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Abstract. The Large Area Telescope (LAT), the
main instrument on-board the Fermi Gamma-ray
Space Telescope (formerly GLAST, launched June
11, 2008) is a pair conversion detector designed to
study the gamma-ray sky in the energy range from
20 MeV to >300 GeV. We present the preliminary
results of a Spectral Energy Distribution Analysis
performed on a sample of bright blazars detected in
the first three months of data collection of Fermi.
The analysis is extended down to radio, optical, UV
and X-ray bands and up to GeV energies based
on unprecedented sample of simultaneous multiwavelength observations.
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I. I NTRODUCTION
The Gamma-ray Large Area Space Telescope
(GLAST) satellite was successfully launched on June,
11 2008 into a low Earth circular orbit at an altitude of
550 km and an inclination of 25.6◦ . At the end of its
commissioning phase (August, 4 2008), after entering
its scientific operating mission, the satellite was renamed
Fermi. The Large Area Telescope (LAT) on board Fermi
is a pair-production telescope with large effective area
(∼ 8000 cm2 on axis for E> 1 GeV) and field of view
(∼ 2.4 sr at 1 GeV), sensitive to gamma-rays in the
energy range 20 MeV to >300 GeV [1].
One of the major scientific goal of the Fermi mission
is to provide new data about gamma-ray emission from
Active Galactic Nuclei (AGNs). During the first three
months of sky-survey operation, the Fermi Large Area
Telescope (Fermi-LAT) detected 132 bright sources at
|b| > 10◦ with test statistic greater than 100 (corresponding to about 10σ). Among these, 106 highconfidence associations with known AGNs have been
found. This sample is referred as the LAT Bright AGN
Sample (LBAS) [2].

For 48 sources of the LBAS, we were able to combine
LAT three months gamma-ray data with simultaneous
observations at other wavelengths [3]. In particular,
radio data come from OVRO (Owens Valley Radio
Observatory) 40 - m telescope (15 GHz) [4], Effelsberg 100 - m Radio Telescope (2.6 to 42 GHz, FGAMMA project [5]), and GASP-WEBT (5 to 43 GHz
and 23 to 345 GHz) [6]. NIR-optical data come from
GASP-WEBT collaboration; optical/UV data come from
the Swift 30 cm modified Ritchey-Chretien Ultraviolet/Optical Telescope (UVOT) [7] and X-ray data come
from the Swift X-Ray Telescope (XRT) [8].
II. P HYSICAL CLASSIFICATION OF AGN S
The radiation emitted by AGNs is attributed to one
(or both) of the following physical processes:
•

•

thermal emission originating from infalling material
strongly heated in the inner parts of the accretion
disk close to the black hole;
non-thermal emission emitted in a magnetic field by
highly energetic particles that have been accelerated
in a jet of material ejected from the nucleus at
relativistic speed.

The first process produces radiation mostly in the optical, UV and X-ray band, whereas radiation produced
through the second mechanism is emitted across the
entire electromagnetic spectrum. In particular, AGNs
where non-thermal processes are energetically dominant
at all frequencies are named Non-Thermal radiation
dominated AGNs (NT-AGN).
The NT-AGNs can be subdivided into Blazars, that
are core-dominated flat or inverted radio spectrum NTAGN, and Misdirect NT-AGNs, that usually show very
extended, double-sided radio jets/lobes pointing in opposite directions in the plane of the sky with respect to
the central nucleus.
Blazars are further divided into:
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•

•

•

BZQ (or Blazars of the QSO type), i.e. blazars thatshow broad emission lines in their optical spectrum
just like normal QSO (Quasi Stellar Objects). This
category includes objects normally referred as Flat
Spectrum Radio Quasars (FSRQs) and broad-line
radio galaxies.
BZB (or Blazars of the BL Lac type), i.e. blazars
similar to the BL Lacertae objects, with no strong
lines in their optical spectrum.
BZU (or Blazars of the Unknown type), i.e. blazars
wich do not have optical spectra sufficiently defined to determine precisely the presence of broad
emission lines or their width.

BL Lac objects, fall into two categories [9], defined
as Low-frequency peaked BL Lacs (LBL) and Highfrequency peaked BL Lacs (HBL) depending on the ratio:
αrx = log (F5

GHz /F1 keV

)/7.68

is greater than or less than 0.75, respectively. In the
previous equation, F5 GHz and F1 keV are respectively
the measured radio flux at 5 GHz and the measured Xray flux at 1 keV.
The observed differences in continuum multiwavelength spectral shape are:
•

•

the synchrotron power of LBL peaks at radio to
IR wavelengths while that of HBL peaks at UV to
X-ray wavelengths;
the Compton components peak at GeV energies for
LBL and at much higher (TeV) energies for HBL.

The continuum spectra of FSRQ are very similar to those
of LBL with synchrotron peak at 1013 ÷ 1014 Hz and
Compton peak at 1022 ÷ 1023 Hz [9].

Fig. 1: Scheme of NT-AGN classification.
The usual BL Lac objects classification described
above can be extended to all NT-AGNs (see Fig. 1) as
follows:
•

LBL (or Low energy peaked NT-AGNs): for these
sources, the synchrotron peak is located at low
energies, i.e. in the far IR or IR band (νpeak <
1014.1 Hz) and therefore their X-ray emission is
flat, due to the rising part of the inverse Compton
component.

•

•

HBL (or High energy peaked NT-AGNs): the emitting particles are accelerated at much higher energies than in LBLs and consequently the synchrotron peak power reaches UV or higher energies
(νpeak > 1014.8 Hz) and under these conditions, the
synchrotron emission dominates the observed flux
in the X-ray band;
IBL (or Intermediate energy peaked NT-AGNs): for
these sources, the synchrotron emission peaks at intermediate energies (1014.1 < νpeak < 1014.8 Hz).
In this case the X-ray band includes both the tail of
the synchrotron emission and the rise of the inverse
Compton component.

III. LAT DATA SELECTION AND ANALYSIS
Fermi-LAT data from 4 August to 30 October 2008
have been analyzed, selecting for each source only photons belonging to the diffuse class (Pass6 V1 IRF) [1].
Events within a 15◦ Region of Interest (RoI) centered
around the source to be analyzed have been selected.
From each data sample photons with a zenith angle
larger than 105◦ with respect to the Earth reference
frame and events entering the LAT with an angle larger
than 66.4◦ with respect to the Z-axis in the instruments
reference frame have been excluded [10].
Two methods have been used to reconstruct the source
energy spectra. In the first method the source spectrum as
well as the diffuse background components are assumed
to be described by a model, that depends on a set of
free parameters. Then a maximum likelihood approach
(gtlike) [11] has been implemented to estimate the
parameters in each individual energy bin, and the flux of
the source under investigation is evaluated. It is worth
to point out that this method does not take into account
energy dispersion and correlations among the energy
bins.
In the second method a deconvolution (unfolding)
technique [12] has been used to reconstruct the source
energy spectra from the observed data, after background
subtraction. This method allows to reconstruct the source
spectra from the observed data without assuming any
spectral model, taking also into account the finite energy
dispersion of the detector. The purpose of the unfolding
is to estimate the true distribution (in this case the true
source energy spectrum), given the observed one and
assuming the knowledge of the smearing matrix, which
describes the migration effects among the energy bins as
well as the efficiencies. The results of the two different
methods are consistent.
Once the differential flux in each energy bin φ(E)
has been evaluated, the corresponding Spectral Energy
Distribution (SED) is then obtained multiplying the
differential flux in each energy bin for the square of the
central energy value of that bin, i.e. νF (ν) = E 2 φ(E)
where E = hν.
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Fig. 2: SED of 3C 454.3 FSRQ. Open squares: historical
SED data; Filled circles: LAT SED data; Filled triangles:
simultaneous SED data at other wavelengths.

IV. S IMULTANEOUS OBSERVATIONS AT OTHER
WAVELENGTHS

The Swift Ultraviolet/Optical Telescope (UVOT) is
sensitive in the 170÷650 nm band. The UVOT produces
a series of images in a series of lenticular filters. The
photometric analysis of the 48 sources was performed
using the standard UVOT software distributed within
HEAsoft6.3.2 package and the calibration included in
the latest release of the “Calibration Database”. Counts
were extracted from aperture of 500 radius for all filters
and than converted to fluxes.
The Swift X-Ray Telescope (XRT) is sensitive in the
energy range 0.2 ÷ 10 keV. The XRT data were reduced
using the XRTDAS software (v6.5) developed at the
ASI Science Data Center (ASDC) and distributed within
the HEAsoft 6.6.1 package by NASA High Energy
Astrophysics Archive Research Center (HEASARC).
Only photons with grades in the range 0 ÷ 12 were
selected and the default screening parameters were used
in order to produce level 2 cleaned event files. Xray images were accumulated from events previously
cleaned and calibrated. Only photons with energy between 0.3 and 10 keV were accepted. Source countrates were estimated using the DETECT routine within
the XIMAGE.V 4.2 package. Net counts were then
converted into flux assuming a power law spectrum
with photon index equal to 1.5 and setting the amount
of photoelectric assorption equal to the Galactic value
along the line of sight.
The quasi-simultaneous Effselberg radio observations
were conducted with cross-scans in azimuth/elevation
with the number of sub-scans matching the source
brightness at the given frequencies. The individual spectra were measured quasi-simultaneously within ≤ 40
minutes rapidly switching between the different secondary focus receivers. The data reduction was done
applying standard procedures and post-observational
corrections including opacity correction, pointing offset correction, gain correction and sensitivity correction
[13].

The GLAST-AGILE Support Program (GASP) was
born from the Whole Earth Blazar Telescope (WEBT)
[6] and started its operation in September 2007, with the
aim of performing long-term optical-to-radio monitoring
of 28 gamma-loud blazars, to compare the low-energy
flux behaviour with the behaviour observed at gammaray energies. In the period considered in this analysis, the
GASP carried out ∼ 3000 optical observations as well
as near-IR and radio observations of 19 LBAS blazars.
In the SED shown here we report the average, minimum
and maximum values at each observed frequency
Quasi-simultaneous 15 GHz observations with the
Owens Valley Radio Observatory (OVRO) 40 - m radio
telescope were made as part of an ongoing Fermi-LAT
blazar monitoring program, wherein ∼ 1200 blazars are
observed twice per week. The OVRO flux densities are
measured in a single 3 GHz wide band centered on
15 GHz. Observations were performed using azimuth
double switching as described in Ref. [14], which removes much atmospheric and ground interference. The
relative uncertainties in flux density result from a 5 mJy
typical thermal uncertainty in quadrature with a 1.6%
systematic uncertainty. The absolute flux density scale
is calibrated to about 5% via observations of the steady
calibrator 3C 286.
V. B LAZAR S PECTRAL E NERGY D ISTRIBUTIONS
Since AGN are highly variable objects, simultaneous
observations in different energy bands are essential in
order to understand the emission processes that take
place in these objects. The complete SED, based on
simultaneous data is also very important in order to
classify the NT-AGNs in HBL, IBL or LBL.
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Fig. 3: SED of AO 0235+164 LBL. Open squares:
historical SED data; Filled circles: LAT SED data; Filled
triangles: simultaneous SED data at other wavelengths.
As said before, for 48 sources of the LBAS, we
were able to combine Fermi-LAT three months gammarays data with simultaneous observations at other wavelengths. In the following, three examples of SED for
blazars belonging to different classes will be shown [3].
In these plots open square points represent historical
SED data (not simultaneous with respect to Fermi-LAT
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data) at different wavelengths, while filled points represent simultaneous SED data from Fermi-LAT (circles)
and at other wavelengths (triangles).
Fig. 2 shows the SED of the well-known Flat Spectrum Radio Quasar 3C 454.3 (RA = 343.5◦ , DEC =
16.151◦ , z = 0.859. The 3C 454.3 can be considered as
an example of FSRQ-LBL.
Fig. 3 shows the SED of the AO 0235+164 source
(RA = 39.663◦ , DEC = 16.613◦ , z = 0.94). This
source can be considered as an example of BLLac-LBL.
Fig. 4 shows the SED of the W Comae source
(RA = 185.438◦ , DEC = 28.243◦ , z = 0.102), that
is an example of IBL.
Some of the gamma-ray spectra show breaks or curvatures as pointed out in Ref. [2]. In particular, the
observed gamma-ray spectrum for the 3C 454.3 is not
consistent with a simple power-law, but instead steepens
strongly above about 2 GeV [16].
VI. D ISCUSSION AND C ONCLUSIONS
By combining the Fermi data with radio (OVRO,
Effelsberg and GASP-WEBT), NIR-optical (GASPWEBT), Optical-UV (Swift UVOT) and X-ray (Swift
XRT) data we were able to assemble quasi-simultaneous
SED for 48 LBAS blazars. The SED of these sources
are similar to those of blazars discovered at other wavelengths (e.g. radio or X-ray), clearly showing the typical
two-bump signature usually attributed to Synchrotron
and inverse Compton emission. We have used these
SEDs to estimate the position of the peak of the Synchrotron and inverse Compton power and intensities. Our
data show that the synchrotron peak is located between
1012.5 Hz and 1014 Hz in BZQ and it can reach 1016 Hz
and 1017 Hz for BZB.
The γ-ray spectral slope is strongly correlated with
sync
the synchrotron peak energy (νpeak
), as expected in Synchrotron Self Compton (SSC) models; however simple
homogeneous SSC models cannot explain most of our
SEDs, especially in the case of LBL sources. Since the
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Fig. 4: SED of W Comae IBL. Open squares: historical
SED data; Filled circles: LAT SED data; Filled triangles:
simultaneous SED data at other wavelengths. Open
circles: VERITAS results [15].

LAT detector is more sensitive to flat spectrum γ-ray
sync
sources, the correlation between νpeak
and spectral index
strongly favors the detection of hard γ-ray sources thus
explaining the Fermi-LAT overabundance of high energy
peaked blazars compared to radio and EGRET samples.
This selection effect will be even stronger above a few
GeV reproducing the case of the soft X-ray band where
HBL BL Lacs are the dominant type of blazars. The full
analysis and results will be reported in the forthcoming
paper [3].
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