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Abstract Searching for low energy counterparts of γ-rays
sources is one of the major challenges in modern γ-ray as-
tronomy. In the third Fermi source catalog about 30 % of
detected sources are unidentified/unassociated Gamma-ray
Sources (UGSs). We recently started an optical spectro-
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scopic follow up campaign to confirm the blazar-like na-
ture of candidates counterparts of UGSs. Here we report the
spectra of 61 targets collected with the Southern Astrophysi-
cal Research Telescope (SOAR) between 2014 and the 2017.
Our sample includes 33 potential counterparts of UGSs, se-
lected on the basis of WISE colors, and 27 blazar candidates
of uncertain type associated with gamma-ray sources of the
last release of the Fermi catalog. We confirm the BZB na-
ture of 20 sources lying within the positional uncertainty
region of the UGSs. All the observed BCUs show blazar-
like spectra, classified as 2 BZQs and 25 BZBs, for which
we obtained 6 redshift estimates. Within the BCUs observa-
tions we report the redshift estimate for the BZB associated
with, 3FGL J1106.4-3643 that is the second most distant BL
Lac known to date, at z ≥ 1.084.

Keywords galaxies: active - galaxies: BL Lacertae objects
- quasars: general

1 Introduction

Since the first release of the source catalog based on ob-
servations of the Energetic Gamma Ray Experiment Tele-
scope (EGRET) (Fichtel et al. 1999), the nature of unidenti-
fied/unassociated gamma-ray sources (UGS) was under de-
bate. With greater effective area and better angular resolu-
tion than previous γ-ray satellites, the Large Area Telescope
(LAT), onboard of the Fermi Gamma-ray Space Telescope
(Atwood et al. 2009), increased the number of detected
sources by an order of magnitude, revolutionizing our un-
derstanding of the gamma-ray sky in the energy range of
tens of MeV to hundreds of GeV, and significantly improv-
ing the association of γ-ray sources with their low energy
counterparts (see e.g. Massaro et al. 2016 for a recent re-
view).
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However, in the first Fermi-LAT source catalog (1FGL)
about 40 % of sources were still unassociated (Abdo et
al. 2010a). Then the UGS population in the Fermi-LAT
second source catalog (2FGL) decreased to about 30 %
(Nolan et al. 2012) and remained almost constant in the
Fermi-LAT third source catalog (3FGL) (Acero et al. 2015).
Even if the number of UGSs is still decreasing there is still
a significant fraction of them that could hide new potential
discoveries (Massaro et al. 2017).

Blazars show high flux and spectral variability from op-
tical to γ-rays (in time scales from week to minutes) cou-
pled with superluminal motions and high bolometric lumi-
nosities (up to 1046 − 1047 erg s−1) and with an emission
dominated by non-thermal process over the entire electro-
magnetic spectrum (Urry & Padovani 1995). The spectral
energy distribution of blazars mainly shows two bumps,
the first one peaking at low frequencies between the in-
frared and the ultraviolet range and the second one domi-
nating in the γ-rays (Abdo et al. 2010b; Fossati et al. 1998;
Giommi et al. 1995). The well entertained unification sce-
nario of active galaxies explains the observed charac-
teristics of blazars as AGN with relativistic jets point-
ing at a small angle with respect to our line of sight
(Blandford & Rees 1978; Urry & Padovani 1995).

Blazars are distinguished on the basis of their optical
spectra in two classes: BL Lacs, objects having emis-
sion lines with rest frame equivalent width EW 6 5 Å
(Stickel et al. 1991), and Flat Spectrum Radio Quasars (FS-
RQs), showing optical features as in normal quasar spec-
tra. Here we follow the Roma-BZCAT nomenclature, where
BL Lac objects are label as BZB and FSRQs are labelled
as BZQ (Massaro et al. 2009; Massaro et al. 2015b). It is
worth mentioning that emission and/or absorption lines in
BL Lacs spectra could be hidden due to their flux variations
in the optical continuum in blazars, making their redshift
estimate challenging (Massaro et al. 2015a).

It is worth highlighting that blazars are the dominant
class of sources in the γ-ray extragalactic sky, being about
85 % of the associated sources in 3FGL (Acero et al. 2015),
therefore we expect a significant fraction of UGSs at high
Galactic latitudes (|b| > 30◦) to be blazars. Thus, in recent
years, several methods and follow up observations were de-
veloped and used to search for blazar-like sources that, lying
within the positional uncertainty region of UGSs, could be
their low-energy counterparts (Cowperthwaite et al. 2013;
Maselli et al. 2015; Massaro et al. 2015a).

Several methods were developed to find blazar-like po-
tential counterparts of UGSs. For example, at radio fre-
quencies, searching for compact radio sources (Petrov

et al. 2013; Schinzel et al. 2015) or objects with
flat radio spectra (16) or even at low radio frequencies
(i.e., below 1 GHz (Massaro et al. 2013a; Nori et al. 2014;
Giroletti et al. 2016)), or using follow up observations at
high frequencies in X-rays (Paggi et al. 2013; Takeuchi et al.
2013; Acero et al. 2013). In addition, at IR frequencies, us-
ing WISE colors Massaro et al. (2012c) developed a method
to identify γ-ray blazar candidates that could find poten-
tial counterparts of UGSs thanks to an infrared γ-ray con-
nection (Massaro & D’Abrusco 2016; Massaro et al. 2011).
Several catalogs of UGSs potential counterparts were built
on the basis of this IR analysis (Massaro et al. 2012a).

However none of these methods offer a conclusive way
to clarify the nature of the selected potential counterparts,
unless there is an optical spectroscopic confirmation. Thus,
in 2013 we started an optical follow up campaign to obtain
the spectra of selected blazar like counterparts for UGSs.
In addition to the UGSs, we also observed Blazar Can-
didates of Uncertain Type (BCUs), as defined and asso-
ciated in the Fermi catalogs i.e. Fermi sources with an
assigned counterpart showing a multifrequency behavior
similar to blazars but lacking a spectroscopic classification
(Acero et al. 2015; Ackermann et al. 2015). The BCU def-
inition in the 3FGL and in the third LAT catalog of AGNs
(3LAT) corresponds to the old class of Active Galaxies of
Uncertain type (AGUs) listed in the previous 1FGL and
2FGL Fermi catalogs (Álvarez Crespo et al. 2016c). To date
we identified 223 blazars of which 173 are BZBs, addition-
ally we have measured 49 redshifts and found 2 BZBs with
z > 1, see Massaro et al. (2016) for a recent review.

In this paper we present the last results of the spectro-
scopic observations of our campaign, focused in the south-
ern hemisphere and acquired with the Southern Astrophys-
ical Research Telescope (SOAR) between 2014-2017. The
paper is organised as follows. In section 2 we present the
sample description, while in section 3 we describe the ob-
servations and the data reduction procedure. Results of our
spectroscopic observations are presented in section 4. Fi-
nally section 5 is devoted to the summary and conclusions.

Throughout this work we used cgs units unless stated oth-
erwise and we regard as flat spectrum those sources with
spectral index α < 0.5, where α is defined as the flux den-
sity S ν ∝ ν

−α.

2 Sample Description

The main aim of our campaign is to clarify the nature
of blazar-like sources lying within the positional uncer-
tainty region of UGSs and BCUs listed in the latest re-
lease of the Fermi catalog via optical spectroscopic obser-
vations. Sources observed during our follow up campaign
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were selected from the catalogs of WISE potential coun-
terparts (D’Abrusco et al. 2013; D’Abrusco et al. 2014) on
the basis of their visibility during the available nights
and with an airmass lower than 1.5 (Massaro et al. 2015c;
Landoni et al. 2015).

The sample presented in the current work consists of
61 sources grouped in three categories: UGSs, BCUs and
known blazars, as described below.

1. Thirty-three of our sources are blazar-like potential
counterparts of UGSs selected with the WISE colors,
all of them are listed in the 3FGL catalog with the ex-
ception of 1FGL J1129.2-0528.

2. Nearly half of our sample (27 out of 61) are BCUs,
with counterparts in the X-rays and/or flat radio spec-
trum, all of them are included in the 3FGL catalog
except the source 2FGL J1922.6-7454.

3. We pointed an additional source, the BZCAT object
5BZB J0814-1012 (3FGL J0814.1-1012), which is as-
sociated with the radio source NVSS J081411-101208
in 3FGL. This source already observed and classified
by Álvarez Crespo et al. (2016b) was pointed because
being a BL Lac we tried to get a redshift estimate hop-
ing to observe it during a low flux state.

It is worth mentioning that 37 of our selected targets have
Galactic latitude |b| < 30◦, and 7 of them have |b| < 10◦.
All the sources are listed in Table 1, including its Fermi
name, counterpart name and the observational log. For those
we were able to estimate its redshift we reported it and for
those we were not able we marked them with a quotation
mark. Additionally we report its classification and finally
show multifrequency notes for each objects to point up in
their broad band detections.

3 Observations and Data Reduction

The strategy for our follow up campaign consists in observ-
ing small samples of potential counterparts each observing
run to minimize the impact on telescope schedules. A de-
tailed explanation of the observing strategy used during the
campaign is presented in Massaro et al. (2016).

All the spectra reported in this work were acquired at the
Southern Astrophysical Research Telescope (SOAR) 4.1 m
telescope, at Cerro Pachón, Chile. We performed both vis-
itor and remote mode observations. We used the Goodman
High Throughput spectrograph (Clemens et al. 2004) to ac-
quire the spectra in single slit mode, with a slit width of 1.000
and the 400 l mm−1 grating, obtaining a dispersion of ∼ 2 Å
pixel−1. The observations were taken in a time span between

December 2014 up to January 2017 as shown in the Table 1.

For each source we acquired at least two exposures, and
reduced them using standard IRAF standards reduction tech-
niques (Tody 1986). We performed the bias and flat fielding
corrections, and cosmic rays removal. In addition, we ac-
quired calibration spectra of a Hg-Ar or Fe-Ar lamp for each
source to calibrate the dispersion, achieving an accuracy of
0.1 − 0.5 Å rms. During each night we observed at least one
spectrophotometric star to perform relative flux calibration.
Furthermore, we corrected the spectra by galactic extinction
using the reddening law of Cardelli et al. (1989) and val-
ues of EB−V computed by Schlegel et al. (1998). Finally,
to highlight the spectroscopic features for visual inspection
we normalised the spectra to the local continuum. In the
Figures 1- 61 we report the spectra and the correspondent
finding charts, while both the log and the results of our ob-
servations are reported in Table 1. In addition, we report the
results of our spectroscopic observations in Table 1.

4 Results

All sources are listed in 3FGL with the only exceptions
of UGS 1FGL J1129.2-0528 and the BCU 2FGL J1922.6-
7454. We present below our results divided in the three
categories of our sample.

4.1 Unidentified Gamma-ray Sources

Out of 33 UGSs in our sample, 20 of them show a
BZB spectrum. We were not able to estimate the red-
shift for all of them with a with a single exception, WISE
J012152.69-391544.2 which is the potential counterpart of
3FGL J0121.8-3917, with Ca II H & K lines visible at
λλobs = 5438 − 5518 Å and EWobs = 1.5 − 1.02 Å lead-
ing to a redshift of z = 0.390 (see Table 1). The remaining
19 objects shows featureless blue spectra typical of a BZB.

Within the UGSs sample 7 blazar-like candidates have a
quasar spectra but none of them has a radio counterpart in
NVSS, SUMSS, FIRST (Condon et al. 1998; Mauch et al.
2003; Becker et al. 1995; White et al. 1997) and in the radio
follow up performed by Petrov et al. (2013) and Schinzel
et al.(2015). The lack of radio detections does not allow
us to classify them as BZQs. We also found 6 objects with
galaxy-like spectrum. QSOs and the galaxies could be con-
sidered contaminants of the selection procedures of UGSs
counterparts (D’Abrusco et al. 2013; Massaro et al. 2013a;
Massaro et al. 2013b). We list all the UGS in Table 1 along
with their classification and redshift estimates.
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4.2 Blazar Candidates of Uncertain Type

In our sample there are 27 BCUs and for all of them we
confirm a blazar nature thanks to our follow up spectro-
scopic observations. Within the sample we found two can-
didates with QSO spectra. The first one is the candidate
WISE J080311.45-033554.5, counterpart of 3FGL J0803.3-
0339, showing [OII]λ3727 emission line with EWobs = 17 Å
enabling us to estimate its redshift at z=0.365, while the sec-
ond one is WISE J161717.91-584808.0 counterpart of 3FGL
J1617.4-5846 that shows broad MgIIλ2798 and the blend-
ing of SiIII]λ1892 with CIII]λ1909, respectively, giving a
z = 1.423.

The remaining 25 BCUs show a BZB spectra and for 6
of them it was also possible to estimate their redshifts or
a lower limit of their redshift given the detection of inter-
estellar absorption features usually seen in BL Lac spectra
(Sbarufatti et al. 2006). In detail, for WISE J064933.60-
313920.3 counterpart of 3FGL J0649.6-3138, and associ-
ated with the X-ray source 1RXS J064933.8-313914 for
which we estimated a lower limit for its redshift of z ≥ 0.563
using the Ca II H&K absorption lines. Meanwhile for the
target J100850.54-313905.5 counterpart of 3FGL J1009.0-
3137 we estimate its redshift at z = 0.534 based on the
[OII]λ3727 emission line (EWobs = 1.4 Å) and Ca II H&K
absorption doublet at (EWobs = 0.7 − 0.4 Å).

The third BCU is WISE J120317.88-392620.9, counter-
part of 3FGL J1203.5-3925, for which we estimated a red-
shift of 0.227, based on the [OII]λ3727 emission (EWobs =

3.2 Å), Ca II H&K absorption lines (EWobs = 3.3 − 2.0 Å)
and the [OIII] doublet emission line (EWobs = 2.0 − 4.2 Å).
The fourth BCU is the associated to 3FGL J1312.7-2349,
WISE J131248.76-235047.3, we estimated the lower limit
of its redshift at z ≥ 0.462 showing the Mg II absorption
lines (EWobs = 3.2 − 2.9 Å) and the doublet of Ca II H&K
absorption lines (EWobs = 0.6−0.7 Å). Finally, for the BCU,
WISE J195500.65-160338.4, counterpart of 3FGL J1955.0-
1605, we estimated a lower limit for its redshift at z ≥ 0.630
using the doublet of Mg II (EWobs = 2.0 − 1.6 Å).

We found that WISE J110624.04-364658.9 associated
with 3FGL J1106.4-3643 in the 3FGL/3LAC, is a high red-
shift BZB at z ≥ 1.084, estimated from the multiplet of Fe
II absorption lines and the Mg II doublet absorption lines
(EWobs = 6.2 − 5.4 Å). This is the second most distant BZB
to date (Massaro et al. 2016).

4.3 Other targets

Finally, we report the observation of 3FGL J0814.1-1012
associated with the radio source NVSS J081411-101208

(a.k.a. WISE J081411.69-101210.2). We confirm its na-
ture/classification as BZB but its spectrum does not have
any spectroscopic feature that allows to estimate its redshift
as occurred in previous observations (Álvarez Crespo et al.
2016b).
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Fig. 1 (Left panel) Optical spectrum of WISE J110624.04-364658.9 associated with 3FGL J1106.4-3643, in the upper part it is shown
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5 Summary and Conclusions

We present the spectroscopic observations of 61 optical tar-
gets associated with Fermi-LAT detected sources. The ob-
servations were taken between 2014-2017 as part of our fol-
low up optical campaign. Our sample consist of 33 blazar-
like sources lying within the positional uncertainty regions
of UGSs, selected on the basis of their IR colors, 27 BCUs
and 1 known 3FGL BL Lac object. Results are summarized
as follows.

• For the UGSs, we classified 20 candidates counter-
parts as BZBs. An estimate of redshift for WISE
J012152.69-391544.2 potential counterpart of the
source at 3FGL J0121.8-3917 (z = 0.390). The re-
maining targets are thought to be contaminants of the
WISE procedure used to search for potential counter-
parts (D’Abrusco et al. 2013; Massaro et al. 2013a;
Massaro et al. 2013b), there are 7 QSOs, without ra-
dio information, and 6 galaxies.

• We confirm the blazar nature of all the 27 BCUs. Two
of them are BZQs: WISE J080311.45-033554.5 coun-
terpart of 3FGL J0803.3-0339 and WISE J161717.91-
584808.0 counterpart of 3FGL J1617.4-5846 at z =

0.365 and z = 1.414, respectively. All the others are
classified as BZBs with emission or absorption lines
in their optical spectra with EW < 5 Å. For this sub-
sample of BZBs we obtained 6 redshifts estimates.

We observed again 3FGL J0814.1-1012, previously ob-
served and classified by Álvarez Crespo et al. (2016b). We
confirm the blazar nature of its associated counterpart WISE
J081411.69-101210.2. The spectrum shows a featureless
blue continuum as a classical BZB.

To summarize, we identified 50 new blazars, correspon-
dent to an additional 20 % of those already classified and
confirmed during our campaign to date. Finally, we also
highlight the discovery of the BZB with the second most
distant BL Lac known to date, 3FGL J1106.4-3643, with
z ≥ 1.084 estimated from the Mg II absorption lines.



11

05.0 1:22:00.0 55.0 50.0 45.0 21:40.0

1
4

:0
0

.0
1

5
:0

0
.0

-3
9

:1
6

:0
0

.0
1

7
:0

0
.0

1
8

:0
0

.0

J012152.69-391544.2
N

E

Fig. 2 (Left panel) Optical spectrum of WISE J012152.69-391544.2 associated with 3FGL J0121.8-3917. Signal-to-noise ratio is reported
in the Figure. (Right panel) The finding chart ( 50 × 50 ) retrieved from the Digital Sky Survey highlighting the location of the potential
source: WISE J012152.69-391544.2 (red circle).
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Fig. 3 (Left panel) Optical spectrum of WISE J012713.94+032300.6 associated with 3FGL J0127.2+0325, in the upper part it is shown
the Signal-to-Noise Ratio of the spectrum. (Right panel) The finding chart ( 50 × 50 ) retrieved from the Digital Sky Survey highlighting
the location of the counterpart: WISE J012713.94+032300.6 (red circle).
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Fig. 4 (Left panel) Optical spectrum of WISE J015624.54-242003.7 associated with 3FGL J0156.5-2423, in the upper part it is shown
the Signal-to-Noise Ratio of the spectrum. (Right panel) The finding chart ( 50 × 50 ) retrieved from the Digital Sky Survey highlighting
the location of the counterpart: WISE J015624.54-242003.7 (red circle).

30.0 25.0 2:00:20.0 15.0 10.0

0
8
:0

0
.0

0
9
:0

0
.0

-4
1
:1

0
:0

0
.0

1
1
:0

0
.0

1
2
:0

0
.0

J020020.94-410935.7 N

E

Fig. 5 (Left panel) Optical spectrum of WISE J020020.94-410935.7 associated with 3FGL J0200.3-4108. Signal-to-noise ratio is reported
in the Figure. (Right panel) The finding chart ( 50 × 50 ) retrieved from the Digital Sky Survey highlighting the location of the potential
source: WISE J020020.94-410935.7 (red circle).
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Fig. 6 (Left panel) Optical spectrum of WISE J031034.72-501631.1, associated with 3FGL J0310.4-5015. Signal-to-noise ratio is re-
ported in the Figure. (Right panel) The finding chart ( 50 × 50 ) retrieved from the Digital Sky Survey highlighting the location of the
potential source: WISE J031034.72-501631.1 (red circle).
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Fig. 7 (Left panel) Optical spectrum of WISE J031235.70-222117.2 associated with 3FGL J0312.7-2222. Signal-to-noise ratio is reported
in the Figure. (Right panel) The finding chart ( 50 × 50 ) retrieved from the Digital Sky Survey highlighting the location of the potential
source: WISE J031235.70-222117.2 (red circle).
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Fig. 8 (Left panel) Optical spectrum of WISE J034050.11-242254.6 associated with 3FGL J0340.4-2423. Signal-to-noise ratio is reported
in the Figure. (Right panel) The finding chart ( 50 × 50 ) retrieved from the Digital Sky Survey highlighting the location of the potential
source: WISE J034050.11-242254.6 (red circle).
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Fig. 9 (Left panel) Optical spectrum of WISE J035051.32-281632.8 associated with 3FGL J0351.0-2816. Signal-to-noise ratio is reported
in the Figure. (Right panel) The finding chart ( 50 × 50 ) retrieved from the Digital Sky Survey highlighting the location of the potential
source: WISE J035051.32-281632.8 (red circle).
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Fig. 10 (Left panel) Optical spectrum of WISE J041433.10-084206.8, associated with 3FGL J0414.9-0840. Signal-to-noise ratio is
reported in the Figure. (Right panel) The finding chart ( 50 × 50 ) retrieved from the Digital Sky Survey highlighting the location of the
potential source: WISE J041433.10-084206.8 (red circle).
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Fig. 11 (Left panel) Optical spectrum of WISE J043837.07-732921.6, associated with 3FGL J0437.7-7330. Signal-to-noise ratio is
reported in the Figure. (Right panel) The finding chart ( 50 × 50 ) retrieved from the Digital Sky Survey highlighting the location of the
potential source: WISE J043837.07-732921.6 (red circle).
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Fig. 12 (Left panel) Optical spectrum of WISE J043949.72-190101.5 associated with 3FGL J0439.9-1859, in the upper part it is shown
the Signal-to-Noise Ratio of the spectrum. (Right panel) The finding chart ( 50 × 50 ) retrieved from the Digital Sky Survey highlighting
the location of the counterpart: WISE J043949.72-190101.5 (red circle).
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Fig. 13 (Left panel) Optical spectrum of WISE J042011.02-601505.5, associated with 3FGL J0420.4-6013. Signal-to-noise ratio is
reported in the Figure. (Right panel) The finding chart ( 50 × 50 ) retrieved from the Digital Sky Survey highlighting the location of the
potential source: WISE J042011.02-601505.5 (red circle).
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Fig. 14 (Left panel) Optical spectrum of WISE J062636.71-425805.9 associated with 3FGL J0626.6-4259, in the upper part it is shown
the Signal-to-Noise Ratio of the spectrum. (Right panel) The finding chart ( 50 × 50 ) retrieved from the Digital Sky Survey highlighting
the location of the counterpart: WISE J062636.71-425805.9 (red circle).
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Fig. 15 (Left panel) Optical spectrum of WISE J064933.60-313920.3 associated with 3FGL J0649.6-3138, in the upper part it is shown
the Signal-to-Noise Ratio of the spectrum. (Right panel) The finding chart ( 50 × 50 ) retrieved from the Digital Sky Survey highlighting
the location of the counterpart: WISE J064933.60-313920.3 (red circle).
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Fig. 16 (Left panel) Optical spectrum of WISE J070312.65-391418.8 associated with 3FGL J0703.4-3914, in the upper part it is shown
the Signal-to-Noise Ratio of the spectrum. (Right panel) The finding chart ( 50 × 50 ) retrieved from the Digital Sky Survey highlighting
the location of the counterpart: WISE J070312.65-391418.8 (red circle).
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Fig. 17 (Left panel) Optical spectrum of WISE J070421.81-482647.5, associated with 3FGL J0704.3-4828. Signal-to-noise ratio is
reported in the Figure. (Right panel) The finding chart ( 50 × 50 ) retrieved from the Digital Sky Survey highlighting the location of the
potential source: WISE J070421.81-482647.5 (red circle).
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Fig. 18 (Left panel) Optical spectrum of WISE J072113.90-022055.0 associated with 3FGL J0721.5-0221. Signal-to-noise ratio is
reported in the Figure. (Right panel) The finding chart ( 50 × 50 ) retrieved from the Digital Sky Survey highlighting the location of the
potential source: WISE J072113.90-022055.0 (red circle).
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Fig. 19 (Left panel) Optical spectrum of WISE J074724.74-492633.1 associated with 3FGL J0747.5-4927. Signal-to-noise ratio is
reported in the Figure. (Right panel) The finding chart ( 50 × 50 ) retrieved from the Digital Sky Survey highlighting the location of the
potential source: WISE J074724.74-492633.1 (red circle).
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Fig. 20 (Left panel) Optical spectrum of WISE J080311.45-033554.5 associated with 3FGL J0803.3-0339. Signal-to-noise ratio is
reported in the Figure. (Right panel) The finding chart ( 50 × 50 ) retrieved from the Digital Sky Survey highlighting the location of the
counterpart: WISE J080311.45-033554.5 (red circle).
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Fig. 21 (Left panel) Optical spectrum of WISE J081411.69-101210.2 associated with 3FGL J0814.1-1012, in the upper part it is shown
the Signal-to-Noise Ratio of the spectrum. (Right panel) The finding chart ( 50 × 50 ) retrieved from the Digital Sky Survey highlighting
the location of the counterpart: WISE J081411.69-101210.2 (red circle).
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Fig. 22 (Left panel) Optical spectrum of WISE J082627.86-640415.4 associated with 3FGL J0826.3-6400. Signal-to-noise ratio is
reported in the Figure. (Right panel) The finding chart ( 50 × 50 ) retrieved from the Digital Sky Survey highlighting the location of the
potential source: WISE J082627.86-640415.4 (red circle).
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Fig. 23 (Left panel) Optical spectrum of WISE J082706.16-070845.9 associated with 3FGL J0827.2-0711, in the upper part it is shown
the Signal-to-Noise Ratio of the spectrum. (Right panel) The finding chart ( 50 × 50 ) retrieved from the Digital Sky Survey highlighting
the location of the counterpart: WISE J082706.16-070845.9 (red circle).
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Fig. 24 (Left panel) Optical spectrum of WISE J085802.90-313038.3 associated with 3FGL J0858.1-3130, in the upper part it is shown
the Signal-to-Noise Ratio of the spectrum. (Right panel) The finding chart ( 50 × 50 ) retrieved from the Digital Sky Survey highlighting
the location of the counterpart: WISE J085802.90-313038.3 (red circle).
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Fig. 25 (Left panel) Optical spectrum of WISE J094709.52-254059.9 associated with 3FGL J0947.1-2542, in the upper part it is shown
the Signal-to-Noise Ratio of the spectrum. (Right panel) The finding chart ( 50 × 50 ) retrieved from the Digital Sky Survey highlighting
the location of the counterpart: WISE J094709.52-254059.9 (red circle).
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Fig. 26 (Left panel) Optical spectrum of WISE J100850.54-313905.5 associated with 3FGL J1009.0-3137, in the upper part it is shown
the Signal-to-Noise Ratio of the spectrum. (Right panel) The finding chart ( 50 × 50 ) retrieved from the Digital Sky Survey highlighting
the location of the counterpart: WISE J100850.54-313905.5 (red circle).
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Fig. 27 (Left panel) Optical spectrum of WISE J101319.30-400550.4 associated with 3FGL J1013.4-4008. Signal-to-noise ratio is
reported in the Figure. (Right panel) The finding chart ( 50 × 50 ) retrieved from the Digital Sky Survey highlighting the location of the
potential source: WISE J101319.30-400550.4 (red circle).
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Fig. 28 (Left panel) Optical spectrum of WISE J103332.15-503528.8 associated with 3FGL J1033.0-5945, in the upper part it is shown
the Signal-to-Noise Ratio of the spectrum. (Right panel) The finding chart ( 50 × 50 ) retrieved from the Digital Sky Survey highlighting
the location of the counterpart: WISE J103332.15-503528.8 (red circle).
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Fig. 29 (Left panel) Optical spectrum of WISE J110028.22-205000.7 associated with 3FGL J1100.2-2044. Signal-to-noise ratio is
reported in the Figure. (Right panel) The finding chart ( 50 × 50 ) retrieved from the Digital Sky Survey highlighting the location of the
potential source: WISE J110028.22-205000.7 (red circle).
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Fig. 30 (Left panel) Optical spectrum of WISE J112508.62-210105.9 associated with 3FGL J1125.0-2101, in the upper part it is shown
the Signal-to-Noise Ratio of the spectrum. (Right panel) The finding chart ( 50 × 50 ) retrieved from the Digital Sky Survey highlighting
the location of the counterpart: WISE J112508.62-210105.9 (red circle).
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Fig. 31 (Left panel) Optical spectrum of WISE J112914.05-052856.3 associated with 3FGL J1129.2-0528. Signal-to-noise ratio is
reported in the Figure. (Right panel) The finding chart ( 50 × 50 ) retrieved from the Digital Sky Survey highlighting the location of the
potential source: WISE J112914.05-052856.3 (red circle).
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Fig. 32 (Left panel) Optical spectrum of WISE J113209.26-473853.3 associated with 3FGL J1132.0-4736. Signal-to-noise ratio is
reported in the Figure. (Right panel) The finding chart ( 50 × 50 ) retrieved from the Digital Sky Survey highlighting the location of the
potential source: WISE J113209.26-473853.3 (red circle).
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Fig. 33 (Left panel) Optical spectrum of WISE J120317.88-392620.9 associated with 3FGL J1203.5-3925, in the upper part it is shown
the Signal-to-Noise Ratio of the spectrum. (Right panel) The finding chart ( 50 × 50 ) retrieved from the Digital Sky Survey highlighting
the location of the counterpart: WISE J120317.88-392620.9 (red circle).
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Fig. 34 (Left panel) Optical spectrum of WISE J121902.26-482627.9 associated with 3FGL J1218.8-4827, in the upper part it is shown
the Signal-to-Noise Ratio of the spectrum. (Right panel) The finding chart ( 50 × 50 ) retrieved from the Digital Sky Survey highlighting
the location of the counterpart: WISE J121902.26-482627.9 (red circle).
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Fig. 35 (Left panel) Optical spectrum of WISE J130737.98-425938.9 associated with 3FGL J1307.6-4300, in the upper part it is shown
the Signal-to-Noise Ratio of the spectrum. (Right panel) The finding chart ( 50 × 50 ) retrieved from the Digital Sky Survey highlighting
the location of the counterpart: WISE J130737.98-425938.9 (red circle).
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Fig. 36 (Left panel) Optical spectrum of WISE J131248.76-235047.3 associated with 3FGL J1312.7-2349, in the upper part it is shown
the Signal-to-Noise Ratio of the spectrum. (Right panel) The finding chart ( 50 × 50 ) retrieved from the Digital Sky Survey highlighting
the location of the counterpart: WISE J131248.76-235047.3 (red circle).
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Fig. 37 (Left panel) Optical spectrum of WISE J132457.35-541503.2 associated with 3FGL J1325.2-5411. Signal-to-noise ratio is
reported in the Figure. (Right panel) The finding chart ( 50 × 50 ) retrieved from the Digital Sky Survey highlighting the location of the
potential source: WISE J132457.35-541503.2 (red circle).
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Fig. 38 (Left panel) Optical spectrum of WISE J151212.75-225508.4 associated with 3FGL J1512.2-2255, in the upper part it is shown
the Signal-to-Noise Ratio of the spectrum. (Right panel) The finding chart ( 50 × 50 ) retrieved from the Digital Sky Survey highlighting
the location of the counterpart: WISE J151212.75-225508.4 (red circle).
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Fig. 39 (Left panel) Optical spectrum of WISE J151803.59-273131.1 associated with 3FGL J1518.0-2732, in the upper part it is shown
the Signal-to-Noise Ratio of the spectrum. (Right panel) The finding chart ( 50 × 50 ) retrieved from the Digital Sky Survey highlighting
the location of the counterpart: WISE J151803.59-273131.1 (red circle).
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Fig. 40 (Left panel) Optical spectrum of WISE J153941.19-112835.3 associated with 3FGL J1539.8-1128, in the upper part it is shown
the Signal-to-Noise Ratio of the spectrum. (Right panel) The finding chart ( 50 × 50 ) retrieved from the Digital Sky Survey highlighting
the location of the counterpart: WISE J153941.19-112835.3 (red circle).
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Fig. 41 (Left panel) Optical spectrum of WISE J154712.13-280221.5 associated with 3FGL J1547.1-2801, in the upper part it is shown
the Signal-to-Noise Ratio of the spectrum. (Right panel) The finding chart ( 50 × 50 ) retrieved from the Digital Sky Survey highlighting
the location of the counterpart: WISE J154712.13-280221.5 (red circle).
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Fig. 42 (Left panel) Optical spectrum of WISE J161717.91-584808.0 associated with 3FGL J1617.4-5846. Signal-to-noise ratio is
reported in the Figure. (Right panel) The finding chart ( 50 × 50 ) retrieved from the Digital Sky Survey highlighting the location of the
counterpart: WISE J161717.91-584808.0 (red circle).
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Fig. 43 (Left panel) Optical spectrum of NVSS J163750-344915 associated with 3FGL J1637.6-3449, in the upper part it is shown the
Signal-to-Noise Ratio of the spectrum. (Right panel) The finding chart ( 50 × 50 ) retrieved from the Digital Sky Survey highlighting the
location of the counterpart: NVSS J163750-344915 (red circle).
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Fig. 44 (Left panel) Optical spectrum of WISE J165655.14-201056.2 associated with 3FGL J1656.8-2010, in the upper part it is shown
the Signal-to-Noise Ratio of the spectrum. (Right panel) The finding chart ( 50 × 50 ) retrieved from the Digital Sky Survey highlighting
the location of the counterpart: WISE J165655.14-201056.2 (red circle).
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Fig. 45 (Left panel) Optical spectrum of WISE J192243.02-745349.5 associated with 2FGL J1922.6-7454, in the upper part it is shown
the Signal-to-Noise Ratio of the spectrum. (Right panel) The finding chart ( 50 × 50 ) retrieved from the Digital Sky Survey highlighting
the location of the counterpart: WISE J192243.02-745349.5 (red circle).
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Fig. 46 (Left panel) Optical spectrum of WISE J194633.62-540236.4 associated with 3FGL J1946.4-5403. Signal-to-noise ratio is
reported in the Figure. (Right panel) The finding chart ( 50 × 50 ) retrieved from the Digital Sky Survey highlighting the location of the
potential source: WISE J194633.62-540236.4 (red circle).
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Fig. 47 (Left panel) Optical spectrum of WISE J195500.65-160338.4 associated with 3FGL J1955.0-1605, in the upper part it is shown
the Signal-to-Noise Ratio of the spectrum. (Right panel) The finding chart ( 50 × 50 ) retrieved from the Digital Sky Survey highlighting
the location of the counterpart: WISE J195500.65-160338.4 (red circle).
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Fig. 48 (Left panel) Optical spectrum of WISE J200838.59-150453.2 associated with 3FGL J2009.2-1458. Signal-to-noise ratio is
reported in the Figure. (Right panel) The finding chart ( 50 × 50 ) retrieved from the Digital Sky Survey highlighting the location of the
potential source: WISE J200838.59-150453.2 (red circle).
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Fig. 49 (Left panel) Optical spectrum of WISE J202429.37-084804.6 associated with 3FGL J2024.4-0848. Signal-to-noise ratio is
reported in the Figure. (Right panel) The finding chart ( 50 × 50 ) retrieved from the Digital Sky Survey highlighting the location of the
counterpart: WISE J202429.37-084804.6 (red circle).
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Fig. 50 (Left panel) Optical spectrum of WISE J203027.91-143917.1 associated with 3FGL J2030.5-1439. Signal-to-noise ratio is
reported in the Figure. (Right panel) The finding chart ( 50 × 50 ) retrieved from the Digital Sky Survey highlighting the location of the
potential source: WISE J203027.91-143917.1 (red circle).
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Fig. 51 (Left panel) Optical spectrum of WISE J211217.41-304655.3 associated with 3FGL J2112.5-3044. Signal-to-noise ratio is
reported in the Figure. (Right panel) The finding chart ( 50 × 50 ) retrieved from the Digital Sky Survey highlighting the location of the
potential source: WISE J211217.41-304655.3 (red circle).
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Fig. 52 (Left panel) Optical spectrum of WISE J214429.57-563849.0 associated with 3FGL J2144.6-5640. Signal-to-noise ratio is
reported in the Figure. (Right panel) The finding chart ( 50 × 50 ) retrieved from the Digital Sky Survey highlighting the location of the
potential source: WISE J214429.57-563849.0 (red circle).
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Fig. 53 (Left panel) Optical spectrum of WISE J215046.60-174954.1 associated with 3FGL J2150.5-1754. Signal-to-noise ratio is
reported in the Figure. (Right panel) The finding chart ( 50 × 50 ) retrieved from the Digital Sky Survey highlighting the location of the
potential source: WISE J215046.60-174954.1 (red circle).
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Fig. 54 (Left panel) Optical spectrum of WISE J220941.69-045110.3 associated with 3FGL J2209.8-0450. Signal-to-noise ratio is
reported in the Figure. (Right panel) The finding chart ( 50 × 50 ) retrieved from the Digital Sky Survey highlighting the location of the
potential source: WISE J220941.69-045110.3 (red circle).
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Fig. 55 (Left panel) Optical spectrum of WISE J224201.61-832744.4 associated with 3FGL J2237.5-8326. Signal-to-noise ratio is
reported in the Figure. (Right panel) The finding chart ( 50 × 50 ) retrieved from the Digital Sky Survey highlighting the location of the
potential source: WISE J224201.61-832744.4 (red circle).
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Fig. 56 (Left panel) Optical spectrum of WISE J224436.66+250343.1 associated with 3FGL J2244.6+2503. Signal-to-noise ratio is
reported in the Figure. (Right panel) The finding chart ( 50 × 50 ) retrieved from the Digital Sky Survey highlighting the location of the
potential source: WISE J224436.66+250343.1 (red circle).
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Fig. 57 (Left panel) Optical spectrum of WISE J230053.29-355051.0 associated with 3FGL J2300.1-3547. Signal-to-noise ratio is
reported in the Figure. (Right panel) The finding chart ( 50 × 50 ) retrieved from the Digital Sky Survey highlighting the location of the
potential source: WISE J230053.29-355051.0 (red circle).
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Fig. 58 (Left panel) Optical spectrum of WISE J232136.98-161928.3 associated with 3FGL J2321.6-1619. Signal-to-noise ratio is
reported in the Figure. (Right panel) The finding chart ( 50 × 50 ) retrieved from the Digital Sky Survey highlighting the location of the
potential source: WISE J232136.98-161928.3 (red circle).
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Fig. 59 (Left panel) Optical spectrum of WISE J235116.13-760015.5 associated with 3FGL J2351.9-7601. Signal-to-noise ratio is
reported in the Figure. (Right panel) The finding chart ( 50 × 50 ) retrieved from the Digital Sky Survey highlighting the location of the
potential source: WISE J235116.13-760015.5 (red circle).
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Fig. 60 (Left panel) Optical spectrum of WISE J235836.83-180717.4 associated with 3FGL J2358.6-1809. Signal-to-noise ratio is
reported in the Figure. (Right panel) The finding chart ( 50 × 50 ) retrieved from the Digital Sky Survey highlighting the location of the
potential source: WISE J235836.83-180717.4 (red circle).
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Fig. 61 (Left panel) Optical spectrum of WISE J233627.96-842652.1 associated with 3FGL J2337.2-8425. Signal-to-noise ratio is
reported in the Figure. (Right panel) The finding chart ( 50 × 50 ) retrieved from the Digital Sky Survey highlighting the location of the
potential source: WISE J233627.96-842652.1 (red circle).
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