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ABSTRACT

Aims. Investigations of H2O maser galaxies at X-ray energies reveal that most active galactic nuclei (AGN) associated with water
masers are characterized by high levels of absorption. With the aim of �nding new maser sources for possible interferometric follow-
ups, we have searched for water maser emission in a well-de�ned sample of heavily absorbed AGN (NH > 1023 cm� 2), including
Compton-thick (CT) sources.
Methods. Previous surveys already searched for 22 GHz water maser emission in all the galaxies in this sample. With the goal of
providing a detection or a stringent upper limit on the H2O luminosity, we reobserved some of the non-detected sources with the Green
Bank Telescope. A new luminous H2O maser (LH2O � 200L� ) was detected in the mid-IR-bright Seyfert 2 galaxy IRAS 15480� 0344
and then followed-up with the Very Long Baseline Array. In order to shed light on the origin of the maser (jet, out�ow, or disk), we
recently observed the radio continuum emission in IRAS 15480-0344 with the European VLBI network (EVN) at 1.7 and 5.0 GHz.
Results. With the newly discovered megamaser in IRAS 15480� 0344 revealing a narrow (� 0.6 km s� 1) and a broad (� 90 km s� 1)
component, the maser detection rate of the CT AGN sample is 50% (18/36), which is one of the highest ever found in maser surveys.
The EVN maps show two bright sources (labeled SW and NE) in the nuclear region of IRAS 15480� 0344, which we interpret as
jet knots tracing regions where the radio plasma impacts dense molecular clouds. The narrow maser feature is approximately at
the center of the imaginary line connecting the two continuum sources, likely pinpointing the core, and might be associated with
the accretion disk or a nuclear out�ow. The location of the broad maser feature, instead, coincides with source NE, suggesting that
the maser emission might be produced by a jet-cloud interaction, as it was proposed for NGC 1068 and Mrk 348.
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1. Introduction

A key ingredient in the Uni�ed Model of active galactic nuclei
(AGN) is the dusty toroidal structure, known as the “torus”
(Antonucci 1993; Urry & Padovani 1995), which surrounds the
accreting supermassive black hole (SMBH). This structure is
supposed to block the direct emission produced in the accre-
tion disk by scattering it and re-emitting it in the infrared (IR).
Studies of the IR and X-ray emissions in AGN over the past
10–15 years have provided relevant information on the obscuring
matter in the vicinity of SMBHs. As a consequence, the clas-
sical, uniform, dusty torus, seen as an isolated entity, has now
been replaced by a clumpy structure that is connected physically
and dynamically with the host galaxy via gas in�ows and out-
�ows (for a recent review see Ramos Almeida & Ricci 2017).
The torus radiates most of its energy at mid-IR wavelengths.
Mid-IR interferometry has revealed that the emitting dust is con-
centrated on scales of 0.1–10 pc and, in most cases, can be mod-
eled with two nuclear components, instead of a single disk or
toroidal structure (Burtscher et al. 2013). In some sources one
of these components is elongated in the polar direction and has
been interpreted as an out�owing dusty wind driven by radiation
pressure (e.g., Hönig et al. 2012).

One of the most recent models for the IR emission in AGN,
is based on the premise that the dusty gas around AGN consists
of an in�owing disk and an out�owing wind. The disk gives rise

to the 3–5� m near-IR component, while the wind produces the
mid-IR emission (Hönig & Kishimoto 2017). X-ray absorption
variability studies, instead, have demonstrated that the obscur-
ing material is not homogeneous but clumpy, dynamic (with
clouds being created and dissipated continuously), and located
at various spatial scales from the broad line region (BLR) to the
torus (Ramos Almeida & Ricci 2017, and references therein).
Despite the great progress made, however, the exact geometry
of the absorbing matter and its dynamical origin are not yet
fully understood. The following questions are inevitably posed
of whether the torus is geometrically thick, if the polar elon-
gation is always present, and whether the BLR and the torus
are produced by accretion disk winds. The study of the phys-
ical properties, the structure, and the kinematics of the gas sur-
rounding SMBHs is fundamental in answering these open-ended
questions and in building detailed models of AGN. Further-
more, it may also be relevant to shed light on the impact of
nuclear activity on galaxy evolution. Indeed, AGN-driven out-
�ows may in�uence galaxy evolution by regulating star for-
mation (e.g., Di Matteo et al. 2005). AGN feedback may be
caused by radiative winds from the accretion disks or by out-
�ows produced by radio jets as they interact with the interstel-
lar medium (ISM) of the host galaxy (Wylezalek & Morganti
2018). Constraining the main driving mechanism of out�ows
in AGN is essential in understanding their e� ect on galaxy
evolution.
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Due to the small dimensions of the torus, current IR and
X-ray instruments are not able to resolve it and information on its
structure have to be inferred by modeling the emitted radiation.
The radio emission from luminous H2O masers, the so-called
“megamasers”, constitutes the only way to directly map the
gas at sub-parsec distance from the SMBH (for recent reviews
see Lo 2005; Greenhill 2007; Tarchi 2012; Henkel et al. 2018;
Braatz et al. 2018). The high brightness temperature and small
size of the maser spots make them perfect targets for Very Long
Baseline Interferometry (VLBI) observations, through which
angular resolutions on the order of 0.1 mas can be reached. Inter-
ferometric and single-dish monitoring studies of water maser
sources allow us to determine accretion disk geometry and to
estimate the enclosed dynamical masses (e.g. Kuo et al. 2011;
Gao et al. 2017; Zhao et al. 2018). In addition, radio continuum
observations of disk-maser galaxies have recently been used to
test some aspects of the AGN paradigm, that is, the alignment
between the radio jet and the rotation axis of the accretion disk
(Kamali et al. 2019, and references therein). H2O masers may
also trace nuclear out�ows in the form of jets or winds. Jet-
maser observations can provide estimates of the shock speeds
and densities of radio jets, improving our understanding of
the jet-ISM interaction (Gallimore et al. 2001; Peck et al. 2003).
Water maser observations in Circinus (Greenhill et al. 2003)
and NGC 3079 (Kondratko et al. 2005), instead, seem to have
resolved individual out�owing torus clouds at<1 pc from the
nuclear engine. Proper motion measurements and comparison of
these out�ow-masers with their disk counterpart have the poten-
tial to probe the structure and kinematics of the torus molec-
ular clouds (Nenkova et al. 2008). Therefore, each megamaser
source provides a wealth of information on the (sub-)parsec-
scale environment around AGN, making the discovery of new
sources and their interferometric follow-up extremely important
for AGN studies.

We searched for 22 GHz water maser emission in a well
de�ned sample of 36 heavily absorbed AGN (NH > 1023 cm� 2),
including Compton-thick (CT) sources (Table 1), selected in the
local Universe through a combination of mid-IR (IRAS) and
X-ray (XMM-Newton) data (for details, see Severgnini et al.
2012). All the galaxies in the sample were already observed
at 22 GHz in previous surveys, and water maser emission was
detected in 17/36 of them. With the goal of providing a detection
or a stringent upper limit on the H2O luminosity, we reobserved
some of the non-detected sources with the Green Bank Tele-
scope (GBT). These new observations led to the discovery of a
new luminous H2O maser (LH2O � 200L� ) in the mid-IR-bright
Seyfert 2 galaxy IRAS 15480� 0344 (hereafter IRAS 15480;
Castangia et al. 2016) and improved upper limits on 4 objects.
Based on the single-dish pro�le, the variability of the maser
emission, and the location of the maser spots inferred from VLBI
observation, we interpreted the line emission in IRAS 15480 as
the result of a jet (or out�ow) interaction (Castangia et al. 2016).
However, an alternative scenario in which the whole maser emis-
sion is produced in a slowly rotating accretion disk, could not
be ruled out by observational data. Indeed, it was not possible
to associate the position of the line emission with other sources
of activity in the nuclear region of the galaxy, due to the lack
of images with an angular resolution comparable to that of our
Very Long Baseline Array (VLBA) spectral line data. To over-
come this limitation, we observed the nuclear radio continuum in
IRAS 15480 with the European VLBI Network (EVN). Here we
present the overall results of the survey, leaving a detailed sta-
tistical analysis of the CT AGN sample to a forthcoming paper,
and report the outcome of the EVN observations of IRAS 15480.

Section 2 describes the details of the GBT and EVN observations
and data reduction. The results are reported in Sect. 3. We dis-
cuss the high detection rate obtained in the survey in Sect. 4. In
this Section, we also examine the possible scenarios for the radio
continuum emission in the nucleus of IRAS 15480 and discuss
the origin of the maser in light of the new EVN data. We draw
our conclusions in Sect. 5. Throughout the paper we adopt a cos-
mology with 
 M = 0:3, 
 � = 0:7 andH0 = 70 km s� 1 Mpc� 1.
The quoted velocities are calculated using the optical velocity
de�nition in the heliocentric frame.

2. Observations and data reduction

In the following we describe the main details of our single-dish
and VLBI observations and the procedures adopted in the data
reduction.

2.1. GBT observations

Observations were conducted with the GBT between March 9,
2012 and March 4, 2013. We employed two of the seven beams
of the K-band focal plane array (KFPA) receiver in total power
nod mode and con�gured the spectrometer with two 200 MHz
IFs, each with 8192 channels. This observational setup yielded
a channel spacing of 24 kHz, corresponding to� 0.3 km s� 1 at
the frequency of 22 GHz. The data were reduced and analyzed
using the GBTIDL package1. More details on the observations
and data reduction are described in Castangia et al. (2016). In
Table 2 we report, for each galaxy observed with the GBT but
not detected, the observation date, the inspected velocity range,
and the 1� root mean square (rms) noise of the spectrum referred
to a� 1.4 km s� 1 wide channel.

2.2. EVN observations and imaging

We observed the nucleus of IRAS 15480 with the EVN2 at 1.7
and 5 GHz, between February and March, 2015, employing a
sensitive array of EVN antennas (see Table 3). The data were
recorded at 1024 Mbps, with 8� 16 MHz IFs and dual circular
polarization. Cross-correlation of the data was performed using
the EVN software correlator (SFXC; Keimpema et al. 2015) at
the Joint Institute for VLBI ERIC (JIVE), using 32 channels per
IF and polarization. We observed in phase-referencing mode,
to correct phase variation caused by the atmosphere and esti-
mate absolute positions. We used J1555� 0326 as a phase cal-
ibrator. The strong compact sources 3C345, J1751+0939, and
J2005+7752, were observed as fringe �nders. The total observ-
ing time was six hours for each frequency band.

We reduced and analyzed the data utilizing the NRAO
Astronomical Image Processing System (AIPS3). Initial cali-
bration, in particular amplitude calibration, was carried out a
priori via the standard EVN pipeline. We then calibrated the
bandpass shape using all the fringe �nders as bandpass cal-
ibrators. Subsequently, we removed the instrumental delays
by �tting the fringe patterns from J2005+7752. In order to
solve for atmospheric phase variations, we fringe �t the data
from the phase reference source J1555� 0326. Finally, we self-
calibrated on J1555� 0326 and then interpolated and applied the

1 http://gbtidl.nrao.edu/
2 The European VLBI Network is a joint facility of independent
European, African, Asian, and North American radio astronomy
institutes.
3 http://www.aips.nrao.edu/
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