N

N

BhaBAR: Big Halpha kinematical sample of BARred
spiral galaxies - I. Fabry-Perot Observations of 21
galaxies
O. Hernandez, C. Carignan, P. Amram, L. Chemin, O. Daigle

» To cite this version:

O. Hernandez, C. Carignan, P. Amram, L. Chemin, O. Daigle. BhaBAR: Big Halpha kinematical
sample of BARred spiral galaxies - I. Fabry-Perot Observations of 21 galaxies. Monthly Notices
of the Royal Astronomical Society, 2005, 360 Issue 4, pp.1201. 10.1111/j.1365-2966.2005.09125.x .
hal-00014446

HAL Id: hal-00014446
https://hal.science/hal-00014446

Submitted on 26 Jan 2021

HAL is a multi-disciplinary open access L’archive ouverte pluridisciplinaire HAL, est
archive for the deposit and dissemination of sci- destinée au dépot et a la diffusion de documents
entific research documents, whether they are pub- scientifiques de niveau recherche, publiés ou non,
lished or not. The documents may come from émanant des établissements d’enseignement et de
teaching and research institutions in France or recherche francais ou étrangers, des laboratoires
abroad, or from public or private research centers. publics ou privés.


https://hal.science/hal-00014446
https://hal.archives-ouvertes.fr

Mon. Not. R. Astron. Soc. 360, 1201-1230 (2005) doi:10.1111/5.1365-2966.2005.09125.x

BHaBAR: big Ha kinematical sample of barred spiral galaxies — L.
Fabry—Perot observations of 21 galaxies

O. Hernandez,'-**1 C. Carignan,'* P. Amram,”* L. Chemin' and O. Daigle'*

YObservatoire du mont Mégantic, LAE, Université de Montréal, CP 6128 succ. centre ville, Montréal, Québec, Canada H3C 3J7
20bservatoire Astronomique de Marseille Provence et LAM, 2 pl. Le Verrier, 13248 Marseille Cedex 04, France

Accepted 2005 April 14. Received 2005 April 6; in original form 2005 January 13

ABSTRACT

We present the Ho gas kinematics of 21 representative barred spiral galaxies belonging to the
BHoaBAR sample. The galaxies were observed with FANTOmM, a Fabry—Perot integral-field
spectrometer, on three different telescopes. The three-dimensional data cubes were processed
through a robust pipeline with the aim of providing the most homogeneous and accurate data
set possible useful for further analysis. The data cubes were spatially binned to a constant
signal-to-noise ratio, typically around 7. Maps of the monochromatic Ho emission line and of
the velocity field were generated and the kinematical parameters were derived for the whole
sample using tilted-ring models. The photometrical and kinematical parameters (position angle
of the major axis, inclination, systemic velocity and kinematical centre) are in relative good
agreement, except perhaps for the later-type spirals.

Key words: methods: observational — techniques: radial velocities — galaxies: fundamental

parameters — galaxies: kinematics and dynamics — galaxies: spiral.

1 INTRODUCTION

The presence of a bar in disc galaxies seems to be a common feature.
Bars have been recognized in galaxies since the time of Curtis (1918)
and Hubble (1926). In the optical, roughly 30 per cent of spiral
galaxies are strongly barred (de Vaucouleurs 1963) while another
25 per cent are weakly barred. Evidence that bars in spirals are more
obvious in the near-infrared (NIR) than in the visible goes back
to Hackwell & Schweizer (1983). Recent surveys in the NIR have
shown that up to 75 per cent of high surface brightness galaxies may
have a more or less strong bar (e.g. Eskridge et al. 2000; Knapen,
Shlosman & Peletier 2000b).

When present, such bars will introduce non-circular motions that
should be seen in the radial velocity fields. Because the kinematics
of barred spirals is different from that of more or less axisymmetric
discs, it is important to model them properly if we want to de-
rive, as accurately as possible, the overall mass distribution. This
distribution is directly derived from the knowledge of the circular
velocities. Because the gas in axisymmetric galaxies is nearly on
circular orbits, and its random motions are small compared with the
rotation, its kinematics can be used to derive rotation curves (RCs).
However, when a galaxy is barred, the gas response to the non-
axisymmetric part of the potential cannot be neglected. Thus, an
RC derived without correcting for those non-circular motions can-
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not be said to represent the circular motions and be used to derive
the mass distribution.

The presence of a bar is expected to leave signatures mainly in
the central regions of the RCs (Bosma 1981b; Athanassoula 1984;
Combes & Gerin 1985; Schoenmakers, Franx & de Zeeuw 1997,
Athanassoula & Misiriotis 2002), which is the region where the
free parameters of the mass models are really constrained (Blais-
Ouellette et al. 1999, 2004; Blais-Ouellette, Amram & Carignan
2001). Indeed, the parameters of mass models are not constrained
by the flat part but by the rising part of RCs.

Bars in galaxies have very different masses, lengths, axial ra-
tios, colour distributions, gas content, pattern speeds, shapes and
kinematics. The determination of the fundamental bar parameters
is a delicate task. Even if the observational constraints are numer-
ous, their determinations are rarely unambiguous. Difficulties come
from the following.

(i) The various galactic components (bar, disc, spiral arms, bulge,
rings) are closely imbricated in disc galaxies: observations as well
as models integrate the various components and it is not possible to
observe them separately.

(i1) Three-dimensional (3D) shapes in galaxies are observed
projected on the plane of the sky and their deprojection is not un-
ambiguous, particularly for barred galaxies.

(iii) The parameters of bars depend on the luminous to dark mat-
ter ratio distribution, e.g. galaxies having initially the same disc
and the same halo-to-disc mass ratio but different central halo
concentrations have very different properties (Athanassoula &
Misiriotis 2002).
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Figure 1. Histogram of the sample morphological types and Mp. Left: the type goes from SBb (type 3) to SBdm (type 8). Right: Mp varies from —17 to —23.

Bars observed from two-dimensional (2D) radial velocity fields
contain a fraction of hidden information in tracing the total
mass distribution (luminous and dark) and they may be di-
rectly compared to N-body + smoothed particle hydrodynam-
ics (SPH) simulations. Moreover, the signature of the bar can
appear more significantly through the 2D gaseous velocity field
(non-symmetrical features due to gas chocs, star formation re-
gions of high density) than through the stellar one. So, 2D

gaseous velocity fields give a valuable additional observational
information that will help to disentangle the parameters of the
bar.

For instance, the existence of a velocity gradient along the minor
axis, in both the stellar and the gaseous 2D velocity fields, is not a
very good criterion to pick out bars, while the angles between the
kinematical major and minor axes and the twists of the isovelocity
contours are better criteria (Bosma 1981b).

Table 1. Observational data for the BHeBAR sample. D denotes distances in Mpc. Dggi is the optical diameter at 25 mag arcsec™2 in B. M %i is the absolute
magnitude in B. B};" is the apparent magnitude in B. ng" is bar lengths from Martin (1995), all adjusted for the effects of projection and obscuration. PAy is
the position angle of the bar. Vs are systemic velocities provided by Tully (1988). The symbol * refers to a nuclear activity. Kpn04 refers to Knapen et al.

(2004), and KpnO3 refers to Knapen et al. (2003).

Galaxy @(J2000)  8(J2000)  Type D D5l My BhY Ly PA, Vi Image sources

name (h m s) c’'" RC3 (Mpc)  (arcmin) (arcsec) ©) B NIR

NGC 0925 0227168  +333441  SAB(s)d 9.3 11.2 200 106 565 112 554  XDSS  Spitzer
IC 0342 034649.7  +680545  SAB(rs)ed 3.9 27.9 216 6.4 n/a 32 32 XDSS  2MASS
NGC 1530  042328.5 4751750  SB(s)b 36.6” 4.8 —213 115 137.0° 116 2460 XDSS  2MASS
NGC2336 0727045 4801041  SAB(r)bc 22,9 52 221 11L1 728 5 2196 XDSS  2MASS
NGC 2403 0736545 4653558  SAB(s)cd 4.2¢ 214 ~-197 85 n/a¢ n/a 132 XDSS  Spitzer
NCG2903  093209.7 4213002  SB(s)be 6.3 10.0 ~198 913 1434 26 554  XDSS  2MASS
NGC3198 1019549  +453309  SB(rs)c 14.5¢ 7.8 -202 111 81.8 12 660  XDSS  Spitzer
NCG3359 1046377 +631322  SB(rs)c 19.28 7.2 —204 108 870 15 1013  XDSS  2MASS
NGC3953 1153495  +521939  SB(r)bc 17.0° 52 206 105 706 55 1054 XDSS  2MASS
NGC3992 1157360  +532228  SB(rs)bc 17.0° 6.6 207 104 1365 37 1051  XDSS  2MASS
NGC4236  121642.1  +692745  SB(s)dm 2.2b 16.4 ~-173 95 170.7 143 2 XDSS ~ 2MASS
NGC4321 1222552  +154923  SAB(s)bc 16.1¢ 7.4 221 100 534 107 1590  KpnO4  Spitzer
NGC4535 1234203 4081153  SAB(s)c 16.0° 6.9 ~220 106  70.0° 45 1966  Kpn04  Kpn03
NGC 5371 1355406 4402744  SAB(rs)be 37.8" 4.0 216 113 472 97 2558 XDSS  2MASS
NGC 5457 1403125 4542055  SAB(rs)cd 7.4 30.2 -227 83 86.5 8 231  XDSS  2MASS
NGC5921 1521564 4050411  SB(r)bc 25.2 49 207 113 735 21 1480 XDSS  2MASS
NGC5964 1537363 4055828  SB(rs)d 24.7% 4.0 ~195 125 560° 150 1447  Kpn04  Kpn03
NGC6217 1632392  +781153  (R)SBrs)bc*  23.9 3.6 —-202 117 688 153 1359  XDSS  2MASS
NGC 6946 2034520  +600915  SAB(rs)cd 5.5 14.9 208 792 345 166 46 Kpn04  Spitzer
NGC7479 2304571  +121918  SB(s)c* 32.4 3.8 211 114 1147 2 2382 XDSS  2MASS
NGC7741 2343540 4260432  SB(s)ed 12.3% 3.8 —188 117 890 103 750  Kpn04  Kpn03

“Distances calculated from Cepheids: NGC 0925 (Silbermann et al. 1994); NGC 2403 (Freedman & Madore 1988); NGC 3198 (Kelson et al. 1999);
NGC 4321 (Ferrarese et al. 1996); NGC 4535 (Macri et al. 1999); NGC 5457 (Kelson et al. 1996).
bDistances are based on velocities, an assumed value of the Hubble constant of 75 km s~! Mpc~!, and the model that describes the velocity perturbations in

the vicinity of the Virgo Cluster (cf. Tully 1988).

“Values not available in Martin (1995) are calculated from isophote fitting (except for NGC 1530 where the data are from Zurita et al. 2004).

© 2005 RAS, MNRAS 360, 1201-1230
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Figure 2. The BH¢BAR sample sky coverage. The names in blue correspond to the observations carried out at the OmM, in green at the CFHT and in red at
the OHP. The respective sizes of the galaxies given in kpc can be directly compared.

Theoretical predictions from N-body simulations (e.g. Kormendy
1983; Liitticke, Dettmar & Pohlen 2000; Athanassoula & Misiriotis
2002) may be summarized as follows.

(1) When the position angle of the bar is roughly parallel to the
major axis, the isovelocities show a characteristic concentration
towards the central region due to the fact that particle orbits are
elongated along the bar and the velocity along an orbit is larger at
pericentre than at apocentre.

(i) When the position angle of the bar is intermediate between
the major and minor axis position angles, the velocity field shows
the ‘Z’ structure characteristic of barred galaxy velocity fields (see,
for example, Peterson et al. 1978, for NGC 5383).

(iii) When the position angle of the bar is roughly parallel to the
minor axis, the velocity field shows a sizeable area of solid body
rotation in the inner parts.

In the case of a dark halo more concentrated in the central regions
of the galaxy, several of these features remain but some notable
differences appear (Athanassoula & Misiriotis 2002).

Table 2. FaNTOmM characteristics on various telescopes. F/D represents
the ratio focal length over telescope diameter. The pixel size after binning is
2 x 2, the original GaAs system providing 1024 x 1024 pixel?. FOV is the
diagonal field of view of the detector. FOV (vign.) represents the effective
unvignetted FOV (without the vignetting due to the filter used).

Telescope  Focal reducer F/D  Pixel size FOV FOV (vign.)
name (arcsec)  (arcmin) (arcmin)
OmM PANORAMIX 2.3 1.61 19.4 19.4
OHP CIGALE 3.92 0.68 8.2 5.5
CFHT MOS 2.96 0.48 5.8 39

© 2005 RAS, MNRAS 360, 1201-1230

(i) When the position angle of the bar is roughly parallel to the
major axis, the isovelocities show a strong pinching in the innermost
region, on or near the bar minor axis.

(i) When the position angle of the bar is intermediate between the
major and minor axis position angles, the ‘Z’ shape of the velocity
field is much more pronounced.

(iii) When the position angle of the bar is roughly parallel to the
minor axis, the innermost solid-body rotation part does not show
strong differences; however, as we move away from the kinematical
minor axis the isovelocities show a clear wavy pattern, indicating
that the mean velocity is lower at the ends of the bar than right above
or right below it.

This study is dedicated to the kinematics and the dynamics of
barred galaxies. The aim will be to derive the most accurate ve-
locity fields possible for a representative sample of barred galaxies
in order to analyse their kinematics. The BHeBAR sample should
provide the most homogeneous data set on barred spiral galaxies
to date. Once this data base is available, the following goal will be
to model these galaxies, extract the non-circular component of the
velocities, and thus recover the circular motions and derive proper
RCs. Only then will it be possible to model accurately their mass
distributions.

In this paper, we present a homogeneous study of the kinematics
of 21 nearby barred spiral galaxies, based on the 2D kinematics of
the Ho gas. In Section 2 we give an overview of the observational
campaign and present the global properties of the BHeBAR sample,
while Section 3 we discuss the data reduction and especially the
adaptive binning that was performed. In Section 4, the kinematical
parameters are derived and the Fabry—Perot (FP) maps are presented
in Section 5. The conclusions can be found in Section 6 and an
appendix presents a short observational description of the galaxies
of the BHeBAR sample.
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Table 3. Journal of the FP observations. (4) A is the filter central wavelength in A. (5) A is the filter full width at half-maximum in A. (6) T is the filter
maximum transmission at A.. (7) i is the total exposure time in minutes. (8) 7¢p, is the exposure time per channel in minutes. (9) p is the FP interference order
at Ha. (10) FSR is the FP free spectral range at He in km s, (11) F is mean Finesse through the FOV. (12) R is the resolution for a S/N ratio of 5 at the

sample step. (13) nch is the number of channels done by cycle in multiplex observations. (14) stp is the wavelength step in A.

Galaxy Date Filter Exposure FP Sampling
Name A(f) AL T® tEZf t(jl) p® FSRU0 FaD R12) nch(3 stp4
NCG 0925¢ 02/11/02 6584 15 75 132 2.75 765 391.77 16 12240 48 0.18
IC 0342¢ 02/11/03 6578 15 60 144 3 765 391.77 16 12240 48 0.18
NGC 1530¢ 03/01/30 6622 15 70 240 5 899 333.36 20 17980 48 0.15
NGC 23364 02/11/10 6617 15 69 240 5 765 391.77 16 12240 48 0.18
NGC 2403¢ 02/11/17 6569 10 50 120 3 765 391.77 14 10670 40 0.21
NCG 29034 03/02/08 6599 15 74 180 3.75 899 333.36 20 17980 48 0.15
NGC 3198¢ 03/03/06 6584 15 75 260 5 899 333.36 23 20976 52 0.14
NCG 33594 01/11/17 6569 10 50 130 3.25 765 391.77 14 10670 40 0.21
NGC 3953¢ 03/02/26 6599 15 74 273 5.25 899 333.36 23 20976 52 0.14
NGC 3992¢ 03/02/27 6599 15 74 260 5 899 333.36 23 20976 52 0.14
NGC 4236 04/02/27 6578 15 60 182 35 899 333.36 23 20976 52 0.14
NGC 4321¢ 03/02/25 6605 15 75 260 5 899 333.36 23 20976 52 0.14
NGC 4535¢ 03/03/06 6617 15 69 156 3 899 333.36 23 20976 52 0.14
NGC 5371° 03/04/04 6622 15 70 88 1.83 899 333.36 16 17980 48 0.15
NGC 5457¢ 03/02/28 6578 15 60 260 35 899 333.36 23 20976 52 0.14
NGC 5921° 03/04/09 6599 15 74 120 25 899 333.36 16 17980 48 0.15
NGC 5964” 03/04/08 6599 15 74 120 2.5 899 333.36 16 17980 48 0.15
NGC 6217¢ 01/10/17 6595 10 60 72 3 793 377.94 11 8722 24 0.34
NGC 6946¢ 02/11/19 6569 10 50 120 2 765 391.77 14 10670 40 0.21
NGC 7479" 02/10/04 6617 15 69 60 6 1162 257.92 11 12782 24 0.23
NGC 7741° 02/10/06 6584 15 75 60 6 1162 257.92 11 12782 24 0.23

20mM: Observatoire du mont Mégantic, Québec, Canada. 1.6-m telescope. °CFHT: Canada—France-Hawaii Telescope, Hawaii, USA. 3.6-m telescope. ‘OHP:

Observatoire de Haute-Provence, France. 1.93-m telescope.

2 BHaBAR SAMPLE: OBSERVATIONS

2.1 The sample

The 21 galaxies of the BHeBAR sample were selected among
northern (82000 = + 5.0) nearby barred galaxies in de Vaucouleurs
etal. (1991, hereafter RC3) with systemic velocities <3000 km s~'.
Their optical sizes D,s were selected to take advantage of the spe-
cific field of view (FOV) of the three telescopes used: Observatoire
du mont Mégantic (OmM) telescope, D,s > 3.5 arcmin; Canada—
France-Hawaii Telescope (CFHT), 2.0 < D,s < 4.3 arcmin; Ob-
servatoire de Haute-Provence (OHP) telescope, 2.0 < Djys <
6.0 arcmin.

To avoid problems related to disc opacity around Ho wavelengths,
galaxies with inclination >75° have been discarded. The photomet-
rical inclinations i were calculated using ¢ = b/a, the ratio of the
minor axis to the major axis, extracted from the value of R,s given
in RC3 and applying the following formula
9’ — 45

=g

(Bottinelli et al. 1983) where ¢, is the intrinsic axial ratio of the
disc (for an edge-on system). ¢, was not considered as a func-
tion of morphological types because the variation from its nominal
value of ¢ = 0.2 is only significant for late-type galaxies (types >
Sd) which represent only three of the 21 galaxies in the sample.
The selected galaxies reasonably sample the different morpholog-
ical Hubble types, from SBb (or SABb) to SBdm (or SABdm)
and have absolute magnitudes Mz < —17. The idea was to try
to obtain a complete and homogeneous coverage of the Hub-
ble sequence. However, due to their poor gas content, only one

cos’i =

early-type galaxy (SBb) was observed. At the other end of the se-
quence, only one Sdm was observed. Fig. 1 gives a histogram of the
sample.

The galaxies have also been chosen not to be in obvious interac-
tion with close companions. To construct mass model and to build
the gravitational potential in future N-body models, galaxies with
available H1 data and surface photometry from the literature have
been chosen: the photometry comes from Spitzer 3.6-pm and/or J-,
H-, K ;-band high-resolution images (2MASS) or better ground im-
ages when available (e.g. Knapen et al. 2003, 2004). Except for two
cases which are Seyfert galaxies (NGC 6217 and 7479), the galaxies
have no nuclear activity. This confirmation of nuclear activity was
not clear at the moment of the selection of the BHeBAR sample, so
it was decided to keep them in the sample. This will be taken into
account when, in further work, N-body coupled to SPH simulations
will be carried out (forthcoming papers).

The global distribution versus morphological type and blue abso-
lute magnitude (Mp) are shown in Fig. 1 and the basic information
on the objects can be found in Table 1. The 21 velocity fields of the
galaxies are mapped in Fig. 2.

2.2 Observing runs

The observations were obtained using FANTOmM,! which is a per-
manent instrument on the OmM telescope, and a visitor instrument
on various other telescopes. FANTOmM is a wide integral field

I FaNTOmM stands for Fabry—Perot of New Technology of the Observatoire
du mont Mégantic (http://www.astro.umontreal.ca/fantomm).

© 2005 RAS, MNRAS 360, 1201-1230
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spectrometer made of an image photon counting system (IPCS),
a scanning FP and an interference filter. The photocathode used
has a high quantum efficiency (~30 per cent at Hw). FANTOmM is
coupled to the focal reducers of the telescopes used (see details in
Table 2).

The IPCS has a third-generation photocathode with high quan-
tum efficiency over a large wavelength range (Gach et al. 2002;
Hernandez et al. 2003). This camera is very efficient at reaching
good signal-to-noise (S/N) ratio for objects with very faint fluxes
because, compared with CCDs, it has no read-out noise. Its multi-
plex mode also allows a rapid and efficient suppression of the OH
sky lines because their variations can be averaged out. FANTOmM
was used in its low spatial resolution mode of 512 x 512 pixel®
(instead of 1024 pixel?).

The observations of the sample were spread over nine different
observing runs over a 3-yr period. Six runs were at the OmM 1.6-m,
one at the OHP 1.93-m and two at the CFHT 3.6-m. Various FP
interferometers were used in order to fit the adequate spectral res-
olution. The interference orders vary from p = 765 to p = 1162,
calculated for Ao = 6562.78 A (see Table 3).

All the calibrations were performed using the same neon lamp (see
below for more details on the datareduction). With the rapid analogic
detector mode, calibrations were made in less than a minute. This
allowed us to perform as many calibrations as needed during the
runs with very little overhead. A new bank of interference filters

© 2005 RAS, MNRAS 360, 1201-1230

was also used, covering a velocity range from 0 to 10000 km s~!

(from 6562 to 6785 A, with Ax ~ 15 A).

3 DATA REDUCTION

The reduction of the data cubes was performed using the pack-
age ADHOCW (see http://www.oamp.fr/adhoc/adhoc.html; Amram
et al. 1992) rewritten with large improvements under the IDL
package (Daigle et al. 2005). The major improvements are the
following:

(i) the elementary interferograms (elementary images obtained
with an exposure time ranging from 10 to 15 s, depending on the
sky transparency conditions and on the number of scanning steps)
were corrected from sky fluctuations before summation;

(ii) adaptive Hanning smoothing was performed in order to in-
crease the S/N over the field;

(iii) World Coordinate System (WCS) astrometry on the images
was performed;

(iv) strong and robust OH night sky line removal was used;

(v) full automated and reproductible reduction and data analysis
were performed.

3.1 Phase calibration

Raw interferograms must be corrected to obtain data cubes sorted
in wavelengths. This operation is called the ‘phase calibration’ or
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of the model extracted from GIpSY and the data cube from the observations.

wavelength calibration. Those calibrations are obtained by scan-
ning the narrow Ne 6599-A line under the same conditions as the
observations. Two phase calibrations are carried out, one before and
the other after the exposure. Using the mean of the calibrations, a

‘phase map’ is computed. This indicates the scanning step at which
is observed the maximum of the interference pattern inside a given
pixel. The FP formula below, giving the shape of the interference
pattern on the detector as a function of the observed wavelength,

© 2005 RAS, MNRAS 360, 1201-1230
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Figure 6. IC 0342. Top left: XDSS blue-band image. Top right: 2MASS K ¢-band image. Middle left: He monochromatic image. Middle right: Ho velocity

field. Bottom: PV diagram.

allows us to find the observed Doppler-shifted wavelength A at each
point by comparison with

pA = 2necosf.

Here, p is the interference order at A (here 6562.78 A), nis the index
of the medium, e is the distance between the two plates of the FP

© 2005 RAS, MNRAS 360, 1201-1230

and 6 is the incidence angle on the FP (angular distance on the sky).
An uncertainty remains because the velocity is only known modulo
the free spectral range (column 10 in Table 3). This ambiguity is
easily solved by using comparisons with long-slit spectroscopy or
21-cm H1 line data to provide the zero-point of the velocity scale.
However, this means that when the redshift emission line of the
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field. Bottom: PV diagram.

galaxy is far from the calibration line, absolute values of the sys-
temic velocity could be wrong (which is not a problem because
we are mainly interested in relative velocities for our kinematical
studies). In such cases, two ways are in development: a correction
using the dispersion in the multilayer, semireflective high Finesse
coating, which is hard to model for high multilayer coating, or/and

an absolute calibration (in development) performed at the scanning
wavelength. Nevertheless, the relative velocities with respect to the
systemic velocity are very accurate, with an error of a fraction of
a channel width (<3 km s~!) over the whole field. In this study,
systemic velocities of the sample, presented in Table 1, were taken
directly from Tully (1988).

© 2005 RAS, MNRAS 360, 1201-1230
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field. Bottom: PV diagram.

The signal measured along the scanning sequence was separated
in two parts: (i) an almost constant level produced by the contin-
uum light in a narrow passband around Ho and (ii) a varying part
produced by the He line (referred to hereafter as the monochro-
matic map). After this calibration step, an adaptive binning was
performed.

© 2005 RAS, MNRAS 360, 1201-1230

3.2 Adaptive binning and maps

A Hanning smoothing was performed on all the data cubes along
the spectral axis. The Hanning smoothing can suppress the prob-
lems connected with the frequency response (artefacts in the spectra
caused by the sampling and the Fourier transform) of the spectra as
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Figure 9. NGC 2403. Top left: XDSS blue-band image. Top right: 3.6-pum Spitzer image. Middle left: He monochromatic image. Middle right: Ho velocity

field. Bottom: PV diagram.

a real function of finite length. The strong OH night sky lines pass-
ing through the filter were reconstructed into a cube and subtracted
from the galaxy’s spectrum (Daigle et al., in preparation).

In order to increase the S/N ratio, an adaptive spatial smoothing,
based on the 2D-Voronoi tessellation method (Cappellari & Copin

2002) was also applied to the 3D data cubes (Daigle et al., in prepa-
ration) before producing the monochromatic images and velocity
fields. Each pixel was binned to reach a S/N of typically 5-10, de-
pending on the observation conditions and the morphological type
of the galaxy. This clever smoothing is effective in low S/N regions.

© 2005 RAS, MNRAS 360, 1201-1230
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Figure 10. NGC 2903. Top left: XDSS blue-band image. Top right: 2MASS K ;-band image. Middle left: He monochromatic image. Middle right: Ha velocity

field. Bottom: PV diagram.

First, in high S/N regions (S/N value superior to a fixed limit of
5, 7 or 10), the smoothing will not act and a bin is only one pixel.
This will ensure we have the best spatial resolution possible in high
S/N regions. This differs from the classical Gaussian smoothing
(Garrido et al. 2003; Zurita et al. 2004) where the kernel used will

© 2005 RAS, MNRAS 360, 1201-1230

perform the mix between a pixel and the adjacent one, and will
cause a cross-pollution between the two regions. Secondly, for low
S/N regions, pixels are binned until the S/N required is reached or
the size of the resultant bin is reached (typically 30 pixel?). This is
very useful in interarm regions where the signal is dominated by the
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Figure 11. NGC 3198. Top left: XDSS blue-band image. Top right: 3.6-pum Spitzer image. Middle left: He monochromatic image. Middle right: Ho velocity

field. Bottom: PV diagram.

diffuse He and not by H1 regions. Thus, velocity maps have the
best possible coverage without losing any spatial resolution in the
high S/N regions.

Finally, the intensity-weighted mean (barycentre) of the Ho
emission-line profile was converted into wavelength and then into
heliocentric radial velocity. Monochromatic images were obtained
by integrating the Ho profiles.

3.3 World Coordinate System astrometry

SAOIMAGE DS9, developed by the Smithsonian Astrophysical
Observatory (Joye & Mandel 1999), has been used to find the correct
astrometry of the monochromatic and He images. KARMA (Gooch
1996) and its routine KPVSLICE have been used to apply a coordinate
system header to all images and data cubes. Systematic comparison

© 2005 RAS, MNRAS 360, 1201-1230
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Figure 12. NGC 3359. Top left: XDSS blue-band image. Top right: 2MASS K ¢-band image. Middle left: He monochromatic image. Middle right: He velocity

field. Bottom: PV diagram.

between the K band and the XDSS blue-band images and the field
stars in rough continuum images (with no adaptive binning) were
made in order to find the correct WCS for each image. For the 21
galaxies of the BHeBAR sample, stars were easily found in rough
continuum images.

© 2005 RAS, MNRAS 360, 1201-1230

4 DATA ANALYSIS

For each galaxy in the sample, Figs 5-25 provide: the blue-band
image (XDSS or Knapen et al. 2004), the NIR image (SPITZER
3.6-um, Knapen et al. 2003 or 2MASS image), the Hex
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Figure 13. NGC 3953. Top left: XDSS blue-band image. Top right: 2MASS K ;-band image. Middle left: Ho monochromatic image. Middle right: Ha velocity
field. Bottom: PV diagram.

monochromatic image, the velocity field and the position—velocity The ROTCUR routine in the GIPSY package was used to find the
(PV) diagram. kinematical parameters of the galaxies studied. ROTCUR (Begeman

Once the astrometry was performed on all the images and data 1987) derives the kinematical parameters from the observed velocity
cubes, the kinematical parameters were derived using GIPSY and field by fitting tilted-ring models. The observed velocities given
KARMA. in the velocity maps, V o, are obtained by solving the following

© 2005 RAS, MNRAS 360, 1201-1230
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Figure 14. NGC 3992. Top left: XDSS blue-band image. Top right: 2MASS K;-band image. Middle left: He monochromatic image. Middle right: Ha velocity

field. Bottom: PV diagram.

equation
Viobs = Viys + Viot(R) cos 6 sini + Ve (R) sin 6 sin i,

where Vi is the rotation velocity, Ve, is the expansion velocity,
R and 6 are the polar coordinates in the plane of the galaxy and i
is the inclination. The same procedure was used for all the galax-

© 2005 RAS, MNRAS 360, 1201-1230

ies in the sample. In order to have a good sampling of the signal,
the physical width of the rings is always the same: 4.83 arcsec for
the OmM, 2.04 arcsec for the OHP and 1.44 arcsec for the CFHT
data.

Because all the galaxies in the BHeBAR sample are barred,
it was decided to derive the kinematical parameters only in the
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Figure 15. NGC 4236. Top left: XDSS blue-band image. Top right: 3.6-um Spitzer image. Middle left: He monochromatic image. Middle right: Ho velocity

field. Bottom: PV diagram.

axisymmetric part of the disc of the galaxy. This means that the
central regions of the galaxy were systematically masked to avoid
contamination from non-circular motions due to the presence of the
bar. Obviously, the solution will still be affected by the non-circular
motions of the spiral disc itself. In order to determine the range of
galactic radii to apply ROTCUR, we used the values of the deprojected

bar lengths given by Martin (1995), and reported in Table 1, col-
umn 9. For five galaxies not belonging to the ‘Martin’ sample (IC
0342, NGC 1530, NGC 2403, 4535 and 5964), an ellipse fitting was
carried out to determine an approximate bar length.

For each galaxy in the sample, a fit is first done simultaneously
for the kinematical centre (X o5, Ypos) and the systemic velocity

© 2005 RAS, MNRAS 360, 1201-1230
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Figure 16. NGC 4321. Top left: B-band image from Knapen et al. (2004). Top right: 3.6-um Spitzer image. Middle left: He monochromatic image. Middle

right: Ha velocity field. Bottom: PV diagram.

Vs, fixing the position angle (PA) and the inclination i (using the
photometrical values).

Secondly, by keeping Vi, and the kinematical centre fixed, PA
and i are allowed to vary over the same radius range and their mean
values derived. It was decided to use the mean values of PA and i
because discs are rarely warped inside the optical radius; warps are
mainly seen for R > R, Then V,, are calculated keeping the five

© 2005 RAS, MNRAS 360, 1201-1230

derived kinematical parameters, (X pos, Ypos)» Vsys» PA and i, fixed
over the whole radius range. In all the fits, V., was not considered
and fixed to zero. Finally, a 2D kinematical model for each galaxy
of the BHeBAR sample was constructed using the VELFI routine
of GIPSY and subtracted from the data to obtain a residual veloc-
ity map. This whole process was repeated until the mean and the
dispersion of residuals were found to be minimal and close to zero
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Figure 17. NGC 4535. Top left: B-band image from Knapen et al. (2004). Top right: K s-band image from Knapen et al. (2003). Middle left: He monochromatic

image. Middle right: He velocity field. Bottom: PV diagram.

and with a distribution as homogeneous as possible over the whole
FOV.

To quantify the effect of masking the bar in the determination
of the disc parameters, the residual maps (including the bar and
masking it) were systematically compared. The means and the dis-
persions were computed for each residual map and for each galaxy.

Results are presented in Table 4. The differences between the mean
of the residual map in the disc part, using the model with the bar,
and the mean of the residual map in the disc part, using the model
avoiding the bar, are always close to zero (except for NGC 7479,
where there is a severe perturbation in the western arm). A differ-
ence is noticeable when comparing the dispersion of the residuals

© 2005 RAS, MNRAS 360, 1201-1230
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Figure 18. NGC 5371. Top left: B-band image from Knapen et al. (2004). Top right: K ;-band image from Knapen et al. (2003). Middle left: He monochromatic

image. Middle right: He velocity field. Bottom: PV diagram.

in the disc part, using the model with the bar, and the dispersion of
the residuals in the disc part, using the model avoiding the bar. The
latter is always smaller than the former (<20 km s~'). This suggests
that the determination of the disc parameters is better when the bar
region is avoided.

Once the most suitable 2D kinematical model was found, the
KPVSLICE routine of KARMA was used to derive a PV diagram.

© 2005 RAS, MNRAS 360, 1201-1230

This PV diagram is useful to check if the RC derived from the
whole 2D velocity field is a good representation of the kinemat-
ics on the major axis. As the axisymmetrical models were de-
rived using the disc region avoiding the bar, it is clear that strong
non-axisymmetrical motions can be seen in the bar region (e.g.
NGC 0925, 2903, 3198, 3359, 6217 and 7741). When the range of
velocities in a galaxy was superior to the free spectral range of the
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Figure 19. NGC 5457. Top left: XDSS blue-band image. Top right: 2MASS K ;-band image. Middle left: He monochromatic image. Middle right: Ha velocity

field. Bottom: PV diagram.

etalon used, the overall velocity range was distributed over two or
three orders. In this case, data cubes have been replicated in the spec-
tral dimension (two or three times) to construct the PV diagrams.
This is the case for NGC 7479, 5371, 4535, 3992, 3953, 2903, 2336
and 1530.

Table 5 gives the results for the kinematical parameter fitting,
compares with the photometrical data of the RC3 and indicates the

shift between the photometrical and kinematical centres. Because,
in the ROTCUR task, the kinematical value of the PA is defined as the
angle measured counterclockwise from the north to the receding
side of the velocity field, it may thus differ from the RC3 value by
180°.

The agreement is good between the photometrical and the
kinematical PA, even for low inclination galaxies for which the

© 2005 RAS, MNRAS 360, 1201-1230
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Figure 20. NGC 5921. Top left: XDSS blue-band image. Top right: 2MASS K ;-band image. Middle left: He monochromatic image. Middle right: Ha velocity

field. Bottom: PV diagram.

photometrical position angle is difficult to determine accurately
(Fig. 3, left).

When comparing inclinations, noticeable discrepancies can be
seen for two galaxies having a round shape (IC 0342 and
NGC 4321) and a low photometrical inclination (<20°). The pho-
tometrical method used to determine the inclination, by fitting el-
lipses to the outer isophotes (or simply from the axis ratios), min-

© 2005 RAS, MNRAS 360, 1201-1230

imizes the inclination while the kinematical method is much less
sensitive to this ‘face-on’ effect. The shift between the position of
the centre of the galaxy determined from the photometry and the
kinematics is clearly a function of the morphological type of the
galaxy (see Fig. 4). The strongest discrepancies occur for later-type
spirals for which the photometrical centre is not always easy to
identify. The large value of the offset when plotted in units of arcsec
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Figure 21. NGC 5964. Top left: B-band image from Knapen et al. (2004). Top right: K ;-band image from Knapen et al. (2003). Middle left: Hx monochromatic

image. Middle right: Hx velocity field. Bottom: PV diagram.

in Fig. 4 (left panel) shows that, for a large majority of galaxies,
this difference may not be explained by seeing or spatial resolution
effects. On the other hand, this offset is not statistically significant:
NGC 2403,1C 0342, NGC 0925 and 5457 have offsets of 1.17, 0.89,
0.67 and 0.30 kpc, respectively, while the bulk of 15 galaxies out
of 19 has an offset lower or equal to 0.1 kpc (Note that only 19

galaxies out of 21 were studied because the determination of the
photometrical centre for NGC 4236 and 5964 was too hazardous).

Future N-body models coupled to an SPH code will help under-
stand the gas behaviour in a non-axisymmetrical potential and may
provide an explanation for such differences. The full analysis will
be presented later.

© 2005 RAS, MNRAS 360, 1201-1230
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Figure 22. NGC 6217. Top left: XDSS blue-band image. Top right: 2MASS K;-band image. Middle left: He monochromatic image. Middle right: Ha velocity

field. Bottom: PV diagram.

5 CONCLUDING REMARKS
AND FURTHER WORK

The 3D data presented in this paper are the results of a survey of the
Ha kinematics of nearby barred galaxies with the FP integral-field
spectrometer FANTOmM. This study provides a homogeneous sam-

© 2005 RAS, MNRAS 360, 1201-1230

ple of barred galaxies. The 3D data were processed through a robust
reduction pipeline. An adaptive binning method has been used
to achieve optimal spatial coverage and resolution at a given
S/N ratio, typically around 7. High spatial and spectral resolu-
tion He monochromatic maps and velocity fields are presented.
Bar signatures in velocity fields and PV diagrams reveal strong
non-circular motions and thus provide observational constraints to
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Figure 23. NGC 6946. Top left: B-band image from Knapen et al. (2004). Top right: 3.6-um Spitzer image. Top right: 2MASS K ¢-band image. Middle left:

Ha monochromatic image. Middle right: Ho velocity field. Bottom: PV diagram.

extract the parameters of the bar and of the disc. Fine tuning of
PAs and inclinations has been carried out. The kinematical param-
eters have been determined using a tilted-ring model, by taking
into account only the axisymmetric part of the disc to avoid any
kind of contamination due to non-circular motions from the bar
(in the inner parts of the disc) or to a possible warp (in the outer
parts).

The analysis of the sample shows that the photometrical and kine-
matical parameters (PA of the major axis, inclination and centre) are
in relative good agreement, except perhaps for the later-type spirals.
Nevertheless, the determination of the kinematical parameters is
more accurate than the photometrical one.

The main purpose of the paper is to provide and present a homo-
geneous 3D data sample of nearby barred galaxies useful for further

© 2005 RAS, MNRAS 360, 1201-1230
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Figure 24. NGC 7479. Top left: XDSS blue-band image. Top right: 2MASS K;-band image. Middle left: He monochromatic image. Middle right: Ha velocity

field. Bottom: PV diagram.

analysis. Velocity patterns of the bar(s) and of the spiral will be
accurately determined using the Tremaine—Weinberg method
(Tremaine & Weinberg 1984) on the He velocity fields in two forth-
coming papers. In Paper II, the Tremaine—Weinberg method applied
to the gaseous component will be discussed using numerical simu-
lations and illustrated with the galaxy M100. In Paper 111, the rest of

© 2005 RAS, MNRAS 360, 1201-1230

the sample will be analysed using this Tremaine—Weinberg method.
In Paper 1V, the RCs will be derived, properly corrected for non-
circular motions in order to retrieve the actual mass distributions.
This will be achieved with N-body coupled with SPH simulations for
each velocity fields of the BHeBAR sample. This type of approach
has been recently used by Pérez, Fux & Freeman (2004). However,
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Figure 25. NGC 7741. Top left: B-band image from Knapen et al. (2004). Top right: K ;-band image from Knapen et al. (2003). Middle left: H» monochromatic

image. Middle right: Ha velocity field. Bottom: PV diagram.

our study will differ in two major aspects. First, their comparison
is relative to a small sample, whereas BHeBAR is homogeneous
and well distributed over the Hubble sequence. Secondly, they only
used long-slit data, whereas Ha velocity fields and He monochro-
matic images will be used to provide more accurate results, avoid-
ing, for example, the uncertainties on PA and i present in one-

dimensional data. This will be the first step toward the determination
of accurate mass models for barred spiral galaxies, until the time
when full 2D mass models using the whole velocity fields become
available.

All the data presented in the paper will be available for the com-
munity once Papers II-IV are published.

© 2005 RAS, MNRAS 360, 1201-1230
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Table 4. Analysis of the residuals. 72;4,, is the mean of the residual map in the disc part, using the model with the
bar. m;qqp is the mean of the residual map in the disc part, using the model avoiding the bar. &4, is the dispersion
of the residual map in the disc part, using the model with the bar. 744 is the dispersion of the residual map in the
disc part, using the model avoiding the bar.

Galaxy Midwb — Midab Tidwb Tidab Remarks

(kms™1) (kms~1) (kms™1)
NCG 0925 +5.2 30.6 17.0
IC 0342 n/a n/a n/a Bar not well defined
NGC 1530 +11.4 51.6 31.6
NGC 2336 n/a n/a n/a No He in the bar region
NGC 2403 n/a n/a n/a Bar not well defined
NCG 2903 +1.0 20.3 19.8
NGC 3198 +0.20 12.0 10.6
NCG 3359 +1.0 21.5 12.9
NGC 3953 +2.2 27.3 14.0
NGC 3992 n/a n/a n/a No Ha in the bar region
NGC 4236 5.8 21.4 10.8
NGC 4321 +0.8 15.6 13.8
NGC 4535 +0.7 16.5 13.4
NGC 5371 n/a n/a n/a No Hu in the bar region
NGC 5457 1.1 33.7 33.0
NGC 5921 n/a n/a n/a No Hu in the bar region
NGC 5964 +2.8 259 16.7
NGC 6217 +2.6 20.7 13.8
NGC 6946 +1.1 18.5 13.3
NGC 7479 +30.2 108.7 103.56 ‘Broken arm’ in the disc region
NGC 7741 +4.9 19.5 14.5

Table 5. H1, kinematical and photometrical position angles and inclinations. Offsets between kinematical and photometrical centres. PA is
the position angle of the major axis of the galaxy. { indicates that PA = 180°; — kinematical PA. x indicates that PA = 180° + kinematical
PA. References for H1 data are as follows: (1) Pisano, Wilcots & Elmegreen (1998); (2) Crosthwaite, Turner & Ho (2000); (3) Teuben et al.
(1993); (4) WHISP data (van der Hulst, van Albada & Sancisi 2001); (5) Schaap, Sancisi & Swaters (2000); (8) Ball (1986); (9) Verheijen &
Sancisi (2001); (10) Bottema & Verheijen (2002); (11) Shostak (1973); (12) Knapen et al. (1993); (13) Guhathakurta et al. (1988); (14) Zasov
& Silchenko (1987); (15) Bosma, Goss & Allen (1981); (16) Schulman, Bregman & Roberts (1994); (17) Hewitt, Haynes & Giovanelli (1983);
(18) van Driel & Buta (1991); (19) Carignan et al. (1990); (20) Laine & Gottesman (1998).

Galaxy H1 Ref. Photometrical Ho kinematical Offset from photo. centre
name PA (°) Incl.(°) PA (°) Incl.(°) PA (°) Incl.(°) (arcsec) (kpc)
NGC 0925 101.0£1.0* 58.5 1 102 57.6 105.0+1.0* 57.8£1.5 26.0 0.670
IC 0342 37£1.0 31£6.0 2 n/a 12.0 42.0£2.0 29.0+0.4 16.2 0.830
NGC 1530 n/a 58 3 n/a 60.3 5.0£1.0* 47.6+0.6 29 0.020
NGC 2336 n/a 59 4 178 58.5 177.0£1.3¢} 58.7+2.7 4.1 0.002
NGC 2403 124 61 5 127 57.5 125.0+1.0 60.0+2.0 25.4 1.167
NGC 2903 20* 61 4 17 63.6 22.0+£1.0* 61.5+0.5 2.4 0.083
NGC 3198 36* 71 7 35 70.1 33.940.3* 69.8+0.8 8.4 0.105
NGC 3359 172F 51 8 170 54.5 167.0£2.0% 55.0£2.0 6.1 0.015
NGC 3953 11 58 9 13 62.2 13.0+0.8 59.0+0.4 6.5 0.086
NGC 3992 70+5* 57+1 10 68 53.5 67.0£1.0* 57.8+0.8 2.9 0.015
NGC 4236 163 75 11 162 74.4 156.1£1.6 76.1£0.7 55.5 0.498
NGC 4321 27+1F 27 12 30 16.5 27.0+1.07 31.7+0.7 8.7 0.101
NGC 4535 3* 40 13 0 46.1 2.3+0.4* 35.0£2.0 3.6 0.057
NGC 5371 8 43 14 8 38.3 12.0£1.0 46.0£1.5 2.0 0.011
NGC 5457 49 18 15 n/a 15.3 53.0+£1.0 20.0£2.0 17.7 0.297
NGC 5921 n/a 24 16 130 36.5 114.0+0.7 42.0£2.0 45 0.045
NGC 5964 144 41 17 145 40.0 138.7+0.7 38.8+2.1 15.0 1.130
NGC 6217 249 29 18 n/a 345 250.0+1.0 34.1+2.1 3.34 0.014
NGC 6946 240+1 3845 19 n/a 324 239.0+1.0 38.4+3.0 8.2 0.163
NGC 7479 22 51 20 25 41.7 23.0+1.0* 48.2+1.3 7.2 0.060
NGC 7741 47 5 4 170 48.8 162.9+0.5* 46.5£1.5 39 0.023

© 2005 RAS, MNRAS 360, 1201-1230
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APPENDIX A: DESCRIPTION OF
THE INDIVIDUAL GALAXIES

In this appendix we give a brief description of the structures ob-
served in the Ha velocity fields and monochromatic images of the
BHaBAR sample.

IC 0342. This large SAB(rs)cd nearby galaxy is nearly face-on
so its photometrical PA is uncertain. A strong difference between its
kinematical and photometrical inclination is noted. Observations in
CO and H1 (Crosthwaite et al. 2000) suggest that its kinematical PA
is 37°. The kinematical data from CO, H1 and Ho are comparable.
An Ho spiral structure near the centre can be seen.

NGC 0925. This late-type SBcd galaxy has a bright optical and
Ho bar and two bright patchy spiral arms beginning at the ends
of the bar. Many H 11 regions lie along the bar. Photometrical and
kinematical data agree. The PV diagram shows non-axisymmetric
motions near the centre. Itis well studied in H1 (Elmegreen, Wilcots
& Pisano 1998; Pisano et al. 1998), in CO (Helfer et al. 2003)
and in Ho (Marcelin, Boulesteix & Courtes 1982). It shows strong
streaming motions.

NGC 1530. This strongly barred spiral galaxy has been exten-
sively studied by Zurita et al. (2004). Here, the FANTOmM observa-
tion provides many more details of the kinematics along the major
axis due to its large FOV and high sensitivity. A nuclear spiral and
a large velocity gradient are observed. In the V-band images, a nu-
clear bar (Buta & Crocker 1993) with hotspots (Sérsic 1973) can be
seen.

NGC 2336. NGC 2336 is an intermediate-type ringed barred
spiral galaxy with a prominent bar. This galaxy shows a very regular
morphological structure with no major asymmetries, except for the
central regions where H 1 maps show a lack of gas in the centre (van
Moorsel 1983). The He monochromatic image suggests the same
lack. The NW part of the disc has been cut off by the wings of the
interference filter. Although NGC 2336 belongs to an apparent pair
of galaxies (together with IC 467) with a projected linear distance
of 135 kpc, its undisturbed disc does not exhibit any distinct sign of
recent interactions (Wilke, Mollenhoff & Matthias 1999).

NGC 2403. This SABc galaxy shows amorphous spiral features.
The Ha velocity maps and the PV diagram show an almost rigid
structure near the centre of the galaxy. Bright H i regions can be seen
in the He monochromatic image. Itis not clear whether this galaxy in
barred or not. According to Schoenmakers et al. (1997), their Fourier
harmonic analysis of the H1 velocity field shows that non-circular
motions are not important in this galaxy. Moreover, Schaap et al.
(2000) stress that the thin hydrogen disc of NGC 2403 is surrounded
by a vertically extended layer of H I that rotates slower than the disc.
A complete modelling of the galaxy will provide more details on
its structures. Fraternali et al. (2001) suggest that this anomalous
H1 component may be similar to a class of HVCs observed in the
Milky Way. In CO data, no molecular gas is detected (Helfer et al.
2003).

NGC 2903. This starburst galaxy shows several peaks of star for-
mation in the circumnuclear region. These peculiar ‘hotspots’ have
been identified and described in different ways by various authors

© 2005 RAS, MNRAS 360, 1201-1230

in Ha (Marcelin, Boulesteix & Georgelin 1983), in radio and in the
IR by Wynn-Williams & Becklin (1985). A strong velocity gradient
can be seen along the bar in the velocity map. The PV diagram shows
a clear step in the RC. This step-like structure could be related to its
strong bar. The molecular gas, visible in CO observations (Helfer
et al. 2003), follows the bar.

NGC 3198. This SB(rs)c galaxy has been extensively studied in
Hi1 (Bosma 1981a; Begeman 1989), FP He (Corradi et al. 1991;
Blais-Ouellette et al. 1999) and He and [N 11] long-slit spectroscopy
(Sofue et al. 1998; Vogt et al. 2004). According to the PV diagram,
non-circular motions near the centre can be seen. A strong velocity
gradient is also seen perpendicular to the bar major axis.

NGC 3359. NGC 3359 is a strongly barred galaxy. Its H 11 regions
have been studied (Martin & Roy 1995) and catalogued (Rozas,
Zurita & Beckman 2000a). The structure and kinematics of the
H1 were analysed in detail by Gottesman (1982) and Ball (1986)
showing a clumpy distribution and a low surface density within the
annular zone of strong star formation, which can be explained as
due to the effect of the bar sweeping up gas as it rotates. Analysis
of the Ho velocity map shows a disc with an axisymmetric rotation
and also evidence of strong non-circular motions as confirmed by
Rozas et al. (2000b). Analysis of the Ha residual velocity map (not
shown here) shows strong streaming motions in the spiral arms and
a strong gradient of gas in the bar.

NGC 3953. One of the most massive spirals of the M81 group,
it has been studied in H1 by Verheijen & Sancisi (2001). It is rather
poor in H1 and the surface density drops near D,s. Moreover, in CO
(Helfer et al. 2003), the gas seems to be located in a ring at the near
end of the bar. In He, the same lack of gas in the centre can be seen,
whereas the arms are well developed.

NGC 3992. This galaxy is the most massive spiral of the M81
group. Its H1 distribution is regular. It has a prominent bar and
very well-defined spiral arms. It has a faint radial H1 extension
outside its stellar disc. There is a pronounced central H1 hole in the
gas distribution at exactly the radial extent of the bar (Bottema &
Verheijen 2002), also visible in the Ho emission line. Some Ha can
be seen toward the centre of the galaxy. It is not clear whether this
feature could exist in H1 because of the poor spatial resolution of
the H1 data measurements. Observations in CO (Helfer et al. 2003)
stress the lack of molecular gas in the galaxy.

NGC 4236. This late-type SBdm galaxy is seen nearly edge-on.
Its kinematical inclination is 76°. The He image shows that the
Hu regions are distributed along the bar, with two bright regions
near the end of the bar. These features are also seen in H1 (Shostak
1973). An extensive region of solid-body rotation coincides with the
bar.

NGC 4321. This grand-design spiral galaxy has been frequently
mapped in the Ha emission line using high-resolution FP inter-
ferometry (Arsenault, Roy & Boulesteix 1990; Cepa & Beckman
1990; Canzian & Allen 1997; Knapen et al. 2000a), in the molec-
ular CO emission line (Canzian 1990; Rand 1995; Sakamoto et al.
1995; Garcia-Burillo et al. 1998; Helfer et al. 2003) and in the
21-cm H1 emission line (Cayatte et al. 1990; Knapen et al. 1993).
The H1 disc is almost totally confined within the optical one but
with a slight lopsidedness towards the south-west (Knapen et al.
1993). The H1, CO and He velocity fields show kinematical distur-
bances such as streaming motions along the spiral arms and a central
S-shape distortion of the isovelocity contours along the bar axis. The
circumnuclear region (CNR) and shows the presence of an enhanced
star formation region as a four-armed Ho ring-like structure and a
CO and Hu spiral-like structure. Many more details can be found
in Hernandez et al. (2005).

120z Azenuer 9z uo Jasn QLS| - SUND Ad GG9/01/10Z L/7/09€/8101ME/SEIU/WOD dNO"dlWapedk//:sd)y WO} papeojumMo(



1230  O. Hernandez et al.

NGC 4535. With NGC 4321, this is another Virgo cluster galaxy
with a known Cepheids distance (16.0 Mpc). It is not located in the
main substructure of the cluster close to the core elliptical galaxy
MB&87 but it lies in the southern extension related to M49. Although
the Ho morphology appears perturbed, with an obvious indication
of multiple spiral arms (these features are even present in the NIR K
image), its velocity field is regular. No H1 was found in the central
parts (Cayatte et al. 1990).

NGC 5371. In this galaxy, there is no evidence of Ho emission
in the centre.

NGC 5457. M101 is a large nearby galaxy. Observations of CO
data (BIMA song; Helfer et al. 2003) show that the molecular gas is
only distributed along the bar. In the Ho image the gas is distributed
over the whole field. Two large arms can be seen.

NGC 5921. This galaxy shows a ring-like structure in both the
Ho and the XDSS blue images. The bar is not clearly seen in
Ha but many Hu regions lie at the end of the bar. The centre
of the galaxy is the host of a strong velocity gradient well defined
in the Ho velocity map. Nevertheless, no Ho gas is present between
the ring-like structure and the centre.

NGC 5964. This galaxy shows strong H1 regions distributed
along its bar. Nevertheless, no strong velocity gradient can be seen
in this direction.

NGC 6217. This galaxy presents a prominent bar, with an im-
portant region of stellar formation on it located at 10 arcsec in the
south-eastern direction from the galactic centre (Artamonov et al.
1999). The galactic centre reveals the presence of a different struc-
tural component, a ring. The size of the ring in Ho observations is

approximately of 43 arcsec, which agrees with previous works in H1
on this galaxy (van Driel & Buta 1991). The inner ring structure in
the centre of the galaxy can be easily seen in the He monochromatic
image.

NGC 6946. According to Histudies (Carignan etal. 1990), the H1
distribution is not symmetric but is more extended to the north-east
side. This feature is also seen in the Ha emission map. The overall
Ha velocity map is regular but shows some non-circular motions
near the centre, confirmed by the PV diagram. It has been recently
observed in FP by Blais-Ouellette et al. (2004) leading to the same
conclusions. Once again, the wide field of FANTOmM and its high
sensitivity is clearly an advantage to obtain better Ha velocity fields.

NGC 7479. This SB(s)c galaxy has been studied in H1 by Laine
& Gottesman (1998). The H 1 distribution shows considerable asym-
metries and distortions in the outer disc. The H1and Ho kinematics
suggest that, while the global velocity field is fairly regular, a severe
perturbation is present in the western spiral arm. There is also a
strong velocity gradient along the bar confirmed in the PV diagram.
The He monochromatic image shows strong H 11 regions at one end
of the bar.

NGC 7741. This galaxy shows a strong bar in the He, blue-
and K -band images. Many H 11 regions are located along the bar.
The velocity map clearly shows non-circular motions, whereas the
velocity gradient is not too strong (compared with NGC 2903, for
example).
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