Massi et al. survey of low-luminosity
sources in the Vela D cloud has a
slightly lower sensitivity. The maximum
stellar masses in the Vela clusters have
been computed assuming that a frac-
tion of the total luminosity ranging from
30% to 100% is emitted by the most
massive object. The young IRAS
sources in the Vela molecular cloud
show the same trend as the Herbig
Ae/Be stars: more massive stars are
surrounded by rich clusters, while low-
mass stars are found in relative iso-
lation.

In the same plot, the result of the var-
ious surveys are compared with the
predictions of a “random sampling
model” (as described in Testi et al.
2001). Our results clearly deviate from
the prediction of the model, since no
massive object is found in isolation, and
all lie above the median predictions of
the model. These results suggest that
there is a physical connection between
clusters and high-mass stars. This

does not necessarily imply that mas-
sive stars are formed by coalescence in
(proto-)cluster environments, but sug-
gests that the conditions to form a mas-
sive star are such that this process is
associated with the formation of a
cluster of (lower-mass) objects. The clus-
ter could be either the catalyst of high-
mass star formation or a by-product of it.

These conclusions should and will be
made more firm by combining larger
samples from various surveys toward
different regions.
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ABSTRACT

Observations of six luminous blue compact galaxies (LBCGs) and two star-forming companion galaxies were
carried out with the CIGALE scanning Fabry-Perot interferometer attached to the ESO 3.6-m telescope, tar -
geting the Ha emission line. The gaseous velocity field presents large-scale peculiarities, strong deviations to
pure circular motions and sometimes, secondary dynamical components. In about half the cases, the observed
rotational velocities are too small to allow for pure rotational support. If the gas and stars are dynamically cou -
pled, a possible explanation is either that velocity dispersion dominates the gravitational support or the galax -
ies are not in dynamical equilibrium, because they are involved in mergers, explaining the peculiar kinematics.
In two cases, we find evidence for the presence of dark matter within the extent of the Ha rotation curves and
in two other cases we find marginal evidence. For most of the galaxies of the present sample, the observed
peculiarities have probably as origin merging processes; in five cases, the merger hypothesis is the best way
to explain the ignition of the starbursts. This is the most extensive study as yet of optical velocity fields of lu -

minous blue compact galaxies.

1. Introduction

A Blue Compact Galaxy (BCG) is
characterised by blue optical colours,
-21 < Mg < -12, an Hll-region-like
emission-line spectrum, a compact ap-
pearance on photographic sky-survey
plates, small to intermediate sizes, high
star-formation rates per unit luminosity
and low chemical abundances (e.g.
Searle and Sergent, 1972). Moreover,
most BCGs are rich in neutral hydro-
gen. There is no consensus on the
process(es) that trigger the bursts of
star formation. Three main scenarios
have been proposed to explain it: (1)
cyclic infall of cooled gas: Starbursts

are terminated by SN winds, but when
gas later accretes back, a new star-
burst may be ignited; (2) galaxy inter-
actions and (3) collapse of protocloud if
BCGs are genuinely young galaxies.
Most arguments have been based on
photometry alone. On the other hand,
the dynamics of these systems are not
well explored, still the creation of an en-
ergetic event like a sudden burst of star
formation is likely to have dynamical
causes and impacts, complicating the
interpretation.

To improve our understanding of the
dynamics and the triggering mecha-
nisms behind the starburst activity, we
have obtained Fabry-Perot data allow-

ing us to achieve two-dimensional ve-
locity fields with both high spatial and
spectral (velocity) resolutions. BCGs
are obviously the galaxies for which 2-
D data are absolutely requested due to
the non-axisymmetry of the velocity
field around the centre of mass.

The selected BCGs are among the
more luminous ones known in the near-
by universe. The galaxies were ob-
served at the Ha-emission line with the
ESO 3.6-m telescope on La Silla. The
exposure times ranged between 24
minutes and 160 minutes. In Ostlin et
al. (1999), we presented and described
the data: Ha images, velocity fields,
continuum maps and rotation curves. In
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Figure 1: Comparison of the performances, expressed in terms of signal-to-noise ratio vs. the flux of the extended source for two CCDs (with
different quantum efficiency) and an AsGa IPCS in a narrow-band imaging application (left) and in a multiplex application like a scanning
Fabry-Perot interferometer (right). See text for further details.

Ostlin et al. (2001), we will discuss the
interpretation of these observations
and their implications on the dynamics,
the mass distribution and the triggering
mechanism behind the starbursts.

In this paper, we give a flavour of the
observations and provide some de-
scriptions of two galaxies: ESO 350-
IG38 and ESO 338-1G04. Then, we
point out the hot spots of the sample
and suggest an interpretation.

2. A Scanning Fabry-Perot Inter-
ferometer on the ESO 3.6-m

The instrument CIGALE attached to
the Cassegrain focus of the ESO 3.6-m
was used for the observations. CIGALE
is basically composed of a focal reducer,
a scanning Fabry-Perot interferometer,
an interference filter and an IPCS (Im-
age Photon Compting System). ClI-
GALE (for Cinématique des GALaxiEs)
is a visiting instrument belonging to
Marseille Observatory, mounted for the
first time on the ESO 3.6-m in 1991 and
commissioned on the average for one
run a year since that time. (In fact, a
Fabry-Perot etalon plus an image tube
has been mounted on the ESO 3.6-m
by the Marseille team for the first time
in 1979, see Marcelin et al., 1982). With
the efficient cooperation of the 3.6-m
ESO team and of the astro-workshop,
using the facilities of the telescope, the
instrument is easily mounted during the
daytime of the first observing night.
Several replica of this instrument exist
throughout the world, one of them is
presently extensively used on the OHP
1.93-m telescope (Observatoire de
Haute-Provence, France) to provide a
sample of about 200 velocity fields of
nearby galaxies (the GHASP’s project
— Gassendi HAlpha SPiral galaxies sur-
vey — see http://www-obs.cursmrs.fr/
interferometrie/GHASP/ghasp.html).
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The instrument CIGALE based at La
Silla is used both on the ESO 3.6-m
and on the Marseille 36-cm telescope.
On the Marseille telescope, CIGALE
has a wide field of view (40 arcmin
square) and is used to make a kine-
matical deep Ha survey of gaseous
emission regions in the Milky Way and
in the Magellanic Clouds (see for in-
stance Georgelin et al., 2000). On the
3.6-m, CIGALE has a one hundred
times smaller field (~ 4 arcmin square,
providing a pixel size of 0.91 arcsec).
The spectral scanning step depends on
the interferometer used, it was of 4.8
km s~ for the present study. A full de-
scription of the instrument CIGALE is
given in a previous paper in The
Messenger (Amram et al.,, 1991). By
the way, a previous discussion in The
Messenger on BCGs (Infants of the
Universe?) including ESO 338-1G04
can be found in Bergvall & Olofsson
(1984). Data reduction was performed
using the http available ADHOCw soft-
ware (http:/Amww-obs.cnrs-mrs.friadhoc/
adhoc.html); a complete data-reduction
procedure is given for instance in
Amram et al. (1991, 1996). In August
1999 and in September 2000, two ma-
jor upgrades were realised on CIGALE:
the data-acquisition system and the re-
ceptor were removed. (1) Two hundred
kg of electronics were substituted by a
Matrox board allowing the acquisition of
frames 1024 ~ 1024 px? at high fre-
guency and the computation in real
time of the events on each frame.
(2) The 20-year old Thomson IPCS was
replaced by a new AsGa IPCS. The
semi-conductor photocathode AsGa
(built by Hamamatsu) of the new de-
tector offers a d.q.e. five times higher
(25% instead of 5% for the old
Thompson IPCS). The output of the
AsGa tube is coupled by optical
fibers to a 1024 " 1024 CCD. (http://

www.obs.cnrs-mrs.fr/interferometrie/
instrumentation.html#AsGa). The
IPCS, with a time resolution of 1/50
second and zero readout noise makes
it possible to scan the interferometer
rapidly, avoiding problems with varying
sky transparency, airmass and seeing
during long exposures; and thus has
several advantages over a CCD for this
application. Figure 1 compares the total
efficiency of a CCD and an IPCS used
in narrow-band imaging (left) and in
multiplex application (right). It clearly
shows that at low intensity level, the
signal-to-noise ratio is much higher with
an IPCS than with a CCD in the case of
multiplex observations as for instance
scanning Fabry-Perot interferometry.
Figure 1 has been plotted from a simu-
lation of one hour exposure time on an
8-metre telescope, for a pixel size of
0.25 arcsec square, 48 scanning chan-
nels, transmissions of: 80% for the at-
mosphere; 64% for the 2 mirrors of the
telescope; 70% for the interference fil-
ter; 80% for the optics and 90% for the
Fabry-Perot (Gach et al., 2001). The
data presented here were obtained in
August 1995 with the old system; new
observations were performed for anoth-
er 15 BCGs, extending down to fainter
luminosities in 1999 and 2000 with the
new system, this will allow us to obtain
a more comprehensive picture on the
evolution of BCGs.

3. Results: Description of Two
BGCs

3.1 ESO 350-1G38 (Haro 11)

The morphology of this object is com-
plex. The three bright starburst nuclei
are composed of numerous individual
super star clusters (My = —15, Ostlin,
2000) as it can be seen for an
HST/WFPC2 image (Fig. 2 — left,



Figure 2: ESO 350-1G38. North is up, East is left. (Left): HST/WFPC2 V+R (F606W) broad-band image. The scale of the box is 24 arcsec
square. (Right): R-band CCD image. Note the irregular morphology at all isophotal levels. The faintest visible structures are g =~ 26 mag/arc -
sec?. The size of the field is 1 by 1 arcminute, corresponding to 23 x 23 kpc.

Malkan et al. 1998). The properties of
the central regions bear a close resem-
blance with the classical colliding
galaxies NGC 4038/4039 as seen in
HST data (Whitmore and Schweizer
1995). This galaxy is the most massive
in the whole sample and also has the
highest star-formation rate (~ 20
M@/yr). The inferred supernova (SN
type Il) frequency is one every 7 years.
Surprisingly, the galaxy is very lumi-
nous in IR but seems to be rather de-

ESO 338 - 16 04

void of cool gas (My; < 108 Mg = de-
tection limit) despite a very high star-
formation rate (Bergvall et al., 2000).
This suggests that either the starburst
is about to run out of fuel or the gas is
to a large extent in molecular and
ionised form as suggested by calcula-
tion. The outer isocontours are distort-
ed out to very faint isophotal levels (ny
~ 26 mag/arcsec?) on broad-band im-
ages (Fig. 2 — right). This is still visible
but less extended in the Ha line demon-
strating that the
light  originates
mainly in stars.
Hence, the large-
scale distribution
of stars in this
galaxy is highly
asymmetric. At all
isophotal levels an

ESO 350 - 16 38

Figure 3: Velocity
fields for ESO 350-
IG38 (up) and ESO
338-1G04 (bottom).
The two galaxies
have the same pixel
size (0.91 arcsec/
px) and scale on
the image; the hori
zontal size of the
box is 42 arcsec.
ESO 350-1G38: The
velocity amplitude
ranges linearly from
violet (6220 km s-1)
to white (6300 kms-).
ES0O338-1G04: The
velocity amplitude
ranges linearly from
violet (2750 km s-1)
to white (2850 km
s1).

extension in the south-east is evident.
This may be a tidal tail in development
or most likely the remnants of such.

The Ha line profiles of this galaxy are
broad, up to FWHM = 270 km/s, and
have non-gaussian shape. This sug-
gests that two or more non-virialised
components may be present. In the
centre, double peaked lines are present
consistent with the presence of a
counter rotating disk or high velocity
blobs. This galaxy presents a strong
central velocity gradient and large-
scale distortions (see Fig. 4 — up). If we
do not decompose the velocity field in
several components, the rapid increase
of the rotation curve is followed by a
keplerian decrease. Alternatively, if we
disentangle two possible components,
the main one (in terms of intensity and
extension) provides a low-velocity am-
plitude flat rotation curve while the sec-
ond one gives a high-velocity amplitude
but only in the central parts of the
galaxy (see Fig. 5 — left). These prop-
erties indicate that the centre is not dy-
namically relaxed, while the outer ve-
locity field shows a very slow rotation.
The estimated stellar mass density
exceeds by far what can be supported
by the observed amount of rotation
(G 30 km/s). Thus the galaxy is either
not in equilibrium, or it is not primarily
supported by rotation. These proper-
ties strongly suggest that the starburst
has been triggered by a merger
process.

3.2 ESO 338-1G04
(Tololo 1924-416)

HST observations of this well-known

starburst (see Fig. 4 — left, Ostlin et al.,
1998) have revealed that in addition to
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Figure 4: ESO 338-IGO4. North is up, East is left. (Left): HST/WFPC2 true composite colour BVI-image. The scale of the box is 28 arcsec
square. (Right): R-band CCD image. Note the irregular morphology at all isophotal levels. The faintest visible structures are ug =~ 26 mag/arc -
sec2. The size of the field is 60 arcsec x 53 arcsec, corresponding to 11 x 9.5 kpc.

many young compact star clusters, it
contains a system of intermediate-age
(~ 2 Gyr) globular clusters, a fossil of a
previous dramatic starburst event. This
galaxy has a companion at a projected
distance of 70 kpc to the south-west.
There is a 5 kpc long tail towards east,
and large-scale isophotal asymmetries
down to the ug = 26 mag/arcsec? level
(Fig. 4 — right). At fainter levels, the
morphology becomes more regular, but
a boxy shape remains on the western
side. The tail has much bluer colours
than the rest of the galaxy outside the
starburst region, signifying a younger
stellar population. It contains stellar
clusters, and cannot be explained by a
purely gaseous tail.

This galaxy has an almost chaotic
velocity field (see Fig. 3 — bottom), with
strong gradients and an extended tail
with little internal velocity structure.
Approximately 10 arcsec east of the
centre, just at the border of the central
star-forming region, there is a velocity
component whose kinematical axis is
perpendicular to the photometric major
axis of the galaxy (Figs. 5 and 6 in
Ostlin et al., 1999). The radial light dis-
tribution indicates that the observed
mean rotational velocity (if a such is at
all meaningful to define in view of the ir-
regular velocity field) cannot support
the system gravitationally. The tail has
almost no velocity gradient with respect
to the centre (Du < 10 km/s). On the
other hand, the western half of the
galaxy has a strong gradient and an im-
plied rotational velocity of 80 km/s at a
distance of 3 kpc from the centre. This
is identical to the rotational velocity in
the companion ESO 338-IG04B that
has an equal photometric mass.
Hence, the western part of the galaxy
shows about the expected level of ve-
locity difference with respect to the cen-
tre for rotational support to be possible.
But what is happening at the eastern
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side in the tail? The colour of the tail
suggests that it has a distinctly different
stellar population from the rest of the
galaxy. The most likely is that the tail is
a remnant of a merger and that projec-
tion effects prevent us from seeing the
true velocity amplitude. The part of the
galaxy on the eastern side which is not
in the tail, does not emit strongly in Ha,
hence we have no information on its
kinematics. Where the tail meets the
starburst region, we see an increased
Ha velocity dispersion, perhaps due to
a shock. This coincides with the loca-
tion of the perpendicular dynamical
component discussed above. The com-
panion is probably too far away for tidal
forces to influence the internal gas
kinematics to such an extent that it may
have caused the starburst and the pe-
culiar velocity field.

Radio interferometric observations
(Ostlin et al., in preparation) reveal that
the galaxy is embedded in a very large
HI cloud, more than 7 arcminutes
across (corresponding to 80 kpc at the
distance of ESO 338-1G04). The HI
cloud has irregular morphology with
two main components and no single
axis of rotation. ESO 338-1G04 appears
to be located in the eastern HI cloud.
The companion is detected in HI but
lies further away. Although we cannot
exclude that the starburst in ESO
338-1G04 is triggered by interaction
with the companion, a merger appears
more likely in view of the complex ve-
locity field and the non-rotating arm.

4. Discussion on the Whole
Sample

4.1 Photometric and kinematical
analysis

The morphologies of the BCGs pre-
sent strong large-scale asymmetries
down to the faintest isophotal levels, re-

vealing large-scale asymmetries in the
distribution of stars. In most cases we
see clear signatures of merging/inter-
action. The young burst population
dominates the integrated optical lumi-
nosities, while only contributing 1 to 5%
of the total stellar mass, which ranges
from a few times 108 to more than 1010
M@. The mass is dominated by an old-
er underlying population and the inte-
grated (burst + old population) mass to
light ratios are M/Ly, ~ 1.

The velocity fields, in spite of the high
signal-to-noise ratio of the emission
lines, appear irregular and distorted,
except for the two companion galaxies
included in the sample. As the S/N is
high, these irregular isovelocities
should be considered as real. Some ro-
tation curves appear strange or
non-uniform; this indicates that the sim-
ple assumptions of a regular warp-free
disk and pure circular motion around
the centre are not valid in general. The
estimated dynamical masses ranges
from a few times 108 to a few times 10°
M@. Secondary components have
been detected in several cases.

In about half the cases, the observed
rotational velocities are too small to al-
low for pure rotational support. A possi-
ble explanation is that velocity disper-
sion dominates the gravitational sup-
port. This is consistent with the ob-
served line widths (Dy, = 35 to 80
km/s), but does not explain the strange
shape of many of the rotation curves
(see Fig. 5). Another possibility is
that the galaxies are not in dynamical
equilibrium, e.g. because they are in-
volved in mergers, explaining the pe-
culiar kinematics. It is also possible that
gas and stars are dynamically decou-
pled and the Ha velocity field does not
trace the gravitational potential. A way
to distinguish between these alterna-
tives would be to obtain the rotation
curve and velocity dispersion for the
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Figure 5: Mass model for ESO 350-1G38 (left) and ESO 338-1G04 (right). The solid line is the photometric rotation curve for the disk compo -
nent; and the green shaded area is the allowed range based on the uncertainty in M/L. The filled circles show both sides’averaged observed
rotation curves, the error bars represent mainly the deviation to pure circular motions. ESO 350-1G38 (left): the blue open symbols show the
rotation curve based on the decomposed velocity field. The blue open circles correspond to the main component; the secondary component,
which is counter rotating is shown by the blue open squares. The maximum disk model (in order to provide an upper limit of the (M/L)disk)
has been computed on the main component. The dash-dot red line is the stellar disk component from the mass model and the crosses is the
halo component (red crosses). As the halo component is very faint, the total model (disk + halo) matches the stellar component. ESO338-
1G04 (right): The blue open symbols show both sides of the rotation curve. The blue open circles correspond to the receding side while the
approaching one is shown by the blue open squares. Due to the disagreement between the approaching and the receding sides, the aver -
aged rotation curves do not represent the axisymmetric potential well of the galaxy, the instrumental accuracy of the velocity being 2—-3 km/s
at high signal-to-noise ratio. Furthermore, no dynamical model can be plotted for this galaxy.

stellar component. In two cases, we
find evidence for the presence of dark
matter within the extent of the Ha rota-
tion curves, and in two other cases we
find marginal evidence. Indeed, even
with a maximum disk model, the rota-
tion curves computed from the surface
brightness profiles cannot fit the ob-
served rotation curve without an addi-
tional dark halo component.

4.2 Spectral Evolutionary Models
and Dynamical Analysis

Spectral evolutionary synthesis mod-
els in combination with colour profiles in
the optical and near infrared are used
to estimate the mass to light ratios
(M/L) of the galaxies (the models are
described in Bergvall and Rénnback,
1995). Photometric mass distributions
were derived by integrating the lumi-
nosity profiles for the disk and burst
components and using their corre-
sponding M/L values. The photometric
mass distributions are further com-
pared to dynamical mass models (see
Fig. 5). From B-band surface bright-
ness photometry, an exponential disk
has been separated from the burst
by extrapolation of the profile of the
outer regions where the contribution to
the burst is marginal. The photometric
MI/L of the disks and of the bursts have
been evaluated by matching the ob-
served colours to extended sets of
models with different IMF, mass limit

and star-formation histories (Ostlin et
al., 2001). The photometric total mass-
es of the disk and of the burst have
been obtained by integrating the lumi-
nosities with the M/L values in the al-
lowed range. The dynamical M/L of the
disk have been computed using a
two-component (exponential disk +
dark halo) best-fit mass model or max-
imum disk model (Carignan, 1985). In
most cases, the M/L obtained from the
dynamical mass models are lower than
the ones obtained from the spectral
evolutionary synthesis models. This
means that the dynamical mass is un-
der-evaluated, the velocity fields being
disturbed by non-circular motions
or/and that the galaxies are not rota-
tionally supported.

4.3 Merging in Process

For this sample of LBCGs, two kinds
of perturbation are probably in compe-
tition: (1) merging processes distorting
the velocity fields at large scale and (2)
winds driven by starbursts strongly dis-
turbing the circular motion of the
ionised gas at smaller scales. Merging,
interaction and wind driven by super-
novae can induce non-circular motions
of high amplitude to the gas. Then, due
to dissipative collisions, the gas is prob-
ably decoupled from the rotation of the
stars which constitute the dominant
mass of the disk. Stars and gas are
then decoupled due to dissipative colli-

sions in the gaseous component of the
galaxies. Furthermore, the gas be-
comes a bad tracer of the potential well
but a good tracer of starburst activity.
Stars should be a better tracer of the
potential well but their observations
present difficulties due to the weakness
of the continuum emission and absorp-
tion lines in this class of galaxies.
When considering the kinematics
and morphologies of this sample of lu-
minous BCGs, we are led to the con-
clusion that dwarf galaxy mergers are
the favoured explanation for the star-
bursts. The dynamics of the studied
galaxies fall into two broad classes: one
with well behaving rotation curves at
large radii and one with very perturbed
dynamics. This may indicate a distinc-
tion of the fate of these galaxies, once
the starbursts fade. Alternatively, de-
pending on the state in which we see
the interaction/merger, we will detect
more or less chaotic velocity maps.

5. Perspectives

Dwarf galaxies are very common ob-
jects in the universe; compact galaxies
(CGs) are frequent and blue compact
galaxies (BCGs) are not rare. At high
redshift, gas-rich dwarf galaxies and
perhaps also CGs even can be the
building blocks of the larger galaxies,
merge and form stars during episodic
processes in their evolution. The lumi-
nous blue compact galaxies (LBCGSs)
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have luminosities and properties similar
to galaxies seen at intermediate red-
shifts (e.g. Guzman et al., 1997).
Moreover, they are among the least
massive/luminous galaxies that are
possible probes also at high redshifts.
The sample of LBCGs presented here
is not representative of classical BCGs
but can be regarded as a reference
sample for high redshift LBCGs, for
which, moreover, observations present
a serious bias. Even if there are evolu-
tionary processes that make distant
galaxies unique, the evolutionary histo-
ry of a galaxy is not only a time-de-
pendent parameter but it may also
strongly depend on the environment.
Furthermore, LBCGs can be thought of
as nearby sites which mimic galaxy in-
teraction, merging and the star trigger-
ing in higher-density environments of
the young universe.

These local dwarf galaxy mergers
may be the best analogues of hierar-
chical build-up of more massive galax-
ies at high redshifts.
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