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Abstract.
We report the discovery of extended star formation in the prominent
tidal arms near NGC 3077 (member of the M 81 triplet). 36 faint compact
star forming regions were identified, covering an area of 4 x 6 kpc 2 . HII
regions are only found near the southern rim of the tidal HI arm where
the HI column density reaches values above 1 x 1021 em -2. This threshold
is very similar to what is found in 'normal' galactic environments. We
derive a total star formation rate of 2.6 x 10- 3 M 8 yr- 1 in the tidal feature.
We also present the first high-resolution observations of molecular gas in
this region. The molecular gas emission can be separated into at least
5 distinct complexes most of which do not coincide with sites of star
formation. The reservoir of neutral and molecular gas in the tidal arm is
huge (rv 5 X 108 M 8 ) ; star formation may continue at the given rate for a
Hubble time. We conclude that wide-spread low-level star formation may
be a common phenomenon in tidal HI tails, however it will be difficult to
detect in interacting systems that are further away.

1.

Introduction

It has been suggested that at least a fraction of today's dwarf galaxies was
created in the tidal debris of interacting galaxies at large redshift (so-called 'tidal
dwarf galaxies', Hunsberger et al. 1996; Hunter et al. 2000; Okazaki & Taniguchi
2000). Since this process took place in the distant past it is difficult to study
the mechanisms that presumably lead to the formation of these tidal dwarfs.
More nearby, interacting systems give us the unique opportunity to study the
properties of tidal features which may lead to the formation of tidal dwarfs in
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Figure 1.
Broad band image ofNGC 3077 and its surrounding. Overlaid are the HI contours (smoothed to 40") which show the orientation
of the tidal arms. The box marks the region where we detected HII
regions in the tidal arm (see Fig. 2).
detail. E.g., it is of interest which conditions (e.g., atomic and molecular gas
content) need to be present before star formation can start in tidal arms.
In a number of cases tidal dwarf galaxies have been detected in tidal tails
of interacting galaxies (e.g., Mirabel et al. 1992, Due et al. 2000). However,
most of the tidal dwarfs studied so far are typically bright and have magnitudes
ranging from -14 to -19 (MB , Mirabel et al. 1992) implying that these objects
are already fairly evolved. This is obviously a selection effect since only those
tidal dwarf galaxies at large distances can be detected which are bright enough.
The nearby M81 triplet (consisting of M82, M81 and NGC3077, see Yun
et al. 1993 for an HI map) is an ideal testbed to study tidal arms around interacting galaxies in detail. The impressive tidal arm near NGC 3077 is especially
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Ho image of the tidal arm near NGC 3077 (the region is
Figure 2.
indicated by the box in Fig. 1. In total, 37 HII regions were cataloged. The thin contours indicate the HI emission (smoothed to 40"
resolution). The thick contours represent the CO(1-0) emission at 22"
(350 pc) resolution as observed with the IRAM 30m telescope (for details see Heithausen & Walter 2000).

interesting (total HI mass: 5 x 108 Mev, Walter et al. 2001). According to various
numerical simulations (Thomasson & Donner 1993, Brouillet et al. 1991, Yun et
al. 1993) this tail has been created by a recent (rv 3 X 108 yr) interaction with
M81. Barbieri et al. (1974) detected 'a fragmentary complex of almost stellar
objects' in this region (the 'Garland', see also Karachentsev et al. 1985, Sharina
1991, Sakai & Madore 2001). The presence of extended molecular gas in this
tidal feature has been reported by Walter & Heithausen (1999) and Heithausen
& Walter (2000). Here we report the discovery of wide-spread low-level star
formation in this tidal tail near NGC 3077.1
2.

Observations

We have obtained deep wide-field imaging of the region including NGC 3077 and
the prominent tidal arm with both the 2.2 m telescope at Calar Alto as well as
with the 2 m telescope at Kitt Peak. The new high-resolution observations of
the molecular gas phase presented here were obtained with the OVRO millimeter
interferometer located near Bishop, CA.
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Discovery of HII Regions in the Tidal Arm

Fig. 1 shows a B-band image of the region around NGC 3077. The contours show
the distribution of neutral hydrogen (HI, smoothed to 40" resolution, Walter et
al. 2001). Fig. 2 is a blown-up Hre-map of Fig. 1 and shows the HII regions
in the tidal arm near NGC 3077. In total, we cataloged 36 HII regions - all
are associated with the prominent tidal HI arm near NGC 3077. The total
Ho flux (luminosity) for all the HII regions is: F(Ha)==1.88x10- 13 ergs- 1 cm- 2
(L(Ha)==2.91 x 1038 ergs-I). This corresponds to a total star formation rate
(SFR) in the entire tidal arm of SFR==2.6 x 10- 3M 8 yr- 1 (we used SFR(total)
== L(Ha)/1.12x10 41 erg s " ! [M8 yr- 1], Kennicutt, 1983)
3.1.

Comparison to Atomic and Molecular Gas

The HII regions are distributed over a huge area of 4 x 6 kpc 2==24 kpc''. HII
regions are only found where the HI column density reaches values> 1.0 x
1021 em -2. The star forming regions are however not randomly distributed
across the entire tidal feature: most of the HII regions in the tidal arm seem to
follow the southern rim of the tidal arm. Only one HII region is found in the
region where the HI shows multiple velocity components (between regions 30
and 32, Walter et al. 2001).
The thick lines in Fig. 1 present the distribution of molecular gas in the
tidal features as traced by the CO(l ~O) emission observed with the IRAM 30m
telescope (22", rv 350 pc resolution; Heithausen & Walter 2000). Note that the
southern, more compact region, where molecular gas was detected coincides with
the highest density of star formation.
3.2.

New high-resolution CO observations

Figure 3 shows our new high-resolution OVRO observations overlaid on a subregion of the Ho image of Fig. 2. Clearly, the CO emission breaks up into smaller
individual clumps. Note that the OVRO interferometer observations (resolution:
5", rv 75 pc) are only sensitive to compact structures and do not recover diffuse
extended emission present in the IRAM 30m data shown in Fig. 2. In the higher
resolution CO data no clear correlation between the location of the molecular
gas and the position of the HII regions is evident. Only in one case is a star
forming region directly associated with a molecular cloud. We are currently
combining our results of the high-resolution OVRO study with the single dish
30m observations.
4.

Discussion

We present the discovery of wide-spread star formation and new high resolution
observations of the molecular gas phase in the tidal feature near NGC·3077. The
total star formation rate in the tidal arm is SFR==2.6 x 10- 3 M 8 yr- 1 . These
properties make the complexes by far the weakest star forming regions detected
in tidal arms around galaxies so far.
No clear correlation exists between the sites of on-going star formation and
gas surface densities (both molecular and atomic): HII regions are in general not
only found where the HI or molecular surface density is highest. However, star
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Figure 3.
Ho image of the region mapped with the OVRO millimeter
interferometer. The contours represent the CO (1-0) emission at 5"
(75 pc) resolution. Note that the interferometer observations are only
sensitive to clumped structures which is why the distribution looks
different from Fig. 2.

formation is only seen where the HI surface brightness density reaches values
larger than 1 X 1021 cm- 2 - this value is consistent with what is usually found
in dwarf galaxies (see the discussion in Walter & Brinks 1999). Star formation
in the tidal arm seems to be suppressed where the HI kinematics show multiple
velocity components. This may imply that the actual volume density of the
atomic gas in these regions is not high enough to form molecular gas.
It is striking that the HII regions are predominantly situated at the southern
edge of the tidal HI feature. This morphology may be indicative of bow-shock
triggering in that region. We note that indications for bow-shocks in the southeast have been recently reported in two other dwarf galaxies in the same group
(Holmberg I: Ott et al. 2001, Holmberg II: Bureau & Carignan 2002).
It is difficult to estimate when star formation started in the tidal arm. From
the fact that we see Ho emission today it is clear that star formation is occurring
in the tidal arm well after the creation of the structure itself some rv 3 X 108 yrs
ago ('in situ' formation). If we assume a constant star formation rate over the
last 3 x 108 yr we estimate that a total of rv 7 X 105 MG) have been transformed
from gas into stars. Some of the fainter stars in the region may have therefore
r-;»
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been created within the tidal feature itself. New HST ACS observations will
enable us to test this hypothesis.
The presence of a huge reservoir of molecular as well as atomic gas suggests
that star formation has just started in the tidal tail and that all the ingredients
for further, more massive, star formation are present in this region. If some 10
percent of the gas will be transformed into stars, the total luminosity of the tidal
dwarf will eventually be of order 5 x 107 MBev (adopting a stellar mass-to-light
ration of 1 Mev/Lev), similar to other dwarf galaxies in the M 81 group. We conclude that wide-spread low-level star formation may be a common phenomenon
in tidal HI tails, however it will be difficult to detect in typical, further-away
interacting systems.
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