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Abstract: We have searched the WISE mid-IR catalog to identify counterparts of yet unassociated bright Fermi-
LAT γ-ray sources located in the Galactic plane. These GeV sources could have a galactic origin, most likely, or
they could be extragalactic objects such as blazars, or even a new type of γ-ray emitter. The key to understand
these objects and determine their physical nature is the identification of their counterparts at other wavelengths.
Due to the deficit of blazars discovered so far in the Galactic plane, it is expected that many of the unassociated
Fermi sources are blazar. We have searched into these γ-ray unidentified sources looking for non-thermal emission
in the IR. We have found only 1 out of 10 γ-ray Fermi sources to have a WISE blazar candidate within their
position error regions.
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1 Introduction
Identifying γ-ray sources at extreme energies remains an
important open challenge in high-energy astrophysics. In
order to understand the emission mechanisms of GeV and
TeV sources, we first need to determine their nature, usually
by looking for their counterparts at other wavelengths. The
unidentified low Galactic latitude γ-ray sources are expected
to be associated with local objects such as molecular clouds,
supernova remnants, massive stars, pulsars, pulsar wind
nebulae, or X-ray binaries (see, e.g. [1] and references
therein). It would be even more interesting to find an
association with extragalactic counterparts like blazars,
given the difficulties faced to find such objects due to the
galactic plane confusion. The identification of new classes
of gamma-ray emitters is not ruled out either.

Two decades ago, the study of the MeV-GeV emission
band with the EGRET instrument onboard the Compton
Gamma-Ray Observatory (CGRO) opened a new window
in this area, detecting several galactic and extragalactic
objects. Surprisingly, until now more than 50% of the γ-
ray emitters included in the 3rd EGRET catalog [2] remain
unidentified. The main reason is the difficulty of finding
counterparts to high-energy γ-ray sources given the large
positional errors in their measured locations, as a result of
the limited photon statistics and angular resolution of the γ-
ray observations and the bright diffuse γ-ray emission from
the Milky Way.

With the successful launch of the Fermi Gamma-ray
Space Telescope in 2008, we now have a new opportunity
to study the 100 MeV to 300 GeV γ-ray emission from
different types of sources with unprecedented detail. With
its high sensitivity by more than an order of magnitude
with respect to EGRET, improved angular resolution with a
field of view five times larger than EGRET, the Large Area
Telescope (LAT; [3]) onboard Fermi surveys the entire sky
every 3 hours, covering 20% of the sky at any time. The
Fermi-LAT Second Source Catalog [4] presents 576 sources
with no known association at other wavelengths over a total
of 1873 sources detected.

A statistical study done with the non-associated sources
of the first Fermi-LAT source catalog [5] shows that more

blazars should be found within the unidentified sources,
especially at low galactic latitudes. Studies to identify this
type of sources usually involve all the electromagnetic
spectrum, focusing in the X-ray and radio bands. The Fermi-
LAT data alone contain limited spectral information (flux
and spectral index) and are not sufficient to determine the
nature of the emitting source. In addition, with the ∼0.1
degrees Fermi-LAT error radius, it is typically difficult to
determine an optical counterpart in the crowded Galactic
plane region. Moreover, multiple sources within the Fermi-
LAT error circle can be found, requiring further information
to determine a counterpart.

Multiwavelength observations are key to find plausible
counterparts to the unidentified Fermi-LAT sources. Over
the past years, X-rays observations have been crucial to
find those counterparts (e.g. [6, 7]), in which most of the
observations have been focused at high latitudes, avoiding
the confusion caused by the crowded region toward the
Galactic plane (e.g. [8, 9]). In particular the relationship
between γ-ray emission and infrared emission (IR) in
blazars has not been studied despite the fact that the spectral
energy distribution (SED) of these sources have the low-
frequency peak due to synchrotron emission near the IR,
at least for many blazars, like the Flat Spectrum Radio
Quasars and the Low BL-Lacs.

Recently, there have been studies [10, 11, 12] of the
characteristics shown by infrared blazars outside of the
Galactic plane. The authors used the Wide-field Infrared
Survey Explorer (WISE) preliminary data release, covering
the 57% of the sky in four different bands centered at 3.4,
4.6, 12, and 22 µm, respectively. They discovered that
blazars are well separated from other extragalactic sources
in the mid-IR color space, identifying the region covered
by blazars as the WISE Blazar Strip (WBS, [11]). Then,
they studied the IR-gamma-ray properties of a sample of
blazars detected by WISE and by Fermi-LAT, obtaining a
narrower region in the IR color-color diagram called the
WISE Gamma-ray Strip (WGS) [10]. This result was used
to develop a new association method for some unidentified
gamma-ray sources in the second Fermi gamma-ray catalog
for sources outside the Galactic plane [12] (ATEL 4029,
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ATEL 4086, ATEL 4190). Although the method works
correctly, this does not rule out the possibility that the
unidentified sources can be associated to a non-thermal
galactic source.

Figure 1: WISE image at 3.4 µm with the 2FGL J1808.3-
3356 error circle region in green.

We started this work investigating 10 unidentified low
latitude Fermi-LAT sources using this IR-gamma-ray con-
nection of blazars, first studying the WGS in the IR, and
then looking for counterparts in the archival X-ray, radio
and optical data. Over the 10 sources, only one Fermi-LAT
source has a WISE counterpart that can be associated to a
blazar. The characteristic of this source is explained below.

2 Looking into the vicinity of 2FGL
J1808.3-3356

The gamma-ray source 2FGLJ1808.3-3356 is classified
as an unidentified source in the 2FLG catalog. It was
discovered after two years of observations with an overall
flux of F = 2.0412±0.309×10−12 ph cm−2 s−1 MeV−1

and a spectral index of 1.41 ± 0.10 considering a power-
law type spectrum.

We used the data released in the WISE Preliminary
Source Catalog [13] and selected all its sources within the
γ-ray source error circle. We considered WISE sources that
have been detected in all the four WISE infrared bands, with
a signal-to-noise level bigger than 7 in at least one band.
In the case of 2FGL J1808.3-3356, 27 WISE sources were
selected. As an example, Figure 1 shows the error circle of
the unidentified Fermi-LAT source with the WISE image at
3.4 µm.

Using the WSG method described in [10, 11], we applied
the result that blazars lie in a distinctive region in a 3-
dimensional IR color-color plot using observations at 3.4,
4.6, 12 and 22 µm. We applied, then, the WGS method
by making the 2-dimensional projections in the [3.4]-[4.6]
vs [4.6]-[12] µm, [4.6]-[12] vs [12]-[22] µm and [3.4]-
[12] vs [12]-[22] µm color-color diagrams (see Figure
2). It can be noticed in the left and the right plots of
Figure 2 that two sources satisfied the condition to be
associated to blazars (WISE J180825.25-335615.1 and
WISE J180835.96-335752.2), but only one have been in
all three 2-dimensional projections, i.e. WISE J180825.25-
335615.1. This is the unique WISE source that fulfiled the
WSG method requirement to be a non thermal emision
source and so it is the candidate counterpart of the Fermi
gamma ray source 2FGL J1808.3-3356.

Figure 3: Swift-XRT observation of the region of 2FGL
J1808.3-3356 (green circle). The observation was taken
only for 740 seconds.

Multiwavelength observations are the key to find confir-
mations about the extragalactic nature of the WISE blazars
candidates. We were not able to find any archival radio ob-
servations in the region of 2FGL J1808.3-3356. In the X-
ray domain, the satellite Swift-XRT, in the 0.3-10 keV band,
observed the source in February 2013. However, the ob-
servation was interrupted due to a GRB alert and only 740
seconds on source were acquired. This prevent us to make
the analysis in order to obtain a flux and a spectra in this
band. Futhermore, it can be noticed from Figure 3 that the
Swift-XRT image shows no useful information in the field
of view that could indicate the presence of a counterpart in
the X-ray band.

In order to produce the SED, in particular for the syn-
chrotron emission, it is important to have not only X-ray
and radio data, but also optical and UV data as well. If the
WISE blazar candidate is a Low BLac blazar, the maximum
of the low-frequency peak is expected to be around the opti-
cal. In this case, to have UV and optical data is important to
make some constrains about the non-thermal emission and
the physical parameters of the source. We searched, then,
for counterparts in the near-IR (J-H-Ks bands), by looking
in the 2MASS All-Sky Point Source Catalog, obtaining the
2MASS J180825.27-335614.8 counterpart for the WISE
blazar candidate. Swift-UVOT provides simultaneous ultra-
violet and optical coverage in the 170-650 nm wavelength
band. For optical and UV some considerations have to be
made prior to the analysis of the image, such as the host
galaxy emission, the galaxy extinction, the redshift correc-
tion, etc.. These considerations could produce some effects
in the final image if they are not estimated correctly. Un-
fortunately, the Swift-UVOT observation was taken for 740
seconds preventing us to make any further analysis on the
flux. However, as it can be noticed from Figure 4, a high
spot was found coincident with the position of the WISE
blazar candidate. The preliminary significance of this ob-
ject could be estimated from the countings of pixels, i.e.
a signal-to-noise of ∼4. Further observations in this band
should be acdquired to confirm the presence of a counter-
part.

3 Summary and discussion
The key of understanding unidentified γ-ray sources is the
identification of counterparts at other wavelengths and the
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Figure 2: The 2-D projection of the WGS color-color diagram for all the WISE sources inside 2FGL J1808.3-3356. The
red line is the region in which the blazars lie. The blue point is the blazar candidate, WISE J180825.25-335615.1.

Figure 4: UVOT observations of 2FGL J1808.3-3356, only
for 740 seconds. The position of the WISE blazar candidate
(green circle) is coincident with a UVOT high spot.

study of their multiwavelength properties. Among them,
the study of the spectral properties and spectral energy dis-
tribution, the characterization of the variability, and inves-
tigation of the temporal correlation between the different
energy bands, are the most important for identifying the par-
ticle acceleration mechanisms responsible for non-thermal
emission.

The WGS method shows that blazars lie in a region well
differentiated from thermal sources, using mid-IR color-
color diagrams. We applied the WGS method to 10 nonas-
sociated Fermi-LAT γ-ray sources located at low latitudes
in order to find WISE blazar candidates. Only one possi-
ble blazar associated to one γ-ray source over ∼700 WISE
sources was found during this preliminary investigation.
We have studied the possible WISE IR counterparts to the
gamma-ray source 2FGL J1808.3-3356, and we obtained
the WISE J180825.25-335615.1 source, that can be asso-
ciated to a blazar. The lack of radio and optical observa-
tions, and the very short X-ray observation made by Swift-
XRT in this field, make very hard to find any counterpart
to the WISE blazar candidate. In the UV, a high spot was
found coincident with the WISE blazar candidate, however
no analysis could be made over this observation due to the
short observing time.

We plan to apply this kind of studies to all the unidenti-
fied Fermi-LAT γ-ray sources at low latitudes in order to
find several blazar candidates in the Galactic plane. Even-
tually for all those candidates, we will first search archival
data in X-ray, radio and optical observations. In the cases in
which no other multiwavelength observations are available,

as in the case of 2FGL J1808.3-3356, we are planing to
propose radio, optical and X-ray observations in order to
determine their physical nature.
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