PROCEEDINGS

OF SCIENCE

Narrow-line Seyfert 1's, water masers, and the
peculiar case of IGR J16385-2057

Andrea Tarchi*
INAF-Osservatorio Astronomico di Cagliari, Loc. Poggio &éni, Strada 54, 1-09012

Capoterra (CA), Italy
E-mail: at archi @a-cagliari.inaf.it

Paola Castangia

INAF-Osservatorio Astronomico di Cagliari, Loc. Poggio &ni, Strada 54, 1-09012
Capoterra (CA), Italy

E-mail: pcast ang@a-cagliari.inaf.it

Francesca Panessa
IASF/INAF, via del Fosso del Cavaliere 100, 00133 Romay Ital
E-mail: f rancesca. panessa@asf-roma.inaf.it

James A. Braatz
National Radio Astronomy Observatory, 520 Edgemont RobkdrlGttesville, VA 22903, USA

E-mail: j br aat z@r ao. edu

Narrow-Line Seyfert 1 (NLS1) galaxies are a class of act@actic nuclei (AGN) that have all
the properties of type 1 Seyfert galaxies but show pecutiaracteristics in the optical (narrowest
Balmer lines and strongest Fell emission) and in the X-r&exently, we have also discovered
that the detection rate of water maser emission in NLS1 igr&ingly high, much higher than
typically found in type 1 AGN and similar to that of Seyfert algxies. In this talk, we shed
light on this unexpected result in the framework of the udifieodel for AGN. In particular, we
introduce the case of the recently-discovered INTEGRAL'selGR J16385-2057, classified as
a NLS1 galaxy and characterized by an unusual radio contirand maser emission.
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1. Introduction

Water masers associated with AGN typically trace circurntearcaccretion disks (e.g., for
UGC 3789: [13]), the inner parts of relativistic jets (elgrk348; [12]), or nuclear outflows (Circi-
nus; [6]). VLBI studies of HO maser sources, complemented by single-dish monitorirey, a
unigue methods for mapping accretion disks and estimatiagehclosed masses ([9]) as well as
determining the shock speed and densities of radio jet$)([TBey can also trace the velocity and
geometry of nuclear winds, as in the case of Circinus (Gridlazttal. 2003).

So far, more than 3000 galaxies have been searched for watarramission and detections
have been obtained in about 150 of them (Braatz et al., in) ptle@ majority being Sy 2 galaxies
(active galaxies with narrow emission line optical spéctri¥laser emission has been detected,
instead, only in a handful of type 1 Seyfert galaxies. Irgtngly, three galaxies among these,
NGC 4051 ([7]), NGC 5506 ([1]), and Mrk 766 ([16]), are clde=il as Narrow Line Seyfert 1
(NLS1), having all properties of type 1 Seyfert galaxieswith the narrowest Balmer lines from
the Broad Line Region and the strongest Fe Il emission. NUfaye also quite extreme X-rays
properties, such as a strong soft excess emission below lakdXor rapid flux variability (see,
e.g., [8]; [11]). Possible explanations for their pecutiharacteristics include very high accretion
rates, strong radiation-pressure outflows, and specifigcingeangles.

2. Observations and data reduction

During March 2010, we searched for water maser emission thé@hGBT in a sample of 17
Seyfert galaxies discovered by INTEGRAL as sources of hardys between 20 and 40 keV ([2];
Castangia et al. in prep.). In addition, early in 2011, wefqrered a sensitive GBT search for
water maser emission from a sample of 51 NLS1s.

We have also retrieved VLA observations of the water maserii NGC 4051 and NGC 5506
available from the NRAO archive. We complemented theserghsens with archival broad-band
VLA A-array 22-GHz continuum data of NGC 5506.

The GBT data were reduced and analyzed using the GBTIDL softywackage. The VLA
data were treated through standard tasks implemented i8.AIP

3. Reaults and future work

In our surveys, we obtained two new detections: one in IGR83&057 (hereafter IGR 16385)
and one in IRAS 03450+0055. These two new detections brimguimber of NLS1 galaxies show-
ing water emission to five: NGC 4051, NGC 5506, Mrk 766, IGR8B3and IRAS 03450+0055.

By collecting all (to our knowledge) past NLS1 galaxies shad in the 22-GHz water maser
line, we compute an overall water maser detection rate in Ng&8axies of~ 7% for the full
sample and a detection rate-0f21% for a volume-limited (\*10000 km/s) sample, demonstrating
a connection between NLS1s and the water maser phenomel@jh ([

Our interferometric study with the VLA on NGC 4051 and NGC 6%Qdicates that, for both
galaxies, the maser features are associated, with subants@ccuracy, with the compact radio
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continuum knots detected in the nuclear region (for NGC 40&}1 for NGC 5506: [10]), suggest-
ing that the water maser emission may arise from a molecigirad from a nuclear jet/wind.

In addition, among the five NLS1s hosting water maser emissie galaxy IGR 16385 has
attracted particular attention due to its peculiar natiineleed, IGR 16385 has an elliptical mor-
phology in the optical and the NVSS map shows a 7 mJy radio coirecident with the optical
position of the galaxy, quasi-symmetrically surroundediwy extended lobes of emission (Fig.
1). By using a 325-MHz map taken from the ‘Westerbork In thetS8ern Hemisphere’ (WISH)
archive, we estimated a spectral index for the nuclear regial the lobes typical for optically thin
synchrotron emission. The double-lobed structure, afihdts association with IGR 16385 still
needs to be confidently assessed, resembles that of classitagalaxies. In particular, both the
core-to-total power ratio and the source extension areistems with known radio galaxies of com-
parable luminosity (e.g., [4]). While sensitive radio danum maps with higher spatial resolution
are necessary to better locate the radio nucleus and chidracthe nuclear region (presence of
radio jets and flat radio spectrum components), IGR 16385cuagtitute one of the rare cases of
radio galaxies hosting maser emission (see, e.g., [3] foCNG52; [14], [15] for 3C 403).

In order to determine the origin of the maser emission anividgrkinematic information in
IGR 16385, as well as in the other four masing NLS1 galaxigsctsal line, high angular resolution
(Very Long Baseline Interferometry; VLBI) observationseareeded. Furthermore, an extensive
comparative study of the main characteristics of masingrmmdmasing NLS1s is advisable.
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Declination (J2000)
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Figure 1: NVSS radio continuum map at 1.4 GHz of IGR 16385 overimpos#d a DSS optical image.
Contours are 1.% -1,1,2,4,8,16,32 mJy. The white arrow marks the locatiohefoptical galaxy. A 7 mJy
radio core is visible, coincident with the optical positioithe galaxy and quasi-symmetrically surrounded
by two extended lobes of emission. The double-lobes strecasembles that of classical radio galaxy.
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