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THE RELATIONSHIP BETWEEN GAS, STARS AND
STAR FORMATION: GIANT COMPLEXES OF
MULTIPLE HI AND HII SHELLS
IN THE IRR GALAXY IC 1613

T. A. LOZINSKAYA

Sternberg Astronomical Institute, Universitetskij pr. 13, Moscow, 119899 Russia
(Received 15 February 2002)

We use our H-o and 21-cm observations of the dwarf Irr galaxy IC 1613 to analyze the relationship between stars and
the ISM in the area of a recent burst of star formation in the galaxy. We trace several possible loci of favorable
conditions for star formation triggered by collisions of shells and supershells.
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1 INTRODUCTION

Dwarf Irr galaxies open up the best opportunity to learn about the large-scale and long-
term interrelation between stars, gas, and triggered star formation. Huge multi-shell com-
plexes are more likely to form in Irrs, because the latter lack spiral density waves, and
because of the slow (and usually rigid) rotation of dwarf galaxies. The formation of
huge multi-shell complexes is also favored by weaker gravity fields, larger disk scale
heights, and lower number densities in dwarf Irrs compared to spirals. These factors
favor the growth of supershells and multi-shell complexes produced by stellar winds and
SNe of OB associations. These complexes are long-lived objects capable of causing trig-
gered star formation.

Therefore, Irrs provide the best laboratory to study large-scale complexes of ongoing
violent star formation. I am using the IC 1613 laboratory to discuss some aspects of
interaction between stars and the ISM, and star formation triggered by this interaction.

Our observations of the galaxy include VLA observations made in radio continuum and
at the 21-cm line, optical observations with a Fabry-Perot interferometer and with the
Multi-Pupil Fieber Spectrograph at the 6-m telescope, deep images taken with the
4-m telescope and X-ray observations with HRI ROSAT (Goss and Lozinskaya, 1995;
Lozinskaya et al., 1998; Afanasiev et al., 2000; Lozinskaya et al., 2001; Lozinskaya et al.,
2002).
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2 THE ONLY COMPLEX OF VIOLENT STAR FORMATION IN 1C 1613

The early HI map of the whole galaxy by Lake and Skillman (1989) showed two most
prominent features: a “superhole” and a very bright HI “spot”, both of about 1-1.5kpc
across. Today it appears that these two features represent two giant star-forming complexes
at different stages of their evolution.

Figure 1 shows a high-resolution VLA HI map of a large sector of the galaxy superim-
posed on the deep Ho image. VLA observations at 21 cm were proposed by E. Wilcots
and published by Lozinskaya et al. (2001). Both the bright “spot” and the “superhole” sur-
rounding a large fraction of the stellar population of the galaxy can be seen clearly on this
figure.

The bright “spot” represents the only recent star-forming region known in the galaxy.
Figure 1 clearly demonstrates the huge complex of ionized shells and the neutral shells
that surround them. Most of bright HII regions and the only SNR known in 1C 1613 belong
to the complex. The complex includes about 20 OB associations and open clusters with ages
ranging from 5 to 20 mln yrs according to Georgiev et al., 1999. Shells in the complex have
sizes ranging from 100 to 300pc; the expansion velocities of ionized shells are about

IC 1613 H

BECLRATION

FIGURE 1 The HI map of the large sector of the galaxy IC 1613 (shown in shades tones) superimposed on the
deep Ho image (shown by isophotes). The arrow at NE indicates location of the chain of compact objects; the arrow
at SE indicates on the WO star and its nebula.
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TABLE 1 Stars in the Fields I, II and III of the Star Formation Complex.

Star No Vv B-V E(B-V) MY sp
1.1 17.94 +0.02 0.33 —74 Ol
1.2 19.18 —0.10 0.18 —-5.7 O III
1.3 19.32 +0.37 0.18 —5.5 A7 111
14 19.80 +0.10 0.18 -5.0 B8 II
LS 19.80 —0.05 0.29 —-54 O8 Il or 04 V
1.1 18.94 +1.33 0.08 —-5.6 G8 — KO II
1.2 20.04 +1.53 0.18 —4.38 KO0-K2 II-1
11 19.40 +0.01 0.3) (—5.8) o 111
1.2 19.62 +0.07 0.3 —5.6 O-B
1.3 20.17 —0.06 0.3 -5.0 of ?
1.4 19.69 +0.14 0.4) —-58 O I

30-50 km/s (Meaburn et al., 1988; Valdes-Guttieres et al., 2001) and those of HI shells, about
15-20 km/s (Lozinskaya et al., 2003). Therefore what we see here is actually a set of expand-
ing ionized and neutral shells in contact. This leads us to the subject of triggered star forma-
tion. According to modern understanding the gravitational instability in a massive expanding
shell may be triggered by an external push, like a shell—cloud collision or shell-shell collision
(Chernin et al., 1995; Ehlerova and Palous, 2002; and references herein).

Star formation is still going on in the multishell complex. We identified on a deep Ho
image what seemed to be a signature of star-formation triggered by a shell-shell collision.
A remarkable chain of compact emission objects is located at the edge of the ionized shell
at the curved interface between the ionized and neutral shells, exactly where two HI shells
may have been colliding. (Its position is indicated by the arrow on Fig. 1.)

= 30"

FIGURE 2 Image of the star formation complex taken with 1-m telescope using wide filter centered on
2=6620A, FWHM =190 A coadding emission in the Ho and [NII] lines and the continuum. The rectangles
indicated three fields observed with the Multi-Pupil Fieber Spectrograph at the 6-m telescope SAO, corresponding to
the Table.



Downloaded By: [Bochkarev, N.] At: 13:23 11 December 2007

226 T. A. LOZINSKAYA

One could expect compact objects like these to represent either bright dense shocked frag-
ments of the shell, recently formed stars still partially embedded, or OB stars already evolved.

Our spectroscopic observations made with the 6-m telescope SAO RAS showed that
objects are OB giants and supergiants (luminosity classes I-III) (Lozinskaya et al., 2002).
Table I represents our results for three fields of the multishell complex. The chain shown
by an arrow at the Figure 1 corresponds to the Field I at the Figure 2.

The ionized shell with the chain of stars appears to be the most dynamically active one in
the complex, with velocities of its inner motions as high as ~ 100 km/s. The optical spectra
of the shell are typical for cooling gas behind a shock front. We therefore see here what might
be a fine example of star formation triggered by a shell-shell collision. Better understanding
requires the knowledge of detailed high-resolution kinematics of both ionized and neutral gas
at the interface of the two shells.

3 THE SUPERCAVITY

The supercavity of about 1—1.5 kpc across appears to be surrounded by a neutral ring with the
width of about 200-350 pc. The giant HI ring could be the projection of a torus because the
size of the ring is larger than the scale-height of the disk of the galaxy leading to the break-
out of the wind-blown supercavity.

This large-scale structure has apparently formed as a result of a burst of star formation in
the region.

Several richest and largest OB-associations from the list by Hodge (1978) are located
within the supercavity; Borissova and collaborators (see Rosado ef al., 2001) have outlined
the new boundaries of the OB associations. There are no problems with the energy and ages
of agents responsible for producing the supercavity and the surrounding HI supershell.

The neutral ring displays a remarkable system of arclike filaments with sizes of about 200—
300 pc that might have been shaped by the collective stellar winds (and SNe?) of OB associa-
tions located inside the supercavity. This filamentary pattern is indicative of dynamically
active processes and suggest a star formation triggered another way. The gravitational
instability of a massive expanding shell may be triggered not only by a collision from outside
but else by a push from inside (Chernin, Lozinskaya, 2002). Our observations of the velocity
fields of the ISM around OB associations in the Milky Way Galaxy indicate that a rich asso-
ciation produces a massive slowly-expanding supershell and fast inner shells that expand
rapidly and can impact the slow one (Lozinskaya, 1998; 1999). A slow massive shell may
undergo multiple collisions with fast shells. Dynamical structures of this type provide very
favorable conditions for triggering star formation. The process is regulated by a combined
action of gravitational fragmentation in the slow shell and shock compression of the frag-
ments by the fast shells. The way in which it develops depends on the ambient density: frag-
mentation of the slow shell occurs before (or after) its termination, before (or after) WR stars
appear if the density is relatively high (low). In all cases the typical ambient density in the
large area should be n, > 1-10cm™ to induce the fast inner shocks colliding a slow
shell. Therefore the process seems to be essential for rich OB associations or stellar grouping
located in a rather dense ISM.

It seems that we do already see fingerprints of star-formation within the HI ring triggered
by collisions from inside. There is a star of a very rare class WO in the wall of the super-
cavity. We have shown that the WO star in IC 1613 is associated with a large nebula of
unique structure: two lobes on both sides of the previously known bright elongated core
(Lozinskaya, 1997; Afanasiev et al., 2000; Lozinskaya et al., 2001).
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Only six WO stars have been identified in the Local Group galaxies so far (compared to
about 600—700 WRs). WO stars occur within a very short final stage of the evolution of mas-
sive stars — that of a nearly naked CO core — immediately preceding the SN explosion.
Progenitors of WO stars are very massive objects, M,,;; > 40-50 M 5. Such a massive star
cannot live for more than 107 yrs, which appears to be shorter than the lifetime of the HI ring.

Therefore the WO star in IC 1613, being among the most massive and short-lived stars,
might present a case of star-formation triggered by collisions of the dense ring with fast
inner shocks. There is a source of energy capable of initiating fast shocks to push the HI
ring: the association No 9 from the list by Hodge (1978), which is adjacent to and inside
the supercavity. This association is the largest one and the richest in the galaxy.

4 LARGE-SCALE AND LONG-TERM EVOLUTION

What fate awaits the violent star-forming complex? One can expect to find here in about 10®
yrs a supercavity surrounded by a dense neutral shell, just like the one nearby. Therefore the
two most conspicuous HI features in IC 1613: the giant complex of star formation and the
supecavity surrounded by HI ring represent two stages of evolution of a giant molecular
complex.

The properties of the only large region of ongoing violent star formation in IC 1613 seem
to be similar to those of a superassociation according to the terminology introduced by Baade
in 1963. A superassociation is a complex of stars that has a burst of simultaneous violent star
formation over the whole area up to 1 kpc across and with a typical total mass as high as
about 10°M ® (Efremov, 1994).

The region of violent star formation in IC 1613 has the size of about 1kpc; it includes
about 20 young stellar associations and open clusters (Hodge, 1978; Georgiev et al., 1999);
Goss and Lozinskaya (1995) give the mass of gas in the complex M~ 1.5 x 10°M ® from
its IR luminosity.

Superassociations are very rare objects. Only three such objects have been identified in the
Local Group galaxies so far: (30 Dor in LMC; NGC 206 in M31, and NGC604 in M33, see
references in Efremov, 1994; Chernin et al., 1995). Here we apparently see one more super-
association, the small one and a very young one.

A superassociation may be induced by shell-shell collisions as considered by Chernin et al.
(1995). From our recent HI observations of the galaxy it appears that the star-forming com-
plex in IC 1613 might have been produced by a very large-scale shell-shell collision in the
region (Lozinskaya et al., 2003). (However, not exactly as described in the theoretical model
proposed.) The HI distribution in the whole galaxy shown at the Figure 3 demonstrates that
the only region of star-formation is located at the interface between two giant HI rings: the
one we are discussing here and the other north of it. An encounter of the two expanding
HI supershells may well have produced this dense HI supercloud and triggered star formation
in it.

Supershells are well known to sweep-up very large mass of gas, and merge, perhaps
triggering collapse of HI and molecular complex.

And this supershell-supershell collision might probably trigger the formation of the
complex of violent star formation, maybe even a superassociation.

Our study of large-scale kinematics of HI in the galaxy did not found an expansion of the
superrings. No wonder, since both are at the late stage of supershells’ evolution that is near
termination with the expansion velocity about the isothermal sound speed.
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FIGURE 3 The total HI map of galaxy IC 1613; the brightest area corresponds to the star formation complex.
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