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After the first year of scientific activity with the Large Ar@alescope (LAT), i.e. the primary in-
strument onboarBermi, the 1st LAT Active Galactic Nuclei Catalog (1LAC) has beeblished.
Among the 1LAC blazars, a particular and interesting grofipljects is the one composed by
Intermediate Synchrotron Peaked (ISP) blazars, i.e. ssui@r which the synchrotron emis-
sion peak in the Spectral Energy Distribution (SED) is ledadt intermediate frequencies (from
10'Hz to 10:°Hz). These objects are expected to have their SED high-gpeak centered on
the Fermi LAT band (from 20MeV to 300GeV). The brightest 1LAC ISP catates have been
selected and they have been analyzed covering a period ob2thmofFermi LAT gamma-ray
data in order to investigate their spectral features anch&acterize the temporal evolution of
their gamma-ray spectra. The preliminary results of thetspkanalysis, performed with differ-
ent methods, of some of these objects will be presented.
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1. Introduction

The Gamma-ray Large Area Space Telescope was launched @1 Iup008 into a low Earth
circular orbit at an altitude of 550km and an inclination &f&. It began its scientific operation
two months later, and shortly thereafter, it was renamed-dimi Gamma-ray Space Telescope.
The Large Area Telescope (LAT), the main instrument onbdzani, is a pair production tele-
scope with large effective area 8000cnt, on axis forE > 1GeV) and field of view { 2.4sr at
1GeV), sensitive to gamma-rays in the energy range from 20tenore than 300GeV [1].

One of the major scientific goals of ti&@rmi mission is to investigate high-energy emission
in active galactic nuclei (AGN). Although AGNSs are probaldge of the better known class of
gamma-ray emitting objects, there are many questions thate unanswered, as the mechanisms
by which the particles are accelerated, the precise sitgecjamma-ray emission and the origin of
AGN variability [2].

In the unification scenario [3] AGN are described with a calrsupermassive black hole whose
gravitational potential energy is the ultimate source efAlGN luminosity. An accretion disk, pro-
viding fuel for the supermassive black hole, and broad- @rtbw-line emission regions surround
the black hole itself. The optical and ultaviolet radiatiooming from the broad-line region is
obscured along some lines of sight by a torus of gas and duksbuiside the accretion disk and
the broad-line region. The radio-loud AGNs are charaaterizy the presence of jets of collimated
plasma ejected with relativistic speeds transverse to lHmeeof the accretion disk. Such jets are
very weak or absent in radio-quiet AGNs. Radio-loud andaaliiet AGNs viewed at different
angles will be assigned to different classes. In particidzars are radio-loud AGNs with their
relativistic radio jet pointing in a direction that is cldgaligned to the observer line of sight.

Of the 1043 high-latitude|lf| > 10°), gamma-ray sources in theermiLarge Area Telescope
First Source Catalog (1FGL) [4], detected in 11 months (fidagust 4, 2008 to July 4, 2009)

Figure 1: Locations of the associated sources in the 1LAC. The 1LAQides 300 BL Lacs blazars (blue
full circles), 296 FSRQs blazars (red full circles) , 41 AGN®sther types, including radio galaxies (magenta
stars) and 72 AGNs of unknown type (green triangles) [2].
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of scientific data collected with standard sky-survey oletion, the 1st LAT Catalog of Active
Galactic Nuclei (1LAC) [2], includes 671 sources detectatthw test statistic greater than 25 and
statistically associated with 709 AGNs (due to some mutgdsociations). The 1LAC is mainly
composed of blazars; in fact it includes 300 BL Lacertae (Bic4) blazars and 296 Flat Spectrum
Radio Quasar (FSRQs) blazars, as shown in figure 1.

2. The SED-based classification of blazars

Blazars are highly variable objects, therefore simultaseobservations in different energy
bands are essential to understand the emission processdakih place in these objects. For 48
blazars belonging to the LBAS (LAT Bright AGN Sample) [5]gtfirst three months (from August
4, 2008 to October 31, 2008) &&rmi LAT data were combined with simultaneous observations
at other wavelengths, in order to assemble high-quality quasi-simultaneous Spectral Energy
Distributions (SEDs) [6]. All the SEDs clearly showed thpital two-bump signature with the two
energy peaks attributed respectively to synchrotron (loergy peak) and inverse-Compton (high
energy peak ) emission. T he determination/ﬁgak (the frequency of the low energy synchrotron
peak position) for a large number of blazars has permittedifvelopment of a new SED-based
classification [6] for all blazars, shown schematically gufie 2.

e Low Synchrotron Peaked (LSP) blazars are sources with thehsgtron peak at low energy

(i-e. inthe far IR or IR band ov,,, < 10"Hz);
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Figure 2: The definition of different blazar types based on the peak@&ynchrotron componemgeak) in
their SED. Low Synchrotron Peaked blazars, or LSP (loweteddtne). Intermediate Synchrotron Peaked
sources (central continuous line with the SED peak withéngtey area). High Synchrotron Peaked blazars,
or HPS (upper dotted line). See section 2 for LSP, ISP and H$iRitibns [6].
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e High Synchrotron Peaked (HSP) blazars have the synchrptrak at UV or higher energies

(Vf?eak > 10%Hz);

¢ Intermediate Synchrotron Peaked (ISP) blazars are sofocesich the synchrotron emis-
sion peaks at intermediate frequencies (from*Hx to 10°Hz). For these objects the
inverse-Compton (high energy) peak is expected to be gxmside theFermi LAT energy
band.

3. Fermi LAT ISP blazars study

Looking at the gamma-ray spectra of 1LAC (first LAT AGN Catglblazars [2], a sample of
about 30 sources, including Flat Spectrum Radio Quasar ()I53Bnd BL Lac objects, showing
the SED high energy peak in tiermiLAT energy band, has been selected.

For these sources, that are ISP candidates, 22 months (fugusé4, 2008 to June 4, 2010)
of Fermi LAT data have been analyzed in the energy range from 100 M&0@dseV, considering
a Region of Interest (Rol) of 25around the source under study and using different methaods. |
the first case, the whole energy band has been divided into@ &xgarithmically spaced energy
bins per decade and a maximum likelihood fit has been useddolat the flux in each band: a
Power Law parametric model with Spectral Index fixed at 2, assumed in each individual
energy bin both for the source spectrum and for the backgroamponents. The flux of the source
in all energy bins has beenevaluated, requiring in each Biesa Statistic (TS} greater than 10.
When theT S< 10, the flux values have been replaced byubper limit$. In the second and third
method of analysis, a maximum likelihood fit has been peréatim the whole energy band (from
100MeV to 300 GeV) modeling the source under investigatespectively with a Power Law (PL)
or with a Log Parabola (LP). For all three previous descritexthods, the maximum likelihood
analysis has been performed using the Fermi science tdke gl

Once the differential fluxp(E) has been evaluated, the corresponding SED has been obtained
by multiplying the differential flux by the square of the emer

v F(v)=E2 ®(E) (3.1)

whereE = hv.

In figures 3 and 4, the gamma-ray SED obtained with the difteneethods respectively for
the sources 4C +55.17 (1FGL J0957.7+55R3,= 149432, DEC = 55.392°) and B2 1229+29
(1FGL J1231.6+285(RA= 187.903", DEC = 28.834’) and for the sources PKS 0332-403 (1FGL
J0334.2-4010RA= 53553, DEC = —40.168") and CGRaBS J2345-1555 (1FGL J2344.6-1554,
RA= 356168, DEC = —15907) are shown. The blue points represent the results of thieegtli
analysis performed in each energy bin, the green continlioesand the magenta dashed line
represent the results of the gtlike analysis in the wholeggnieand obtained modeling the source
under investigation respectively with a PL and with a LP.

1The Test Statistic is defind a$:S= —2 x (log(Lg) — log(L1)) with Lo andL respectively the likelihood results
for models with and without the source under investigation.

2The 2o Upper Limit has been derived by finding the flux value for whicB= 4.

3http: //fermigsfcnasagov/ssg/data/analysigdocumentatiofiCicerongCicerong ikelihood/
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Figure 3: The gamma-ray SED of 1FGL J0957.7+5523 = 4C +55.17 (left) HAGL J1231.6+2850 =
B2 1229+29 (right). Blue points : gtlike analysis perfornmieceach energy bin. Green continuous line:
gtlike analysis in the whole energy band obtained modelirggource under investigation with a Power
Law. Magenta dashed line: gtlike analysis in the whole epband obtained modeling the source under
investigation with a Log Parabola.

It is possible to calcualte the LogLike value for both thekgtlfits in the whole energy band
and than it is possible to compute the TSCurve index, defised a

TSCurve= 2 x (loglike(LP) — loglike(PL)) (3.2)

that quantifies the improvement of the Log Parabola fit wigpeet to the Power law fit. For all
the sources in our sample, the TSCurve value is greater thiarp@rticular, for the sources shown
here, the TSCurve values ar@:SCurve= 31.0 for the 4C +55.17 sourcd, SCurve= 10.8 for
the B2 1229+29 sourcd, SCurve= 9.6 for the PKS 0332-403 source aidsCurve= 154 for
the CGRaBS J2345-1555 source. So, for all sources here,Sil7e value is greater than 9,
corresponding to a significance ot 3For almost all sources in our selected sample, the TSCurve
value is greatrer than 9, i.e. it is likely (with a significanaf ~ 30) the Log Parabola is a better
representation of the spectrum of these kind of sourcesalsimple Power Law.

Assuming that the Log Parabola is the right function to dbscthe spectra of our sources,
and assuming that the differential flux for these sourceseanritten as:

N
A=

dN E —(a+B |09(E—Eb))
N (E) 03

whereNp is the normalization parameter akg is the Energy break value, fixed at 1 GeV for our
sources, it is possible to calculate the Log Parabola peatgeifi7], using the following formula:

(2-a)
Ep=Ep10 (3.4)
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Figure 4. The gamma-ray SED of 1FGL J0334.2-4010 = PKS 0332-403 @eft) LFGL J2344.6-1554 =
CGRaBS J2345-1555 (right). Blue points : gtlike analysidqrened in each energy bin. Green continuous
line: gtlike analysis in the whole energy band obtained nind¢he source under investigation with a Power
Law. Magenta dashed line: gtlike analysis in the whole epband obtained modeling the source under
investigation with a Log Parabola.

4. Conclusions

A sample of about 30 ISP candidates has been selected frobb&@. Preliminary spectral
analysis performed over a period of 22 months seems to shatmtie Log Parabola function
can be used to model the shape of the SED high-energy peak gmthma-ray energy range for
these sources. Using the Log Parabola fit spectral parasribiemosition of the peak has been
calculated and for all sources it has been found that it isgulanside thd-ermiLAT energy band
(below or above 1GeV, depending on the source). The andlysitll ongoing in order to find
any other spectral features and to investigate about \iatiroperties for this set of sources. In
fact the gamma-ray radiation emitted in thermi LAT energy band, could carry on information
mainly on the synchrotron and the inverse Compton emissieahanisms, probably leading to
the distinction between synchrotron self Compton (SSC)e&ddrnal radiation Compton (ERC)
dominated sources.
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