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ABSTRACT 

In the ultraviolet spectra of hot stars, we can see absorption lines from highly ion­
ized species in the interstellar medium. Observations of these features have been 
very influential in revising our perception of the medium's various physical states 
and how gases in space are heated and ionized. The pervasiveness of 0 VI absorp­
tion lines, coupled with complementary observations of a diffuse background in 
soft x-rays and EUV radiation, shows that there is an extensive network of low den­
sity gas (n w fewxl0~3cm~3) existing at "coronal" temperatures, 5.3 & log T & 6.3. 
Thus, while we once thought that x-rays and cosmic rays were the dominant 
sources of excitation and heating of the interstellar gas, we now realize that 
shocks created by supernova explosions or mass loss from early-type stars can 
propagate freely through space and eventually transfer a large amount of energy 
to the medium. To create the coronal temperatures, the shocks must have veloci­
ties in excess of 150 km s"1; shocks at somewhat lower velocity (v £ 100 km s"1) 
can be directly observed in the lines of Si III. Observations of other lines in the 
ultraviolet, such as Si IV and C IV, may highlight the widespread presence of ener­
getic uv radiation from very hot, dwarf stars. More advanced techniques in visible 
and x-ray astronomical spectroscopy may open up for inspection selected lines 
from atoms in much higher stages of ionization. 

I. BEGINNINGS 

Well before space-borne instruments were launched to observe ultraviolet 
absorption lines from the interstellar medium, it was suggested that features from 
highly ionized atoms might provide a valuable insight on the magnitude and char­
acter of ionizing and heating processes which were responsible for the observed 
physical states of gases in space. Early proposals centered on the notion that pri­
marily neutral gas (HI regions) occupied most of the space, and that low energy 
cosmic ray particles or x-rays were responsible for the observed temperature and 
small traces of ionization (Pikel'ner 1967, Spitzer 1968, Spitzer and Tomasko 1968, 
Field, et al. 1969, Spitzer and Scott 1969, Goldsmith, et al. 1969, Silk and Werner 
1969, Dalgarno and McCray 1972). Since low energy cosmic rays are shielded from 
us by interplanetary magnetic fields and low energy x-rays were difficult to meas­
ure with existing experiments, we could not measure the strength of these pro­
posed sources of heating and partial ionization. Instead, it was suggested that the 
fluxes could be ascertained indirectly by observing the interstellar abundances of 
some highly ionized forms of particular heavy elements, such as C III, C IV, N III, N 
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V, Si III, Si IV, S III and S IV, all which had strong resonance lines in the ultraviolet 
(Silk 1970, Silk and Brown 1971, Weisheit 1973). 

A few years after a search for such absorption features in stellar spectra had 
been initiated by the Copernicus satellite, Steigman (1975) cautioned that the 
highly charged ions could be severely depleted in HI regions if, as seemed likely, 
the cross section for charge exchange with the neutral atoms were reasonably 
high. This effect could be much more important than recombinations with free 
electrons considered earlier. In the years which followed, Steigman's warning was 
shown to be valid: Blint, et al. (1976) calculated <av> w 10"^cm3s-1 for charge 
exchanges between C IV and H for temperatures between 1000 and 20,000 K, and 
similar conclusions for N IV, the primary reservoir for the observable N V, were 
derived by Christensen, et al. (1977). These calculations using the scattering 
approximation were valid only for impact energies ~ 1 eV, but Watson, et al. (1979) 
carried out quantal calculations which showed that the large cross sections per­
sisted even to energies which were characteristic of temperatures in ordinary, 
dense interstellar clouds (T~ 100 K). 

While these theoretical conclusions muted one particular incentive for observ­
ing highly ionized atoms in the interstellar medium/ 1 ' the Copernicus researchers 
were also interested in the prospect of detecting low density, thermally ionized 
gases which could conceivably inhabit some voids between the clouds of ordinary, 
cool H I. Their efforts were rewarded by an early indication of absorption near the 
wavelength of the 1032 A feature of 0 VI in the spectra of a Eri and X Sco, reported 
by Rogerson, et al. (1973). There soon followed definitive studies which showed 
that both members of the 0 VI doublet could be seen in many stars, that the 
absorptions were very likely interstellar, and that the high state of ionization was 
created by collisions in a hot plasma, instead of cosmic ray or x-ray bombardment 
in an ordinary cool gas (York 1974, Jenkins and Meloy 1974). From the ubiquity of 
the 0 VI lines and their large apparent widths, coupled with a lack of conspicuous 
features from other ions having a slightly lower ionization potential, these authors 
concluded that low density gases having a temperature somewhere in the interval 
2xl05 to 2X106 K were pervasive. 

The 0 VI findings were published concurrently with an article by Williamson, et 
al. (1974), who suggested that the diffuse, soft x-ray background radiation 
observed from their sounding-rocket experiments originated from the same very 
hot medium, although their measurements were mostly sensitive to emissions 
from gases at the upper end of the temperature range, 1 to several xlO8 K. These 
two fundamentally different experimental results, the detections of uv absorption 
features and the emissions at x-ray energies, were important milestones which 
precipitated a new era of thought on the state of the interstellar medium. In many 
respects, the widespread existence of hot material was reminiscent of a proposal 
by Spitzer (1956) that the corona of our galaxy is comprised of a very low density 
medium in a temperature regime similar to that of the solar co rona .^ 

' ' Other ways were found to measure indirectly the cosmic ray and x-ray ionization rates in the 
interstellar medium, using the abundances of HD and OH which are influenced by the proton den­
sities (0'Donnell and Watson 1974, Jura 1974, Black and Dalgamo 1973). 
' ' Unfortunately, the Copernicvs satellite lacked the sensitivity to measure the spectra of 
sources more than 1 or 2 kpc. from the galactic plane, so the structure of a corona of our galaxy 
could not be investigated. Recent data from the IUE satellite show evidence for an excess of Si IV 
and C IV in high latitude sources, indicating the presence of material at "transition layer" type 
temperatures (Savage and deBoer 1979, 1981, Pettini and West 1982), but the wavelength cover-
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H. INVESTIGATION OF THE O VI-BEAKING GAS 

a) Origins: Stellar, Circumstellar or Interstellar'? 

The first, and perhaps most critical challenge for those who advocate an inter­
stellar interpretation for certain absorption lines is to convince the skeptics that 
the stars themselves, or their influences on the environment, are not responsible 
for the observed features. This problem is not a new one; controversy in this area 
extends back to the turn of the century when the first interstellar lines, those of 
Ca II, were identified in the spectra of binary stars (Hartmann 1904, Slipher 1909). 
For the 0 VI features, which must arise from material which is subjected to strong 
heating, a resolution of circumstellar versus interstellar origins is particularly 
relevant, inasmuch as the 0 and B type stars which produce enough radiation to 
show features at 1032 and 1038A are the very stars which must deliver a large 
amount of energy to the environment. Plausible theoretical interpretations of the 
observed 0 VI column densities were advanced for both viewpoints: The 0 VI could 
reside in zones associated with the target stars or whole groups of stars in the 
association (the "interstellar bubbles" of Castor, et al. 1975; also see Weaver, et al. 
1977) or, alternatively, there could be an interconnected network of regions in 
space heated, on successive occasions, by supernova blast waves (the "interstellar 
tunnels" of Cox and Smith 1974). 

While the atmospheres of hot stars are responsible for broad 0 VI absorption 
features, often with P-Cygni type characteristics, the radial velocities of the nar­
rower features identified as "interstellar" show no correlation with stellar veloci­
ties (Jenkins and Meloy 1974, Jenkins 1978b), nor are the 0 VI lines influenced in 
any way by the stars ' projected rotational velocities, v s i n i . In addition, York 
(1977) studied the 0 VI feature in the spectrum of the spectroscopic binary X Sco 
and found no variation with orbital phase. 

The possibility that 0 VI is circumstellar is a more difficult issue to address. A 
detailed discussion of the observational clues was presented by Jenkins (1978c), 
based on a comprehensive survey of 0 VI lines (Jenkins 1978a) which followed the 
earlier discoveries. Briefly, Jenkins concluded tha t most of the 0 VI came from 
truly interspersed material, but that some of the absorptions might be attribut­
able to the evaporation zones within the very hot cavities created by the high velo­
city mass loss from the stars being observed, as described by Castor, et al. (1975) 
and Weaver, et al. (1977). 

An interesting outgrowth of Jenkins's (1978c) analysis which is relevant to the 
local interstellar medium is that the general rate of increase of the 0 VI column 
density N(0 VI) with distance r , while indicating an average density n(0 VI) = 
1.7xl0~8cm-3 but with considerable scatter, favors the existence of a positive 
intercept with N(0 VI) of around 5xl012cm~2 at r=oS3^ This offset could be 

age of IUE does not extend down to the 0 VI lines, so the structure of material at "coronal" tem­
peratures has yet to be determined. This paper will not dwell on the conclusions about gas away 
from the galactic plane, since the theme of this volume is on the properties of the local interstel-

medium. 
The few lines of sight with anomalously high column densities (containing Jenkins's [1978b] 

"second population" regions) were excluded in this study. If one were to include these regions 
and also insist the intercept is really zero, the average n(0 VI) increases to 2.8X10* cm . 

m 
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interpreted either as an excess resulting from the circumstellar bubbles around 
many of the stars, or as a contribution from a local concentration of hot gas in our 
neighborhood which has a disproportionate influence because all of the lines of 
sight, by necessity, emanate from a single point instead of being randomly scat­
tered about. 

b) General Properties 

A striking feature of the 0 VI profiles seen in the survey of 72 stars reported 
by Jenkins (1978a) is that the dispersion of radial velocities is much smaller than 
that expected from the shock speeds of v ~ 150 km s"1 needed to heat the gas to 
the temperatures T ~ 3xl05 K for collisionally ionizing oxygen to +5. A composite 
of all the profiles extending over a total distance of about 50 kpc. to all of the stars 
had an rms spread in radial velocity of 28 km s"1, after applying small corrections 
to compensate for differential galactic rotation. Moreover, Jenkins (1978b) exam­
ined the -statistical behavior of the velocity centroids and widths of profiles seen in 
the individual lines of sight, and he concluded that the distributions were con­
sistent with the notion that individual packets of 0 VI, each with a column density 
of about 1013cm~2 and internal broadening of 10 km s"1, moved about at random 
with an rms dispersion of radial velocities of only 26 km s"1. Large fluctuations in 
average 0 VI densities to different stars independently supported the idea of 
discrete domains of 0 Vl-bearing gas; such variations were in accord with the 
expected Poisson statistical fluctuations. 

While appreciable concentrations of 0 VI can exist in collisional equilibrium for 
temperatures in the range 1.7x10s - 2.0X108 K (Shull and Van Steenberg 1982), the 
relative lack of accompanying N V absorptions (York 1977) indicates that most of 
the material is at T > 2.5xl05 K, since N Vhas its peak fractional abundance at T~ 
1.8x10s K. The narrowness of many of the individual profiles ( <vz>% & 14 km s"1), 
however, puts a restriction on the amount of thermal doppler broadening present, 
which means T < lQmp<v2>/k - 3.8x10s K. Actually, the proposition that the hot 
gas is nearly isothermal is probably overly simplistic and has no compelling 
theoretical justification/4) Jenkins (1978b) showed that the effects from the above 
mentioned observational constraints, when integrated over the peak of the curve 
for the 0 + s ionization fraction with temperature, still permitted a power-law distri­
bution in temperature for the electron density ne, with dn9/dlnT = f0^05 for 
4.7 £ log T £ 6.3. 

The most difficult attribute to measure for the 0 Vl-bearing gas is the average 
volume filling factor / = < T I B > 2 / <ne

2>. Contrary to what is seen for the low 

* ' Paresce, et al. (1983) interpretated the diffuse ultraviolet emission observed by F'eldman, et 
al. (1981) to come from gas within a very narrow range of temperatures: 1.6-2.0x10 K. Strictly 
speaking, their conclusions would not permit the existence of any power law distribution over a 
broad temperature range. However'it is quite possible that some of the spectral features have 
been misidentified; the resolution of the apparatus which observed the emission was only 60A , 
and the feature identified as N IV] X1488 might be something else, such as Hz fluorescence (Duley 
and Williams 1980); see, e.g. the emission spectrum shown by Brown et al. (1981) which comes 
from the Lyman bands of vibrationally excited interstellar Hg exposed to L-a emission. If the N 
IV identification is indeed incorrect, a power law in temperature would be permitted (and the in­
ferred emission measure could be lower). 
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energy x-ray background (McCammon, et al. 1983), there seems to be no 
antic or relation between the excesses or deficiencies of N(0 VI) per unit distance 
and variations of normal (cool) interstellar material, as evidenced by the redden­
ings to the respective stars. From an upper limit to this anticorrelation, Jenkins 
(1978b) concluded that / < 0.2, provided most of interstellar space is filled with 
the gas responsible for the reddening and not some other phase at low density. If 
/ were considerably less than this upper limit, we would conclude from the overall 
average for n(0 VI) that the pressure of the coronal gas would exceed a reasonable 
upper bound for the pressure of most of the interstellar medium, 
p/k = lO^m- 3?: . 

c) Comparison with Diffuse Background Emissions 

In simplest terms, a measure of N(0 VI) can be translated into an integral of 
the electron density n^ over a well defined path for gases at temperatures near 
the peak of the curve for the 0 VI ion fraction. The intensities of the soft x-ray 
[130 - 850 eV] and EUV [50 - 100 eV] emission backgrounds, which arise chiefly 
from collisional excitations and radiative decay of the electronic levels of highly 
ionized atoms, allow us to determine the integral of ne

2 for the high-temperature 
phases over paths of somewhat indefinite length, in large part defined by absorp­
tion phenomena from intervening or interspersed denser material ("normal" inter­
stellar matter) . Thus, the observations of absorption and emission by these atoms 
are complementary, since they sample the hot material in different ways. We must 
acknowledge, of course, that the conclusions will have some errors attributable to 
not only the observations themselves, but also to uncertainties in temperatures of 
the gas, the relative abundances of key elements, and the calculations of ion frac­
tions (and, for the x-ray and EUV results, the excitation cross sections). Indeed, 
the ion fractions are probably not governed by an equilibrium, since the time 
scale for heating or cooling of the gas could be substantially shorter than the 
equilibration time for collisional ionization and recombinations. 

It is generally believed that the immediate neighborhood of the Sun contains a 
gaseous medium which is partially ionized with n(H) ~ 0.1 cm"3 and T ~ 1 - 2xl0 4 K 
(Weller and Meier 1981, Dalaudier, et at. 1983). In turn, this local complex of warm 
gas is surrounded by a volume roughly 100 pc in diameter which may be almost 
completely filled with hot gas (Sanders, et at. 1977, Tanaka and Bleeker 1977, 
Hayakawa, et al. 1978, Kraushaar, 1979, Fried, et of. 1980, Arnaud and Rothenflug 
1984). This conclusion follows from the observation that a good portion of the x-ray 
background at lower energies is fairly uniform over the whole sky, and this emis­
sion seems not to have undergone any (energy dependent) absorption short of 
reaching known dense clouds which are approximately 100 pc away. A general pic­
ture where neutral hydrogen and hot plasmas are intermingling over small scales 
seems to be disfavored by the steepness of the spectrum of the EUV/soft x-ray 
emission between 50 and 190 eV (Paresce and Stern 1981). The x-ray results indi­
cate that the emission measure of the hot bubble is generally of order 
1 - 3xl0~3cm~6pc if there is virtually no absorption [N(H) << 1020cm~2] and T ~ 
106 K (a temperature giving the most emission in the B and C x-ray bands) S5' On 

* ' In certain directions, not necessarily_associated with identifiable supernova remnants, the 
emission measure reaches about 10 cm pc. (McCammon, et al. 1983, Rocchia, et al. 1984) 
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the basis of the x-ray data alone, one must conclude that the pressure of the gas 
p/k ^ 10 cm' "3K. While this local pressure seems to exceed by a substantial mar­
gin the general value of about 2—3xl03cm~3K, it is not out of the question that the 
Sun is inside a supernova remnant 100 pc in diameter having an internal tem­
perature T ~ 106 K, age t ~ 1.4X105 yr and a thermal energy ~ 3xl05 0 erg (Cox and 
Anderson, 1982). 

When we try to reconcile the 0 VI data with the x-ray and EUV emission meas­
ures, we find that there is too little 0 VI for the amount of emission seen, if the gas 
were distributed fairly uniformly. One way to resolve the problem is to say that 
the hot gas is very patchy (i.e., / is low) and rather dense within the patches, but 
then the inferred pressure of the medium rises. A discussion of this idea was origi­
nally presented by Shapiro and Field (1976) who derived remarkably high pres­
sures, but more recent, refined interpretations seem to indicate that the apparent 
deficiency of 0 VI is not too severe. 

Burstein, et al. (1977) found that the relative strengths of the x-rays in three 
different energy bands could only be explained by having the emission come from 
gases at two very different temperatures [also see de Korte, et al. 1976. A dissent­
ing view has been presented by Hayakawa (1979) however.] They estimated that 
the lower temperature regime (T & 106 K) was responsible for about half of the 
emission sensed by their lowest energy [B band: 130 - 190 eV] detector; these tem­
peratures are not too far removed from the range where the 0 VI is produced. For 
the power-law temperature distribution defined earlier [§IIb], one can make half of 
the Wisconsin group's average B-band count rate consistent with <71B> from the 0 
VI data if p/k = 4±1.5xl04cm-3K, if one assumes for the x-rays that there is very 
little foreground absorption [N(H) < 2xi019cm~2] and d = 100 pc .w 

A comparison of the 0 VI data with EUV emission intensities is less sensitive to 
uncertainties in temperatures, since the most EUV emission comes from a plasma 
at T best suited for 0 VI production. Paresce and Stern (1981) found n(0 VI) too 
low by a factor 5-10 if p/k is set to 104cm_3K, again assuming the emission is vir­
tually unabsorbed by intervening neutral gases and the existence of a power-law 
distribution for hot gas temperatures. However they noted that the Local n(0 VI) 
could be somewhat higher than the overall average (see last para, of § Ha above); 
by stretching their lower limit for the EUV emission downward by 50% and assum­
ing the local n(0 VI) = 1.7xl0_7cm~3, they could arrive at / = 0.4 and 
p/k = 1.5xl04cm-3K. 

d) Interpretation 

A principal theme of the theoretical description of the interstellar medium by 
McKee and Ostriker (1977) is that a very inhomogeneous mixture of gas phases is 
subjected to shocks from supernova explosions. These shocks propagate rather 
freely through the intercloud medium and heat it to temperatures of around 5X105 

<6) This result is obtained by evaluating p/k = (1-91)25 counts s"1 _ w h e r e ^ _ 

(100pc) C, lnlO f Ti-^RBdlogT 
£15 

0.5±0.5 and Ce are as defined by Jenkins (1978b) from the 0 VI survey, and Rg is the B-band emis-
sivityvs. temperature shown in fig. 11a of McCammon, etal. (1983). 
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K. Since the isothermal sound speed in this gas is about 80 km s"1 and there is 
probably considerable turbulence, one might expect that there may be much more 
0 VI in the medium than observed, but that this additional 0 VI has not been seen 
because its large velocity dispersion makes the profiles difficult to distinguish 
from the undulating continua in the spectra of the target stars. Thus the ultra­
violet absorption measurements may be badly biased toward only those 0 VI com­
ponents which have a low velocity dispersion, and this may explain why there is an 
apparent deficiency relative to the soft x-ray and EUV backgrounds. 

There is some indication that the components which are observed in 0 VI come 
only from interfaces undergoing conduction and evaporation between the cool 
•clouds and the hot intercloud medium, which could explain why the profiles appear 
to be narrow. Cowie, et al. (1979) found correlations between the end-point veloci­
ties of 0 VI profiles and those of some N II and Si III components which seem to 
support this interpretation. It is also interesting to note that the statistical 
description of Jenkins (1978b) for packets of 0 VI gas, each with N(0 VI) ~ 
1013cm-2, implies that roughly 6 of these regions will be intercepted by a random 
line of sight 1 kpc long. Although possibly coincidental (or attributable to observa­
tional effects), this figure is remarkably close to the 7 to 8 clouds kpc"1 deduced 
from surveys of visual interstellar lines and extinction by dust (Spitzer 1968). If 
the interpretation that we are seeing conductive interfaces is correct, one must 
employ the theory of such interfaces in concert with models for the clouds and 
intercloud medium to ascertain the conditions in the medium. It is important to 
emphasize, however, that we badly need more definitive observations to confirm 
more directly that the 0 VI indeed arises from evaporation zones around clouds. 

Finally, one might ask whether we should be embarrassed by the apparent 
mismatch in pressure between the very local, partially ionized medium with 
T « 1 — 2*104 K and n w 0.1cm-3, discussed earlier, and the much hotter, x-ray 
emitting gas which surrounds it. The answer is, "probably not," or at least, "not 
yet." When our local cloud was suddenly exposed to a big increase in external pres­
sure as it was overtaken by supernova blast wave, an isothermal shock started to 
progress toward the cloud's interior. If the ratio of external to internal pressures 
was, say, a factor of 5, this shock moved at a velocity 5^ times the local sound 
speed, vs = 10-20 km s - 1 . Over the 1.4xl05yr lifetime for the local supernova 
remnant calculated by Cox and Anderson (1982), this shock has probably eaten 
through only the outermost 3 - 6 pc of the perimeter of the local cloud. This 
length is only comparable to, or possibly much less than, the various estimates for 
the distance to the cloud's edge, which range from 3 or 4 pc (Bruhweiler and 
Kondo 1982, Bruhweiler 1982), out to about 50 pc in some directions (Paresce 
1984). 

IE. INTERSTELLAR SHOCKS 

Except for the Vela Supernova Remnant and one star (15 Mon) (Jenkins, et al. 
1976, Jenkins and Meloy 1974), components of 0 VI at high radial velocity (v £ 50 
km s"1) have not been detected. Those which have been seen may be confined 
within specific regions of enhanced density. The thickness of post-shock, 0 VI-
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bearing gas in the general intercloud medium could be so large that interactions 
with small clouds may create enough ricochet shocks and turbulence to wash out 
the profiles of 0 VI, as discussed above. Slower shocks which produce less ener­
getic ionizations may be more coherent and thus more easily observed. 

Cohn and York (1977) have observed high velocity features (50 & v & 100 km 
s"1) of C II, C III and Si III, mostly toward stars in active associations (e.g. Orion) or 
high-latitude stars. The absence of detectable Si II in these components indicates 
that photoionization is not the primary cause of ionization. Thus, they were not 
just viewing high speed clumps within ordinary H II regions. Instead, shocks which 
are strong enough to create temperatures of 3 — 8x10* K are the most likely expla­
nation, according to the calculations of Shull (1977). More elaborate shock models 
by Shull and McKee (1979), which include the effects of ionizing radiation on the 
preshock gas, confirm that Si III should be abundant in the immediate post-shock 
region for a shock travelling at around 100 km s"1, but that there should be virtu­
ally no Si III farther back where appreciable cooling and recombination have 
occurred, because of the rapid charge exchange with neutral hydrogen. 

Cowie and York (1978a) performed additional Copernicvs observations to look 
for more high velocity features; this survey extension also emphasized low ioniza­
tion stages of abundant elements which had intrinsically strong lines in the ultra­
violet. They synthesized velocity distribution functions based on the statistics of 
velocity extrema of the strong lines and concluded that shocks which had reached 
the isothermal phase were extremely rare (Cowie and York 1978b). Combining 
their upper limits with estimates for supernova energies and birthrates, they con­
cluded that densities for the intercloud regions with large / , the primary medium 
for shock propagation, should either be > 0.1 cm"3 or < 7xl0-3cm~3. The high den­
sity alternative is based on the containment of high speed isothermal shocks to 
small enough radii that they are rarely seen, but this possibility seems pretty 
unlikely in view of the 0 VI and EUV/x-ray backgrounds and the theory of McKee 
and Ostriker (1977). The low density possibility is based on the notion that the 
shocks never have a chance to become isothermal before they escape from the 
galactic plane (Chevalier and Oegerle 1979, Cox 1981) or run into other supernova 
cavities (Cox and Smith 1974, Smith 1977). The upper limit given by Cowie and 
York (1978b) is consistent with McKee and Ostriker's (1977) estimate of 
3.5xl0"~3cm""3 for the typical hot medium. 

IV. DIVERGENT CLUES FROM C IV AND SI IV 

The spectrometer on the Copernicus satellite was not well suited for observing 
the lines of Si IV and C IV because at these wavelengths it had low sensitivity and 
uncertain scattered light levels. Hence, in spite of its inferior wavelength resolu­
tion, the International Ultraviolet Explorer (IUE) has been more productive in 
exploring the properties of Si IV and C IV absorptions toward a broad selection of 
sources. Even though results for the narrow features of these ions toward many 
stars have appeared in the literature, and suitable spectra for hundreds of other 
stars exist in the archives, several factors have hampered our progress in achiev­
ing a clear interpretation on the lines' origins and significance. First, in many 
instances strong stellar (and possibly circumstellar) features have made it very 
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difficult to achieve a clean differentiation of the narrow, supposedly interstellar 
components. (Sometimes a fairly drastic overexposure of a spectrum is needed to 
properly register an interstellar line in trough of a stellar feature: see, for exam­
ple, fig. 2 of Pettini and West (1982).) Second, and perhaps more important, is that 
unlike 0 VI which has a very high ionization potential, we can plausibly attribute 
the creation of Si IV, C IV, and to some extent even N V to either photoionization 
from very hot stars (and/or x-ray sources) or, alternatively, to gas which is either 
par t of, similar to, or somehow connected with the hot, coronal phase which is 
responsible for the 0 VI, EUV and x-ray results discussed in §11. Finally, for gas at 
low radial velocities, we usually can not use the presence or absence of species at 
lower ionization to differentiate between these fundamentally different origins 
because of the inevitable contamination from H I regions or other H II regions of 
lower excitation/7^ 

So far, the results of many of the standard tests to discriminate between truly 
interstellar origins and effects from the target stars (or their immediate neigh­
bors) have not been completely satisfactory; the observations are evidently 
influenced by a complicated interplay of several phenomena, and more definitive 
investigations may be needed to unravel the picture. A simple relationship to 
examine is that of column densities versus distance. Column densities toward 
stars more distant than 1 kpc should not suffer appreciably from fluctuations due 
to Poisson statistics, if the sizes and separations of discrete interstellar gas com­
plexes are comparable to what has been seen in other studies of the local part of 
our galaxy. However both N(Si IV) and N(C IV) vary over almost two orders of mag­
nitude for any narrow interval of distance beyond 1 kpc (Jenkins 1981, Cowie, et al. 
1981). A survey of Wolf-Rayet stars by Smith, et al. (1980) showed virtually no 
correlation of the column densities of these ions with distance. Many upper limits 
for closer stars obtained from the Copernicus archives by Jenkins (1981) yield 
column densities for Si IV and C IV which are lower than 1013cm-2, well below a 
linear extrapolation of the average JVper unit distance from the stars at d > 1 kpc. 
Another classic test, comparing the radial velocities of the features with the 
expected velocities produced by differential galactic rotation at the positions of 
the stars, was carried out by Cowie, et al. (1981). These results, however, showed 
too much scatter to indicate whether or not the lines came from the positions of 
the stars or halfway between. 

A very convincing demonstration that some Si IV and C IV arises from the gen­
eral interstellar medium was presented by Savage and deBoer (1979, 1981). In 
spectra of stars in the Magellanic Clouds, they found features which correspond to 
velocities in our galaxy, in addition to absorptions from gases attributable to the 
halo and the Magellanic system. Galactic Si IV features were also seen in the spec­
t rum of 3C273 by York, et al. (1983). How much of these low velocity absorptions 
apply to highly ionized material within the galactic plane, ra ther than a transition 
layer below the halo, is unresolved. 

* ' On many occasions, discrete features of Si IV and C IV at high velocity have been recorded by 
IUE for sources within or behind special, violently disturbed regions, such as those near 0 
subdwarfs (Bruhweiler and Dean 1983), some binary systems (Bruhweiler, et al. 1980), active OB 
associations (Phillips and Gondhalekar 1981, Cowie, et al. 1981, Laurent, et al. 1982) or superno­
va remnants (Jenkins, et al. 1984). None have been identified with generally distributed materi­
al in the local neighborhood, however. 
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Attempts to correlate the strengths of Si IV and C IV lines with properties of 
the target stars have not been very fruitful. Black, et al. (1980) found that the 
lines did not seem to correlate with the velocities of stellar winds, and Jenkins 
(1981) found that N(C IV)/JV(Si IV) showed no correspondence with the tempera­
tures of the target stars. In support of the existence of coUisionally ionized Si IV 
and C IV in gases at T ~ 5x10* K, Bruhweiler, et al. (1979, 1980) called attention to 
the fairly restricted range in the ratios of N(C IV) to N(Si IV) in their sample, 
extending between only 0.8 and 3.7 for most cases. This, they contended, was 
much less than the spread one would expect for photoionization from the widely 
divergent mix of stellar temperatures. Nearly all of their stars had 7", < 35,000 K; 
the calculations of Cowie, et al. (1981) indicate that N(C IV) > N(Si IV) in photoion-
ized regions surrounding stars only with Te > 50,000 K. While it is possible that 
these results indicate that photoionization by stellar photons is not the dominant 
source of ionization, one could equally well propose that the density of ambient 
material near these stars is low enough that the lines of sight are almost always 
influenced by the starlight from nearly all of the stars in an association. This may 
explain why N(C IV)/Af(Si IV) does not seem to vary by large amounts and may also 
account for the hint that observations of different stars within single associations 
show some coherence (Cowie, et al. 1981). 

A conclusive way to demonstrate that collisional ionization is not responsible 
for the production of Si IV and C IV is to find profiles with velocity dispersions lower 
than that expected for thermal doppler broadening at temperatures needed to 
produce these ions [at equilibrium, T « 105 K; see Shull and Van Steenberg (1982).] 
Slightly lower temperatures could be anticipated if the gas is cooling radiatively, 
because recombination times are slower than cooling times (Shapiro and Moore 
1976)]. Since the resolution of WE is only 30 km s"1, the dispersions must be 
inferred from the 6-values derived from doublet ratios. Most of the observations 
reported in the literature give 6-values comparable to or greater than the limiting 
values of 12 and 8 km s"1 for the doppler motions of C IV and Si IV, respectively. A 
noteworthy exception, however, is Dupree and Raymond's (1983) measurement of 
C IV absorption in the spectrum of Feige 24. 

Some, but not all, white dwarfs observed by IUEshavf prominent features of Si 
IV, C IV and N V (Bruhweiler and Kondo 1981, Dupree and Raymond 1983, Malina, 
Basri and Bowyer 1981, Sion and Guinan 1983). The positive measurements to 
these stars give column densities well above those generally seen within a few hun­
dred pc (Jenkins 1981). However, it is not completely clear whether these 
enhancements result from the presence of circumstellar material produced by the 
stars, or alternatively, from the action of these stars on nearby interstellar gas. 
Calculations by Dupree and Raymond (1983) indicate that hydrogen-rich, hot 
dwarfs ( t « 6xl04 K) should be able to ionize enough Si IV and C IV to be seen with 
WE if the ambient density is greater than about 0.1 cm"3.'8 ' If a star has no appre­
ciable helium cutoff at the high energy end of its spectrum, some N V and 0 VI will 
also be produced (0 VI can not be seen with WE however). More data from local 
white dwarfs may give us a better insight on what proportion of the medium is 
filled with gas at moderate densities, as opposed to the very low density 

* ' No allowance was made for absorption of the ionizing photons by dust, however, so the actual 
yields may be somewhat lower than those estimated by Dupree and Raymond (1983); see, e.g. 
Sarazin(1977). 
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(n w fewxl0~3cm~3) hot material. As emphasized by Hills (1972, 1973, 1974), white 
dwarfs may be a very important source of ionizing radiation for the interstellar 
medium in the galactic plane. Dupree and Raymond's (1983) calculations com­
bined with further results on the distribution of C IV and Si IV from WE may give 
us more insight on this important topic. 

V. FUTURE PROSPECTS 

In years ahead, our ability to investigate the ultraviolet absorption lines will 
improve dramatically. The High Resolution Spectrograph [HRS] (Brandt, et al. 
1982) aboard the Hubble Space Telescope will have a wavelength resolving power of 
X/AA = SxlO4, i.e., 6v = 4 km s"1, in its highest resolution mode (Bottema, et al. 
1984). The tremendous increase in photometric accuracy and resolution over that 
obtainable with WE should virtually eliminate the confusion in identifying different 
parcels of gas at low velocity and allow us to differentiate those which produce the 
features from highly ionized atoms from those which do not. Information on 
whether the Si IV and C IV is ionized by uv photons or by collisions in a hot plasma 
should come from good measurements of the velocity dispersions, provided, of 
course, that turbulence and/or velocity shears are not too large. Unfortunately, 
HRS will not be sensitive to wavelengths near the 0 VI features; to further study 0 
VI we will need a facility such as the Far Ultraviolet Spectroscopic Explorer 
Columbus, now in the planning stages, which will be designed specifically to do 
spectroscopy at wavelengths below the efficiency cutoff of MgFg coated mirrors 
and conventional uv detector faceplates. 

We desperately need absorption line data from ions which have their peak 
abundances in the range 106^ T& 107K where most of the x-ray emission occurs. 
One way to observe them is to use a good crystal or transmission grating spec­
trometer aboard some reasonably large, orbiting x-ray facility. York and Cowie 
(1983) have calculated that the continua of brighter x-ray sources (with intensities 
£ a few keV cm_2s_1keV_1) should give enough signal-to-noise in a reasonable 
integration time to permit detection of the strongest lines which might arise over 
a distance of 1 kpc. These authors have tabulated an assortment of strong transi­
tions to levels 0.2 £ E £ 1.0 keV above the ground states of appropriate ions. 

Another approach for measuring highly ionized species is to record the 
extremely weak absorption features from some coronal forbidden lines at visible 
wavelengths, the most promising of which seem to be [Fe X] i\6375 and [Fe XTV] 
X5303. Hobbs (1984) and Hobbs and Albert (1984) have already made a bold 
at tempt to detect these ions in the interstellar medium, but except for some tan­
talizing results for two stars (reported elsewhere in this volume), they were only 
able to report rather high upper limits because detector instabilities limited their 
signal-to-noise ratios to about 350. A very important result from these first 
attempts, however, was an exploration of where one can expect to find interfer­
ence from telluric absorption lines, diffuse interstellar bands, and stellar features. 
These unwanted features, while present, do not seem to offer serious problems. 
Thus in due course, when the practice of obtaining high dispersion spectra using 
CCDs becomes more highly refined and we can routinely obtain photon-limited 
accuracies with tens of millions of counts per velocity bin, there is a chance that 
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the rea lm of absorpt ion fea tures from highly ionized a toms in space , now the 
private hunting ground of space a s t ronomers , will soon open up to a m u c h wider 
communi ty of observers . 

The writing of this pape r was suppor t ed by NASA Grant NAGW-477. 
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