Unidentified Active Galactic Nuclei in the Fermi era
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1 Introduction

Despite the large number of new discoveries re-
cently occurred in y-ray astronomy with the ad-
vent of Fermi mission, the origin of the unidenti-
fied y-ray sources (UGSs) 1s still a mystery. The
first step toward a complete understand of the na-
ture of the UGSs 1s to identify those that could
be associated with blazars, 1.e., the most detected
extragalactic sources in the y-ray sky. Here,
we 1llustrate a parametric method to test if a
generic y-ray source have a blazar counterpart
associated within its y-ray positional error re-
gion.

We apply this method to the Active Galactic Nu-
cler of uncertain type (AGUs) as they have been
listed 1n the second y-ray Fermi catalog (2FGL)
to estimate the fraction of y-ray sources with a
candidate blazar counterpart.

2 The WISE Blazar Strip

When the WISE blazar Strip has been discovered
and 1ntroduced for the first time (Massaro et al.
2011), 1t has been 1dentified as a region in the
[3.4]-[4.6]-[12] um color-color diagram built us-
ing the WISE infrared survey data, of the blazar
counterparts of the ROMA-BZCAT (Massaro et
al. 2009). However, it 1s a volumetric region
in the 3D color diagram delineated by the in-
frared colors of blazars. We also distinguish be-
tween that 1dentified by the entire blazar popula-
tion (WISE blazar Strip), and the subregion occu-
pied only by those blazar that are emitting at -
ray frequencies, indicating the latter as the WISE

gamma-ray blazar strip (1.e., ¥ strip, D’ Abrusco
et al. 2011).

A 3D representation of the WISE blazar Strip and
the subregion of the v strip are shown 1n Fig. 1.

3 The sample selections

e The first sample 1s constituted by all the blazars,
present in the ROMA-BZCAT, associated with a
Fermi source, as reported in the 2FGL and hav-
ing a counterpart in the WISE archive within 2.4"
(Massaro et al. 2011). In the 2FGL there are
only 659 (347 BZBs and 312 BZQs) of the en-
tire 2FGL blazar population (1.e., 805) classified
accordingly to the ROMA-BZCAT, but, only 296
(143 BZBs and 153 BZQs) having a WISE coun-
terpart within 2.4"” and constituting the 2FB sam-
ple (1.e., 2FGL Blazars on the y strip).

e The second sample adopted in our analysis 1s
constituted by all the AGUs already classified
in the analysis of the 2FGL sample (Abdo et
al. 2011), but having a WISE counterpart corre-
sponding to 123 Fermi sources (hereinafter 2FAU
sample). The association between each AGU and
the WISE sources have been evaluated on the ba-
sis of the same criterion chosen for the blazars on
the WISE blazar Strip, considering the position of

the radio counterpart for each AGU as reported in
the 2FGL.

4 The v strip parametrization procedure

We ranked the different types of sources using a
discrete strip parameter d ranging between 0 and
1, accordingly to the schematic view reported 1n
Figure 2. Then, for example, in the case of the
c1-cp 2D projection of the v strip, we assign to
sources of type 4 a value of dj; =1 while source
of type O corresponds to dj, =0.
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On the same c-c; 2D projection, we also assign
a weight strip parameter w1y to each value of the
d1, parameter equal to the geometric mean of the
errors on both axes: wiy= (0] 62)_1/ 2. that is pro-
portional to the ellipse described by the error bars
of each point (see inset of Figure 2). Then, we
calculate the continuos strip parameter s, sim-
ply as s1p = dijpwio. The parameter wy, has been
chosen to take into account of the different error
on both axes when comparing two sources. We
note that the sy 1s a continuos parameter rather
than discrete as di».

BZB population: [3.4]-[4.6]-[12] projection
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The [3.4]-[4.6]-[12] um 2D projection of the ¥
strip for the BZB population 1s shown. Finally,
we define the strip parameter, s, calculating it
by the geometric average of the s values of each
2D projection: s = (S12S23 S13)1/3. and it has
been re-normalized in the range 0 and 1, tak-
ing into account of the s values of the BZB and
BZQ that lie on the 7 strip.

S The s values parametrization procedure

We calculated the s parameters for all the WISE
sources 1n a region of radius 1 deg at high Galac-
tic latitude for ~29000 WISE sources. This anal-
ysis provides an estimate of the probability to find
a generic WISE source in the sky with a particular
value of s.
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The distribution of the strip parameter s for the
BZBs that lie on the ¥ strip in comparison with
the generic WISE sources at high (upper panel)
and low (lower panel) Galactic latitude. The nor-
malized cumulative distributions are shown 1n the
bottom panels.

6 WISE counterparts of the AGUs

We estimated the infrared colors of the AGU
counterpart as they have been associated in the
2FGL to verity 1f the WISE counterparts of the y-
ray sources in the 2FAU sample lie on the v strip.
To perform this test we searched for the WISE
counterpart of the AGUs 1n the 2FAU sample and
we found that only 123 of them are uniquely as-
sociated with a WISE source with a chance prob-
ability of 0.008. Then, we evaluated their s values
and we considered source with s <0.14 outliers of
the v strip because, accordingly with the previous
analysis, only there are less than 3% of blazars
that lie on the ¥ strip with this value of s. Fol-
lowing our procedure we found that there are
23 outliers of the y strip out of 123 AGUs in the
2FAU sample. In Figure 5 we show the compar-
1son between the 123 AGUs with a WISE coun-
terpart, constituting the 2FAU sample and the y
strip, where 1t 1s possible to see the outliers found
from our analysis.
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