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Abstract . Recent observations of the several phases of the interstellar medium in galaxies reveal 
a wide range of structures and physical properties. The HI structure in nearby galaxies is very 
filamentary with a large number of shells and filaments suggestive of a close interaction between 
the star formation in the disk and the surrounding interstellar medium. 
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1. Introduction 

Our understanding of the structure and physical properties of the interstellar medium 
(ISM) in nearby galaxies has greatly advanced over the last years. Obvious reasons 
are that modern synthesis telescopes now allow imaging of the ISM in nearby galax
ies on scales of a few hundred parsecs or less (about the size of large star forming 
regions) and that modern CCD technology allows imaging of faint emission line 
gas-

Good overviews of both observations and theory can be found in IAU Sym
posium 144 (1991) and the second Wyoming Conference (1990). Ideas concerning 
the energy balance in the ISM appear to converge to a common picture where star 
formation activity is a main source of energy input into the ISM via stellar winds 
and supernova events. This activity causes a variety of structures and properties, 
ranging from Heiles shells and worms to the diffuse ionized gas component which 
has a much larger scale height than the cool neutral gas layer. 

Studies of our own Galaxy give the best information on the physical properties 
of the ISM. The limitation, however, is the edge-on vantage point for the observer 
and the limited range of star formation activity. If the properties of the ISM depend 
on factors such as star formation activity, metallicity, mass density etc. then one 
must observe the ISM in a number of galaxies in order to sample a large range of 
these. Studies of the ISM in other galaxies, therefore, are instrumental for furthering 
our understanding of the processes governing the state of the ISM. 

In this paper I will address some of the more recent issues in ISM research 
in other galaxies with an emphasis on the small scale structure of the neutral 
component. 

2. Phases in the ISM 

The idea that the ISM in galaxies has several components with different temper
atures and densities and in pressure equilibrium with one another has received 
wide acceptance since the pioneering work of Clark (1965) and Field, Goldsmith 
and Habing (1979). Currently more than the two phases proposed originally are 
favored. These are: a cold phase, mostly molecular gas, with temperatures between 
20 and 80 K, densities between 10 and 103 c m - 3 and a filling factor of < 0.1; a cool 
phase, mostly HI, with temperatures between 80 and 300 K, densities between 0.1 
and 10 c m - 3 and a filling factor of about 0.1; and a warm phase, mostly diffuse 
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ionized hydrogen, with temperatures between 103 and 104 K, densities of 0.05 to 0.1 
c m - 3 and a large filling factor of 0.2 to 0.7. This latter phase is viewed as two com
ponents by Kulkarni and Heiles (1988) who distinguish between the warm neutral 
medium (WNM, HI at temperatures of a few 1000 K, e.g. see Lockman 1984, 1991) 
and the warm ionised medium (WIM, e.g. see Reynolds 1984, 1991). In addition 
there is the extended, hot phase (T > 8000K), first hypothesized by Cox and Smith 
(1974) and described by McKee and Ostriker (1977) as the result of heating of a 
warm, partly ionized component by supernova events in the disk. They associated 
this phase with the hot "coronal" gas seen around the Galaxy as UV absorption 
lines against bright stars in the Magellanic Clouds (Savage and de Boer 1981, see 
also Savage 1991). The venting of hot gas into the corona or halo of a galaxy by 
supernovae in the disk is described in detail by the more recent chimney model of 
Norman and Ikeuchi (1989). 

Each phase has its own distribution and small scale structure, though overlap 
in properties does exist. In the next sections the distribution and structure of the 
cold, cool and warm phase will be described separately. I will not discuss the hot 
phase. 

3. T h e Cold, Molecular Medium 

Surveys of CO in nearby spiral galaxies have shown that the cold, molecular com
ponent comprises a large fraction of the gas mass, in spite of the small filling factor. 
Most studies of the molecular gas in nearby galaxies to date have been made with 
single dishes giving angular resolutions between 20" and 50" (Young, 1990, Ken-
ney 1990, Young and Scoville 1991). The molecular gas appears to have a more 
centrally concentrated distribution than the HI with the exception of early type 
galaxies with large bulges such as M 31, NGC 2841 and NGC 7331 (Stark 1979, 
Young and Scoville 1982). The molecular to atomic gas fraction decreases towards 
later Hubble types (Young and Knezek 1989), perhaps indicating a change in con
ditions for the formation of molecular gas and a change in metallicity. The scale 
height of the molecular gas layer in the Milky Way is about 80 parsecs (Blitz, 
1991). Whether the scale height of the molecular gas in other galaxies is similar 
is not clear. G arcia-Burillo et al. (1991) report CO detections in NGC 891 some 1 
kpc above the plane using the 30-m IR.AM dish. This is, however, not confirmed by 
Nobeyama data (Heiles, 1991). 

The most complete study at higher angular resolution of CO in a nearby galaxy 
is that of M 51 (Rand and Kulkarni 1990, Rand 1990). In M 51 the dense CO is 
concentrated along the inside of the optical spiral arms, coincident with the dust 
lanes. This coincidence, combined with the observation that the HI peak column 
densities do not coincide with the CO peaks but instead are aligned with the down
stream HII regions in the spiral arms, has lead Tilanus and Allen (1991) to suggest 
that the action of a spiral density wave causes star formation downstream of the 
spiral shock and that the newly born massive stars dissociate part of the molecular 
gas thus causing the observed enhancements in the HI. This displacement of the 
HI with respect to the dust and peak column densities in the CO is perhaps not a 
general phenomenon, as it is not clearly observed in NGC 6946 (Casoli et al. 1990, 
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Tacconi and Xie 1990) and in M 83 (Lord and Kenney 1991). 
A more recent analysis of the CO data of M 51 in conjunction with HI, Ha, 

IRAS and B-band data (Rand et al. 1991) gives further support to the Allen and 
Tilanus picture. This study indicates in addition that a substantial fraction of the 
infrared emission arises from dust heated by photons which do not originate in 
massive star-forming regions. The same conclusion has been reached in studies of 
other nearby spiral galaxies: M 33 (Rice et al. 1990), M 101 (Beichman et al. 1987), 
NGC 4565, NGC 891 and NGC 5907 (Wainscoat et al. 1987). Studies of the Galaxy 
(Bloemen et al. 1990) and M 31 (Walterbos and Schwering 1987) suggest that most 
of the FIR emission arises from cirrus in these galaxies. 

Detailed maps of nearby galaxies will be available soon from millimeter syn
thesis arrays such as BIMA and the OVRO array, and questions regarding the 
formation and destruction of molecular clouds, the size and stability of molecular 
cloud complexes, the effects of density waves etc. will be addressed with this new 
data. 

4. The Cool Neu t ra l Med ium 

4.1. T H E TEMPERATURE OF THE HI 

The cool, neutral component consists mostly of neutral atomic hydrogen at tem
peratures of one to a few hundred K. The physical temperature of the gas has 
been estimated from emission - absorption studies of Galactic HI (Dickey et al. 
1978, Payne et al. 1982, 1983, Colgan et al. 1988). Measurement of the absorption 
and the emission of the HI allows an estimate of the HI spin temperature under 
the assumption that the physical conditions and sampled line of sights are the 
same for the emitting and absorbing gas. The Galactic studies arrive at a range 
of temperatures between 50 and 150 K. Similar studies in other galaxies are much 
more difficult because the number of suitably strong background sources diminishes 
rapidly with decreasing angular size. Yet such studies are possible in Local Group 
galaxies as the recent work on M 31 by Braun and Walterbos (1991, see also Braun 
1991) indicates. A study of HI absorption and emission along several lines of sight 
in M31 indicates a temperature of 80 - 200 K for the cool gas in M31, possibly 
dependent on galactocentric distance within M31. The average spin temperature 
in M 31 appears somewhat higher than in the Galaxy which Braun and Walter
bos ascribe to a higher pressure in the ISM. Braun and Walterbos propose a two 
component model fot the Galaxy and M 31: a warm phase with a scale height of 
400 parsec and a cool phase with a scale height of 150 parsec. The temperatures 
of the warm and cool phase are about 175 and 8000 K respectively. These results 
are quite exciting but still limited by resolution and sensitivity. Future synthesis 
telescopes with large collecting areas are required to perform similar studies in 
nearby galaxies outside the Local Group. At the moment one is limited to probing 
the maximum brightness temperature of the HI emission. A study of eleven nearby 
galaxies is underway (Braun et al., see Braun 1991) and preliminary results indicate 
that maximum brightness temperatures vary from galaxy to galaxy and range from 
30 to 230 K (Braun, priv. comm.). 
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4.2. T H E STRUCTURE OF THE HI 

Heiles (1979, 1984) first pointed out the presence of shells and filaments in the HI 
in the Galaxy and tried to associate these with star formation in the disk. The 
situation in other galaxies has been reviewed recently by Braun (1991) and van der 
Hulst and Kamphuis (1991). Galaxies close enough that the HI can be resolved on 
spatial scales of 20 to 400 parsecs show a wealth of structure. Besides the general 
concentration of HI in spiral arms, recognized already 18 years ago when the first HI 
synthesis maps of nearby galaxies were made (van Allen et al. 1973), there appears 
to be a complex topology of filaments, perhaps sheets, shells and semi-shells, often 
termed holes in the past. 

The first systematic attempts catalogue and study such holes were made in M 31 
(Brinks and Bajaja 1986) and in M 33 (Deul and den Hartog 1990). The sizes of the 
majority of the holes identified in M 31 and M 33 are only a few hundred parsecs 
and the kinetic energies required to produce them are 10 5 1 - 5 3 ergs. This implies 
that the collective effects of stellar winds and supernova explosions could very well 
produce these as indicated by the calculations of Mac Low and McCray (1988). Only 
the smaller (< 300 parsec) holes in M 31 appear to be associated with star forming 
regions (Brinks and Bajaja 1986), a notable exception being the hole associated 
with NGC 206 (Brinks, 1981). In M 31 Brinks et al. (1989) found some HI shells 
which do have Ha counterparts showing the same kinematic behaviour. In M 33 
Deul and den Hartog (1990) applied several correlation techniques to investigate the 
spatial coincidence with HII regions and OB-associations. Though some correlation 
was found the trend is not very strong. 

The larger holes (up to a few kpc) do not correlate very well with star forming 
regions, though some of these may just be interarm regions, classified as holes. 
A general problem is posed by the topology of the HI which appears to be very 
filamentary, possibly shaped by several generations of star formation, and could 
easily produce apparent holes just from projection effects. The energies required 
to produce the larger holes are 10 5 3 - 5 4 ergs and are too large to be produced 
by the typical young stellar associations seen in M 31 and M 33. An alternative 
explanation is the infall of large HI clouds (Tenorio-Tagle and Bodenheimer 1988, 
and references therein). A population of such clouds has, however, not yet been 
found in other galaxies, though the searches to date are sensitivity limited and 
could only have detected clouds more massive than 106 MQ. An exception perhaps 
is the high velocity gas complex found in M 101 (van der Hulst and Sancisi 1988). 
Such a structure could eventually break up into smaller clouds which fall back into 
the disk and puncture holes in it. 

Recent, sensitive observations of the large nearby galaxies M 101 and NGC 6946 
by Kamphuis have revealed the existence of a population of large shells and holes in 
these galaxies with sizes ranging from 0.5 to 5 kpc and energies of 10 5 3 - 5 4 ergs. Most 
of these supershells are not associated with star forming regions, though also here a 
very notable exception exists: the supershell near NGC 5462 in M 101 (Kamphuis 
et al. 1991). These shells are so large that they must have risen above the cool 
HI layer which has a scale height of only 100 - 200 parsec and probably represent 
examples of bubble breakouts as postulated by Mac Low et al. (1989). 
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The size of the holes in the plane presumably is indicative for the scale height of 
the ISM component which prevents the bubbles from breaking out quickly, as the 
holes will stop expanding in the plane as soon as breakout occurs. The presence of 
magnetic fields could prevent early blow out as well as it tends to hold the gas down 
into the disk. Another aspect to take into account is that the larger holes in the 
plane may just result from several generations of star formation as new associations 
tend to form near old sites of star formation. Yet the observations of the Heiles shells 
and worms in our galaxy and the large holes in other objects such as M 31, M 33, 
M 101 and NGC 6946 do seem to support the idea of chimneys venting gas into the 
halo as proposed by Norman and Ikeuchi (1989). 

5. The Warm Ionized Medium 

The observations of Clark (1965) gave the first indication for the presence of the 
warm neutral component in the ISM. The study of Reynolds (1984) confirm its 
existence and show that this component is partly ionized. Deep Ha imaging of 
the edge-on galaxy NGC 891 by Rand et al. (1990) show that this diffuse ionised 
component extends to about 4 kpc above the plane. The image also shows many 
filaments and extensions out to > 2 kpc above the plane, reminiscent of the worms 
found in the Galaxy by Heiles (1984). 

The [SII]/Ha ratio of the diffuse gas above the plane is 0.3 to 0.5, significantly 
higher than is observed in HII regions. Lasker (1977, 1979) found similarly high 
ratios in ionised, gas loops in the LMC. Such high ratios can result from photo-
ionisation by a dilute photon field (Mathis 1986) which requires leakage of UV 
radiation out of the disk to large distances above the plane. The escape of ionizing 
photons through chimneys is discussed in detail by Norman (1991). Another edge-
on galaxy observed in Ha, NGC 4244, does not show an extended ionised gas disk 
(Walterbos 1991). NGC 4244, however, has a 10 times lower FIR luminosity than 
NGC 891, indicative of a much lower star formation rate. This may explain this 
difference in extent of the ionised gas layer. Recent observations of two more edge-
on galaxies (Rand et al. 1991) futher support this picture. NGC 4631 with a FIR 
luminosity similar to NGC 891 has Ha emission at high z, though patchy and not 
diffuse as in NGC 891. The other galaxy studied, NGC 4565 is weak in Ha, shows 
no extended ionized gas disk and has a 6 times lower FIR luminosity than NGC 891. 

Such a diffuse ionised gas component is also well known to exist in the Local 
Group galaxies M 31 (Walterbos 1990), M 33 (Courtez et al. 1988), and the Mag
ellanic Clouds (Davies et al. 1976, Meaburn 1980). The topology of this ionised 
gas component is complex, with many filaments, loops and bubbles, in addition to 
diffuse gas halos around the HII regions. Hunter and Gallagher (1989) have drawn 
attention to such a topology in Irregular galaxies and termed it froth. 
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