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Abstract. Tonized gas and stellar kinematical parameters have been measured along the major axis of 20 nearby
disc galaxies. We discuss the properties of each sample galaxy, distinguishing between those characterized by
regular or peculiar kinematics. In early-type disc galaxies, ionized gas tends to rotate faster than stars and to
have a lower velocity dispersion (Vg > Vi and oz < 0.), whereas in late-type spirals, gas and stars show almost
the same rotation velocities and velocity dispersions (Vy ~ V, and o ~ o.). Incorporating the early-type disc
galaxies studied by Bertola et al. (1995), Fisher (1997) and Corsini et al. (1999), we have compiled a sample of
some 40 galaxies for which the major-axis radial profiles of both the stellar and gaseous components have been
measured. The value of o, measured at R./4 turns out to be strongly correlated with the galaxy morphological
type, while o, is not and sometimes takes values above the range expected from thermal motions or small-scale

turbulence.
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1. Introduction

Our current understanding of galaxy formation has greatly
benefited from the results of N—body modelling of struc-
ture formation in the early Universe, which predicts
that small objects combine gravitationally to produce
the galaxies we see today: a process called hierarchical-
clustering-merging (hereafter HCM, cf. Kauffmann et al.
1993). One of the tenets of the HCM paradigm is that
galaxies are constantly merging with one another. In the
case of elliptical and SO galaxies, there is ample obser-
vational evidence that they are continually subjected to

Send offprint requests to: J. C. Vega Beltran,
e-mail: jvega@ll.iac.es

* Based on observations carried out at the European
Southern Observatory, at the Multiple Mirror Telescope
Observatory, at the Observatorio del Roque de los Muchachos,
at the Observatorio del Teide, and at the Mount Graham
International Observatory.

** Tables 5 and 6 are only available in electronic form at the
CDS via anonymous ftp to
cdsarc.u-strasbg.fr (130.79.128.5) or via
http://cdsweb.u-strasbg.fr/cgi-bin/qcat?J/A+A/374/394

mergers with smaller, neighbouring galaxies (cf. Schweizer
1998).

If the HCM paradigm is universal, spirals are subject
to the same formation processes as E’s and S0’s. Often
the fingerprints of such second events reside in the stellar
and/or gaseous kinematics of a galaxy rather than in its
morphology. This is particularly true if we consider that
the most evident “morphological tracers” of interactions
such as peculiar or spindle galaxies make up less than 5%
of all objects in any one of the RC3 (de Vaucouleurs et al.
1991), UGC (Nilson 1973) or ESO/Upssala (Lauberts
1982) galaxy catalogues. It is therefore crucial to obtain
detailed kinematic parameters of both stars and gas to un-
veil the relics of accretion or merging events which have
occurred in galaxy history. A large fraction of spirals ex-
hibit kinematic disturbances ranging from mild to ma-
jor, and can generally be explained as the visible signs
of tidal encounters (Rubin et al. 1999). In recent years a
number of otherwise morphologically undisturbed spirals
have been found which host kinematically-decoupled com-
ponents (KDC’s), such as stellar KDC’s (Bertola et al.
1999; Sarzi et al. 2000), counter-rotating extended stel-
lar discs (Merrifield & Kuijken 1994; Bertola et al. 1996;
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Jore et al. 1996), counter-rotating or decoupled gaseous
discs (Braun et al. 1992; Rubin 1994; Rix et al. 1995; Ciri
et al. 1995; Haynes et al. 2000; Kannappan & Fabricant
2001) and possibly counter-rotating bulges (Prada et al.
1996; but see also Bottema 1999).

Studying the interplay between ionized gas and stellar
kinematics allows us to address other issues concerning
the dynamical structure of spirals. These include the ori-
gin of disc heating and the presence of stellar or gaseous
discs in galactic nuclei. Gravitational scattering from gi-
ant molecular clouds and spiral density waves are the
prime candidates to explain the finite thickness of stel-
lar discs. It is expected that the dominant heating mech-
anism varies along the Hubble sequence but up to now
only two external galaxies have been studied in detail
(Gerssen et al. 1996, 2000). The presence in the nuclei
of S0’s and spirals of small stellar (Emsellem et al. 1996;
Kormendy et al. 1996a,b; van den Bosch et al. 1998; Scorza
& van den Bosch 1998; van den Bosch & Emsellem 1998)
and/or gaseous discs (Rubin et al. 1997; Bertola et al.
1998; Funes 2000) is usually connected to the presence
of a central mass concentration. It also appears that the
central black-hole mass is very strongly correlated with
the stellar velocity dispersion of the host galaxy bulge as
recently found by different authors (Ferrarese & Merritt
2000; Gebhardt et al. 2000). This relation is however based
on samples which are affected by different biases and
therefore new black-hole masses as well as stellar veloc-
ity dispersion measurements are needed.

Finally, the comparison of mass distributions derived
from stellar and gaseous kinematics has shown that the
ionized gas velocity may not trace the circular speed in
the central regions of SO0’s (Fillmore et al. 1986; Bertola
et al. 1995; Cinzano et al. 1999) and bulge-dominated spi-
rals (Corsini et al. 1999; Pignatelli et al. 2001). The pos-
sible difference between the gas rotational velocity and
the gravitational equilibrium circular velocity poses ques-
tions about the reliability of mass distributions derived
from the direct decomposition of ionized gas rotation cur-
ves into the bulge, disc and dark halo contribution (see
Kent 1988 for a discussion). This phenomenon has been
explained in terms of pressure-supported ionized gas, gas
motions which are not confined to the galaxy equatorial
plane and drag forces but its cause is still unclear due to
the limited statistics and requires further investigation.

All these issues will benefit greatly from a survey de-
voted to the comparative measurements of ionized gas and
stellar kinematics. With this aim we obtained long-slit
spectroscopy of a sample of 20 disc galaxies, mostly spi-
rals. We measured the velocity, velocity dispersion, hs and
hy4 radial profiles of the stellar component and velocity and
velocity dispersion radial profiles of the ionized gas along
their major axes. In Pignatelli et al. (2001) we present
the mass modelling of three galaxies of the sample, the Sa
NGC 772 and the Sb’s NGC 3898 and NGC 7782.

This paper is organized as follows. An overview of the
properties of the sample galaxies as well as the spectro-
scopic observations and their data analysis are presented

395
4

£

Q

1 M

£ 30 N N n
Q

o

3

AR 7
n

g

X

5

S 1 i
Q0

S

z

0
—18 —20 —22 —24
Mz

Fig. 1. Absolute magnitude distribution for the sample galax-
ies. A line marks Mp,_ = —20.05, which corresponds to M™* for
spiral galaxies as derived by Marzke et al. (1998) and assuming
Ho=75kms™ ! Mpc™!.

in Sect. 2. The resulting stellar and gaseous kinematic pa-
rameters are given in Sect. 3. Conclusions are discussed
in Sect. 4. In the Appendix a comparison with published
kinematic measurements of the sample galaxies is per-
formed.

2. Sample selection, observations and data
reduction

All the observed galaxies are bright (Br < 13.5) and
nearby objects (Vi < 5800 km s~!) with an intermediate-
to-high inclination (45° < ¢ < 80°) and their Hubble
morphological type ranges from SO to Sc. An overview
of their basic properties is given in Table 1. Figure 1
shows the absolute magnitude distribution for the galax-
ies of our sample. It nicely brackets the M™* value for
spiral galaxies taken from Marzke et al. (1998) assuming

Hy=75kms™! Mpc!.

2.1. Spectroscopic observations

The long-slit spectroscopic observations of our sample
galaxies were carried out at the 4.5-m Multi Mirror
Telescope (MMT) in Arizona (USA), at the ESO 1.52-
m Spectroscopic Telescope at La Silla (Chile), and at the
2.5-m Isaac Newton Telescope (INT) on La Palma (Spain).
The instrumental setup of each observing run is summa-
rized in Table 2.

At the beginning of each exposure, the slit was centred
on the galaxy nucleus using the guiding TV camera and
aligned along the galaxy major axis. The details of the slit
position and spectra exposure times are given in Table 3.
In all the observing runs comparison lamp exposures were
obtained before and after each object integration to al-
low an accurate wavelength calibration. Quartz-lamp and
twilight-sky flat fields were used to map pixel-to-pixel sen-
sitivity variations and large-scale illumination patterns.
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Table 1. Basic properties of the sample galaxies.

object type Bt PA 7 Vo D scale Ros M%T
mame]  [RSA]  [RC3] [magl [] [] [kms] [Mpd [pc/] [] [mag]
(1) (2) (3) 4 (6B 6 (M) (8) (9 (10 (1)

NGC 224 Sb .SAS3.. 4.36 55 72 —290 0.7 34 953 —20.87
NGC 470 Sbe(s .SATS3.. 12.53 155 52 2370 33.8 163.9 1.4 —20.66
NGC 772 Sb(rs .SAS3.. 11.09 130 54 2470 35.6 172.7 3.6 —22.21
NGC 949 Sc(s) .SAT3x$ 1240 145 58 620 11.4 55.2 1.2 —18.50
NGC 980 .L..... 13.20 110 58 5765 80.1  388.2 0.8 —22.95
NGC 1160 ... .S..6%. 13.50 50 62 2510 36.6 1774 1.0 -21.01
NGC 2541  Sc(s) .SAS6.. 12.26 165 61 565 8.7 42.2 3.2 —18.13
NGC 2683 Sb .SATS3.. 10.64 44 78 460 5.3 25.6 4.7 —18.99
NGC 2841 Sb .SAR3x. 10.09 147 65 640 9.6 46.4 4.1 —-20.33
NGC 3031  Sb(r .SAS2.. 7.89 157 59 -30 1.5 7.2 135 —18.46
NGC 3200 Sb(r SXThHx. 12.83 169 73 3550 43.9  213.1 2.1 —21.53
NGC 3368 Sab(s SXT2.. 10.11 5 47 860 9.7 47.1 3.8 —20.14
NGC 3705 Sab SXR2.. 11.86 122 66 1000 114 55.2 2.4  —19.03
NGC 3810  Sc(s SATS.. 11.35 15 45 1000 11.9 56.0 21 —19.36
NGC 3898 Sa .SAS2.. 11.60 107 54 1185 17.1 82.9 2.2 —19.85
NGC 4419 SBab: .SBS1./ 12.08 133 71 —200 17.0 82.4 1.7 —19.55
NGC 5064 Sa PSA.2x. 13.04 38 64 2980 36.0 174.4 1.2 -21.11
NGC 5854 Sa LBS+./ 1271 55 76 1630 21.8  100.7 1.4 —18.90
NGC 7331 Sb(rs) .SAS3.. 10.35 171 70 820 14.7 72.0 5.2 —20.48
NGC 7782  Sb(s) .SAS3.. 13.08 175 58 5430 75.3  364.9 1.2 —21.95

Notes — Column (2): morphological classification from RSA. Column (3): morphological classification from RC3. Column (4):
total observed blue magnitude from RC3 except for NGC 980 and NGC 5064 (LEDA). Column (5): major-axis position angle
taken from RC3. Column (6): inclination derived as cos?i = (¢* — ¢3)/(1 — ¢2). The observed axial ratio ¢ is taken from RC3
and the intrinsic flattening go = 0.11 has been assumed following Guthrie (1992). Column (7): heliocentric velocity of the galaxy
derived at centre of symmetry of the rotation curve of the gas. AV, = 10 km s™'. Column (8): distance obtained as Vo/Ho
with Ho = 75 km s~! Mpc~! and Vp the systemic velocity derived from Vg corrected for the motion of the Sun with respect to
the Local Group as in the RSA. For NGC 224 and NGC 4419 we assume distances of 0.7 Mpc (Binney & Merrifield 1999) and
17 Mpc (Freedman et al. 1994), respectively. Column (10): radius of the 25 B—mag arcsec™? isophote derived as Ras = D25 /2
with Das from RC3. Column (11): absolute total blue magnitude corrected for inclination and extinction from RC3.

Table 2. Instrumental setup of spectroscopic observations.

Parameter MMT ESO 1.52-m INT
Date 21-23 Oct. 1990  17-18 Dec. 90 30 Apr. — 02 May 1992  20-21 Mar. 1996
Spectrograph Red Channel B&C IDS
Grating (grooves mm™?) 1200 1200 (ESO No. 26) 1800
Detector Loral 12x8mmt FA2048L (ESO No. 24) TK1024A
Pixel size (qu) 15 x 15 15 x 15 24 x 24
Pixel binning 1x1 1x1 1x1
Scale (" pixel™*) 0.30 0.81 0.33
Reciprocal dispersion (A pixel ™) 0.82 0.98 0.24
Slit width (") 1.25 2.1 1.9
Slit length (/) 3.0 4.2 4.0
Spectral range (A) 4850-5500 49006900 66506890
Comparison lamp He-Ne-Ar-Fe He-Ar Cu-Ar
Instrumental FWHM (A) 2.24 +0.26 2.57 +£0.11 2.34 +0.09 0.869 + 0.040
Instrumental o (km s™*) 57 45 17
Seeing FWHM (') 1.2-1.5 1.0-1.5 1.0-1.8

Notes — The instrumental ¢ was measured at [O III] A5006.8 for the MMT spectra and at Ha for the ESO 1.52-m and INT
spectra.
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Table 3. Log of spectroscopic observations of the galaxies.

Object Date Telescope texp PA
[s] ]

NGC 224 18 Dec. 90 MMT 2% 3600 55
NGC 470 22 Oct. 90 MMT 3600 155
NGC 772 22 Oct. 90 MMT 3600 130
NGC 949 21 Oct. 90 MMT 3600 145
NGC 980 22 Oct. 90 MMT 3600 110
NGC 1160 21 Oct. 90 MMT 3600 50
NGC 2541 21 Oct. 90 MMT 3600 165
NGC 2683 18 Dec. 90 MMT 3600 44
NGC 2841 22 Oct. 90 MMT 3600 147
NGC 3031 17 Dec. 90 MMT 3600 157
NGC 3200 02 May 92 ESO 1.52-m 3600 79
NGC 3368 17 Dec. 90 MMT 3600 5
NGC 3705 17 Dec. 90 MMT 3600 122
NGC 3810 18 Dec. 90 MMT 3600 15
NGC 3898 18 Dec. 90 MMT 3600 107
19 Mar. 96 INT 3x3600 107

NGC 4419 20 Mar. 96 INT 2x3300 133
02 May 92 ESO 1.52-m 3600 133

NGC 5064 30 Apr. 92 ESO 1.52-m 3600 138
NGC 5854 30 Apr. 92 ESO 1.52-m 3600 145
30 Apr. 92 ESO 1.52-m 3600 25

30 Apr. 92 ESO 1.52-m 3600 55

NGC 7331 22 Oct. 90 MMT 3600 171
NGC 7782 22 Oct. 90 MMT 3600 30

At the MMT and ESO 1.52-m telescopes a number of
late-G and early-K stars were observed with the same set
up to serve as templates in measuring the stellar kinemat-
ics (see Table 4). The seeing range during the different
spectroscopic runs is given in Table 2.

2.2. Routine data reduction

The spectra were bias subtracted, flat-field corrected,
cleaned for cosmic rays and wavelength calibrated using
standard MIDAS! routines. Cosmic rays were identified by
comparing the counts in each pixel with the local mean
and standard deviation (as obtained from the Poisson
statistics of the photons knowing the gain and readout
noise of the detector), and then corrected by interpolat-
ing a suitable value.

The instrumental resolution was derived as the mean
of the Gaussian FWHM s measured for a dozen unblended
arc-lamp lines distributed over the whole spectral range of
a wavelength-calibrated comparison spectrum. The mean
FWHM of the arc-lamp lines as well as the correspond-
ing instrumental velocity dispersion are given in Table 2.

1 MIDAS is developed and maintained by the European
Southern Observatory.
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Table 4. Log of spectroscopic observations of the template
stars.

Object Date Telescope texp Type
s [BSC
HR 2649 21 Oct. 90 MMT 180  KB3III
HR 7778 23 Oct. 90 MMT 200  G8III
HR 7854 23 Oct. 90 MMT 200  KOIII
HR 941 18 Dec. 90 MMT 99 KOIII
HR 3360 17 Dec. 90 MMT 195  K2III
HR 3905 17 Dec. 90 MMT 126 K2III
HR 4246 18 Dec. 90 MMT 100  KS3III
HR 4924 17 Dec. 90 MMT 139 GIIII
HR 8694 18 Dec. 90 MMT 89 KOITT
HR 3431 30 Apr. 92 ESO 1.52-m 5x20 KA4III
HR 5601 30 Apr. 92 ESO 1.52-m 5x15 KO.5III
HR 6318 30 Apr. 92 ESO 1.52-m 5x20 KA4III
HR 7595 30 Apr. 92 ESO 1.52-m 5x20 KOIII

Note — The spectral class of the template star is taken from The
Bright Star Catalogue (Hoffleit & Jaschek 1982).

Finally, the individual spectra of the same object were
aligned and coadded using their stellar-continuum centres
as reference. For each spectrum the centre of the galaxy
was defined by the centre of a Gaussian fit to the radial
profile of the stellar continuum. The contribution of the
sky was determined from the edges of the resulting spec-
trum and then subtracted.

2.3. Measuring stellar and ionized gas kinematics

The stellar kinematic parameters were measured from
the absorption lines present on each spectrum using the
Fourier Correlation Quotient Method (Bender 1990) as
applied by Bender et al. (1994). The spectra of the stars
G8III HR 7778, K2III HR 6415 and K4IIT HR 6318 pro-
vided the best match to the galaxy spectra obtained in
October 1990, December 1990 and May 1992, respectively.
They were used as templates to measure the stellar kine-
matic parameters of the sample galaxies in the three runs.
For each spectrum we measured the radial profiles of the
heliocentric stellar velocity (v, ), velocity dispersion (o),
and the Gauss-Hermite coefficients h3 and hy, in the case
of sufficiently high S/N. The stellar kinematics of all the
sample galaxies are tabulated in Table 5. The table pro-
vides the galaxy name, the position angle of the slit in
degrees, the radial distance from the galaxy centre in arc-
sec, the observed heliocentric velocity and the velocity dis-
persion in km s~!, and the Gauss-Hermite coefficients hs
and hgy.

The ionized gas kinematic parameters were derived by
measuring the position and the width of [O III] A5006.8
emission line in the MMT spectra and the Ha emission
line in the ESO 1.52-m and INT spectra. The position,
the FWHM and the uncalibrated flux of the emission lines
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were individually determined by fitting interactively a sin-
gle Gaussian to each emission line, and a polynomial to its
surrounding continuum using the MIDAS package ALICE.
The wavelength of the Gaussian peak was converted to ve-
locity via the optical convention v = ¢z, and then the stan-
dard heliocentric correction was applied to obtain the ion-
ized gas heliocentric velocity (vg). The Gaussian FWHM
was corrected for the instrumental FWHM, and then con-
verted to velocity dispersion (og). At some radii where
the intensity of the emission lines was low, we averaged
adjacent spectral rows to improve the signal-to-noise ra-
tio of the lines. The ionized-gas kinematic parameters of
all the sample galaxies are tabulated in Table 6. The ta-
ble provides the galaxy name, the position angle of the
slit in degrees, the radial distance from the galaxy centre
in arcsec, the observed heliocentric velocity and the veloc-
ity dispersion in km s™', and the relevant emission line.
For each galaxy we derive the heliocentric system velocity
as the velocity of the centre of symmetry of the rotation
curve of the gas.

3. Results

The resulting stellar and ionized-gas kinematics of all our
sample galaxies are shown in Fig. 2. Their relevant kine-
matic properties such as velocity gradients and velocity
dispersions for both the stellar and gaseous components
at different radii are given in Table A.1.

For each object the plot of the stellar and gaseous kine-
matics is organized as it follows:

1. We display in the upper panel an image of the galaxy.
We obtained the images for most of the sample galax-
ies in February and November 1997 at the 1.8-m
Vatican Advanced Technology (VATT) in Arizona
(USA), in December 1997 at the 0.8-m TAC80 telescope
in Tenerife (Spain), and in March 1998 at the ESO
3.6-m telescope in La Silla (Chile). For the remaining
galaxies we used an image taken either from the INT
archive or the Digital Sky Survey (see Table 7). All im-
ages (except for the DSS ones) were bias-subtracted,
flat-field corrected and cleaned for cosmic rays. The
galaxy frames have been rotated and the slit position
has been plotted to perform a better comparison be-
tween morphological and kinematic properties. The slit
width and length correspond to those adopted in ob-
taining the spectra;

2. In the second panel we plot the velocity curves of the
stellar (filled circles) and gaseous (open circles) com-
ponents. The velocities are as observed without any
inclination correction. Error bars are not plotted when
smaller than symbols. The position angle of the slit is
specified;

3. In the third panel we plot in radial profiles the veloc-
ity dispersion of the stellar (filled circles) and gaseous
(open circles) components. Error bars are not plotted
when smaller than symbols;

J. C. Vega Beltran et al.: Kinematic properties of gas and stars in 20 disc galaxies

Table 7. Source of the images of sample galaxies.

Object Source Band

NGC 224 DSS

NGC 470  TAC80 Ry
NGC 772 VATT Rc
NGC 949  VATT Rc
NGC 980  TACS80 Rj
NGC 1160 VATT Rc
NGC 2541 TACS80 Rj
NGC 2683 INT Archive Rc
NGC 2841 TAC80 R;
NGC 3031 DSS

NGC 3200 DSS

NGC 3368 INT Archive  Rc
NGC 3705 DSS

NGC 3810 DSS

NGC 3898 VATT Rc
NGC 4419 VATT Rc
NGC 5064 ESO 3.6-m Rc
NGC 5854 TAC80 R;
NGC 7331 INT Archive Rc
NGC 7782 VATT Rc

4. In the lower panels we plot the hs and h4 radial pro-
files, respectively. h3 and h4 values are not given where
the S/N ratio of the spectra was too low to allow a re-
liable measurement.

A detailed study of the ionized gas and stellar kine-
matics of NGC 772, NGC 3898 and NGC 7782 is given
in Pignatelli et al. (2001). They combined kinematical
data with V —band surface photometry in order to derive
the mass distribution via a self-consistent Jeans model.
Kinematic data for these galaxies are presented here for
sake of completeness.

The kinematic parameters of the nearby galaxies
NGC 224 and NGC 3031 have been measured by several
authors. We decided to observe these galaxies to perform
a consistency check of our measurements with the data
available in the literature.

4. Discussion and conclusions

Although only a complete dynamical model can address
the question of the mass distribution of a galaxy, it is
possible to derive some hints about its structure directly
from the analysis of the interplay between the kinematics
of its gas and stars. In our sample we can identify two
classes of galaxies according to their kinematics, assuming
that gas and stars are coplanars:

(i) Galaxies in which ionized gas rotates faster than stars
and has a lower velocity dispersion than the stars (i.e.,
Ve > Vi and 04 < 0,): NGC 772, NGC 3200, NGC 3898,
NGC 4419, NGC 5064 and NGC 7782. All these galaxies
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Fig. 2. Stellar and ionized-gas kinematics of the sample galaxies. For NGC 470 some isophotes are traced to highlight the
presence of the bar, whose major axis is drawn with a dashed line.

are classified as early-to-intermediate type spirals, except
for the Sc NGC 3200. The different kinematic behaviour
of the gaseous and stellar components can be easily ex-
plained by a model where the gas is confined in the disc
and supported by rotation while the stars mostly belong to

the bulge and are supported by random motions (i.e. dy-
namical pressure). In the case of NGC 772 and NGC 7782,
this simple hypothesis is confirmed by the self-consistent
Jeans models of Pignatelli et al. (2001). In these galax-
ies the ionized gas is tracing the gravitational equilibrium
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Fig. 2. continued.

circular speed. This is not true in the innermost region
(£0.7 kpc) of NGC 3898, where the ionized gas is rotat-
ing more slowly than the circular velocity predicted from
dynamical modelling, unveiling a more complex behaviour
(see Corsini et al. 1999; Cinzano et al. 1999).
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(it) Galaxies for which Vy ~ V, and o, ~ o, over an
extended radial range. This is the case of the intermediate-
to-late type spirals NGC 470, NGC 949, NGC 1160, and

NGC 2541, NGC 3810, and of the Sab NGC 3705. In these
disc-dominated galaxies the motions of the ionized gas and
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Fig. 2. continued.

stars are dominated by rotation as we can infer from their
low 0 < 50 km s=! and large (V/0)max = 2.

The Sab spiral NGC 3368 has intermediate properties
(i.e., Vg > Vi and o, ~ 0,) between the two classes even
though the gas rotation is quite asymmetric. The edge-
on SO NGC 980 has a very peculiar rotation curve with
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Ve 2 Vi for |r| £ 2" and V; <V, elsewhere. These cases
can be explained if the gas disc is warped and not aligned
with the plane of the stellar disc. Further observations on
different position angles are needed to derive a detailed
modelling. For NGC 224 and NGC 5854 we have no gas
kinematics to perform a comparison with stars.
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Fig. 2. continued.

In the remaining galaxies of our sample gas and stel-
lar kinematics suffers from the presence of kinematically
decoupled components. Two counter-rotating stellar com-
ponents have been found by Pompei & Terndrup (1998)
in the edge-on Sb NGC 2683. In the nuclear region of
NGC 2841 the ionized gas is rotating perpendicularly
with respect to the stars and a fraction of bulge stars
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are counter-rotating with respect to the rest of the galaxy
(Sil’Chenko et al. 1997). In the centre of NGC 3031 our
gaseous kinematic data suggest the presence of a circum-
nuclear Keplerian disc of ionized gas (e.g. Bertola et al.
1998) which is consistent with the gaseous disc observed
by Devereux et al. (1997) and rotating around a super-
massive black hole (Bower et al. 1996). In NGC 7331 the



J. C. Vega Beltran et al.: Kinematic properties of gas and stars in 20 disc galaxies

r [kpc]

-10 -5 0 5 10

—— T : ——
[ NGC 5064 (R band) 3 . ]
20 o . _
F . J
i [ i
o |- -

wn

! ,
S, i N ]
o L - 4
20+ >
I e ———— "‘E - i. ]
3200 & PA=38° (major axis)  =°°°°0°ozsssgotods 3°3
- E ostars 3 . 3
n 31005 o ionized gas s E
g 3000 E
A E =
=, 2900 Py e
> 2800 F . ﬁ@ E
—, 2700 ;I\‘IE} . 1ETO?E?O?OD}O§1 ————————————— }SWE
N 250 £ o E
“w  300F * e E
s ”
ﬁ‘ 50 é EODQ o O§D§§§ ﬁ% 000000 o* 0o Po%, Oé
bO.g;;wwu“ww‘_fir”wf
£ 0.0 Fom b ir—% ——————————— R =
70'2?1}111}111 1}111}1?
L T T
—02E. o BT S

—60 —40 —20 0 20 40 60

r [arcsec]

1 7 T ‘ T 3
__ 1750 F NGC 5854 . PA=25° -
T, 1700 F i 4
g 1650 Yy E
—1600 F E%E E
> E estars E
1550 & i E
B L | | | RAE
T150F =
g oF R T E
£ s0F 3
e
02F J -
& 00EF *'*"Hii}*'{ ''''''''''''''''' -3
70'2? P ‘? ;E S U B E
. 02c " 3
el Ve~ === R IS & S S —
—0.2F [ \ ‘i ? ‘%.\1}‘ ?‘ \ L E

—40 —-20 0 20 40

r [arcsec]

Fig. 2. continued.

possible presence of a counter-rotating bulge has been dis-
cussed by Prada et al. (1996) and ruled out by Bottema
(1999).

The recent results implying a tight M, — o relation of
its host spheroids (Ferrarese & Merritt 2000) have made us
look for possible relationships between the velocity disper-
sion of gas and stars. With this aim we compiled data from
a sample of about 40 disc galaxies for which the major-
axis velocity curve and velocity dispersion profiles of both
ionized gas and stars are available, by adding the early-
type disc galaxies of Bertola et al. (1995), Fisher (1997),
and Corsini et al. (1999) to the spirals of our present sam-
ple. Although stellar and/or ionized gas kinematics have

403

r [kpC]

*4 -2 2 4

‘ \ : L W s
20 = NGC 5854 (R band) I 3
[ I 4

n
2 0r 2
&, H 1
& S 5
e | | | | E‘>
e U L R A B
1800: i 3 PA=55° (major axis) 1
'n 1700 F i 4
£ - 1
=< 1600 E%i§ ]
> [ estars : i
1500 [ NE | ‘ ‘ * ‘ Sw
T os0 ‘ ‘ ‘ E
n E LI 3
g 100F Y E
£ 50¢ ’ L=
S = | | [ | . | E
E \ \ \ ]
02F b E
& 00T e T i 1 I “E Lé
70'2? A
0.2 F E
& 00F -t Tttt 3
“0RE L A L R
—40 —20 0 20 40
r [arcsec]

I e L S S S B ]
—1700F NGC 5854 PA=145° (minor axis) -
| r 4
9] r ]
£ 1650 H}% E
A #H ]
> 1600 L . stars E
1550 L | R
" 150? Iﬁf E
g 100? s E
M 50F H E
> OF ot 1 ——

02F i E

& 00E L,,: 7777777777777777777777 -

-02E | ‘ IT'# | L, 3

0.2 F . =

& 00E - HE,}H 7777777777777777777777 -

—0.2F [ [ [ L L 3
—40 —20 0 20 40

r [arcsec]

been studied in a larger number of SO’s and spirals (e.g.
Héraudeau & Simien 1998; Héraudeau et al. 1999) we se-
lected these few authors since only they provide the radial
trend of the gas velocity dispersion. For each object we de-
rived the values of o, and o, in the centre and at R. /4,
where R, is the half-surface brightness radius of the galaxy
listed in the RC3 (Fig. 3).

The central values of o, and o, seem to be correlated,
since galaxies with higher o, tend to show also higher
values of o,. Moreover o, and o, cover the same range
of values and can reach values higher than 300 km s~!
with o5 < 0.. However there is no clear dependence on
the morphological type as seen in Fig. 4. The high central
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Fig. 2. continued.
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Fig. 3. Velocity dispersion of stars and ionized gas measured in
the centre (upper panel) and at Re/4 (lower panel) of the disc
galaxies studied in this paper, Bertola et al. (1995); Fisher
(1997) and Corsini et al. (1999). The different symbols refer
to the different morphological types (as they appear in RC3).
The continuous lines correspond to oz = o«. The ranges where
o < 60 km s™! are marked as a reference.
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values of o, may be partially due to the smearing effect
of the seeing, which are more noticeable on the gas kine-
matics of the early-type disc galaxies on account of their
large central velocity gradients (e.g. Rubin et al. 1985).
On the other hand, a high central o, could be also due
to intrinsic properties of the galaxy. This is the case for
the broad emission lines which are the signature of an
unresolved Keplerian velocity field due to a gaseous disc
rotating around a supermassive black hole (e.g. Bertola
et al. 1998; Maciejewski & Binney 2000).

At R./4 we find 0, < 100 km s™! in almost all the
objects, while o, ranges between 40 and 240 km s~!. This
correlates with the galaxy type as seen in Fig. 5. The
low value of o, indicates that we are observing dynam-
ically cold gas, which is rotating in the disc component.
In addition, there are a few S0’s and early-type spirals
in which o, is much higher (oy ~ 120 km s™') than ex-
pected from thermal motions or small-scale turbulence.
Such a high o, cannot be explained as the result of see-
ing smearing of velocity gradients since it is measured at
a distance R./4 which is larger than 5 seeing FWHM’s
for all the sample objects. We suggest that the high-o,
galaxies are good candidates to host dynamically hot ion-
ized gas as in the case of the SO NGC 4036 (Bertola et al.
1995; Cinzano et al. 1999), even if the question whether
pressure-supported gas is related to the dynamics of the
bulge stars is still open (Pignatelli et al. 2001). The Hubble
Type — o, relation observed at R./4 is an indication that
at this radius the stellar kinematics of early and late-type
disc galaxies dominated by bulge and disc component,
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Fig.5. As in Fig. 4 but for ionized gas and stellar velocity dispersions measured at Re/4.

respectively. In late-type spirals, which host low or negli-
gible bulges, o, ~ 0y ~ 50 km s~!
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Appendix A: Comparison with literature

In this section we perform a comparison between the
gaseous and stellar kinematical data we obtained for the
sample galaxies with the velocity curves and velocity dis-
persion profiles available in the literature in order to as-
sess the accuracy and reliability of our measurements. In
most cases, differences between different authors are due
to slit centering and positioning and to the different anal-
ysis techniques, or both (see Fisher 1997 for a discussion).
As far as our sample galaxies are concerned, ionized
gas velocity curves have been already measured along
the major axis of NGC 2683, NGC 3200, NGC 3898,
NGC 4419, and NGC 7331. Apart from NGC 3898 pre-
sented in Pignatelli et al. (2001) the other cases are dis-
cussed here briefly and shown in Fig. A.1.
NGC 2683: The complex kinematics of this galaxy has
been unveiled by Pompei & Terndrup (1999) who isolated
two kinematically distinct gaseous components giving rise
to a “figure-of-eight” velocity curve. The fast and the slow-
rotating components are unresolved in our spectrum as
well as in that of Barbon & Capaccioli (1975). We there-
fore measured intermediate V;’s and higher og’s.

NGC 3200: The agreement between our V; and that
measured by Rubin et al. (1982) is excellent. This is also
true for Mathewson et al. (1992) in the outer regions. The
shallower central gradient can be explained taking into
account for their lower spatial resolution.

NGC 4419: Our data closely matches those obtained by
previous authors. This is not the case for only of the V;
rotation curves given by Sperandio et al. (1995). In this
case their lower spatial resolution produces the observed
shallower central gradient but it can not account for the
strong discrepancy we see at large radii on both sides.

NGC 7331: Our V,'s matches those by Bottema (1999).
A difference in the heliocentric systemic velocity and the
different position angle of the slit (PA = 170°) may ex-
plain the shift the V; curve by Afanas’ev et al. (1989).

Major-axis stellar kinematics have been previously
published for NGC 224, NGC 470, NGC 772, NGC 2683,
NGC 2841, NGC 3031, NGC 3368, NGC 3810, NGC 3898,
NGC 5854 and NGC 7331. They are compared with our
data in Fig. A.2 except for the cases of NGC 772 and
NGC 3898 which we analyzed in Pignatelli et al. (2001).

NGC 224: The discrepancy observed along the NE axis
between our data and those by Kormendy (1988) and by
Dressler and Richstone (1988) may be the result of an
incorrect sky subtraction in our data. An overestimation
of the sky level due to the large size of the galaxy covering
all the slit area may produce the higher o, and shift in Vj
we actually measure.
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Fig. A.2. The stellar velocities and velocity dispersions derived in this study for NGC 224, NGC 470, NGC 2841, NGC 3031,
NGC 3368, NGC 3810, NGC 5854 and NGC 7331 compared with those obtained by other authors: B99 = Bottema (1999);
B + 93 = Bower et al. (1993); BSG94 = Bender et al. (1994); DR88 = Dressler & Richstone (1988); FBD86 = Fillmore et al.
(1986); H+99 = Héraudeau et al. (1999); H4-00 = Haynes et al. (2000); HS98 = Héraudeau & Simien (1998); K88 = Kormendy
(1988); P+96 = Prada et al. (1996); SP97 = Simien & Prugniel (1997); SVB86 = Sil’Chenko et al. (1997); WRF84 = Whitmore

et al. (1984).

NGC 470: The V,’s we measured are consistent with is the comparison between our and their o,. In particu-

those of Héraudeau et al. (1999) while less satisfactory lar their values range between about 70 and 170 km s~

1
)



408 J. C.

T T T T

100 NGC 3810 % %
- . major axis %%% % % %
é 0 @3@%%
- b
= —50
% e stars (this paper)

o stars (H+99)

|
—_
o
o
AR R R AR A AR R
T

150 |- NE Sw
2 100
— 50
b
o=, L | L L
-40 -20 0 20 40
r [arcsec]
200 - I I I I ]
- 5 ? op ]
L NGC 5854 §o 00 ]
lool-  major axis %DE} i * 2 % %;
Eof -
= F ]
> H £ estars (this paper) A
100 ¢ o ]
100 r 3 ; E@@ﬁuémyéu ostars (H+00) ]
[f OO ]
~R00 5@1 } 1@ F—————+—— 1+SitaTs 1(8131971) ——
200 SV NE -
7 150 = % B
£ 1o0F { %ﬁ}f I E
X E ]
L bk S G S ;
O ; ‘ L ‘ L ‘ L ‘ L L ‘ L é
~40 -20 0 20 40

r [arcsec]

Fig. A.2. continued.

whereas we measured o, < 50 km s~! at almost all radii
(probably due to a template mismatching effect).

NGC 2683: We do not resolve the counter-rotating stel-
lar components observed by Pompei & Terndrup (1999)
because we have no enough spectral resolution and either
a good S/N in our spectra.

NGC 2841: In the centre the V, value we obtained is
within the scatter of the other data sets, the same is true
for o,. however further out from the nucleus our V, and
o4 are are somewhat lower than those found in literature.
NGC 3031: We measure the same V, gradient as Bender
et al. (1994) and Héraudeau & Simien (1998) in the in-
ner |r| < 10”. Further out our V; continues to increase.
The differences between the three V, sets are as large as
50-80 km s~!. In the same radial region our o, agrees
with the velocity dispersions by Bender et al. (1994) but
are about 50 km s~! lower than those by Héraudeau &
Simien (1998). o, measurements do coincide in the cen-
tre. These differences in V, and o, are due to the different
instrumental setup used for the different observations. We

Vega Beltran et al.: Kinematic properties of gas and stars in 20 disc galaxies
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used a very spatial resolution, so the velocity gradient we
measure is more accurate than that of the other authors.
The differences in the values of o, between our measure-
ments and those obtained by Héraudeau & Simien (1998)
are probably due to a template mismatching effect

NGC 3368, NGC 3810 and NGC 5854: Our major-
axis kinematics are in good agreement with the literature.
This is also true for the V, we measured along the minor
axis of NGC 5854.

NGC 7331: The V, gradient measured by Héraudeau
& Simien (1998) is shallower than that by us and other
authors. We suggest it may be due to a different position
of the slit. Our o, radial profile shows a faster decrease
and at larger radii it is marginally consistent with that by
Bower et al. (1993).

For some of the sample galaxies velocity fields for the
cool gaseous component have been obtained using CO
molecular lines and/or H I 21-cm line and can be com-
pared to our ionized-gas velocity curves to have some in-
sights into the inner-to-outer gas distribution and motion.



Table A.1. Kinematic properties of the sample galaxies

Object o(0) o(Re/4) (AV/AR)(0) (AV/AR)(R./4) V(Re/4) Riast
gas stars gas stars gas stars gas stars gas stars gas stars
[name] [km s~ ] [km s™] [kms™" pe] [kms™" pe'] [km s~ "] [R/Ros]
(1) (2) (3) (4) (5) (6) ) ®) 9) (10) (11) 12)  (13)
NGC 224 — 244 + 25 — — 63.29 £ 0.720 — — — — — 0.006
NGC 470 84+ 8 56 + 31 37+ 12 63 £ 18 0.563 £0.024  0.275 + 0.010 0.095 £ 0.010  0.036 + 0.014 1224+13 104 £ 15 0.6 0.5
NGC 772 128 £13 124+ 5 69 + 12 94 £ 55 0.283 £0.022  0.195+0.012 0.073 £0.009 0.051 £ 0.010 239 +£22 170 £28 0.2 0.1
NGC 949 37+£19 32+ 5 — — 0.115+£0.060  0.078 £ 0.011 — — — — 0.6 0.6
NGC 980 212+ 7 226+ 12 — — 0.222 +£0.020  0.197 £ 0.004 — — — — 0.8 0.8
NGC 1160 109 £+ 25 24 +10 50 £ 29 51 + 30 0.053 £ 0.027  0.042 £ 0.021 0.031 £0.017  0.017 £ 0.006 75+ 19 48 £13 0.8 0.6
NGC 2541 16 £ 16 53 £ 10 29+ 19 59 £ 10 0.092 £0.071  0.066 £ 0.066 0.027 £0.018  0.067 £ 0.038 45 + 10 43 + 15 0.2 0.08
NGC 2683 97+ 5 83+ 7 110 £ 27 71+ 33 0.998 £0.304  0.527 £ 0.069 0.294 £0.048  0.096 £ 0.135 105 £ 16 35 447 0.2 0.1
NGC 2841 141 £ 11 197 £ 18 104 £ 11 118 + 29 0.697 £0.326  0.934 £ 0.020 0.150 £ 0.044  0.120 £ 0.019 160 +20 130 £ 34 0.3 0.2
NGC 3031 251+ 5 173+ 5 — — 7.452 4+ 0.174  1.762 + 0.160 — — — — 0.05  0.06
NGC 3200 82 +21 197 + 35 38+19 132+£53 0.267 £0.021  0.095 £ 0.019 0.103 £0.011  0.068 £ 0.039 193 +19 128 £60 0.6 0.4
NGC 3368 140+ 5 129+ 5 117+£32 128 £11 0.974 £ 0.252  0.566 + 0.074 0.249 £0.030 0.119 £ 0.051 216 £19 103 +£30 0.09 0.1
NGC 3705 122+ 5 109+ 9 58 + 32 88+ 6 0.681 +0.120  0.327 £ 0.072 0.260 £0.115  0.116 £ 0.026 113 + 37 50 £ 10 0.08  0.07
NGC 3810 110+£15 58 £ 12 54 £+ 25 70+ 5 0.255 +0.272  0.171 £ 0.070 0.147 £0.085  0.151 £ 0.089 — 79 £ 25 0.08 0.06
NGC 3898 103+12 223+15 68+ 5 161=%16 0.338 +0.044  0.336 + 0.030 0.328 £0.026  0.226 £ 0.023 199 £10 140 £ 12 0.7 0.2
NGC 4419 104+ 6 98 + 12 35+ 5 76 + 24 0.152 +0.014  0.123 £ 0.040 0.180 £0.011  0.125 £ 0.022 90 + 11 63 £ 16 0.5 0.5
NGC 5064 114+ 8 202+11 54+ 6 210£21 0.366 + 0.015  0.240 + 0.018 0.189 £0.013  0.100 £ 0.018 225+15 132+£20 0.1 0.6
NGC 5854 — 109+ 7 — 99 + 16 — 0.100 % 0.030 — 0.100 £ 0.075 — 38 £25 — 0.5
NGC 7331 90 £ 11 141+ 5 88 + 13 85+ 5 0.307 +0.034  0.427 4+ 0.022 0.079 £0.023  0.185 £ 0.011 79+20 186 £ 10 0.1 0.3
NGC 7782 169+31 193+ 9 55+25 120+£ 15 0.539 +0.015  0.228 +0.018 0.114 £0.005  0.084 £ 0.016 266 +£10 194 + 33 0.6 0.6

sorxe[es osIp (g ur s1ejs pue sed jo sorprodord O1yeUIOUIS] T8 10 URIYOY €SOA D) [

Notes — Columns (2-3): central velocity dispersion of ionized gas and stars. Columns (4-5): velocity dispersion of ionized gas and stars at R./4. Columns (6-7): central
velocity gradient of ionized gas and stars. Columns (8-9): velocity gradient of ionized gas and stars at R./4. Columns (10-11): ionized-gas and stellar rotation velocity at
R. /4 obtained from the observed velocity corrected for systemic velocity and inclination given in Table 1. Columns (12-13): Extent of the ionized-gas and stellar kinematic
radial profiles obtained in this paper in units of Ros.
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NGC 2541: The H I data by Broeils & van Woerden
(1994) show a symmetric outer rotation curve with no
particular peculiarities.

NGC 2683: The H I position-velocity diagram by Broeils
& van Woerden (1994) shows two kinematically distinct
components giving a “figure-of-eight” appearance to the
diagram. These components may be associated with the
fast and slow-rotating components observed by Pompei &
Terndrup (1998) both in the stellar and ionized-gas veloc-
ity curves. Figure-of-eight velocity curves have been ex-
plained by Kuijken & Merrifield (1995) to be due to the
presence of a bar (see other examples in Vega Beltrdn et al.
1997; Bureau & Freeman 1999).

NGC 2841: Sofue et al. (1999) obtained an extended
and well-sampled inner-to-outer rotation curve by com-
bining He, CO and H T observations. Rotation attains a
sharp maximum near the centre and flattens outwards and
asymmetries seem to be confined in the radial region we
observed.

NGC 3031: Sofue (1997) combined different optical and
radio data sets to trace gas rotation of this spiral galaxy
out to more than 20’. There is no evidence of kinemati-
cal decoupling between gas and stars even if our higher-
resolution data show that in the inner &1’ the gas ve-
locity curve is highly disturbed and less regular than the
stellar one.

NGC 3368: The HTI and CO velocity fields have been de-
rived by Schneider (1989) and Sakamoto et al. (1999) re-
spectively. The large fraction of H I is distributed outside
the optical disk indicating the possible capture of inter-
galactic gas. On the contrary CO is concentrated towards
the inner regions and its asymmetric position-velocity dia-
gram matches our [O III] A5006.8 velocity curve. Gas infall
due to the galaxy bar and interactions has been considered
by Sakamoto et al. (1999) to explain CO distribution.
NGC 3898: The H I distribution and velocity field have
been studied in detail by van Driel & van Woerden (1994).
The comparison of these data with our ionized-gas kine-
matics and the Ha-imaging by Pignatelli et al. (2001)
suggests that both ionized and neutral hydrogen have a
regular velocity field and a smooth distribution.

NGC 7331: Sofue (1997) obtained a rotation curve for
the gaseous component from CO and H I lines. The global
rotation appears normal with no peculiar behaviour.
There is no gas component associated to the counter-
rotating bulge claimed by Prada et al. (1996).
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