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Study of SEDs of four Fermi blazars from three sub-classes using leptonic jet model
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Abstract: Recently, the numbers of discoveries of AGNs in GeV and sub-TeV energy bands have increased rapidly.
Many simultaneous multiwavelength campaigns for AGN are performed and physical mechanisms are discussed aggres-
sively. We select four Fermi AGNs from three sub-class of blazars, and discuss the quasi-simultaneous multiwavelength
spectra using a simple leptonic jet model. For two HBLs (H 2356−309 and PKS 2155−304), the SEDs can be explained
by a one-zone synchrotron self-Compton (SSC) scenario, and obtained parameters are almost in the range of typical HBL
values. In the case of LBL (PKS 0537−441) and FSRQ (3C 279), our SSC model cannot explain the observed SEDs,
and may require an introduction of another component, such as inverse Compton radiation with external photons.
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1 Introduction
Active galactic nuclei (AGNs) are extragalactic objects
whose spectral energy distributions (SEDs) are character-
ized by double-peaked nonthermal emission extends from
radio to gamma rays. In addition, they are also character-
ized by rapid flux variability in all bands, polarization in
radio and optical bands, highly collimated relativistically
jets, radio lobe structures, and so on. AGNs have been
classified into various classes according to observed fea-
tures, which might be understood from the difference of
the angle between the jet and the line of sight. Blazar is a
sub-class of AGN including BL Lacertae object (BL Lac)
and flat spectrum radio quasar (FSRQ), which has the jet
along with our line of sight within a few degree.
The well-known relationship between spectral peak fre-
quency and luminosity in SEDs of blazars is found by Fos-
sati et al.(1998)[20], and is called ”blazar sequence”. How-
ever, it is not clear which physical mechanisms or condi-
tions dominate the different appearances of blazars.
To find missing pieces of puzzles of AGN, many simul-
taneous multiwavelength campaigns are conducted chiefly
by the gamma-ray band, and various radiation mechanisms
are discussed intensively. In this paper, we using archival
quasi-simultaneous SEDs, and discuss the emission mech-
anisms using a simple leptonic jet model.

2 Targets
In this study, we select four AGNs, H 2356−309, PKS
2155−304, PKS 0537−441, and 3C 279, each of which
belongs to three different kinds of sub-class of blazars.

H 2356−309 is a high-frequency peaked BL Lac (HBL) lo-
cated at a redshift of z = 0.165, which was discovered in X
rays by UHURU satellite. In 2004, H.E.S.S. group discov-
ered very high energy (VHE) gamma rays above 0.2 TeV
with a significance level of ∼ 10σ[9, 10], as was predicted
by Costamante et al.(2002)[17]. In GeV gamma-ray band,
Fermi gamma-ray telescope detected this object success-
fully in low level flux[1, 3], though EGRET and AGILE
telescopes could not.
PKS 2155−304 is a nearby HBL with a redshift of
z = 0.116, discovered in X rays by HEAO-1 satel-
lite. This object is one of intensively studied blazars in
VHE gamma rays, since Durham group first discovered
VHE gamma-ray emissions[15]. In 2006 July, H.E.S.S.
group claimed historical extreme flare-up, with minutes or-
der time variation[11], and the report attracts a lot of as-
tronomers attentions. This object was detected also in GeV
energy region by EGRET[14] and Fermi[1, 3].
PKS 0537−441 is one of the most distant and the most lu-
minous members of low-frequency peaked BL Lac (LBL),
located at a redshift of z = 0.894. Despite the large
distance, this object was found to have an extended, spa-
tially resolved appearance in optical bands. Therefore,
it is discussed as a possible candidate of a gravitational
lensed blazar. So far, no detection from this source in VHE
gamma-ray regimes was claimed. Meanwhile detections of
GeV gamma rays with high significance level are reported
by three of major survey type gamma-ray space telescopes
(EGRET, AGILE, and Fermi), and GeV gamma-ray flares
were also reported several times.
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3C 279 is a distant FSRQ, located at a redshift of z =
0.536. This is a well known GeV gamma-ray blazar de-
tected by EGRET, AGILE, and Fermi, and GeV gamma-
ray flares were often reported. It was first detected in
VHE gamma-ray band in the spring of 2006 by MAGIC
group[6], and became the most distant source of VHE
gamma rays among the objects which the redshift was
known.

3 SED modeling
Here, we use a simple leptonic jet model which is based on
the one-zone homogeneous, time independent, SSC model
by Kataoka et al.(1999)[24] but slightly modified. We as-
sume there is a spherical emitting blob of radius R that has
homogeneously tangled magnetic field B and propagates
with a bulk Lorentz factor Γ. The viewing angle θv, that is
the angle between the jet orientation and the line of sight, is
assumed to be a superluminal angle, i.e. Doppler beaming
factor δ = Γ.
In the emitting blob, injection, radiative cooling, and es-
caping of electrons are assumed to be in equilibrium. As an
electron energy distribution at steady state, two patterns are
considered, one is a simple power-law as Ne(γ) = Q0γ

p1 ,
and another is a smoothed broken power-law as

Ne(γ) =
Q0γ

p1

brk(
γ

γbrk

)−p1

+
(

γ
γbrk

)−p2
, (1)

where Q0 is the normalization, γ is Lorentz factor of rel-
ativistic electrons, p1 and p2 are electron spectrum indices
in the ranges from γmin = 1.0 to γbrk, and γbrk to γmax,
respectively. In this model, free parameters are B, R, Γ,
Q0, p1, p2, γbrk, and γmax.
As is well known, VHE gamma rays are absorbed by Ex-
tragalactic Background Light (EBL) photons due to e+ e−

pair creation. When we calculate the modeled SED curves,
we take into account the absorption by using a EBL density
model by Dominguez et al.(2011)[18].

4 Results and discussion
Multiwavelength SEDs of the four target blazars assembled
mostly by the published data are shown in Figs.1∼4. The
best fitted curves of our emission model for each target are
also drawn in the figures, where solid and dashed curves in-
dicate for the case with and without taking into account the
EBL absorption, respectively. The parameter sets for our
model are summarized in Table.1. Total electron number
in the emission region Ntotal, the number density of elec-
trons n, and the energy density of electrons ε are also listed
in this table. We report and discuss these parameter sets for
each object below.

4.1 H 2356−309
We use the data for model fitting that an averaged H.E.S.S.
spectrum in 2004 to 2007[5], low frequency results ob-
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Figure 1: SEDs of H 2356−309. The purple downward
triangles are an averaged spectrum of H.E.S.S. observa-
tions between 2004 and 2007[5]. The blue close squares
are NRT, ROTSE-III, and RXTE data simultaneous to the
H.E.S.S. 2004 observations[9]. The red open squares are
an averaged spectrum of Fermi/LAT public data in the pe-
riod from MJD 54683 to 55313, we use the software ver-
sion of ScienceTools-v9r15p2 to the analysis. The
light gray crosses indicate archival data from NASA/IPAC
Extragalactic Database (NED), and the other markers[9]
were drawn for comparison. The markers with arrow in-
dicate each upper limit. The solid and dashed curves are
the best fits to the SED by the simple SSC model with a
single power-law electron distribution described in the text
with and without, respectively, EBL effects[18] included.

served simultaneously to the H.E.S.S. 2004 observations[9]
during multiwavelength campaign, and an averaged spec-
trum of Fermi/LAT in the period from MJD 54683 to
55313 which is obtained by analyzing the Fermi/LAT pub-
lic data. In this period, neither TeV gamma-ray observation
by H.E.S.S. nor Fermi/LAT GeV gamma-ray data show no
time variation of the flux from this object.
The observed SED could be explained by our SSC model
with a single power-law electron energy distribution. Com-
paring to the previous studies[5, 9, 30, 31, e.g.], obtained
Doppler beaming factor δ = 59 is larger than earlier re-
sults of δ = 18 ∼ 35 range. Furthermore, the magnetic
field of B = 0.012[G] is one order of magnitude weaker
than so far reported values of B = 0.12 ∼ 0.16[G]. These
differences are mainly due to strong limitation by low flux
in GeV band.

4.2 PKS 2155−304
We use multiwavelength campaign results in 2008[12] and
NED archival data for infrared to optical bands for SED
model fitting.
The SED could not be fitted by the SSC model with a sin-
gle power-law electron energy spectrum, but can be suc-
cessfully explained by assuming a broken power-law dis-
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Figure 2: SEDs of PKS 2155−304. The purple down-
ward triangles are simultaneous spectra of H.E.S.S., Fermi,
RXTE, and ATOM in the epoch of 2008 summer[12]. The
orange open circles are portions of archival data from NED
which are considered to be comparable flux level with the
2008 campaign. The other markers[8, 13, 32, NED] were
drawn for comparison. The markers with arrow indicate
each upper limit. The curves show same as the caption of
Fig.1, but the electron distribution has one break.

tribution of electrons. There are a number of reports which
explain SEDs of PKS 2155−304 in various states by simi-
lar one-zone SSC models[8, 19, 21, 25, e.g.]. Comparing to
those results[12] in the same period of our analysis, the pa-
rameters we obtained here including large beaming factor
are in good agreement with them, even though we assume
simply one break in the electron energy distribution. Our
model largely improve the fitting to the SED data around
optical band, and is considered to the reason of the differ-
ence from previous results.

4.3 PKS 0537−441
The quasi-simultaneous multiwavelength spectra in August
to October 2008[2] is used to study the radiation model of
PKS 0537−441.
The one-zone SSC model with a single power-law or a bro-
ken power-law electron energy distributions could not ex-
plain the observed SED very well. The data at GeV ener-
gies are well fitted with a energy spectral index of α = 0.5,
which is the resultant index from p = −2.0, where p is an
electron spectral index. However, the X-ray data contra-
dictorily suggest that electron index is around p ∼ −2.4.
Conversely, the GeV band flux cannot be explained by a
simple extrapolation of power-law spectrum from the X-
ray region.
Furthermore, combination of the radiation region size R =
4.0× 1018[cm] and the Doppler beaming factor δ = 19 in-
dicate that the time scale of flux variation should be longer
than five months which is inconsistent with observed intra-
hour variabilities in the infrared bands[23].
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Figure 3: SEDs of PKS 0537−441. The purple down-
ward triangles correspond to the quasi-simultaneous radio
to gamma-ray spectra in August to October 2008[2]. The
other markers[22, 27, 28, 29, NED] were drawn for com-
parison. The markers with arrow indicate each upper limit.
The curves indicate same as the caption of Fig.2.

One solution to these inconsistencies may be an intro-
duction of another component, such as inverse Compton
boosted external photons. Such possibilities have been al-
ready discussed by many authors[22, 26, 27, 29, e.g.].

4.4 3C 279
A parameter fitting of the SSC model to the simultane-
ous multiwavelength SED observed in the period of MJD
54880 to 54885, which are published[4], was done.
The results show that our model assuming a single power-
law or a broken power-law spectrum as an electron energy
distribution could not fit to the observed SED. In particu-
lar at X-ray energy band, the overall fitted spectrum gives
necessarily a harder spectrum than the observed one.
Combined the emission region size R = 9.5 × 1018[cm]
with the Doppler beaming factor δ = 70 to estimate time
scale of flux variation, we obtained expected flux varia-
tion to be > 80 days, which is inconsistent with observed
one[4].
As in the case of the discussion of PKS 0537−441, another
component of photons should be required, as is pointed out
in some articles[7, 16, 22, e.g.].

5 Summary
In this paper, we study the SEDs of three kinds of AGNs,
HBLs (H 2356−309 and PKS 2155−304), LBL (PKS
0537−441), and FSRQ (3C 279). The SED curves cov-
ered radio to TeV gamma-ray frequency based on a simple
leptonic emission model are fitted to the multiwavelength
observation data.
In the cases of HBLs, that is, H 2356−309 and PKS
2155−304, our one-zone SSC model can well explain the
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Figure 4: SEDs of 3C 279. The purple downward triangles
are simultaneous multiwavelength spectra in the epoch of
MJD 54880 to 54885[4]. The other markers[4, 6, 7, NED]
were drawn for the comparison. The markers with arrow
indicate each upper limit. The curves denote same as the
caption of Fig.3.

observed data. However, we obtained the large Doppler
factor and the weak magnetic field for H 2356−309 which
is significantly differ from the previous studies. The best
parameters of PKS 2155−304 are almost consistent with
the earlier work using same SED data for the most part, but
the electron spectrum has simply one break.
In the cases of LBL and FSRQ, that is PKS 0537−441
and 3C 279, respectively, the observed SEDs cannot be ex-
plained by our one-zone SSC model. One solution to these
results may be an introduction of another component, such
as inverse Compton radiation with external seed photons.
We keep trying to improve the SED modelings for better
understandings of missing pieces of blazar puzzles.

Table 1: Summary of the parameter sets of the SEDs

parameter [unit] H 2356−309 PKS 2155−304 PKS 0537−441 3C 279
z 0.165 0.116 0.894 0.536
R [cm] 5.7× 1015 5.7× 1016 4.0× 1018 9.5× 1018

B [G] 1.2× 10−2 2.5× 10−2 1.7× 10−3 6.3× 10−5

δ 59 45 19 70
θv [◦ ] 0.97 1.3 3.0 0.82
Q0 [cm−3γ−1] 1.5× 104 8.3× 10−1 4.9× 101 5.3× 10−3

p1 −2.2 −1.4 −2.0 −1.1
p2 — −3.9 −4.3 −4.4
γmin 1.0 1.0 1.0 1.0
γbrk — 2.6× 104 3.7× 104 2.2× 104

γmax 8.1× 105 8.7× 105 2.0× 105 4.6× 105

Ntotal 1.0× 1052 1.6× 1051 1.3× 1058 1.2× 1056

n [cm−3] 1.3× 104 2.0× 100 4.9× 101 3.3× 10−2

ε [erg cm−3] 5.9× 10−2 5.6× 10−4 4.2× 10−4 4.4× 10−5

References
[1] Abdo, A. A., et al., 2010, ApJ, 715, 429
[2] Abdo, A. A., et al., 2010a, ApJ, 716, 30
[3] Abdo, A. A., et al., 2010b, ApJS, 188, 405
[4] Abdo, A. A., et al., 2010c, Nature, 463, 919
[5] Abramowski, A., et al., 2010, A&A, 516, A56
[6] Albert, J., et al., 2008, Science, 320, 1752
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