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Abstract. We report the first detection of a water megamaser in a radio-loud galaxy, 3C 403. This object has been observec
as part of a small sample of FR Ils with evidence of nuclear obscuration. The isotropic luminosity of the md<80k.

With a recessional velocity ofze- 17 680 kms! it is the most distant 5D maser so far reported. The line arises from the
densest interstellar gas component ever observed in a radio-loud galaxy. Two spectral features are observed, likely bracketir
the systemic velocity of the galaxy. These may either arise from the tangentially seen parts of a nuclear accretion disk or fromn
dense warm gas interacting with the radio jets.
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1. Introduction (e.g. Chiaberge et al. 1999; Perlman et al. 2001; Whyson

i i . Antonucci 2001; Verdoes Kleijn et al. 2002).
So far, water megamasers have been detected in radio-quiet ac-

tive galactic nuclei (AGN:; for a definition of radio-quiet AGN,  Within the framework of the AGN unification schem
see e.g. Kellerman et al. 1989), mostly in Seyfert2 af§:d- Uy and Padovani 1995), narrow-lined (NL) FRIls a
LINER galaxies. Only one kD megamaser may have bee elieved to represen_t the parent_ populafuon of radio-los
found in a Seyfert1 type AGN (Nagar et al. 2002) and afuasars and_ proe_ld-llned (BL) radio galgmes. In order to i
other one is known to be associated with a radio-quiet eIIiptic%ﬁunt for u_nlflcatlon betv_veen th_ese ObJeCtS’ the presence
galaxy, NGC 1052. Assuming that all megamasers are assécigeometrically and optically thick obscuring structure h
ated with molecular material orbiting around the central eREEN Proposed, in analogy to the radio-quiet unifying p
gine (e.g. Miyoshi et al. 1995) or interacting with the nucled}'r® (Barthel 1989). Samples of radio galaxies belonging
jet(s) of the host galaxy (see Claussen et al. 1998) and that t}8f BL and NL FRiI class have been recently observed w
amplification is unsaturated (i.e. the maser intensity grows “me_ﬁfelsberg telescope (Tarchi etal.; L_ara etal., priv. comn
early with the background radio continuum), one should expé%? in the case of FR Is, no maser detections have been obtai
amuch higher detection rate in radio-loud AGN than is actually In this Letter we report the first detection of water mas
observed. emission in a powerful radio galaxy. The® megamaser has
The first systematic search for,& maser emission from been detected in the FR 1l galaxy 3C 403, observed as part
radio-loud galaxies was performed by Henkel et al. (1998nall sample of sources described in Sect. 2.
in ~50 FR I galaxies with redshifz < 0.15 but no masers
were detected. The most plausible and simple explanation is
that FR1 galaxies (or at least the majority of them) lack
geometrically and optically thick molecular torus. This sc

nario is now supported by an increasing number of studig@E have considered neart®< 0.1) FR Iis from the 3CR cat-

alog (Spinrad 1985), for which information on the radio ar
optical nuclear emission, and the flux of thernjfpemission
line are available.

2. Sample selection

Send @print requests toA. Tarchi,
e-mail:a.tarchi@ira.cnr.it

* ESA fellow.

1 Radio galaxies are classified according to their radio morphology: Our sample (Table 1) comprises all 3 FR IIs spectrally cle
FRIs are edge-darkened sources, while FRIIs are edge-brightef#fted as High Excitation Galaxies (HEGs, Jackson & Rawlin
(Fanardr & Riley 1974). 1997) with nuclear equivalent widths of the 1[15007
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Table 1. Target galaxies: Source name, coordinates, redshift, 178 MHz total flux, 5 GHz core finklifi@® Equivalent Width, maser luminos-
ity and observed velocity range are given. The data were taken from the NA&ZAextragalactic database (NED), from Table 1 of Chiaberge
et al. (2002) and references therein, and from the observations presented here.

Source RA Dec z o Mz log(SE%e,) log(EWoii))  Liaser  VPin VI
(J2000) (J2000) Jy) (ergcrhstHz ) A (Lo) (kms?) (kms?)
3C98 035854.4 +102602 0.0304 35.5 -24.99 4.463 <2.8 8700 9800
3C285 132117.8 +423515 0.0794 6.0 -25.11 4.385 <6.3 23300 24400
3C403 1952158 +023024 0.0590 17.8 —-24.94 4.181 ~1200 17000 18700

& Maser luminosities assuming isotropic emission and udipgo/L.] = 0.023x [deV/Jy km sl] x [D/Mpc]?. 3o~ upper limits for for the
non-detected sources are calculated assuming emission in a single 1 *vkiseschannel.
b Observed velocity range (optical conventiox)is related to the observed frequencyigys = vres; (1 + %)71.

emission liné EW([Om]) > 10* A. A high value for the
nuclear EW([Omm]) in HEGs has been interpreted as a hint

for the obscuration of the central ionizing continuum source
(Chiaberge et al. 2002). In these sources the nuclear ionizingg,,
continuum would be obscured to our line-of-sight and only a %
small fraction of the emission is seen through scattered light. 3
The same indicator has been used to identify absorbed sourcet o
among Seyfert galaxies (e.g. Kinney et al. 1991). Therefore,
our selection criteria provide us with a sample of galaxies with ‘ ‘ }
both high radio flux densities and nuclear obscuration of the 17576 17676
central ionizing source.

11 Jan, 2003

X 17776 17876
Velocity (Km/s)

3. Observations and data reduction s ]
12 Jan, 2003

Observations of the,6—5,3 transition of HO (rest frequency:
22.23508 GHz) were carried out with the 100-m telescope
of the MPIfR at Hfelsberd in January and March 2003.
The beam width was 40 The observations were made in
a dual beam switching mode with a beam throw of 2
and a switching frequency of1Hz. The system temper- !

ature, including atmospheric contributions, wag0—-40K - : ‘
on an antenna temperature scalg)( The beam giciency

was g, ~ 0.3. Flux calibration was obtained by measurFig.1. Maser lines in 3C 403 with a channel spacing of
ing W3(OH) (see Mauersberger et al. 1988). Gain vari@8kHz or 1.15kms' (upper panel and 1.25MHz or 17.8knt$
tions of the telescope as a function of elevation were takéewer pane). The arrow marks the systemic velocity of the galaxy,
into account (Eq. (1) of Gallimore et al. 2001). The pointYeys=cz=17688 kms".

ing accuracy was better than”10All data were reduced us-

ing standard procedures in the GILDAS software package

(http://www.iram.fr/IRAMFR/GS/gildas.htm).

Flux density (mJy)

17676 18176 18676
Velocity (Km/s)

Chiaberge et al. (2002) and references therein. Upper limits for

the non-detected sources as well as the isotropic luminosity of

4. Results the maser detected in 3C 403 are given in Cols. 8-10 show the
_ o _ velocity ranges of our spectra.

Table 1 summarizes characteristic properties of the three 0b- 1o maser spectra of 3C 403, taken in January, are shown

served sources. Coordinates, redshifts and total 178 MHz ﬂ”ﬁ‘?ﬁ:ig. 1. The profile is composed of two main components
(Cols. 2-5) were taken from the NASAPAC Extragalactic ;symmetrically) bracketing the nominal systemic velocity of

Database (NED), while the values for the 5GHz core lumipg gajaxy (17688 knd, see Sect. 5.2): the stronger one has a
nosity and [Qi1] equivalent width (Cols. 67) are taken from velocity of 17827+ 1km s, a width of 31+ 2kms?, and a

2 The nuclearEW of the [Qi1] 45007 emission line is measuredﬂux density peak of 2& 3 mJy; the weaker one has a velocity

1 ; 1
with respect to the nuclear unresolved continuum source obser\9=,fd17_644:t Skms™, a width of 53+ 8km s’ g and a peak ﬂl_JX
in HST images (Chiaberge et al. 2002). density of 40 + 0.5 mJy. Subcomponents, like the blueshifted

3 The 100-m telescope at flElsberg is operated by theshoulder of the main component¥7790kms?) gnd the_
Max-Planck-Institut @i Radioastronomie (MPIfR) on behalf of thefeature near 17 610km’ are also apparent. Using a dis-
Max-Planck-Gesellschaft (MPG). tance of 235MpcHly = 75kms?Mpc), the total isotropic
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luminosities are 95@ 140 and 28@&: 55L, for the main com- This non-detection may either be due to the rather high up

ponents, respectively. column density limit or to an intrinsic lack of dense gas in tf
A further observation was performed on March 25. No sigralaxy’s nuclear region. Our maser detection favors the forr

nificant change in the line profile was found. possibility.

5. Discussion 5.1. Is 3C 403 a peculiar FR I1?

The standard unified scheme of AGN requires an obscuring {gpjje optical photometric and morphological profiles of tt

gion, possibly containing molecular gas that surrounds the Celjayy 3¢ 403 indicate a normal elliptical structure (Govo
tral engine and thatfiectively shields the inner few parsecg, 5 2000), its radio morphology is quite peculiar. An 8.4 GF
from view, if the radio axis lies close to the plane of the sky,; A map of 3C 403 (Black et al. 1992 (BBL): their Fig. 13
(Antonucci 1993). In the innermost part, at radii up to SOM§, s that the radio galaxy has a remarkable X-shape, v
tenths of a parsec, this material is likely to form a rapidly rota,t\-Ningsn of ~100 kpc extending in NW and SE directions. /

ing accretion disk around a central supermassive black hole, M-\ jet feature (labeled as F7&8 by BBL) is present betwe
larger distances (up to about 50-100 pc) the atomic and MOlges core and the exceptionally bright knot F6. The lobes &

ular gas is possibly distributed in a toroidal structure providinge;, hot-spots (F1&2 and P1&2 in BBL), well displaced fror
obscuration of the central regions to particular lines-of-sight., wings, are also prominent and confirm the FR Il classific

As mentioned in Sect. 1, interferometric studies &i0H tj5, can 3C 403 be considered to be a typical FR 117 Or d
m.egamasers have sljown.that the emission is either aS.SOCIﬁl'FBglong to a peculiar class of objects where water masers
with a nuclear accretion disk (for NGC 4258, see e.g. Miyosfjqye |ikely found. We also note that 3C 403 has a larger to
etal. 1995) or with the radio-jets interacting with dense molegs i luminosity (by factors of almost 2) than the other sourc

ular material near the center (for Mrk 348, see Peck et al. 2003)., sample (see Table 1). To discriminate betwefiects
According to this picture, we expect to detect water megamasgiateq to radio power or morphological peculiarities, more ¢
activity in FR Il radio galaxies, where accretion disks are “ke%nded HO maser surveys are needed.

present and powerful radio jets have been extensively mapped.
The absence of water maser detections among early-type
radio galaxies has been discussed by Henkel et al. 1998. Accretion disk or jet interaction?

Although this work was focused on FR | galaxies, the lack of ) ) o )
similar studies on FRIIs and the presumed geometrical sifi@" the following discussion it is worth to emphasize the u

ilarity between FRIs and FR Ils make their conclusions al&&tainty of the systemic velocity of 3C 40&,,s derived from
relevant for our study. Among thefiérent scenarios, HenkelOPtical emission lines may be uncertain or biased by motic
et al. proposed that radio galaxies may be lacking molecufrth® emitting gas (e.g. Morganti et al. 2001). In view of tf
gas in the nuclear region. Indeed, very few direct detectiofff@tion curve measured by Baum et al. (1990), however,
of molecular gas in radio-loud galaxies have been reported@gtainties may be100km s*in the case of 3C 403, so tha
far (H, in Cygnus A: Evans et al. 1999; CO in 3C 293: Wilma#'€ assume in the following that the systemic velocity is plac
et al. 2000). The detection discussed here strongly favors {fg indicated by Fig. 1) in between the two maipCHmaser
presence of molecular material near the central engines of@fPonents. Only interferometric observations will allow
least some FR IIs. Past negative results in molecular line sigtPinpoint the location of the }0 emitting region(s), to deter-
veys may also be a consequence of observational sensitifitj?€ (Or to provide an upper limit to) the extent of the emi
limits (such a possibility was also mentioned by Henkel et &N, and to associate the maser with an accretion disk or
1998). Furthermore, because of the high gas densities requii@i© iets. Nevertheless, a qualitative discussion is possible
for H,O masers to operate {07 cm3; e.g. Elitzur et al. 1989), the basis of the single-dish spectra of Fig. 1.
our detection represents the densest interstellar gas componenthe handful of bright knots visible in the radio imag
ever observed in a radio-loud galaxy (typical values for moleghown in BBL (their Fig.13) hints at the presence of je
ular gas densities range betweeh0® and ~10° cm3; e.g. interacting in several regions with the interstellar mediul
Wilman et al. 2000). Interactions between jets and dense molecular clouds proc
Observational sensitivity limits could also explain the restrong shocks which have been shown to be possible ca
sult reported by Morganti et al. (2001) on 3C403. The§f megamaser emission (e.g. Gallimore et al. 2001; Peck e
searched for neutral hydrogen absorption in a small sampR03). Also the profile of the spectrum does not contradic
of FR1 and FR Il galaxies using the VLA. Habsorption was “jet-origin” of the detected maser emission in 3C 403. If w
mostly found in NL FR IIs, while none was detected in broad@ssume a symmetric molecular distribution, the two obser
lined (BL) FRIIs and only one detection was obtained ifeatures could be interpreted as the red-shifted and blue-shi
an FRI. This result is, to first order, consistent with the ungounterparts of the maser line, arising from opposite jets cl
fied schemes. Interestingly, among the NL FR lIs the only Ho the core.
non-detection was 3C 403 (with @341 column density upper Interestingly, the accretion disk scenario is a viable alts
limit of ~5x10?° cm™2, usingTspin = 100K and a linewidth native, making use of the expected nuclear obscuring la
of 30kms?, that is smaller than the linewidths of the assocthat should be oriented almost edge-on (see Chiaberge €
ated gaseous nebulae as e.g. observed by Baum et al. 198002). As in the case of the Seyfert galaxy NGC 4258 (e
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Miyoshi et al. 1995), the spectrum should then show three d@alifornia Institute of Technology, under contract with the National
tinct groups of features: one centered at the systemic velogigronautics and Space Administration.

of the galaxy (originating along the line of sight to the nucleus)

and two groups symmetricallyfizet from the systemic veloc- R

. L : : eferences

ity, arising from those parts of the disk that are viewed tangen-

tially. If the latter are the two lines we are observing, the roténtonucci, R. 1993, ARA&A, 31, 473

tional velocity of the disk is~100kms?. In NGC 4258 the Barthel, P. D. 1989, ApJ, 336, 606

systemic features are dominant, likely because the diskB@um. S.A., Heckman, T., & van Breugel, W. 1990, ApJS, 74, 389
slightly inclined, thus amplifying the southern radio jet. Iff/ack: A- R.S., Baum, S. A., Leahy, J. P, et al. 1992, MNRAS, 256,

o . - 186 (BBL)
3C 403 the systemic lines seem instead to be missing. To aberge, M., Capetti, A, & Celotti, A. 1999, A&A, 349, 77

plain this fact by following the hypothesis proposed in Henk hiaberge, M., Capetti, A., & Celotti, A. 2002, A&A, 394, 791

etal. (1998), we could argue that the circumnuclear disk is thiy ssen, M. J., Diamond, P. J., Braatz, J. A., Wilson, A. S., & Henkel
and not perfectly edge-on, thus not amplifying the radio flux of ¢ 1998, ApJ, 500, L129

the core. In this case the background source would arise fremzur, M., Hollenbach, D. J., & McKee, C. F. 1989, ApJ, 346, 983
the receding counter jet that may be too weak, because of Blans, A. S., Sanders, D. B., Surace, J. A., & Mazzarella, J. M. 1999,
ativistic dimming, to provide enough “seed” photons for a de- ApJ, 511, 730

tection. So far, the orientation of the jets in 3C 403 w.r.t. thieanardf, B. L., & Riley, J. M. 1974, MNRAS, 167, 31

plane of the sky has not been studied in detail. Higher resofeallimore, J. F., Henkel, C., Baum, S. A,, et al. 2001, ApJ, 556, 694
tion maps are needed to determine which of the two scenar@g)’g“i' F., Falomo, R., Fasano, G., & Scarpa, R. 2000, A&AS, 143,
accretion “digk—maser" or “jgt-maser” emission, is most favoHenkel C.. Wang, Y. P., Falcke, H., Wilson, A. S., & Braatz, J. A
able to explain the observational data. 1998, AGA, 335, 463

Jackson, N., & Rawlings, S. 1997, MNRAS, 286, 241
Kellermann, K. ., Sramek, R., Schmidt, M., Sfe, D. B., & Green,

Our discovery of water maser emission in the R.1989, AJ, 98,1195
FR Il galaxy 3C 403 is: Kinney, A. L., Antonucci, R. R. J., Ward, M. J., Wilson, A. S., &

« the first detection of a water megamaser in a radio-loud Whittle, M. 1991, ApJ, 377, 100
galaxy Mauersberger, R., Wilson, T. L., & Henkel, C. 1988, A&A, 201, 123

. . iyoshi, M., Moran, J., Herrnstein, J., et al. 1995, Nature, 373, 127
» one of the very few direct dete.Ct'onf °f_g1°.'e°“""!r gal%:organti, R., Oosterloo, T. A., Tadhunter, C. N., et al. 2001, MNRAS,
and the first indicating very high density10’ cm™), in radio-

6. Conclusions

: 323, 331
loud galaxies, _ Nagar, N. M., Oliva, E., Marconi, A., & Maiolino, R. 2002, A&A,
¢ another argument in support of the presence of molecular 391 | 21
gas near the nuclear engine of FR |l galaxies, Peck, A. B., Henkel, C., Ulvestad, J. S., et al. 2003, ApJ, accepted

e a starting point to investigate, through follow-up high- [astro-ph/0303423]
resolution observations, the optically obscured inner parséesiman, E. S., Sparks, W. B., Radomsky, J., et al. 2001, ApJ, 561,
of FRIIs. Such observations will allow us to discriminate be- L51
tween nuclear “disk-" and “jet-maser” emission, the latter irspinrad, H., Marr, J., Aguilar, L., & Djorgovski, S. 1985, PASP, 97,

ferring an interaction between the nuclear jet(s) and the ambi- 932 _
ent gas. Urry, C. M., & Padovani, P. 1995, PASP, 107, 803

Verdoes Kleijn, G. A., Baum, S. A., de Zeeuw, P. T., & O'Dea, C. P.

AcknowledgementsWe are indebted to the operators at the 100-m 2002, AJ, 123, 1334 . .

telescope for their assistance with the observations. AT wish@4ysong D., & Antonucci, R. 2001, ApJ, submitted

to thank the MPIfR for its hospitality during the observing run, [2stro-ph/0106381]

This research has made use of the NABAC Extragalactic Wilman, R.J., Edge, A. C., Johnstone, R. M., Crawford, C. S., &
Database (NED) which is operated by the Jet Propulsion Laboratory, Fabian, A. C. 2000, MNRAS, 318, 1232



