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Luminous extragalactic water masers originate in warm atsd gas in the innermost regions
of AGN tracing circumnuclear accretion disks, relatiigets, or nuclear outflows. So far, the
majority of water maser sources have been detected in Sgigal Among the few exceptions

are the water masers hosted by Narrow-Line Seyfert 1 (NL8IAxges. We have studied available
line and continuum data at radio frequencies of two NLS1xjata NGC 4051 and NGC 5506,

where water maser emission has been detected, to invedtigainterplay between this peculiar
class of AGN and the maser phenomenon. In this talk, we wilsitate the main results of this

study in the framework of a possible association of the wat@ser sources in NLS1 with radio

jets, outflows, or accretion disks.
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1. Introduction

Most extragalactic BHO masers are associated with AGN, where they have beendeldtte
three distinct phenomena. (1) They may form directly in thel@ar accretion disk, where they
can be used to trace the disk geometry, rotation velocity,vemere they may reveal the enclosed
nuclear mass. In some cases they are also being used to measurate distances to their host
galaxies (for the most recent case of UGC 3789, see [3]). i@y Bre associated with radio jets,
where they are either the result of an interaction betweenet(s) and an encroaching molecular
cloud or due to an accidental overlap along the line-oftsigtween a cloud and the radio contin-
uum of the jet (NGC 1052: e. g. [17]; NGC 1068: €. g. [4]; Mrk 348¢. [14]). These masers can
provide important information about the evolution of jetelaheir hotspots. (3) They are associ-
ated with nuclear outflows, tracing the velocity and geoynefmuclear winds at 1 pc from the
nucleus, as in the case of Circinus ([6]).

So far, more than 3000 galaxies have been searched for watarramission and detections
have been obtained in about 130 of them (Braatz et al., in) ptle@ majority being Sy 2 galaxies
(active galaxies with narrow emission line optical spectiery few have instead been found in
type 1 Seyfert galaxies but, interestingly, most of themaostlgalaxies classified as Narrow Line
Seyfert 1 (NLS1; Tarchi et al. submitted). This class of AGa$ lall properties of type 1 Seyfert
galaxies but with the narrowest Balmer lines from the BroatkelRegion and the strongest Fe Il
emission. Extreme properties are also observed in X-rayd) as a strong soft excess emission
below 1 keV and rapid flux variability, accompanied by stegpigoton indices with respect to
Seyfert 1 galaxies (see [11] for a review).

Presently, there are only two maser NLS1 galaxies with alkl interferometric measure-
ments of both the radio continuum (with VLBI) and the maseission (with the VLA): NGC 4051
and NGC 5506. These are the targets of the present work.

2. Observations and data reduction

We have retrieved archival VLA observations of the water endme for both NGC 4051
and NGC 5506. For the former galaxy, A-array configuratiotadaere available, while for the
latter the observations were performed in both DnC and A garditions. We also incorporate
broad-band VLA A-array 22-GHz continuum data of NGC 5506.

The VLA data were reduced and analyzed using AIPS. The VLAewataser spectrum of
NGC 4051 has been displayed using CLASS, a package implethenthe GILDAS software.

3. Resultsand preliminary conclusions

NGC 4051: The nuclear radio continuum has been imaged by [5] at bothridé® GHz with the
EVN. The nuclear radio source is most easily explained imseof a jet-base/outflow structure.
Indeed, an ejection process is suggested by the three adlggiemilljansky components detected
by [5] in NGC 4051. The position of the 4D maser derived by [8] and ourselves is coincident,
within an accuracy of 0.1 arcsec (corresponding to 5 pc aligiance of NGC 4051, with the EVN
radio core. This may suggest that the water maser emissggsdrom a molecular disk or from
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Figure1l: Left panel VLA A-array K-band continuum image of the nuclear regio\g8C 5506. Contour
levelsare-1,1,2,3,4567891011 2.1 mJybeafio rms = 0.7 mJy beant). We show the position of
the water maser emission (red circle) in our VLA A-array mige Size of the bars indicates the uncertainty
in the position). The dotted-dashed square indicates the @overed by the VLBI map of [13] and the
magenta square the position of the brightest source, Béjsmtap.Right panel the EVN and MERLIN 6
cm image of the nuclear region of NGC 5506 by [13]. Offsetsratative to RAzo00= 14" 13™ 14587953,
Degyz000= —03 12 27'6799.

a nuclear jet/wind associated with the brightest radio inomin knot. This latter option seems
the most favourite one given the absence of high-velociiglliga maser features (typically present
in disk-masers) and being also supported by recent evideni&C 4051 of a weak, relatively
extended ( 60 pc) jet ([9], [10], and [12]) and of a shockedlowt ( [15] and [18]).

NGC 5506: the nuclear radio emission of NGC 5506 in our VLA radio coatim K-band image

is constituted by an unresolved nuclear source. At higlssiuéion, in the EVN+MERLIN C-band
map of [13], the radio emission is resolved in three lumin@wo knots (Fig. 1, right panel), that
are described by [13] according to two main scenarios: iabse of its flat spectrum, compactness,
and high brightness temperature 8.6 x 10° K), the strongest knot (labeled BO) is the putative
AGN core; ii) knots BO and B1 (the second brightest knot) megresent the two components
where double-sided jets from the AGN impact the ISM, and Beaccording to this picture, the
AGN would lie instead between BO and B1. The third knot (ladeB2) could be low-surface
brightness emission extending from the hot spots. The nem&sion detected in our VLA DnC
and A-array maps has a position for the maser coincidentjmibhe uncertainties, with either one
of the aforementioned nuclear components (Fig. 1, left patieus, indicating an association of
the maser emission with an accretion disk, a radio jet, orc@eau outflow. Both the evidence
for a one-sided jet and an outflow are found for this galax@]([and references therein) and the
blue-shifted velocities of the maser lines w.r.t. the sydtevelocity may favor, also for this galaxy,



Water masers in NLS1 galaxies Andrea Tarchi

the jet/outflow maser scenario. Furthermore, [7] recenthasured, through the profile of the X-
ray FeKa emission line, the inclination of the nuclear disk in NGC6560 bei=40°. According
to standard amplification models for disk-maser, such ahnaiton of the disk would be less
favourable to produce detectable maser emission.
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