to be within
[1,100] nW m−2 sr−1. The spectral parameters are relaxed
as α ≥ 2/3, 0≤ β ≤ 2 respectively. The results are shown
in the left panel of Fig. 2. We find for λ > 1 µm relaxing



EBL from TeV blazars
33RD INTERNATIONAL COSMIC RAY CONFERENCE, RIO DE JANEIRO 2013

 1

 10

 100

 0.1  1  10  100

ν
I ν

(n
W

 m
-2

 s
r-1

)

λ(µm)

1

2

3

4

 1

 10

 100

 0.1  1  10  100

ν
I ν

(n
W

 m
-2

 s
r-1

)

λ(µm)

5

6

7

 1

 10

 100

 0.1  1  10  100

ν
I ν

(n
W

 m
-2

 s
r-1

)

λ(µm)

1

2

3

4

 1

 10

 100

 0.1  1  10  100

ν
I ν

(n
W

 m
-2

 s
r-1

)

λ(µm)

5

6

7

Fig. 1: The best-fitting results of the EBL intensities in 10 wavelength bins, for the assumptions of power-law (left) and
log-parabolic (right) intrinsic spectra of the sources. Different symbols show the results of the seven data samples.
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Fig. 2: Left: comparison of the results for relaxing fitting ranges of the EBL intensities or the spectral parameters; right:
comparison of the results with and without 3C 279 at high redshift. The reference case is the log-parabolic fit to data sample
2.

those comstraints do not lead to significant changes of
the fitting results. However, for λ < 1 µm the results are
different if we relax the constraints on the EBL intensities
from the direct measurements. It means that the VHE data
sample used in this work is not effective enough to constrain
the EBL in the UV-optical band. The UV-optical band can
be constrained by sources at higher redshifts and lower
energies, such as the 3C 279 at z = 0.536 [20] and the
Fermi-LAT observations [28].

The right panel of Fig. 2 show the comparison of the
results with and without the high redshift source 3C 279. It
can be seen that including 3C279 does not affect the results
effectively. This should be because the spectral measure-
ment is not good enough and there is strong degeneracy
between the source parameters and the EBL parameters.

Finally we show in Fig. 3 the comparison of our results
with that derived in other works and the model predictions.
The result of sample 2 as shown in Fig. 1 is shown as
the reference one, because the VERITAS data of Mkn 421
covers a wide energy range of this state. Several recent
model predictions of the EBL at z = 0 [3, 6, 7, 10] are
plotted by the dashed lines in the figure. The solid lines are
several current upper bounds on the EBL derived through
the γ-ray observations of blazars [19, 21, 20, 27]. Our fitting
result agrees very well with the model predictions for λ > 1
µm. The expected peaks at ∼ 1µm and ∼ 100µm are also
shown in this model-independent fit. From the observations

of VHE γ-rays, we derive the spectral shape the EBL for the
first time. And this indirect measurement of EBL supports
the present understanding of EBL origin.

4 Conclusions
In this work we propose to measure the EBL from the VHE
γ-ray observations of blazars by a global fitting method.
Using an MCMC algorithm, both the intrinsic spectral
parameters and the EBL intensities are fitted simultaneously.
Without any assumption of the spectral shape of EBL, we
parameterize the EBL intensities νIν as free parameters
in 10 wavelength bins, and derive its intensities in each
wavelength bin through the global fit. We find to use log-
parabolic function to describe the intrinsic VHE γ-ray
spectra of blazars can result in well convergent constraints
on the EBL intensities. The derived results are close to
the lower bound of EBL obtained by galaxy counts and
are consistent with the recent EBL models. Interestingly
the bump structures at ∼ 1µm and ∼ 100µm are also
shown in this model-independent fit. It supports the current
understanding of the origin of EBL from stars and dusts. We
expect significant improvement on the EBL with the future
large sample and high quality VHE γ-ray observations by
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Fig. 3: Comparison of the EBL derived in this work with
the upper bounds in other works (solid) and the model
predictions (dashed): Kneiske06 [3], Franceschini08 [6],
Finke10 [7] and Gilmore12 [10].
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