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Abstract. We have mapped the emission from atomic hydr
gen atA\=21 cm from the galaxy NGC 3783 with the Australit

Telescope Compact Array. Our main results ajehe HI mor- : % i
phology is irregular and perturbed, gathered in three blobs : s ,
parently unrelated to the optical morphologythe observed HI %
velocity distribution indicates a normal disk in differential rota %

tion with a constant velocity out to a radius of 16@0 kpc),c) ‘ ¥ -

the inclination of the disk is about 25vith the kinematic major
axis at a position angle slightly different from that of the stelle
bar,d) the HI mass inside a radius of’1& only2.1 x 10" M,
the total HI mass within 180is 1.1 x 10° M, and the dynam-
ical mass i2 x 10! M. The bulk of the gas in NGC 3783
is outside the diameter of the stellar bay;Numerical simu-
lations of the gas flow in the barred potential derived from tt
red image indicate that the pattern speeftjs= 38 km/s/kpc:
the ring of Hx emitting regions encircling the bar would ther
correspond to UHR, and thectHaccumulation in the center to a
nuclear ring. Various possibilities are discussed to account contour el
the active nucleus fuelling.

. ) ) . _Fig. 1. Optical emission of the innermost continuum light of NGC
Key words: galaxies: active — galaxies: general — galaxies: i3783 in the R plus | broadband filters (in contours) superimposed on
dividual: NGC 3783 — galaxies: kinematics and dynamicsthe continuum-free H+[NII] emission (in grey scale) from Gaia-
galaxies: spiral Barreto et al. (1996). North is up, East is to the left. Angular scale is
such that distance from peak to pead¢ Bimission outside the bar from
the south east to the north west is about.37

1. Introduction

Th tivity ob din th | f Sevfert 1 galaxi an inclination angle of = 23° with a bright compact nucleus,
€ activity observed In the nucieus of Seylert 1 galaXi€s 1&-giq)1ar par at a position angle #fA, ~ 163° and radius

quires gas fuelling, either constant or episodic, of a few tenths _ 18" (Mulchaev et al. 1997). a brightinner ring iust outside
to a few M, yr—! for a significant period of time. Some authors.> ( y ' ) g g)

f th Il Il pitch I iral Kenni
have suggested as a likely possibility that fuelling may be a igt E; stellar bar and small pitch angle spiral arms (Kennicutt

rect consequence of a stellar bar (Simkin, et al. 1980; Shlosman.l.h .
. ) . : . e peak to peak distances from the nucleus to the HiIl re-
et al. 1989) which causes radial motions of gas in the d|sk%‘ P P

th di iral aal Therefore itis i tant to det ons to the NW and SE are 21” and~ 16", respectively,
€ surrounding spiral gaiaxy. 1heretoretis important to deteic, o Figll). K emission has been detected from the innermost
mine the total amount of neutral hydrogen (HI) gas, its spati

distributi d the rotafi ntral region, from regions just at the end of the stellar bar and
IS ﬂg&%@gg Se r(; at'gns(g”ve'l h broadiHe from regions perpendicular to the bar (Forte et al. 1987; Winge
. > @ Seyler a gajaxy, Snows a broad etal. 1992; Garfa-Barreto etal. 1996 and FIg. 1). The nucleus of
and lines of high ionization atoms (Pelat et al. 1981; Atwood

. C 3783 is a strong X-ray emitter in the 2—10 keV band (Pic-
al. 1982; Evans 1988; Winge etal. 1992, George et al. 1995). J?ﬁ ; . ;
. ! otti et al. 1982) and in the 0.2-3.5 keV band (Fabbiano et al.
optical structure of NGC 3783 has a diameteil0$ x 1’.7 at I ) ! ( I

1992). The short time scale variability of its optical, X-ray and
Send offprint requests 1d.A. Garéa-Barreto UV continua suggests a collimation outflow from NGC 3783
(tony@astroscu.unam.mx) (Reichert et al. 1994; Stirpe et al. 1994; Alloin et al. 1995). Ra-
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dio continuum emission has been detected from an unresolved
central source at different frequencies indicating an optically
thin synchrotron emission (Ulvestad & Wilson 1984; Alloin et os
al. 1995). Its far infrared (FIR) IRAS fluxes afgy, ~ 3.37 Jy
and fio0, =~ 5.12 Jy with a two color dust temperature of
Ta ~ 39 K. In this paper we adopt a distance to NGC 3783,
as 38.5MpcH, =75kms !t Mpc~1, as given by Tully (1988).
The FIR luminosity isLyir ~ 3.1 x 10*3 ergss! (accord- ¢
ing to the formula by Helou et al. 1985). Spectroscopic studi§§4 |
reveal extremely broad Balmer lines with a full width at zerg
intensity (FWZI) of the H line of ~ 7,300 — 10,000 km st
(Pelat et al. 1981; Evans 1988). Broad line components are in; |
creasingly blue-shifted relative to the systemic velocity (Evans
1988). The density, ionization parameter, and velocity disper-
sion of the emitting clouds increase toward the central ionizin .
source (Pelatetal. 1981; Atwood etal. 1982; Evans 1988; Winge
etal. 1992). The optical systemic velocity using lines of Ol, Oll
and NIl isvgP! ~ 2930kms™' (Pelat et al. 1981), while the .5 g 790 P %
average velocity of the narrow line region is 2890 km s Velocity km/s

Single dish observations of NGC 3783 indicate a total Hig. 2. HI spectrum of NGC 3783. Only 23 of the 35 channels show
mass of My = 3.6 x 10° My, and a systemic velocity of emission in the velocity interval from 2840 to 2990 kit's
Vsys ~ 2902kms~! (Huchtmeier & Richter 1989). A previous
interferometric study of the dynamics and spatial distribution of
neutral hydrogen in NGC 3783 indicated that the total HI has an .
extent similar to the weak surface brightness optical contodrs H! observations

(25— 28 magarcsec’), and that the velocity field exhibits The bandwidth of the first IF was divided into 512 channels
irregular structures (Simkin & van Gorkom 1984). spaced by 15.625 kHz (or 3.37 km'9 and covered a velocity
The present study focuses on the spatial distribution of tF@hge from about 2000 to 3600 km's The line-free channels
HI gas in NGC 3783 obtained with the Australia Telescopgere averaged and subtracted using the AIPS task UVLSF.
Compact Array (ATCA), giving an angular resolution of'30  The resulting line data were Fourier transformed using ‘nat-
and a spectral resolution of 6.7 km's In Sect. 2 we describe g weighting’ to produce a cube with dimensions 256 pixel
the HI observations. In Sect. 3 we describe the HI Spatial d@sG pixe|>< 35 channels witlg” pixe|s and afinal channel sepa-
tribution and velocity field, discuss possible physical scenariggion of 6.74 kms'. The data showed emission in the velocity
for the central gas kinematics in NGC 3783, and describe thﬁ]ge from~2840 to 2990 km<s!. Each of the 35 channels was
central radio continuum emission. The dynamics of the cefit EANed and restored with a clean beam of 46WHM) in
tral parts is investigated through numerical simulations fitted gpder to detect extended emission. The rms noise per channel
the observations in Sect. 4. Our conclusions are summarizegigs~.1.7 mJy beam!. Only 23 out of the 35 cleaned channels
Sect. 5. show HI emission (see Fig. 2). The integrated neutral hydrogen
distribution and the corresponding velocity field were derived
from the data by moment analysis using the AIPS task MOMNT.
We smoothed the data both in velocity and space using Hanning
The observations of NGC 3783 were carried out with the 1.58 channels) and Boxcar (7 pixels) functions, respectively. Only
configuration of ATCA in Narrabri, NSW, on 1996 Octobefluxes greater than 2 mJy beafnwere included in the integra-
18, in the 21-cm neutral hydrogen line and the 13-cm radiion.
continuum. The two intermediate frequency (IF) bands were
centered at 1407 and 2378 MHz with a total bandwidth of;2 Radio continuum observations
and 128 MHz, respectively. The total time on source wés
hours. The pointing center wagJ2000) =11" 39™ 01%.8 and The narrow-band 20-cm continuum data were Fourier trans-
0(J2000) =37° 45’ 20", which is about 1laway from the center formed using ‘uniform weighting’ to produce a cube with di-
of NGC 3783. mensions 1024 pixek 1024 pixel with 2’ pixels. It was
The initial calibration, data editing and final analysis wer€ELEANed and restored with a clean beam of 83FWHM).
performed using the AIPS package. For both frequenci€be rms noise was about 0.12 mJy bedniThe bandwidth of
PKS 1934-638 (14.893 Jy / 11.553 Jy) was used as flux cdie second IF was divided into 32 channels; the central 26 of
ibrator, PKS1151-348 (6.0 Jy / 4.6 Jy) and PKS 1215-4%Yose were averaged to form the 13-cm radio continuum image.
(4.8 Jy / 3.6 Jy) as phase calibrators, and both PKS 1934-@3& data were Fourier transformed using ‘uniform weighting’
and PKS 0823-500 (5.8 Jy / 5.8 Jy) as bandpass calibratorsto produce a cube with dimensions 1024 pixel 024 pixel with

2. Observations and data reduction
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. o Fig. 4. Integrated neutral hydrogen distribution of NGC 3783 (in con-
Fig.3. Integrated neutral hydrogen distribution (zero moment) %urs) superimposed on the innermost continuum light emission from

NGC 3783. The contour levels are 0.05, 0.1, 0.15, 0.2, 0.25, 0.3, ae{]g’OSS plate (in grey scale). The optical emission at low levels (25

0.35Jy be_am1 kms~1. The first contour Correspon_ds to an Hl CO"mag arcsec?) extends to about 60to the south-west and about 720
umn density 06.25 x 10 atoms cnT”. The synthesised beam (45, \sawhere

is indicated in the lower left corner. North is to the top, east to the left.

2" pixels. It was CLEANed and restored with a clean beam of

(FWHM). The rms noise was 0.06 mJy beain The rotation velocityy...¢, and the position angl# A, of the
line of nodes (major axis) were obtained by fitting the velocity
field in inclined annuli using the AIPS program GAL. The kine-
matic major axis of the HI distribution is d&A ~ 145 + 2°.
3.1. Hl emission This angle differs by about;° from the P A of the bright stellar

e . . - ar which is at~ 163° (Garda-Barreto et al. 1996; Mulchaey,
The spatial distribution of HI in NGC 3783 is shown in Figks. egan & Kundu 1997). The kinematic minor axis of NGC 3783

andd. Th? map resul_ts from int_egratingthe column density OY%rthus atPA =~ 55° indicating that the regions NE and SW
the yeloplty range_wrgh. HI emission. FIg. 5 shows the Spa’?' the galaxy are at velocities near the systemic velocity of the
distribution of Hl in individual channel maps. The overall spati alaxy.

distribution of the HI emission is that of a disk with the blue~ Fig[8 shows the observed rotation velocity, while Eig. 7
shifted velocity to the NW, and the red-shifted velocity to thﬁresents the velocity field. The fitted systemicvelbcim;g ~

SE. ~ ”
. L . 2910 + 5kms~!. The observed velocities show an average
The integrated flux density inside a radius of 1§84 kpc) rotational velocity of 160 kms!, with a maximum of about

is Fr = 3.2Jy kms!. This value is a factor of 3 lower than170k 1 : :

; . . ; ms *, and then a trend of decreasing velocity down to
the smgle.d|sh value of'10.3Jy km%(Huchtmaer & R|chter about 130kms! at radii between 80to 70’. Then increas-
1989). This difference is most likely a result of missing shorlr19 velocities up to 160 knrs at radii between 90to 100"

i i d@f _ 19 ’
spacings and our column density threshold\gi = 6 x 10 showing a rotation curve similar to other spiral galaxies and our

5 2 .
atoms cnt®. More extended emission could be present In tr@ laxy (see Fig. 6 of Giovanelli & Haynes 1988). The total dy-
galaxy at much lower levels. From our observations, the to mical mass inside a radius of 188 Mg, ~ 2 x 10" M,

yn ™~ ’

insi i ~ 9
HI mass |_n3|_de a radius of 180s My ~ 1,'1 x 10" Mo The  for an inclination ofi = 25° and a constant rotation velocity of
HI mass inside the stellar bar radius of"1¢8.4 kpc) is only &60 kms!

~ 7 H 0, .
- |2'1 ><d10 '.\:l@' -€. Zd/.o OI thtehtcital mtasfst.hThe '_,:I |r|1t?gra_te The spatial distribution of HI and its velocity field indicate
column gensity map indicates that mostotthe neutral atomic rotating in a disk. Since there is little HI in the stellar bar,

is distributed outside the stellar bar with large concentrations g, optical image does not have bright spiral arms, it is dif-

to 120’ (22.5 kpc) away from the nucleus to the NE, NW an - :
o cult to assign any correspondence between the optical features
SE of the galaxy (see FIg. 4). The HI extent to the SW is on Yucleus ba?r arrr):s) and {)he HI distribution P

about60” (11.2 kpc). The kinematical center was found to b
ata(J2000) =11" 39™ 01%.74 and§(J2000) =—37° 44’ 202,

3. Results and discussion
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3.2. Origin of the gas in the central region Q
The activity observed in the nucleus of NGC 3783 requires gas__ L w L B ‘ ‘ 1
. . iy . . 1139 20 15 10 05 00 38 55 50 45
fuelling. One likely possibility for gas to be present in the in- RIGHT ASCENSION (J2000)

ner few arcseconds is inflow from the disk. In terms of galactjggl Intensity weighted mean velocity field (first moment) of

dynamics, this could be achieved by any combination of prRGc 3783. The contour levels go from 2845 to 2990, step 5kin's
cesses leading to angular momentum exchange in the disk of
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the host galaxy (Lynden-Bell & Kalnajs 1972; Lynden-Bell &de Bruyn & Wilson 1978; Ulvestad & Wilson 1984; Baum et
Pringle 1974; Phinney 1994). Possibilities are: inflow associateld 1993), the thermal contribution is negligible in the broad-
with the presence of a non-axisymmetric potential (e.g Athandisie region (Ulvestad et al. 1981), and the radio continuum is
soula 1992; Friedli & Benz 1993; Habe & Wada 1993; Friedihostly non-thermal (de Bruyn & Wilson 1978). The detected ra-
& Martinet 1997), inflow due to the perturbations exerted bgio continuum radiation from the central region coincides with
ram pressure from intergalactic gas (Kritsuk 1983), inflow duke distribution of the central tdemission, but our observations
to tidal or direct interactions with a nearby companion (e.gannot identify the physical origin of the emission: either star
Toomre 1978; Noguchi 1988; Salo 1991; Horellou & Combdsrmation and its subsequent evolution in circumnuclear regions
1993), and inflow due to accretion of cooling flows (Fabbian@.g. Terlevich et al. 1992, 1994; see review by Dultzin-Hacyan
et al. 1989). 1997) or activity from the nucleus of the galaxy. The spectral
Considering first the possibility of a companion, there isdex of the radio continuum emission in NGC 3783 indicates
only one candidate seen in the optical images. A small galathat the radiation is optically thin synchrotron emission. The
at (J2000) =11" 38™ 45%.62 and §(J2000) =—37° 42’ 40”9 power at 20 cm is onlyPspe, = 4.6 x 1020 WHz 1,
with an approximate apparent diameter of’ 3es ~ 3/6 to
the NW of NGC 3783 (visible in Fi§]4). We have not detected

any HI at this position, within our velocity range from 2000 g Numerical simulations

3600kms . Since nothing is known about this galaxy in termf, order to gain more insight in the NGC 3783 galaxy dynamics,
ofits redshift or distance, and since itdoes not show any appargt compute the response of gas test-particles in the potential
signs of tidal interaction with NGC 3783, we may assume thaldfeated essentially by the stars, (e.g. Gaurillo et al. 1994;

is a background object. Since the distribution of Hl around NG€empere et al. 1995). A realistic galaxy potential has been de-
3783 s very irregular, and appears un-relaxed, a likely possiljlzed from the red band image. We assume that the barred disk
ity then is that it has swallowed recently an Hl-rich companiogan be fitted by a single and well-defined wave pattern, charac-
this would explain the nuclear activity. However, we have n@rized by the pattern spe@. Since the periodic orbits, and the
way to confirm this hypothesis. In the absence of nearby |af§@nsequent gas behaviour, strongly depen@grihe observed
optical companions, or optical signs of tidal interactions, W@orphology of the gaseous and stellar disks will only be recov-
will assume in the following that gas responds only to the agred with a narrow range of pattern speeds. The method has been

tion of a non-axisymmetric gravitational potential. The directioghown to be very sensitive to this parameter (e.g. GaBurillo
of the bar torques on the gas depend strongly on the locationsgf. 1993).

the resonances, and therefore on the bar pattern speed (see e.qg.
Combes 1988). To infer this parameter from observations, we hod
have performed numerical simulations and they are presen%eﬁ' Metho

in Sect. 4. The gravitational potential is obtained from Higy. 1 in the follow-
ing way. The image is first deprojected using an inclination of
3.3. Radio continuum emission 25°, and aP A of 145° (cf Sect. 3). The resulting image is then

Fourier transformed on a 2D grid of 256x256. The image used

The radio continuum images show a central source #ktends up to a maximum radius of 5.8kpc, since the signal-to-
NGC 3783, at(J2000) =11"39™01%.63 and §(J2000) = nojse decreases outwards. The spatial resolution is therefore of
—37°4420".0, with peak flux densities of 27.8 mJybeam the order of the cell size, i.e. 45 pc. Outside our maximum ra-
at 20-cm, 19.5 mJy beam at 13-cm, and faint emission sur-gjys, the potential is extended analytically, in an axisymmetric
rounding the nucleus. The total flux densities at 20- and 13-¢ffanner, and in order to have a flat rotation curve.[Rig. 8 shows
are about 36.0 and 30.4 mJy, respectively. the resulting rotation curve, assuming a constant mass-to-light

The radio continuum emission from the disk that is relatqgtio' The figure includes the data points from the HI obser-
with star formation and evolution suggests in NGC 3783, basgstions. A constant M/L allows to fit the observations; only in
in the weak Hy fluxes in the NW and SE outside the Ste”afhe very Center, inside a radius of 300 pc (0[”1,@\/6 have re-
bar radio continuum fluxes of the order of few tenthsud¥, duced the MIL ratio to avoid the high luminosity peak due to
well below the current detectability with reasonable integratiqRe Seyfert nucleus (but the involved mass is negligible). The
times. constant M/L ratio that inside a radius of 5.8 kpc give a total

The spectral index between 1407 MHz and 2378 MHZ jass of 2.5 18 M.
a ~ —0.8. Previous high resolution continuum observations The gravitational potential is thus obtained in the plane,
showed an unresolved source with a peak flux density of 324t we perform the gas simulations in 3D assuming cylin-
mJybeam! at 1.4 GHz (Alloin et al. 1995), 13 mJybeah grical symmetry for the gravitational forces within the plane.
at 4.8 GHz (Ulvestad & Wilson 1984), 6.1 mJy bealrat 8.4 Thjs hypothesis is justified considering that the gas thickness
GHz, and 2.6 mJy bean at 14.9 GHz (Alloin etal. 1995).  (H_,. ~50-100pc) is much smaller than the stellar thickness

Our continuuum maps confirm the non-existence of nUCIe@e‘StaTS ~1 kpc) We assume H,s to be constant with radius.

extended emission from NGC 3783 (e.g., radio lobes). In gethe vertical z-forces are derived assuming an isothermal stellar
eral, Sy 1's are predominantly less luminous than Sy 2's galaxi@gk with a sech(z/H) density law.
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Fig. 8.Rotation curve obtained from the galaxy potential, derived from
the red image, and adopted for the simulations. The stars are the data
points derived from the HI observations. Also displayed are the derived
principal resonance frequenci@s Q-x/2 andQ+x/2.

Fig. 9. Particle plots of th&,, = 50 km/s/kpc run, at steady-state. This

Once the potential is computed, we separate the axisytofresponds to a corotation at 2.5 kpc, and an outer Lindblad resonance
metric part from the non-axisymmetric one. The gaseous diskhe disk at 5 kpc. The particles are thus driven out to the OLR, which
is set-up initially with circular orbits in rotational equilibrium indoes not fit the observed morphology.
the axisymmetric potential. Progressively, with a time-scale of
250 Myr, the non-axisymmetric part is introduced with a fixed
angular speefl,,. The simulations are continued until a steady
response of the gas is reached, which appears afté00-

500 Myr. We have computed several runs, varying the value
of 2,,, until a morphology compatible with the observations has
been obtained.

We have not considered here the self-gravity of the gas,
since its mass inside the optical disk is not dominant and self-
gravity will only introduce small morphological perturbations -
(Sempere et al. 1995). We have also adopted a simple colli-
sional scheme for gas clouds, without a cloud mass spectrum
(Combes & Gerin 1985). Clouds interact with each other via
inelastic collisions, losing 75% of their radial relative velocity
in the collision. The clouds initially have an exponential radial
distribution, with a scale length of 1.5 kpc(8

4.2. Results

Reproducing exactly the outer spiral has not been considered as

a strong constraint, because it is beyond the radius where Fige 10.Particle plots of th&2, = 26 km/s/kpc run at steady-state. The

red image is used; yet a spiral structure forms, generated by pagiern speed is so low that there are two well-defined ILRs, and the

bar pattern, and rather similar to the observed one. response in the regiqn between thg two ILRs is perpendicular to the
The simulations run with different values 6%,, between bar. which does notfit the observations.

20 and 60 km/s/kpc. When the pattern speed is high, the outer

Lindblad resonance moves in the visible disk, and the matter

accumulates near the OLR in a ring elongated perpendiculactmnot be inferred directly from tié— « /2 curve, since the bar

the bar (FigB). For lower values 6¥,, the radius of corotation is strong, and the potential is non-axisymmetric. The best fit with

moves towards the outer parts, and there are two well separaibdervations is obtained oy, = 38 km/s/kpc; the corotation is

inner Lindblad resonances. In between them, there is a latgen at 4.5 kpc, and we obtain an inner ring near the UHR, at

region where the perpendicular orbits dominate, generating about the position of the observedvHling. The choice of2,

a response perpendicular to the stellar bar in the center, whighherefore constrained to a narrow range around 38 km/s/kpc

is not observed (Fi§.-10). Note that the presence of the two ILR&g.[11).
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— Although the HI spatial distribution appears perturbed, the
HI kinematics indicates that most of the gas is in an almost
face on distribution (with inclination to the line of sight at
i == 25°), and with the kinematic major axis A ~ 145°.

— The observed velocity field indicates that HI in NGC 3783
is in differential rotation in a disk with a systemic velocity of
Vsys ~ 2910 km s~ ! and the north east region being closer
to the observer.

— The rotation curve is flat up to 183rom the nucleus.

— Small velocity deviations of the order of 20 km'sare ob-
served but they may well be the result of local turbulence,
since there are no optical signs of tidal interaction or merger
event.

— The HI spatial distribution indicates that gas can be found
at large radii in three quadrants, NW, NE and SE. Gas in the
SW quadrant is found only at smaller radii.

Fig. 11. Particle plots of the run with a bar pattern speedlpf=  — If corotation occurs approximately at 1.3 times the radius

38 km/s/kpc. There is an inner ring at UHR, which corresponds to the of the stellar bar, i.e. 24", as suggested by numerical simu-

Ha ring at~ 3 kpc radius, but also a nuclear ring of radius 0.75 kpc.  |ations, then the pattern speed of the bar is estimated to be

O, ~ 38kms~! kpc! and the bright HIl regions would
] _ indicate density enhancements near the ultra-harmonic res-
4.3. Discussion onance (UHR). The model also predicts the existence of a

Angular momentum transfer is required to bring gas to the cen- Nucleéar ring at 750 pc, where amitoncentration is ob-
tral regions in barred galaxies (G@eBurillo etal. 1993, 1994,  Served, indeed.
Sempere et al. 1995; Lindblad & Kristen 1996; Lindblad et alf
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tration observed presently (see [i. 1). But this accumulatiéﬁ, ;
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