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1. Introduction 

Early observers measuring 21 cm HI profiles away from the Galactic plane 
found not only the emission near zero velocity expected from gas in the 
immediate vicinity of the Sun, but also occasional emission at velocities 
reaching several hundred km s" 1. It seemed unlikely that these spectral 
lines could come from gas in normal galactic rotation (they are sometimes 
found at |6| > 45°), and so began the puzzle of "high-velocity clouds" 
(HVCs). The early result that all HVCs had negative velocity implying 
that they were infalling was soon shown to be incorrect with the discovery 
of many positive velocity clouds in the southern hemisphere. Attempts to 
determine the distance to HVCs by searching for them in absorption against 
stars yielded only lower limits, typically > 1 kpc. By 1984 several large-scale 
surveys had established that a significant fraction of the sky was covered 
with high velocity HI (e.g., Oort, 1966; Giovanelli, 1980). A recent major 
review is by Wakker (1991a; see also van Woerden, 1993). For this brief 
presentation to a specialized audience, I will concentrate on issues that 
may be relevant to the topic of stellar populations. 

2. A few Comments about the Disk 

In recent years we have learned that there are considerable amounts of gas 
following Galactic rotation many scale-heights above the plane (reviewed 
in Dickey and Lockman, 1990). Sometimes the high-z gas is recognizable 
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as part of a "supershell" probably launched to its height by numerous 
overlapping supernova remnants (Heiles, 1979, but also see Mirabel, 1991). 
Segments of shells with > 1O 4 M 0 of HI are found half a kpc or more from 
the Galactic plane. Some shells have additional mass in molecular gas, and 
some may even contain regions dense enough to initiate star formation. Few 
HI observers would be shocked to find the occasional 0 or Β star, or other 
evidence of recent star formation, in the lower galactic halo. 

In a related development, the large-scale warping and flaring in the 
gaseous layer, which begins just a bit outward from the Sun, has been 
found to be more extensive than previously thought. At some longitudes 
the warped disk can be traced to |6| > 30° (Diplas and Savage, 1991) 
implying a distance from the plane of several kpc. It seems certain that 
some HI features at one time classified as HVCs are part of the Galactic 
disk, as suggested, e.g., by Davies (1972) and Verschuur (1975). 

3. H V C Metallicity 

High-velocity clouds have been difficult to detect in optical absorption lines 
against distant stars, and for a time, this was thought to indicate that 
they might be metal-poor rather than distant. In recent years, though, 
many HVCs have been detected in optical and UV absorption lines against 
extragalactic objects (e.g. de Boer et α/., 1991). Table 1 gives an incomplete 
summary of recent data on HVC abundances. Although the uncertainties 
are still large, it is clear that HVCs are not composed of primordial gas. 
Gas known to be in the galactic halo is also metal-rich (e.g., Albert et α/., 
1993), and the scale-height of species like Call and Till is greater than that 
of hydrogen, no doubt because of decreased depletion away from the plane. 
However, HVCs are still somewhat unique in that they have much less far-
IR emission than comparable amounts of low- and intermediate-velocity 
HI. This implies that they may be deficient in dust compared to disk HI or 
that their dust is cooler (Wakker and Boulanger, 1986). 

T A B L E 1. Recent Abundance Determinations in HVCs 

Species log[abundance/H] Reference 

Si - 1 — - 1 . 4 Danly et al, 1993 

Mgll - 0 . 5 -> - 1 . 2 Savage et al, 1993 

Mgl l - 2 . 0 ± 0 . 1 Bowen and Blades, 1993 

Mgll + 0 . 4 ± 0 . 4 Bowen and Blades, 1993 

S - 0 . 8 Lu et al, 1994 
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4. Morphology and Sky-Covering Fraction 

High-velocity HI is not scattered randomly across the sky but is usually 
found in large, > 100°, complexes that have a smoothly varying velocity 
field. Wakker (1991b) concluded that about 18% of the sky is covered with 
HVC gas, and that most of it is part of one complex or another. 

But when Savage et ai (1993) analyzed the Milky Way ultraviolet ab-
sorption lines that were detected in the initial phase of the HST survey of 
quasar absorption lines, their rather startling result was that about half the 
site-lines (7 of 15) showed high-velocity Galactic Mgll in absorption. This 
high fraction could be a vagary of small number statistics, or it could im-
ply that there is a population of HVCs detectable in Mgll but not in HI at 
the sensitivity level of existing 21 cm surveys. Prompted by this, Murphy, 
Lockman and Savage (1995) searched for 21 cm HVCs in several hundred 
high-latitude directions to a completeness limit of 7 X 10 1 8 cm""2, a factor 
~ 5 lower limit than previous work. Preliminary results support two con-
clusions: 1) at the greater sensitivity level about 37% of the high-latitude 
sky is covered with high-velocity HI, double the fraction known before, and 
2) virtually all of the newly-discovered, low-N#, HVCs can be associated 
with one of the major HVC complexes. 

The second conclusion is perhaps the most important, for it implies that 
the study of HVCs is the study of the large complexes, and that the HI data 
do not show evidence for a haze of small clouds falling into the Milky Way. 
It also implies that the newly discovered gas has about the same distance 
as the bright complexes and thus its mass can be estimated relative to that 
of the brighter emission. It turns out to be negligible. There is an excellent 
chance that we already have observed virtually all of the HI mass involved 
in the HVC phenomenon. 

5. What are They? 

Because the distance to most HVCs is unknown (see Danly et α/., 1993, for 
a rare exception) various scenarios have been proposed to explain them. 
These models (reviewed in Wakker, 1991a) include: return of gas that has 
been expelled into the halo by a Galactic fountain; material stripped from 
the Magellanic clouds by their encounter with the Milky Way; infalling gas 
that is being accreted by the Galaxy and the remnants of this interaction; 
gas that is part of warped distant spiral arm; and a nearby very-large 
supernova explosion. If there is a consensus in this field it is that HVCs 
are a heterogeneous population, but one which is primarily associated with 
our Galaxy, and not with intergalactic or pregalactic conditions. Moreover, 
since the dominant HVC structures are large and metal-rich, they may be 
just misunderstood or misclassified parts of the Galaxy's gaseous disk. With 
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the recent implication that perhaps most of the sky contains high-velocity 
material, the size of our Galaxy may in fact be defined by the HVCs, and 
not by disk gas. 
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PECKER: You emphasized the fact that HVCs were discovered in Holland, and 
widely publicized, notably by Oort, who deserves a large part of the credit. But 
at about the same time, Nannielou Dieter, at Berkeley, had seen the infailing hy-
drogen; she called it "the belt" and she insisted it covered a large part of the sky, 
perhaps about 1/3, thus agreeing with what you have shown to us today. 
LOCKMAN: Yes, Dieter's work was important. She was one of the first to suggest 
that the negative velocity gas near the North Galactic Pole might be evidence of 
clouds condensing from hot gas in the halo (Dieter, 1964). 
R. W Y S E : Could you comment on related phenomena in external galaxies? 
LOCKMAN: Most high-resolution HI observations of other galaxies lack the sen-
sitivity to detect any but the brightest HVCs, but some are found (see van der 
Hülst and Kamphuis, 1991). Also, a large fraction of face-on galaxies have high-
velocity wings on their HI profiles (Schulman et al, 1993). The comparison should 
be clearer in the next few years. 
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