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We report on a new method to identify active galactic nuclei (AGN) among unidentifiedINTE-

GRALsources. This method consists of cross-correlating unidentified objects listed in the fourth

IBIS survey with infrared (IR) and radio catalogues to look for possible counterparts and then

verifying, by means of X-ray and optical follow-up observations, the likelihood of these associ-

ations. In particular we discuss here a sample of eight objects, six of which have been possibly

identified as AGN.
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Figure 1: NVSS image cut-outs for four sources in our sample with overimposed IBIS error circle and
2MASX source positions. In all images, the north is up and east to the left. The scale is reported at the
bottom right corner.

1. Introduction

Historically, AGN were discovered with radio observations, i.e. the radio selection is often a
way to recognize active galaxies, except at very low luminosities where star formation in galax-
ies can also produce radio emission; radio data can therefore be used to recognize AGN among
unidentifiedINTEGRALsources. Contamination from starburst galaxies is not an issue, since no
pure starburst galaxy has so far been detected byINTEGRAL. Cross-correlation with galaxy cat-
alogues available for example in the IR band allows to select those objects which are associated
to galaxies thus avoiding contamination from galactic sources with radio emission. Following this
reasoning we have cross-correlated our set of unidentifiedINTEGRALsources in the fourth IBIS
catalogue [1] with radio/IR catalogues in order to extract a sample of objectslikely associated with
an AGN.

2. Sample Selection

For the IR bands we have used the 2MASX Source Catalogue [2] which is apowerful tool
to identify sources associated with galaxies. Indeed 97% of the objects contained in the 2MASX
survey are galaxies, while the remaining 3% is made of galactic objects not expected to emit in the
IBIS band. As radio catalogues we have used the National Radio Astronomy Observatories Very
Large Array Sky Survey (NVSS; [3]) and the Sydney University Molonglo Sky Survey (SUMSS;
[4]): they are similar in sensitivity and spatial resolution, and together they cover the whole sky.
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Figure 2: NVSS or SUMSS image cut-outs for four sources in our sample with overimposed IBIS error
circle and 2MASX source positions. In all images, the north is up and east to the left. The scale is reported
at the bottom right corner.

Table 1: IBIS, 2MASX and radio positions (and corresponding errors)for each source in the sample. The
radio positions come from the analysis carried out in Maiorano et al. (2011) where the IBIS error box radius
for each source is also reported.

Source IBIS Position 2MASX Object 2MASX Position Radio Object Radio Position
RA (J2000) RA (J2000) RA (J2000)(err)
Dec (J2000) Dec (J2000) Dec (J2000)(err)

IGR J00556+7708 00:55:34.8 2MASX J00570148+7708505 00:57:01.482 NVSS J005700+770911 00:57:00.016 (0.181s)
+77:08:24 +77:08:50.50 +77:09:11.81 (0.62′′)

IGR J03103+5706 03:10:16.8 2MASX J03095498+5707023 03:09:54.987 NVSS J030954+570704 03:09:54.955 (0.128s)
+57:06:07.2 +57:07:02.34 +57:07:04.29 (1.04′′)

IGR J05583–1257 05:58:17.04 2MASX J05580231–1255477 05:58:02.313 NVSS J055802–125545 05:58:02.416 (0.172s)
–12:57:43.2 (LCSB 0289O) –12:55:47.78 –12:55:45.54 (3.30′′)

IGR J08190–3835 08:19:02.16 2MASX J08191136–3833104 08:19:11.365 NVSS J081910–383307 08:19:10.929 (0.219s)
–38:34:58.8 –38:33:10.46 –38:33:06.78 (3.00′′)

IGR J17219–1509 17:21:55.68 2MASX J17215337–1505384 17:21:53.379 NVSS J172153–150532 17:21:53.273 (0.155s)
–15:09:39.6 –15:05:38.49 –15:05:32.02 (3.70′′)

IGR J17520–6018 17:52:02.16 2MASX J17515581–6019430 17:51:55.818 SUMSS J175155–601943 17:51:55.585 (0.142s)
–60:18:18 –60:19:43.08 –60:19:43.87 (1.30′′)

IGR J21268+6203 21:26:46.08 2MASX J21262644+6204410 21:26:26.440 NVSS J212628+620457 21:26:28.707 (0.027s)
+62:03:43.2 +62:04:41.03 +62:04:57.58 (0.19′′)

IGR J21441+4640 21:44:04.08 2MASX J21441345+4637169 21:44:13.455 NVSS J214413+463718 21:44:13.419 (0.092s)
+46:40:51.6 (UGC 11806) +46:37:16.97 +46:37:17.79 (0.98′′)

2MASX J21435408+4637048 21:43:54.082 NVSS J214354+463705 21:43:54.055 (0.074s)
(UGC 11802) +46:37:04.84 +46:37:04.99 (0.66′′)
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The radio detection provides evidence that a 2MASX galaxy is likely an AGN and so the possible
counterpart of the IBIS source. To perform the correlation, we usedthe standard statistical method
employed very successfully in other cases ([5], [6], [7]) and which isextensively described for
this case in Maiorano et al. (2011). By means of a sequence of cross-correlations we extracted a
final sample of eight objects which are seen in all three wavebands (hardX-rays, IR and radio); all
eight can be considered as AGN candidates because they are classifiedas galaxies in the 2MASX
catalogue and are detected both in radio and hard X-rays. All objects of the sample are reported
in Table 1: for each source we list theINTEGRALname, the IBIS position, the IR (2MASX) and
radio (NVSS or SUMSS) positions and associated errors of the putative counterparts.

Figs 1 and 2 show the collection of NVSS/SUMSS image cut-outs for all of our sources with
overimposed IBIS error circle and 2MASX source position. In order to confirm the proposed
counterparts we have made a set of X-ray and optical follow up observations: the former were
made with the XRT telescope on board Swift, while the latter were performed at 1.5-m CTIO
telescope (Chile) and 2.1-m San Pedro Martir telescope (Mexico).

3. Results

In the following we describe in some details three of the eight objects of the sample, while
information on the entire sample can be found in Maiorano et al. (2011).

3.1 IGR J08190–3835

Within the IBIS uncertainty, XRT detects only one source with a statistical significance of
5.8σ in the energy range 0.3–10 keV and 5.6σ above 3 keV. This object is positionally coincident
with both 2MASX and NVSS sources (Fig. 1, bottom-right panel). The radioanalysis provides
a flux of∼3 mJy at 20 cm. The X-ray data are well described by an absorbed powerlaw with a
photon index fixed to 1.8 and an obseved 2–10 keV flux of 1.5×10−12 erg cm−2 s−1; the intrinsic
column density is NH(intr) ∼ 1.4×1023 cm−2, which exceedes the Galactic value of 9.6×1021

cm−2 [9]. The optical spectrum (Fig. 4, left panel) shows Hα , [N II ] and [S II ] narrow emission
lines at redshiftz= 0.009±0.001 superimposed on a very reddened continuum. The flux ratios
among these emission features suggest that the object is a Type 2 AGN. Overall, we conclude that
the proposed 2MASX/NVSS/XRT source is the actual counterpart of the IBIS detected object and
it is a narrow-line (obscured) AGN.

3.2 IGR J1752–1860

An X-ray source is well detected at 13.6σ confidence level in the range 0.3–10 keV by XRT
within the IBIS error box. It coincides with both the 2MASS extended objectand the radio source
reported in the SUMSS (Fig. 2, top-right panel). The source is detected inradio at 36 cm with a flux
of 25.2 mJy. The X-ray data are well reproduced by an absorbed power law with fixed photon index
of 1.8 and an observed 2–10 keV flux of 2.6×10−12 erg cm−2 s−1; the intrinsic column density
is NH(intr) = 1.3×1023 cm−2 which exceedes the Galactic value of 7×1020 cm−2. This source
is also reported in the BAT 58–Month catalogue1 as SWIFT J1751.8–6019, with flux 1.7×10−11

erg cm−2 s−1 in the range 14–195 keV. Based on all the above information, we conclude that this

1http://swift.gsfc.nasa.gov/docs/swift/results/bs58mon/
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Figure 3: Optical images of the fields of 2 of theINTEGRALhard X-ray sources selected in this work for
optical spectroscopic follow-up: IGR J08190–3835 (left panel) and IGR J21441+4640 (right panel). The
proposed optical counterparts are indicated with tick marks. Field sizes are 10′×10′ and are extracted from
the DSS-II-Red survey. In both cases, north is up and east to the left.

Figure 4: Spectra (not corrected for the intervening Galactic absorption) of the possible optical counterparts
of the INTEGRALsources IGR J08190–3835 (left panel) and IGR J21441+4640 (central and right panel).
For each spectrum the main spectral features are labelled. The symbol⊕ indicates atmospheric telluric
absorption bands.

galaxy is the likely counterpart of the IBIS/BAT source and, on the basis of the detected X-ray
absorption, we further suggest that it is a type 2 AGN.

3.3 IGR J21441+4640

Within the IBIS positional uncertainty of this source there are two galaxies (see Fig. 3, right
panel), UGC 11802 and UGC 11806, at the same redshift (z=0.011), which form the galaxy pair
KPG559. Both galaxies are detected at radio frequencies in the NVSS catalogue and are also listed
in the 2MASX Catalogue (see Fig. 2, bottom-right panel). The radio data analysis provides a 20-
cm flux for these objects of∼ 23 mJy and 11 mJy, respectively. Besides they are also detected at
92 cm and have spectral indicesα=0.38 andα=0.51, respectively; both radio power and spectral
index are typical of low luminosity AGN. Within the IBIS error box, XRT finds only one galaxy
(UGC 11806) of the pair at 2.5σ in the range 0.3–10 keV. The spectrum can be described by an
unabsorbed power law with fixed photon index of 1.8 and an observed 2–10 keV flux of 1.2×10−13

erg cm−2 s−1. The upper limit of the X-ray flux in the 2–10 keV band for the companion galaxy
UGC11802 is 8.3×10−14 erg cm−2 s−1. Optical spectroscopy of UGC 11806 (Fig. 4, right panel)
indicates that it is a narrow emission-line galaxy with flat continuum and prominent Balmer, [N
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II ], [O III ] and [S II ] lines at a redshift consistent with the one found in the literature. Emission-
line ratios suggest that this is a transition object, i.e. a LINER [10] with a possible contamination
from an underlying starburst event. The optical spectrum of UGC 11802 (Fig. 4, central panel)
indicates instead that this galaxy is a starburst, with no indication of AGN activity(which explains
the absence of detectable X-ray emission from its nucleus). Overall we conclude that UGC 11806
is the possible counterpart of the IBIS source; it is probably a low-luminosity and highly variable
AGN of the LINER type.

4. Summary and Conclusions

The basic idea of this work is to propose a way whereby AGN can be pinpointed among a
set of unidentified objects detected in hard X-ray surveys. The method is tested here for a sample
of eight objects, extracted from the fourth IBIS Survey Catalogue. We performed further studies
including optical and/or X-ray follow-up observations, in order to verifytheir true association with
theINTEGRALsource as well as their AGN nature and class. The optical spectra obtained for IGR
J08190–3835 and IGR J21441+4640 allowed us to identify them as AGN belonging to the type 2
and LINER class. IGR J17520–6018 is most likely a type 2 AGN on the basis of the high X-ray
absorption measured. Information regarding the other objects in the sample are fully discussed by
Maiorano et al. (2011) and briefly summarized in the following. IGR J00556+7708, IGR J17219–
1509 and IGR J21268+6203 3 are likely active galaxies on the basis of their radio spectra, NIR
photometry and location above the Galactic plane. The radio/IR counterpartof IGR J05583–1257
is instead a starburst galaxy and so a less likely counterpart of the IBIS object, whereas in the case
of IGR J03103+5706 we do not have sufficient information for a clear classification of the source.
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