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Abstract. A study is presented of the central structure art@/e amount of molecular to total mass within the inner 6 arcsec
kinematics of the galaxy NGC 6951, by means of broad baratius,~ 25%, and the geometry of the circumnuclear ring that
B’l1JK images and high resolution high dispersion longslit speleads the stellar bar at a position angle greater than9ie thus
troscopy, together with archival HST WFP@2ind NICMOS2 possible that a nuclear bar has existed in NGC 6951 that drove
JandH images. We find that there is little ongoing star formahe gas towards the nucleus, as in the bars within bars scenario,
tioninside the bar dominated region of the galaxy, except for that that this bar has already dissolved by the gas accumulated
circumnuclear ring at 5 arcsec radius. There is some evidemathin the circumnuclear region. We discuss the possibility that
that this star formation occurs in two modes, in bursts and cahe kinematical componentinside the ilLR could be due to a nu-
tinuously, along the ring and inwards, towards the nucleus. Ttlear outflow produced by the combined effects of SN and SN
equivalent width of the Ca triplet absorption lines show that,remnants, or to a nuclear disk, as in the disk within disk scenario
in the metal rich central region, the continuum is dominated llyat we propose for the fueling of the AGN in NGC 6951.

a population of red supergiants, while red giants dominate out-

side. The gaseous kinematics along three slit position anglésy words: galaxies: active —galaxies: individual: NGC 6951 —
and the comparison with the stellar kinematics, suggest the galaxies: kinematics and dynamics —galaxies: nuclei— galaxies:
istence of a hierarchy of disks within disks, whose dynamispiral — galaxies: structure

are decoupled at the two inner Linblad resonances (ILR), that

we find to be located at 180 pc and at 1100 pc. This is supported

by the structure seen in the high resolution HST images. The )

nucleus is spatially resolved in the emission line ratiofiHa, 1- Introduction

and in the FWHM of the emission lines, within a radius of"L.5 The centers of spiral galaxies are frequent sites of activity,

justinside the innermost ILR. Outside the ilLR, the stellar Cafyarked by the presence of intense star formation (SF) and/or an
velocity profile is resolved into two different components, assggtive galactic nucleus (AGN). This activity needs to be fueled
ciated with the bar and the disk. Several results indicate that thjgy, asupply of gas, whose reservoir can be provided by the disk
is a dynamically old system: the little ongoing star formatiogt gpiral galaxies. An efficient way for this gas to lose its angular
inside the bar dominated part of the galaxy, the very large relgsmentum is provided by the existence of non-axisymmetric

components of the galactic potential, together with a strong cen-
Send offprint requests 1&nrique Rrez tral gravitational potential. The latter is necessary to explain
* Based on observations made with the 4.2m William Herschel Telitat AGNSs, irrespective of the presence of morphological per-
scope operated by the Isaac Newton Group, and the 2.6m Nordic Ofiibations, appear preferentially in early type spirals, with the
cal Telescope operated jointly by Denmark, Finland, Iceland, Norwayequency peak at Sb. On the other hand, galaxies dominated
and Sweden, on the island of La Palma in the Spanish ObservatorioWldisk star formation occur preferentially in later types with a

Rogue de los Muchachos of the Instituto de Assioh de Canarias. gisyribytion peaking at Scd (Moles et al. 1995; Ho et al. 1997a
** Also based on observations made with the NASA/ESA HUbbEnd references therein)

Space Telescope, obtained from the data archive at the ESA Space.l_he existence of gas to fuel the circumnuclear activity is
Telescope European Coordinating Facility.

*** Vjisiting astronomer, German-Spanish Astronomical Centre, Caﬁgcessary.but not sufficient (e.g., Moles et ‘?I‘ 1995; Mf’iO'O“no
Alto, operated by the Max-Planck-Institute for Astronomy, Heidelber&,t al. 1997; Mulchaey & Regan 1997). The right dynamical and

jointly with the Spanish National Comission for Astronomy. phy;ical pond_itions must exist for this gas to be US_Ed effectively
 On sabbatical at Queen Mary and Westfield College, Astronority €ither infalling to the nucleus proper, and feeding the AGN
Unit, London, UK or nuclear starburst, or collapsing by self-gravity in the circum-
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Table 1.Journal of observations MMQ93; Barth et al. 1995; Wozniak et al. 1995; ElImegreen et al.
1996; Friedli et al. 1996; Rozas et al. 1996a,b; Gdaz Del-
telescope - PAY) sampling wavelengthA)  tex, (s) airmass gado et al. 1997; Goitez Delgado & Brez 1997; Mulchaey

WHT - 138 0.36 4757-5141 1800 1.32 et al. 1997), spectroscopy of the nuclear region (e.g., Boer &
WHT - 138 0.36 6493-6881 1800 1.36 Schulz 1993; Filippenko & Sargent 1985; Klz-Twhon et al.
WHT - 138 0.36 85068882 3600 1.34 1989; MM93; Ho et al. 1995, 1997b; Ho et al. 1997c), radio
WHT - 84 0-36: 4757-5141 1800 1.27  interferometric maps (Vila et al. 1990; Saikia et al. 1994), and
WHT - 84 038"  6493-6881 1800 1.26  high resolution spectroscopic molecular maps (Kenney et al.
wm i 2;‘ 8'22, i?gg_giii iggg igg 1992; Kohno et al. 1999). To better characterize the detailed
i D B : kinematical components and their relation to the morpholog-
WHT - 38 0.36 6493-6881 1800 1.26 . . . . . .
WHT - 38 0.3¢/ 85068882 3600 1.26 ical structures, we have obtained high resolution, high disper-
sion spectroscopic observations of the gaseous and of the stellar
NOT 0.18' B’ 3000 1.36 : ; s ; :
e : components, and direct imaging in optical and infrared bands.
NOT 0.18 | 660 1.51 . .
— This paper is structured as follows. In Sect.2 we present
NOT+ARNICA — 0.51 J 1760(440) 1.25  the jmaging and spectroscopic data. Sects. 3 and 4 detail the re-
NOT+ARNICA 0.51 Ks 3520 (880) 1.5 sults from the analysis of the images and from the spectroscopy
3.5m CAHA 0.3% K’ 300 1.22 respectively, while in Sect. 5 we discuss these results within a
HST - WFPC2 0.046 V (547M) 300 common picture of NGC 6951. Sect. 6 gives the summary and
HST - NICMOS2 0.07% J(110W) 128 our main conclusions.
HST - NICMOS2 0.075 H (160W) 128

2 Spatial sampling in arcsec per pixel. The linear dispersion is®.39 . .

ping*1 for all ?heipectroscogic opbservations. P 2. Observations and data reduction
The journal of observations, given in Table 1, summarizes the
spectroscopic and imaging observations carried out with differ-

galaxies where the gas is known to be available in the centeal telescopes and instrumental setups, and those retrieved from

regions, but where the onset of SF has yet to occur. For exaime HST archives.

ple, NGC 4151, which harbours a Seyfert type 1 nucleus, has

a circumnuclear ring of material discovered in the form of dust

extinction, and has a large column of neutral hydrogen towar%l's1 - Spectroscopy

the nucleus, but there is no significant star formation occie observed NGC 6951 on the night of 9/10 August 1996 with

ring at present (Robinson et al. 1994; Vila-Vibaget al. 1995; the ISIS double spectrograph attached to Cassegrain focus of

Mundell et al. 1995). However, in the circumnuclear ring of stahe 4.2m William Herschel Telescope, and the gratings B1200

formation in the target galaxy of this paper, NGC 6951, Kohrio the blue arm and R1200, simultaneously, in the red arm.

et al. (1999) find that although the dynamical shocks providde observations include three wavelength ranges: one range

the mechanism for the accumulation of molecular gas along gr@und H5 and one around H (both through the blue arm of

ring, this may not be the mechanism responsible for the st&tS), and a near infrared wavelength range around the Ca

formation, but rather the gravitational instability of the cloudsiplet absorption lines through the red arm of ISIS. At each slit

thus formed is the driving force for the onset of star formatioposition angle we took two 1800 s integrations in the red arm,

To understand what are the conditions and mechanismsdaich simultaneous with one 1800 s in theé &hd one 1800s in

the onset of nuclear activity in spiral galaxies, a detailed chane Hy ranges.

acterisation of morphological and kinematical components in The gratings provide a linear dispersion of OﬁGQixel, and

galaxies of different morphology and activity level is needethe wavelength ranges covered with the TEK1 and TEK2 CCD

The DEGAS collaboration was established to address suchhéps used are 4757-51A16493-68814 in the blue arm, and

detailed study in a small sample of spirals with an AGN, s8506—8882A in the red arm. We used a slit width of 1 arcsec,

lected as isolated to avoid the possible external contributionttmt projects onto 2.1 pixels (0.8] at the detector. The spatial

the asymmetries in the potential. We plan to procede withsampling along the slit is 0.36 arcsec/pixel. NGC 6951 was

parallel analysis of a sample of isolated non-AGN spirals, tbserved at three slit position angles: the major axis at,138

look for differences and/or similarities and their implicationghe minor axis at 48 and an intermediate position at°84

IR imaging data of the complete sample are presented and anal-The observing was performed under photometric atmo-

ysed in Marquez et al. (1999a, 1999b). Other recent IR imagirsgheric conditions. At the WHT the seeing is measured con-

studies of active and control samples include McLeod & Riekimuously with a guide star; it was slightly variable during the

(1995), Mulchaey et al. (1997), and Peletier et al. (1998). observations of NGC 6951, with a median valueldf 4+ 0.1

In this paper we present the first results for the SAB(rs)laecsec. The phase of the moon was grey.

galaxy NGC 6951. There are a number of studies of this galaxy The reduction of the spectroscopic data followed the stan-

that include broad and narrow band optical and infrared irdard steps of bias subtraction, flatfield correction, wavelength

ages (Buta & Crocker 1993; 8tquez & Moles 1993, hereaftercalibration with a CuNe lamp observed before and after the tar-
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get, atmospheric extinction correction, and flux calibration uset up in the high resolution mode of the /10 focus, giving a
ing the spectroscopic standards G24-9, LDS749B, BD284244mpling of 0.32 arcsec/pixel and a field of view of 882",

and BD254644 observed through an 8 arcsec wide slit. Cosriitee observation procedure consisted gf3mosaic patterns of

ray hits were removed individually from the 2D frames. Finallyhe object and nearby sky, alternating the exposures. The mo-
the sky background was subtracted from each frame using fiaéc on the galaxy has a 90% overlap between the component
outermost spatial pixels free from galaxy contribution. The twtdes. During the observations, the seeing was 1.0 arcsec and
exposures in the CaT range were added together after checkivegconditions photometric. Each galaxy frame was subtracted
that the spatial and spectral alignment was good to a small frelom a median sky frame and divided by the flat field. The nine
tion of a pixel. FIGARO and IRAEwere used throughout theframes were recentered using two or three field point sources
calibration and analysis phases. and the nucleus, and subsequently they were median averaged.
The flux calibration was performed with observations of the Kitt
Peak faint standard stars numbers 30, 31 and 32.

NGC 6951 was observed on 1996 September 30, as one
Optical images through two continuum filte®, andl, were of the targets of the BARS collaboration, through the filters
taken with the Brocam Il camera on the Cassegrain focus of thand Kshort (Ks) with the ARcetry Near-Infrared CAmera,
2.56m Nordic Optical Telescope during the nights of 8 andARNICA, attached to the 2.56m Nordic Optical Telescope in
October 1996B' is a special purpose-made filter with a squarea Palma. ARNICA uses a NICMOS3 array that gives a pixel
spectral response centered at 483thd witha FWHM=29@,  scale of 0.51 arcsec/pixel and a field of view of 130.30". We
so that it does not include any bright emission line. The equiwntegrated 40 seconds on the object (dithered in 11 positions)
alent width of any emission line within thefilter is negligi- and the same time on the sky, for a total integration time on the
ble. Imaging through emission line free filters is important tobject of 440 s iJand 880 s ifks (with a 10’ shift between the
ascertain the true circumnuclear stellar structure, that can otldifferent images to facilitate bad pixel removal). Since the size
wise be significantly distorted with standard broad band filtersf, the galaxy is much larger than the field of view, we repeated
where the emission lines can make an important flux contribtire process four times, with the central region of NGC 6951 in
tion (Vila-Vilar6 et al. 1995). The detector was a 162024 common, placed in one of the corners. This allowed us to obtain
Tektronix chip with a sampling of 0.176 arcsec/pixel and afinal mosaic image with a total integration time of 1760 s in
3x3arcmin field of view. Weather conditions were photometrig (3520 s inKs) in the central 2and 440 s inJ (880 s inKs) in
and the average FWHM of the seeing profile is 0.8 arcsec. Tihe rest. Flat-field frames were obtained from the median of the
journal of observations is included in Table 1. sky frames taken along the night. Sky-subtracted and flat-fielded

The reduction and calibration of the images has been camages were then aligned by using a number of foreground stars.
ried out in IRAF. Bias and flat field corrections were done ine observed 4 standard stars for the flux calibration, leading
standard way. The task COSMICRAY S was used for the overtdl a photometric accuracy of 10%. For all the reduction and
cosmic ray removal. calibration steps we used the packaged within IRAF. We

The finalimage of NGC 6951 for a given filter is obtained byneasure a FWHM for the stars in the final mosaic of' 1The
adding all the images for that filter properly aligned, sky sulds limiting magnitudes are 18.8 ihand 19.5 irKs.
tracted and calibrated. The alignment, using cross-correlation
technigues involving only bright stars, is made to an accuragy .
of 0.1 pixel. The sky background is estimated by averaging?géd" HST images
median flux in a few 4840 pixel patches located outside th&\Ve have retrieved archival HST images taken with the WFPC2
galactic disk. The @ background limit magnitudes are 20.7 anthrough theV filter (547M), with a single exposure of 300 s, and
21.0 mag arcse@ in B’ andl, respectively. with the NICMOS2 camera through td€é110W) ancH (160W)
filters, with exposures of 128 s each. The spatial sampling of the
central PC image in the WFPC2 camera is 0/Q4thd 0.075
for the NIC2 camera of NICMOS. The useful field of view is
Infrared images through the filt&f (A\.=2.10u, width=0.34u) ~12"x 12", which contains the circumnuclear region.
were taken with the MAGIC camera attached to the Cassegrain
focus of the 3.5m telescope at the German-Spanish Observa- _
tory in Calar Alto on 1996 September 26. The detector was3amaging results

. [ res in both im re th r, th I n
1 The authors acknowledge the data analysis software FIGARO pco-nSpl.Cuous features po ages a e. _e ba € _bu ge and
. . . e e spiral arms. The bar is better traceds) since the distor-
vided by the Starlink Project which is run by CCLRC on behalf of, d dbvthe d | inimized. The ci
PPARC. IRAF is the Image Analysis and Reduction Facility ma&éons p_ro uced by the dust lanes are minimized. /.e circumnu-
available to the astronomical community by the National Optical A§/€ar ring and dUSt_Ianes are more clearly traceB'irwhere
tronomy Observatories, which are operated by the Association of UHIEY appear as Stra‘QhF features .frc?m the bar edge; towards the
versities for Research in Astronomy (AURA), Inc., under contract witenter, curving approximately within the bulge radius. All the
the U.S. National Science Foundation. ring features reported by Buta & Crocker (1993) are visible:

2.2. Optical imaging

2.3. Infrared imaging
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Fig. 1a and b. Full frameB’ (a) andKs (b) broad band images of NGC 6951. The images show clearly two spiral arms, the bar, dust lanes along
the bar and the circumnuclear ring at 5 arcsec from the nucleus. The orientation in all the images is North up and East to the left. The scale is
92 pc arcsec!. The contour levels are) in B’ 24.0 22.5 21.5 20.5 19.5 19.()(in Ks21.0 20.0 19.5 19.0 18.5 18.0 17.5 17.0 16.5 16 15.5

15.0.

(pseudo) outer, (pseudo) inner and circumnuclear rings, with The isophotal profiles indicate the presence of the circumnu-
sizes in agreement with those given by them, and also with aglear ring and bar components, that appear as an excess around
tical and/or near-infrared images previously published (MM98} for the former and from 20to 50 for the second. These ex-
Friedli et al. 1996). We note the isophote twisting in the centraésses are clearer once the photometric decomposition is made.
parts, from the bar to the circumnuclear ring. We have fitted an exponential disk for the outermost radii, sub-

To parametrize the results of the photometric analysis, wacted it from the profile, fitted ari/* for the resulting bulge,
have obtained the isophotal profiles by using the takk subtracted it from the profile, and iterated until convergence is
lipse within stsdas.analysis.isophote in IRAF, achieved. The results from the decomposition should be taken
which uses the ellipse fitting method. All the stars in the franwvéith caution since the bar contamination and the dust obscura-
were previously masked. The results are given inlFig. 2, wheien are very important. The results for the infrared image are
we plotisophotal magnitudes, ellipticity and position angle (PAdresented in Mrquez et al. (1999a).
as a function of the square root of the radial distancéfor, J B’-1 andJ-Ksfull size colour images are shown in Aig. 3. In
andKsbands. They agree with previous results by Friedli et &I the reddest features trace the dust lanes, most outstanding
(1996), who observed NGC 6951 with a similar configuratioim the western side of the bar, while the bluest colours trace the
although our data extends 30 arcsec further out. Since the aegons of active star formation, that occur in the spiral arms out-
covered by our optical images is smaller than for MM93, arglde a 30 arcsec radius. Within the part of the galaxy dominated
considering that the faintest isophotes we reach in NIR are shit the bar structure there is very little ongoing star formation,
contaminated by the spiral arms, we have decided to use é&xeept in the circumnuclear ring that is delineated by a num-
disk major axis position angle and inclination as determined bgr of blue knots. A comparison with thentHmage (Fig.5 in
MM93,i.e.,¢ = 138° andi = 42°. These values are compatibleMM93; Fig. 10 in Gonalez Delgado et al. 1997) shows that, for
with the outermost ellipses as traced by the sharp-divided imest regions, the H flux correlates with the colou’-I, how-
ages, and are in good agreement with the kinematically derivecer the bluest large region at 46 arcsec along position angle 20
position angle and inclination, as we will see below. does not have a correspondingly bright Emission, indicating

To quantify the bar extension we have computed the ampliat it may be a star forming region in the post-nebular phase.
tude and phase of the Fourier transform applied to the depfodetailed analysis of the stellar populations in NGC 6951 will
jected image, as explained indvtjuez & Moles (1996). The be presented in a future paper. In the two colour maps, bulge
mode m=2 has a constant phase out té, #5at we adopt as the and bar colours are very similar.
bar extension.
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Fig. 3a and b. Full frame colour imagesa B'-1 andb J-Ks B’-I traces very well the spiral arms and the circumnuclear ring, where recent
star formation is taking place. Dust lanes along the bar are also seen as dark features. Grayscales are displayBtls&iesrd 1.9, and

J-Ks=-1.0 and -2.0.

The highest contrast in th&Ksimage occurs around theimage, that has better sampling and seeing. Along the dust lanes,
western side of the circumnuclear ring, and along the westéhe colour contrast is higher B/-K’, that results from a larger
dust lane close to the ring. To look at these in more detail[fFigddst absorption iB’ than inl. For the reddest regions inside
showsB’-K’ andI-K’ colour maps, wher&’ is the Calar Alto the circumnuclear ring, the situation is the opposite, with redder



898 E. Rrez et al.: Circumnuclear structure and kinematics in the active galaxy NGC 6951

B'—K' [-K'

relative Dec (arcsec)
relative Dec (arcsec)

—40 —20 0 20

relative R.A. (arcsec) relative R.A. (arcsec)

Fig. 4a and b. Colour images of the bar and inner regions of NGC 636&:-K’ andb I-K’. The inner part of the ring is dominated by blue
colours, except for the nucleus that appears as a red central knot. Grayscales are displayed®é€¢wé206 and 0.16, anbdK’=0.55 and
1.30.

colours inl-K’, in particular, close to the two ends of the ringomponents with LONGSLIT (Wilkins & Axon 1991). Figl. 7
major axis (NW-W and SE-S), and the SW zone where the risgows the spatial variations of thenHine intensity and the
connects with the bar. This higher contrastlid’ is similar Ha/Hg3 ratio for position angles (a) 48 (b) 84 and (c) the
to J-Ksin Fig.[3. The smaller contrast of the dustBtK’ can major axis at 138 The Balmer lines are affected by underlying
be explained by an excess Bf produced by the ongoing starabsorption components in the nucleus and in the ringrie-
formation in the ring. Thus the colour maps can be qualitativefjons. A detailed analysis of the stellar population contributing
understood in terms of the combined effects of dust obscurattorthe Balmer absorption is beyond the scope of this paper, but
and stellar population. a comparison of the spectra with evolutionary population syn-
The HST WFPC2/image has been published and analysetesis profiles of the Balmer absorption line profiles (Gdaz
by Barth et al. (1995), that study the distribution of super stBrelgado et al. 1999b), indicates that the Balmer emission lines
clusters in the circumnuclear ring. The HST NICMOS imageshould be corrected by a line core equivalent width Afit the
have not been published yet. In Hi. 5 we showdHe colour nucleus and 0.4 in the ring; this result is found through the
image. The red features contouring the circumnuclear ring a@mparison of the absorption wings detected in theadd H3
visible in great detail, mainly delineated as two short spiral arrfises and in the nearby metal absorptions with the predictions
that trace the ends of the oval. Closer to the nucleus, it consistéshe models. The H/Hg ratio shown in Fid.l7 has been cor-
of a number of small knots and structures that delineate a mutgeted in this manner. The Balmer emission line ratio, maps the
spiral like structure. effect of extinction by the dust lanes; it is high in the nucleus
(Ha/HB > 10 at the center), then becomes smaller in the tran-
sition region between the nucleus and the ring af Hgions
4. Spectroscopic results (Ha/HpB ~ 4 at a distance of:-1.5 arcsec), and increases again
across the ring to reach values oflfH3 ~ 10 in the outer side
ofthe ring. This reddening across the ring is clearly produced by
The three slit orientations used are depicted in[Big. 6, that shdfie dust lanes, as seen in [EIg. 4. The extinction that corresponds
the Ha contours (from the data of Goalez Delgado et al. 1997) to the above values of the Balmer ratio is ¢{iH1.6, 0.4, and
on a B/K’ grayscale colour map. The three position angles cdr-6 mag for the nucleus, the transition region and the ring re-
respond to the major axis (PA=138the minor axis (PA=48, spectively. Thus, just outside the partially resolved nucleus, at
and an intermediate angle (PA=84The slits cross the circum- 1.5 arcsec, the extinction reaches a minimum and the Balmer
nuclear ring, but only one of the brightaknots. ratio takes the case B value. The HST image in[Rig. 5 shows
We have measured the emission line intensities at evépgleed little dust in that intermediate region. The Galactic ex-
spatial increment along the slit, by means of fitting gaussiéiiction towards NGC 6951 quoted in the NED IPAC database

4.1. The emission line spectrum
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Fig. 5. J-H colour image of the central & 12”. These images were Fig- 6. B'-K” colour image of the central 2@20 arcsec. it contours
observed by HST+NICMOS. The spatial scale is 0.075 arcsec fixel (from the d_ata of Goradez Delgado et al. 1997) are also plotted. Note _
and the grayscale has been displayed betwe#n0.55 and 0.31 mag. that there_: is not a perfect correspo_ndt_ence between th_e blug knots in
The circumnuclear ring is mainly delinated as two short spiral arnibeB’-K’ image and the nebular emission. The thrge §|It positions for
In the inner part of the ring, the dust delineates a multi-spiral structh/éa slpectroscopy data are also plotted. Grayscale is displayed between
that ends in the nucleus. B’-K’=0.05 and 0.16.

Table 2. Electron density along the slit

PA ?;g:g dgrr%‘cg'ty the nucleus. The electron density, computed from the line ratio
[S11]6717/6731, increases from low valueg, ~ 300 cm~2,

138 SE 4.5 530 in the ring Hir regions to values larger than 1000 cfrwithin

igg quc éé 1‘3138 the in_ner region and the_ nl_JcIeus (cf. Table 2). Thesa][Bind

138 NW 10 990 [S11] line ratios seem to |ndlcqte the presence of a shocked com-

138 NW 45 290 ponent, also supported by kinematical evidence, as explained

below.
Fig[39 shows the KB and [Or11] 5007 line fluxes along PA
138. The nucleus has a high excitation. Ther[@ flux de-

!S 0.88 mag irB, corresponding to EE(—V):O.22.or C(H.3)20'31’ . creases sharply to reach a ratiorf(5007/H5 < 1 outside+2
i.e. most of the extinction that we measure in the mtermedlaa{p

. : S fcsec from the nucleus. Thus the ringiHegions have very
region between the nucleus and the circumnuclear ring is|gf, o, citation: in fact. we cannot measure i@ 5007 pixel
Galactic origin and not intrinsic to NGC 6951. ’ ’

Fial8 sh he i i0 IN16583/1 h ith th by pixel outside the nuclear component at any of the three po-
ig[8 shows the line ratio [N] together with the - ;1 angles. In order to compute this excitation ratio for the

Ha and [Nif] fluxes. For all three PA the ratio becomes Iargerfng Hirregions, we have extracted three one-dimensional spec-

than unity W'th'r_‘ the |nnetl;2 arcsec, reaching Vglues 0f5, Nya at each position angle, integrating the nucleus and the two
the nucleus. This large ratio is due to a strong increase in

N 11l fl d derlvi b ion incH Indeed. th fles where the slit crosses the ring. Eig. 10 shows these for
[N ] uli( and not ':oHun erlying Ia so_rptlr:) n |_nd-.ll;1 ee e pA—48 The measured Bland [Or111] 5007 line fluxes and the
[N 11] takes normal Hi region values in the ring, butincreasesyi, (011115007/H3 are given in Tabl&l3, as well as the ratio

sharply inwards. This region of high [m6.583”'b‘ is signifi- with the H3 flux corrected for underlying absorption (an ab-
cantly more extended than the nuclear point spread function, Uy htion equivalent width of A in the nucleus and 04 in the
thus it is spatially resolved. The [8§/H« ratio (not shown) also H 11 regions)

shows a qualitatively similar behaviour, with an increase from
[S11}/Hx=0.18 in the ring Hi regions to [S1]/Ha > 1.8 in
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Table 3. High excitation ratio [Q11]/H 3

E. Rerez et al.: Circumnuclear structure and kinematics in the active galaxy NGC 6951

PA  orientation  extraction F(B) F(5007)/F(H3)  F(5007)/F(H3)
arcsec 107 ergs ! cm ™2 corrected
138 SE -5.69,-2.82 1.13 0.08 0.07
138 nuc -1.40,1.11 0.20 16.26 5.51
138 NW 2.54,5.40 1.17 0.03 0.03
84 E -4.00,-1.80 0.38 0.36 0.29
84° nuc -1.10,1.40 0.17 24.82 7.03
84 W 2.70,4.90 0.52 0.14 0.12
48° NE -4.11,-1.61 0.56 0.30 0.25
48° nuc -0.89,1.25 0.37 16.57 7.96
48 SW 1.97,4.47 0.23 0.53 0.39

& HB corrected for an absorption equivalent width & In the nucleus and 04 in the H1 regions.
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Fig. 7. Ha/HB emission line ratios (dots) measured along the thrégg. 8. Ha (open circles + dashed line) and {ijl (squares + dashed)
slit PA. This ratio has been corrected for underlying stellar absorptifioxes and their ratio [Ni]/Ha (filled circles + full line) measured
as explained in the text. The theoretical ratio predicted by the casalBng the three slit PA. Note that the largeifMH« ratio in the inner

recombination is plotted as a horizontal dashed line. Thdlttk along  £2 arcsec is due to a strong increase in thei[Mux.

the slit is also shown as a full line.
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4.2. The absorption calcium triplet spectrum

We have measured Ehe equivalent width of the two main Cﬁ‘g 0.20
lines atAA8542, 8662 A, according to the method described b © [
Diaz, Terlevich & Terlevich (1989, hereafter DTT). The nuclez » [ o
spectrum (central 0.72 arcsec) is plotted in Fig. 11 for refeS %[ T
ence; the three CaT lines, My8807, and two of the hydrogen < [ S e

Paschen lines in absorption are identified. The weaknessof P& 0-10 [ :
indicates a negligible contamination of the CaT lines by Pal x [ .
Pal5 and Pal3, that fall in their red wings. The results of ti= 0.05 |- $

pixel to pixel equivalent width measurements along the slit, fi
the three position angles, have been combined and are show 000 i T
a single FigIR. The lefthand side of this figure, (-10 arcsec 8 -6 4 -2 0 2 4 6 8
the nucleus) corresponds to the NE-SE quadrant on the eas.._... distance (arcsec)

side of the galaxy. The righthand side of the figure (from tl"gg 9.HB (fiIIed circles + dashed Iine) and [m] (open points + full
nucleus to 10 arcsec) corresponds to the NW-SW quadrantiag) fluxes along PA=138 The [O111] emission is mainly concen-
the western side. There is a clear systematic trend in this caflted in the innet:2 arcsec, where the Hemission is very weak.
bined figure, that can also be appreciated (albeit with a worse

signal-to-noise ratio) along the three individual PA. Outside the

circumnuclear ring, ew(CaT) takes a low value~of5.5 A; at ) o o

and within the ring, 5 arcsec east and 4 arcsec west, eW(Cgﬂ‘udently the|rcqntr|but|on to the luminosity c_>rt.o the ew(Ca_T),
jumps to a higher value of&: and closer in, within the partially it i§ at least possible that one of these two distinct populations

resolved nucleus, ew(CaT) rises to a value between 8 &nd done that can be identified with the bar population) contributes

These are three distinct regimes clearly present in the circui-dilute the other population (whose kinematics is dominated

nuclear region. by rotation, see below). Thus, if dilution is taken into account it
The interpretation of ew(CaT) as a function of a stellar pop: ikely thatthe circumnuclear valuesef (CaT) ~ 7Aarein

ulation depends on the metallicity (DTT: see the most recdfit larger, so that they also reflect a population of RSG within

work by Garéa-Vargas, Mot & Bressan, 1998, and referenced® 1ing-

therein). We can have an indication of the metallicity by mea-

suring the ew(Mgl). According to DTT this line is sensitive ta},3. Gas kinematics

metallicity and to effective temperature, but not to gravity. In ) o ) i

the nucleus of NGC 6951, ew(Mgt)0.8 A, that indicates (see We have mgagured the systemic veloc.|ty in by mtegratmg
Fig. 8 of DTT) the production by cooll(.; < 4700K), high all the spatial increments along the slit corresponding to the

metallicity stars (solar or higher). For this metallicity ranged,'Sk emission (i.e. excluding the nucleus and the circumnuclear

ew(CaT) is a function mainly of gravity and so we can noWn9 of HiI regions), and fitting the two peaks of the result-

interpret the measurements in terms of stellar populations. N9 intégrated profile. The mean velocity of these two peaks

. 1
The lowest values of ew(CaT), present mainly outside tplaled km gl’ th|s_clorresponds ,to a scale of 9? pclarcsec,
Ho=75kms* Mpc~*. The velocity curves obtained from

ring, are due to an old stellar population of giants, with an a , ; > e
around 0.5 to 1 Gyr. The highest nuclear values, ew(Ca¥h € Pixel to pixel measurements of thexkémission line are
indicate the presence of an important population of red supSEOWn in FiglIB; the H line flux is also plotted for reference.

giant stars (RSG), that dominate the luminosity at these Wa\,léél_owing for the different spatial and spectral resolutions, these

lengths, with an age around 10 to 20 Myr. In the circumnuclelfIOCity curves agree very well with those presented by MM93.
region, ew(CaT) takes intermediate values; it is significant| the following we analyze the detailed and the global kine-

higher than in the outer parts, but the actual value belongs tB'gtc structures found along the three position angles.
First we confirm that PA=138presents the largest veloc-

range that can be explained by either giants or RSG. Our inter- , - agr
amplitude, followed by PA=8%and PA=48, indicating that

pretation is as follows. The measured equivalent widths in fhgar _ _ _
circumnuclear and nuclear regions are a lower limit to the gE=0 IS closest to the major axis. At first glance, there seems to

tual values, for two reasons. Firstly, these equivalent widths e much velocity structure at PA=4hat does not correspond

diluted by the continuum of the young stellar population respolf.& kinematic minor axis, where we would not expect a system-

sible for the ionization of the gas; we cannot precisely gauﬁHC residual velocity curve. On a more detailed analysis, this

with our present data set how important this dilution is, since W§'CCIY structure present along PA=48 related to local mor-
would need spectroscopy in a longer wavelength range, incILﬁ’di‘-OIOg'cal_ structure, and we can see that the outer parts of the
ing the ultraviolet, but we do see the blue stellar knots so ek velqcny correspont_j to the systemic velocity, as indicated
some dilution by them must be taking place. Secondly, at |eQ¥ta horlzon;al S_Otted l',ne’ ,1417 knt'S. Thus we adopt 48 |
outside a radius of 2 arcsec, we can distinguish two distinct st&fid 138 as the kinematic minor and major axes respectively.

lar kinematical components; although we cannot measure inde- FOr this value of the kinematic major axis and an inclination
angle of 42 (MM93), the total dynamical mass enclosed within
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Fig. 11. Nuclear spectrum (the central 0.72 arcsec) in ther@glet
region. The most relevant lines are labelled. M@807 is very strong,

Fig. 12. Equivalent width of the Ca A\8542 +\8662 lines, measured
using the line and continuum windows defined byaDet al. (1989).

The equivalent width i&> 7 A in the nucleus and out to the circumnu-
clear ring, indicating the presence of red supergiant stars in the central

indicating that the metallicity is solar. Paschen 14 is very weak, thg§<5 arcsec of the galaxy.

Pal3 and Pal5 must contribute very little to thaiC&8542 and\8662,
respectively.

When deprojected for an inclination of 4@nd a kinematic

the circumnuclear region (a radius of 6 arcsec, equivalentrt@jor axis of 138, the velocity curves at PA 84nd at PA 138
644 pc), isM = rv?/G = 5.8 x 10° M. Kohno et al. (1999) generally match in the outer disk regions, except for local distor-
report amoleculargas mass of .4 x 10° M, within a 6 arcsec tions produced by the spiral arms. However, the circumnuclear
radius; this amounts to 25% of the total dynamical mass. region shows a different picture. One important feature of the
Much detailed structure is present in the velocity curvelocity curve at PA 48is the existence of ampparentcounter-
at the different PA. For example, at PA=4®e detect the 50 rotation of the gas within the circumnuclear region with respect
km s~! streaming into the main NE arm, between -56.5 arcsexthe gas in the disk at the same PA. Indeed, when we look
and -53 arcsec (labelled A in FIg.13). Also at this PA we deteicito the+8 arcsec circumnuclear velocity gradients at the three
the 50 km s'! streaming into the bar region at -36 to -20 arcsquosition angles more closely (insets in [Figl. 13), we see three fea-
inthe NE (labelled B), and at 32 to 23 arcsec to the SW (labelladres. First, if we deproject the circumnuclear velocity curves
B’). At PA=84°, the 50 km s streaming into the bar is seenusing the same two parameters as for the main disk,42°
at the eastern edge, between 40 and 30 arcsec (labelleda@yi¢ = 138°, the deprojected amplitude at PA=8decomes
and at the western edge of the bar between 39 and 32 arcsgnificantly larger than at PA=138this would imply that the
(labelled C). circumnuclear region requires a different set of deprojection an-
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Fig. 13. Velocity curve (dots) obtained from the pixel to pixel meaFig. 14. FWHM of the emission lines H (filled circles) and [N1]
surements of the & flux (full line), derived fitting a gaussian to the (empty squares). The velocity dispersion of the gas is maximum in the
profile of the emission line. Curves are plotted for the three slit positner+1.2 arcsec, and minimum at the position of tha Fegions in
tions. At PA=138 (photometric major axis of the galaxy) the curvehe ring. The Hv flux is plotted as a dashed line.

shows the maximum velocity amplitud. At PA=4&e curve shows

more structure than expected for the minor axis of the galaxy. The inset

within each figure shows the circumnucleg® arcsec expanded; the T . .
three insets have the same scales in both distance and velocity a%%,sarrg inclination of 42, the three deprojected circumnu-

respectively. clear velocity curves agree quite well. Third, at PA28the
circumnuclear velocity amplitude, 200 km's is significantly
larger than the galaxy main disk velocity amplitude at the same
PA, 130 km s't. These three facts, namely, tagparennuclear
counter-rotation at PA=48and the greater velocity amplitude
gles. Second, th_ere is a continuous change of slope betweernghea=g4 (both with respect to the disk amplitude at PA284
three PA, flattening from PA=1380 PA=84 to PA=48'. Ifthe  and with respect to the deprojected circumnuclear amplitud at
circumnuclear velocity curve along PA=48 also produced by pa=138), argue for a gas dynamics in the circumnuclear region

disk rotation, then the kinematic axis of this circumnuclear rotgf NGC 6951 that is decoupled from the dynamics of the main
tion must be different from the kinematic axis of the main disk.

Under this assumption of disk rotation, we can compute akinez ¢ yhjs circumnuclear region is a decoupled gaseous disk, it could
matic major axis for this circumnuclear region. We obtain thatye a differentinclination to the line of sight that the main galaxy disk,
in this case the major axis of the circumnuclear region woultdit we will assume here that this is not the case and that the inclination
correspond to 118 with this circumnuclear major axis and foris the same.
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1600 — 1 body of the galaxy. We shall return to this pointin the discussion
1m0 VE 48" SW1  section.
r The FWHM of Hx and [N11] are plotted in Fid_T4. The val-
1500 L 1  ues shown have been corrected for an instrumental resolution
_ ; ¢ 1 of 43.5 km s L. The influence of the nuclear velocity gradient
“n 1450 - P 4 onthe widths is negligible; the gradient is 44 km'sarcsec !,
§/ F oy Vs oty ] which amounts to a quadratic correction on the nuclear widths
Z 14007 _‘;"" 1 ofonly 2 km s!. The Hx line flux is shown (dotted) for ref-
S 1350 . ] erence. The velocity dispersion in the circumnuclear region is
g ; - 1 very high, inthe kk line there is a central plateau of 180 km's
1300 < 1 inthe nuclear:1.2 arcsec, it then decreases to a minimum of 70
E ] v 1 1 kms ! thatis reached at the maximum ofiH:mission in the
1250 f ] H 11 regions. After this local minimum, the velocity dispersion
F T e 1 increases again to 120 kim'sand above in the two quadrants
T e —————— NE-NW and SE-SW across the ring oftHregions. This trend
FE o84 w ] is consistent with the general picture of the dynamics deduced
1550 [ - ] ] from our data and from the molecular content (Kohno et al.
; “ . & 3 Té}%& 11 1999), and will be developed in the discussion section. The be-
1500 SR A O °% e _ 1 haviour of the velocity dispersion for the [l A6583 line is
o 14soi S a‘, . O,% %@L = 3 qualitatively similar to, but systematically higher than that of
c . 0 *%Y i Ha by a factor 1.2 in the innet-3 arcsec, reaching values of
i 1400 %' $ ] up to 220 km s! in the nucleus. These emission line widths in-
3 : B % s | dicate dynamically hot nuclear and circumnuclear regions. The
2 1350} Ci ;r ] kinematic data and the results from the emission line ratios and
r # 1 density values presented in Sect. 4.1 seem to imply the existence
13001 74 of shocked material.
12503_ 3 E The width of Hx is not resolved further out in the disk of
s } ] the galaxy, except across the spiral arms where it reaches values
1600 : - —————— of 25t0 45kms'!.
CSE L. 0. 138° W
e T Yor el L 7 4.4. Stellar kinematics
L 3 1500 | 0000mgs EQN
1500 ° a0, e S .7 We have measured the velocity curve from the two main lines
— 5 L A X‘% AL of the Cai absorption triplet ahA8542, 8662 A, by means of
0 1450+ A = 1  cross-correlating the galaxy frames with seven spectra of five
< a00k 9 1200 different K giant stars, observed during the same night and
2 ; 54 1 with the same setup. These stars are HD132737, HD171232,
7;', 1350F @ HD208817, HD198858, and HD1918. The cross-correlation
- 8 - o is performed with a 2D procedure we have implemented that
1300} %GD £o L makes use of the IRAF function CROSSCORR. The position
F o CaT Q O- o ce 9] and amplitude of the peak of the cross-correlation function is
1250 S EZT o ' E measured, and the resulting velocity curves are weight averaged
1200+ i i .. ... .1 ateachpositionangle. The signal-to-noise ratio of the data al-
-100 -50 0 50 100 lows measurements only within a 20 arcsec radius at PA=84
distance (arcsec) and 48, and 10 arcsec at PA=138The resulting curves are

Fig. 15. Velocity curves from the two strongest CaT absorption lineshown in Figl 15 (expanded for the central region in the insets)
(A\8542, 8662), measured by cross-correlation of the galaxy franfe$ the three position angles, together with the corresponding
with spectra of K giant stars. The velocity curve of the ionized gas (dotdjx emission velocity curves for comparison.
is shown for comparison with the stellar velocity curve (circles). Inthe  First, we inspect the stellar velocity curves. Inwards of the
central region the CaT absorption lines are resolved in two componegigcumnuclear ring, in thek2 arcsec radius resolved nuclear
plotted as filled and open circles. The insets show the cesit@l zone, there seems to be a normal stellar rotation curve, with a
arcsec; the three have the same radial and velocity scales respectiyglyasred gradient of 41 and 26 km‘sarcsec! at PA=138
and the gas velocity has been plotted as a full line. Notice how in tgﬁd 84, and flat at PA=48 Outside this radius it is possible to
inner+2 arcsec, the stars and the ionized gas follow the same veloutgrtia”)’/ resolve the absorption line profile into two components
pattern at PA=8% and 138, but not along the minor axis, where th . . . .
Ha curve presents more structure. that are seenin the cross-(_:orrelatlon function by corresponding
local peaks; in most spatial increments one component fully
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Fig. 16a and b. HST WFPC2V (a) and NICMOSH (b) images of the circumnuclear region. To show more clearly the morphological structure
of the cicumnuclear region, the original images have been sharp enhanced by dividing them by the corresponding median filtered image. Note
the spiralling structure delineated by dust in ¥henage down into the nucleus.

dominates the profile, while in some increments the positionafd at 40 arcsec west (at 1330 km'} we shall refer to this

the two components can be more easily measured. The velocitiesiponent as thstellar disk component

corresponding to these two components are plotted with filled AtPA=138 the stellar velocity presents a similar behaviour.

and open symbols in the figure. On either side of the nucle@nly one component is apparent witha 3 arcsec radius; this

these two stellar components have their velocity of the samenerally follows the gas velocity, although with less structure

sign, although their amplitude difference reaches 50kMm's in the nucleus. Outwards of this radius two stellar velocity com-
We now look into the comparison with the gastNeloc- ponents can be distinguished. Atthe south-east the steeper of the

ity curves. Where only one stellar component is measured, t&o components reaches a maximum velocity of 1553 ki s

within the nuclear 2 arcsec radius, the velocity curves of the ghat extrapolates to match the disk gas velocity.

and of the stars at PA=84nd 138 follow each other approxi- The stars and the gas kinematics are most different at

mately. This is not the case at PA=48here the stellar velocity PA=48. The gas presents apparentcounter-rotating com-

curve is flat, while the k4 curve presents a slope (c.f. previouponent within a 6 arcsec radius with respect to its outer disk

Sect. 4.3) with a peculiar structure in the centtdl.5 arcsec. rotation, and an additional peculiar velocity structure in the nu-
At PA=84° the nucleat:1.5 arcsec part of the gaseous andlear +1.5 arcsec. The stars show a slowly rising kinematics

stellar velocity curves both follow the same similar pattern; hovfrom north-east to south-west, compatible with the disk rota-

ever, when the two stellar components can be kinematicatign, and there is no indication of any peculiar velocity structure

resolved, neither of them match the gas kinematics. One camthe nucleus similar to the gaseous one. This peculiar struc-

ponentis very flat with a mean velocity of 1440 kmidrom 4.5 ture in the gas velocity along the minor axis could be due to an

arcsec eastwards of the nucleus, and a velocity of 1400 ¥m ff-centered slit, to a gaseous nuclear outflow, or to a structure

from 5 arcsec westwards of the nucleus. This stellar componegiaited to the ilLR.

matches the velocity of the gas entrained in the bar both at 30

arcsec east (at 1440 knT'§ and at 30 arcsec west (at 1400

km s~!; c.f. previous Sect. 4.2 and Fig]15). We shall refer f8- Discussion

this component as tregellar bar componentrhe other stellar \ye shall now discuss the results obtained in the previous sec-

component is steeper but not as much as the gas compoRepk an try to put them into a coherent picture of the morphol-
betweent3 arcsec anek7 arcsec, where the gas presents a sigy, ang kinematics of the circumnuclear region in NGC 6951.
nificantly larger rotation amplitude than the stellar disk rotation

at the same projected distance (a similar case to that reported o
for the barred galaxy NGC 6701 byaiuez et al. 1996, cf. 9-1. The level of activity in the nucleus: Seyfert 2 or LINER?

their Fig. 12). The extrapolation of this stellar component meeffie active nucleus in NGC 6951 has been classified in the liter-
the gas rotation in the disk at 40 arcsec east (at 1490 KM S 4 re as a Seyfert 2 (e.g., Boer & Schulz 1993 Ho et al. 1995,
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1997b) or as a LINER (Filippenko & Sargent 1985; fz- When we consider all the information available (cf. Sects. 3
Tufion et al. 1989; MM93). Of the different classifications, thaind 4), a pattern seems to emerge in the circumnuclear region
of Ho et al. (1997b) is the most accurately performed, becatseavhich:

of the data quality and the correction for underlying absorptiop, Th . id d lati f . h
that affects somewhat tod{ and more to K. The classifi- a) There is a widespread population of supergiant stars that

cation is based on the three Veilleux & Osterbrock (1987) lominate the light along and inwards of the circumnuclear ring,

agrams [Qu]5007/H3 vs. [N11]6583/Hx, [0 111]5007/H3 vs etween about 6 arcsec and 1.5 arcsec radius. These are most
[S11]6716+6731/Hy, and [Or11]5007/H3 vs. [O1]6300/Ho. clearly seen in th&k dominatedJ-K map, together with the

We have extracted the central0 x 1.2 arcsec as the large CaT equivalent widths measured in this same zone (cf.
most representative spectrum of the nucleus, and we measﬁgt' 4.2). . . :
[O 1]5007/H3=2.59 (5.89), [NI1]6583/Ha=7.00 (3.72), and (b) The correspondence between the regions more luminous in
[S1]6716+6731/kh=3.06 (1.63). For the values in parentheB and in Hvis only good for the two brightest ones, but there
ses, HJ and H have been corrected for an underlying bf are two reg'O”S bright in b with appa_rently no corrgqundmg
equivalent width in absorption (as discussed in Sect. 4.1 abo ,har!ce“? dthat mudst b(:]undeé:[;))od n tgr.ms of deXt'?Crt]'on.’ and
these are the values used in the diagrams. Further, recently[ € IS widespread enhance ng and inwards of the ring
have had access to a lower resolution spectrum, from where ) little or no corresponding bl emission, that indicates star

can measure [@6300/Hy >0.35. Using these values in the Oli_formation in the post-nebular phase. It is interesting to notice

agrams, the nucleus of NGC 6951 is located in the very high égf’ﬂ B'is enhanged both locally i_n a knotty struc_ture al_ong_the
citation end of the region of these diagrams filled by the LINE 9 and mor((ajdn‘fuse _along and ]lnwards (()jfthe ][lng, tTS m|ght
points. This explains the uncertain classification, even when 2 |n_terpre:]e ?S a signature c()j LWO mo (TS.O star.bclxrmﬁtlon
correction for underlying absorption is taken into account. rpexisting here: continuous and bursting. Itis possible that a
fact, because the most critical value isi@5007/H3 which is continuous star formation process with ocasional bursts takes
most sensitive to this absorption correction, it makes the pRJ‘?‘CG in a region such as this one, where a more or less steady

cise definite classification somewhat arbitrary. Ho et al. (199 pﬁ)ly of ?as has b?en ?Om? onfora Ilong t|me,_ ?ﬁ' suhpporte_d by
classification criteria (cf. their Table 5) consider a horizont je large fraction of molecular to total mass within the region

. f. Sect. 4.3 above).
boundary between Seyfert 2 and LINERs at{{J6007/H5 >3; ¢ ) N . )
this puts NGC 6951 in their Seyfert 2 zone. Other authors co(t?) There is some indication of a time sequence in the star forma-

sider that the boundary between the two classes changes J\'/RH history along the ring, more apparent in the W-N quadrant.
the value of the abscissa (e.g. Gahes et al. 1999), and thisF'rSt’ the_ strongc _kns)t at p05|_t|on ang!eu25(_)”. Second, t.WO
would put NGC 6951 in the higher excitation end of the LINEIJ?nOts bright both ir8” andK V.V'th very little diffuse H emis-
zone. In either case, the value of [i}6583/H1=3.72 is also sion at PA=270 and 300; this is where Kohno et al. (1999)

very high, which may suggest an overabundance of nitrogéiﬁld the leading secondary maximum of HCN distribution, and

this will be discussed in a future work on the stellar populatior?ésc_) the I_ocgtion of_th_e leading secondgry maximu_m ofthe 6.cm
and gas phase abundances. radio emission (Salklg et ql. 1994_). Third, thetkegion to the
In summary, the active nucleus in NGC6951 can tﬂeprth’ PA:342'. thgt IS bnghtest _|rB’, Ha, HCN anq 6cm.
considered as a transition object between a very high excitat’f)'ﬂaHY’ the region just behind this one along the ring, partly
LINER and a possible nitrogen overabundant Seyfert 2. associated with the CO peak from Kohno et al., and that might
be predicted to be the next in the sequence of star formation. A

similar, albeit somewhat less well defined, trend is observed in

the south-eastern side.
5.2. Colour maps: dust and stellar populations ) o
In conclusion, a qualitative look at the colours suggests that

According to numerical simulations and to observations gdere may be two coexisting modes of star formation, continuous
barred galaxies, the interaction of the bar and the disk creag@gj pursting, and that the bursting mode may be sequential from
mildly shocked zones that enhance the formation af F¢- the spearhead backwards along the entrained material as it is
gions, mainly at the ends and along the leading edges of 8} cked in the circumnuclear ring.

bar. This also produces a net flow of disk gas and dust towards gome of the ideas proposed here are only suggested by the
the central regions of the galaxy, where the interaction with thgsajth of information indicated by the data, and a detailed quan-
bulge and nuclear dynamics often enhances the circumnucl@afive analysis of the stellar populations will be necessary to
star formation later in the evolution of these systems. In[Fig. 8y cidate the validity of some of them. We are gathering spec-

the scarcity of star forming regions in the bar (both, at the englgscopic data at other wavelengths to address this in future
and along the leading front of the bar), and the presence of Higyysis.

circumnuclear ring of star formation, argues for a relatively old
dynamical age of the bar and associated systems in NGC 6951. | . ) )
Other imaging and spectroscopic results give further supportte: Linéar analysis of the kinematics

this scenario. By performing a standard linear analysis of the kinematics (e.g.
Binney & Tremaine 1987) itis possible to obtain the location of
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the main resonances, co-rotation (CR) and the inner Linblad res- This peculiar structure along the minor axis could be due
onances (ILRs). We use results from numerical simulations thatan off-centered slit, to a gaseous nuclear outflow, or to a
place CR close to the bar semimajor axis (Athanassoula 1992jucture related to the ilLR. The first possibility is ruled out
to infer a bar pattern speed of 3km'sarcsec! (32km s!  because this velocity structure is present only in the ionized gas
kpc—l)ﬁ. This implies the existence of two ILRs, at 2 arcselout not in the stars, which implies that it is a physically exist-
(180 pc, innerlLR)and at 12 arcsec (1100 pc, outer[ﬂ_RDom ing feature, given that the two spectral regions were observed
OVRO CO observations of the central part of the galaxy, Kesimultaneously and through the same slit. Of the two other pos-
ney et al. (1992) obtain values of 180 pc for the ilLR and 460 pibilities, our data do not have sufficient spatial resolution to
for the olLR; this latter value is a lower limit derived from theimake a more definitive conclusion. However, we can make a
upper limit to the bar pattern speed of 66 km'skpc™!, and few comments. A nuclear outflow could be produced by the
thus is compatible with our results. The location of the ILRs ioombined effect of the winds and supernova explosions of the
NGC 6951 are similar to those of other galaxies such as NG€rent past generation of star formation indicated by the red
157 (Sempere & Rozas 1997), NGC 1530 (Regan et al. 1998)pergiant stars we have detected. Saikia et al. (1994) give a
NGC 1365 (Linblad et al. 1996), NGC 1300 (Linblad & Kris-total flux for the nuclear beam component of NGC 6951 at 6 cm
ten 1996), NGC 4736 (Mulder & Combes 1996), NGC 431df 1.1 mJy; they argue that this non-thermal flux is most likely
(Benedict et al. 1996), or NGC 4321 (Knapen et al. 1996). due to supernovae. This flux implies a luminosity of 0:492°
watt Hz"!, that can be converted to a supernova rate using the
models of Colina & Rrez-Olea (1992), to give 0.002Vr. A
similar calculation with the 20 cm radio flux in the nuclear com-
The linear analysis of the kinematics indicates the existencepainent given by Vila et al. (1990) that implies a luminosity of
a possible ilLR at 2 arcsec. Do we see a correlation betweb03x10%° watt Hz !, yields the same value for the SN rate.
this dynamical feature and any morphological or spectroscofiihis is a low SN rate when compared with bright nuclear star-
properties? bursts such as NGC 7714, for which Galez Delgado et al.
Morphologically, the Hy, colour, and HST optical images(1999a) find 0.07 yr', but is qualitatively consistent with the
all show structure within the inner 2 arcsec; i.e., it is not a poifdintness of the nucleus indd If a nuclear outflow were the
like nucleus. Friedli et al. (1996) have looked without succesgplanation for the kinematic features in the nucleus, we would
for the existence of a secondary bar that could be possibly asly be seeing the approaching, blueshifted side of the outflow
sociated with the existence of the ilLR. There is no indicationith a speed ok100km s!; the typical expansion velocity
of such an inner bar in our images. In fact, the HST optical inof a superwind bubble blown by a nuclear starburst in dwarf
age shows a clear inward spiraling structure down to 0.5 arcggtaxies is of the order of 50 knt$ (Marlowe et al. 1995); but
radius (46 pc). is significantly larger, a few 100 knt$, for nuclear superwinds
Spectroscopically, several diagnostics are spatially resohiadStarburst galaxies (Goalez Delgado et al. 1998). The re-
within the inner 2 arcsec radius, such as theifHa ra- ceding side would be presumably occulted by a combination of
tio (Fig.8), the FWHM of both K and [Nu] (Fig.[I4), and nuclear obscuration and spatial and spectral resolution.
the equivalent with of the CaT lines indicating the presence A third possibility suggested by the data is that the nuclear
of an important population of red supergiants in the nuclegas dynamics inside the ilLR is partially decoupled from that
(Fig.[12). The gaseous and stellar velocity curves also shofthe circumnuclear region which, in turn, is partially decou-
features within the ilLR: for the three PA, the two stellar copled from that at larger scales. This would be a scenario of
ponents merge at the ilLR and are no longer distinguishabtessted disks within disks, where a circumnuclear disk accu-
the gas velocity curves at PA=84nd 138 flatten within a 1.5 mulates mass from the outer main galaxy disk via the torques
arcsec radius, while at PA=48he gas velocity shows a pecujproduced by the bar, and becomes sufficiently massive to de-
liar structure withn a 2 arcsec radius, that is not present in treouple from the main disk dynamics at the olLR; part of this
stellar velocity. infall proceeds further into the nucleus, where a similar rotat-
ing structure (a torus or a nuclear disk such as those seen in
HST images, Ferrarese & Ford 1999; Ford et al. 1998) decou-
3 Computing the intersection between the bar pattern speed andphes from the circumnuclear disk at the ilLR. We notice that the
curvew — /2 (Werew(r) is the angular velocity anel(r) the epicyclic  orientation of the ring in NGC 6951 is leading with respect to
frequency) directly from the data points in the velocity curve is hanthe inflow of material from the bar, i.e. it is advanced from the
pered by the dependencerdf-) on the derivative of the velocity, which perpendicular to the bar, and this relative orientation is seen in
implies that small errors and structure in the velocity as a function gf,merical simulations only when the system is relatively old

radius translate into large fluctuationsdfr). In the case of NGC 6951 see, for example, Fig. 3 of Byrd et al. 1994). In this context, it

this problem is further exacerbated by the scarcity of data points in RN%uId be possible to interpret the change of the velocity curve
region outside the circumnuclear ring, between 10 arcsec and 30 arcse

4 The shallow radial dependence«fr) at this distance from the in %he threg PA, .""'th”f‘ the inner 2 arcsec radius, as poroduced
nucleus, and the steeper dependence closer to the nucleus, imm{eg’taﬂon_m a disk V_V'th aminor axis different from theAgt
that a 10% or 20% uncertainty in the position of CR does not affed€ main disk, and different from the 30f the circumnuclear
significantly the location of the ILRs. disk (cf. Sect. 4.3); it would have a value somewhere between

5.4. Structure of the circumnuclear region
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84° and 48, so that at PA=48we could observe the change of depending mainly on the uncertain correction for underly-
velocity slope with respect to that at84 ing absorption in K. The electron density varies between
The appearance of the HST images would support this sce- 300 cnm3 and 1000 cmi®.
nario. Fig[1b shows the HSY andH sharp dividel images; — The equivalent width of the Qa triplet absorption lines
theH image shows a very uniform stellar light distributioninthe  show that in the metal rich central region of this galaxy,
transition zone between the ring and the nucleus. However, thewithin 5” radius, the continuum light is dominated by a
Vimage shows a structure spiralling inwards, delineated by the population of red supergiant stars, while outside the cir-
dust that can be traced right into the nuclear 0.5 arcsec. Thus,cumnuclear ring the stellar population is that of giants.
these high resolutionimages show both the lack of any inner bar We suggest that the gaseous and stellar kinematics along the
like structure and the existence of a continuing spiralling into the three slit position angles can be interpreted as the existence
nucleus, similar to that found in numerical simulations by Piner of a hierachy of disks within disks, with dynamics decoupled
et al. (1995, cf. their Fig. 4). A similar conclusion has been re- at the two ILRs, that we find to be located at 180 pc and at
cently reached by Regan & Mulchaey (1999), who have looked 1100 pc. This would be supported by the structure seen in
for evidence of strong nuclear bars in WFPC2 and NICMOS2 the high resolution HST images.
images of a sample of Seyfert galaxies, and find evidence of the The nucleus is partly resolved within a radius of 1(fust
existence of this nuclear bar in only 3 out of 12 galaxies stud- inside the ilLR) both in the emission line ratio [N/Hc,
ied, while the majority of the galaxies show a spiral morphology and in the FWHM of the emission lines.
similar to what we find in NGC 6951. This does not necessarily- Outside the ilLR the stellar CaT velocity profile can be partly
imply that the ‘bars within bars’ mechanism proposed to fuel resolved into two different components that seem to be as-
the nucleus has not been at work in these galaxies (Shlosmansociated with the bar and a disk.
et al. 1989; Friedli & Martinet 1993); at least in NGC 6951 we— We discuss the possibility that the kinematic component
have found several indications that point to a system that is dy- inside the ilLR could be due to a nuclear disk, as in the
namically old, in particular, the large percentage of molecular disk within disk scenario suggested above, or to a nuclear
mass accumulated in the nucleus25%, could have already  outflow produced by the combined effects of SN and SN
caused the dissolution of a nuclear bar, and be working towards remnants.
the disassembling of the large scale bar. — Several clues indicate that this is a dynamically old system:
This idea is inferred from extrapolations of three slit PA. (i) there is little star formation ongoing inside the bar
While we understand that a complete 2D spectroscopic map- dominated part of the galaxy (except for the circumnuclear
ping of this and other galaxies is required to confirm or oth- ring), (ii) the relative amount of molecular to total mass
erwise dismiss it, it is also true that such a 2D mapping at a within the inner 6 arcsec radius is very large25%, and
spectrabndspatial resolution equal to or better than our datais (iii) the geometry of the circumnuclear ring leading at a
very difficult to obtain with present day instrumentation. Recent position angle greater than 9@&om the stellar bar. It is
developments like SAURON (Miller et al. 1999) and similarin- thus possible that a nuclear bar has existed in NGC 6951
struments will have an important impact on such studies in the that drove the gas towards the nucleus, as in the bars within
next few years. bars scenario, but that this bar has already dissolved by the
gas accumulated within the circumnuclear region.

6. Summary and conclusions

We have obtained broad baBtdJK, images and high resolution _
high dispersion longslit spectroscopy for the ionized gas (arouﬁ@}(nowledgementsThanks to Hector Aceves for precise comments
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