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ABSTRACT 
We present data on the C iv, Si iv, and N v absorption lines in 46 distant stars observed with the IUE 
spectrometer at FWHM resolution of 30 km s-1. Sharp strong Si iv and C iv lines are regularly 
detected, while N v is not generally observed. Most of the Si iv and C iv lines probably arise in the H n 
regions surrounding the observed star or near neighbors. A simple analytic theory is given for these 
contributions, including the effects of ionization by a soft X-ray background. For some of the most 
distant field stars a photoionized contribution may be ruled out, but C iv absorption lines are detected. 
These particular lines are also unusual in that Si iv is not detected and that the lines are shallow and 
broad. We suggest that in these cases we are detecting contributions from the hot interstellar gas 
responsible for the O vi absorption lines. We obtain n(C iv) = 4 x 10"9 cm-3, consistent with the 
predictions of theories of the O vi absorption. An extended (radius > 100 pc) high velocity ( ~ 100 km 
s"1) feature is observed in the Carina region. 
Subject headings: interstellar: abundances — interstellar: matter —ultraviolet: spectra 

I. INTRODUCTION 

One of the major motivations for studying the interstel- 
lar medium (ISM) with ultraviolet spectrometers was the 
hope of detecting the C iv and Si iv ions predicted to be 
formed by the heating and ionizing mechanism maintain- 
ing the ISM (e.g., the review by Spitzer and Jenkins 1976). 
However, in the local ISM surveyed with Copernicus, 
absorption lines of these ions are weak or undetected 
(York 1974,1977). This result is now understood in terms 
of the high charge-exchange rates of these species with 
neutral hydrogen (reviews by Dalgarno and Butler 1978; 
Watson 1978). It is paradoxical, therefore, that one of the 
most exciting results to emerge from the / UE satellite has 
been the widespread detection of Si iv and C iv absorp- 
tion lines (Bruhweiler et al 1979 ; Black et al 1980 ; Smith, 
Willis, and Wilson 1980). 

The existing data are fragmentary and in some cases 
are derived from programs covering special classes of 
stars (X-ray binaries, binaries, Wolf-Rayet stars). In 
addition, none of the programs has had a large enough 
sample of stars to be capable of supporting detailed 
interpretation on its own, while combining the observa- 
tions is not straightforward owing to nonuniformity in 
the data reduction procedures (though see the recent 
review by Jenkins 1980). Thus it is not surprising that 
different observers have come to radically different con- 
clusions on the origin of the lines. Bruhweiler et al argue 
for a collisional ionization mechanism in 105 K gas while 
Black et al conclude that the absorption arises from the 
H ii regions around the hotter stars. 

In the present paper we present data on interstellar 
Si iv, C iv, and N v absorption in 46 distant stars 

observed with LUE. This sample was also obtained for a 
different purpose (viz., studying the velocity distribution 
of gas in the neighboring interstellar medium), but is as 
well suited for studying the distribution of highly ionized 
atoms as is possible. However, the stellar sample is 
subject to the usual selection effects unavoidable in UV 
spectroscopy. The star must be of early spectral type and 
relatively unreddened. Many of these stars lie in associa- 
tions and may correlate with highly disturbed regions 
such as supernova remnants or association shells similar 
to that in Orion (Cowie, Songaila, and York 1979). This 
must always be borne in mind in the interpretation of the 
data. The sample of stars and our data reduction 
procedure are discussed in § II. 

In contrast to the nearby Copernicus observations, C iv 
is detected in almost all stars and Si iv in many. Positive 
N v detections are extremely rare. (We have no unambi- 
guous cases, and eight dubious detections.) We attempt to 
relate the strength of the features to galactic morphology, 
to spectral temperature of the observed star, to length of 
the line of sight, and to intercepted objects along the line 
of sight (§ III). In this section we also consider the velocity 
structure of the absorbing gas. We conclude that most of 
the strongest Si iv and C iv absorption line features arise 
in H ii regions either surrounding the observed stars or 
surrounding other very early type stars along the line of 
sight, and a simple analytic theory for the expected 
column density of the species including ionization by the 
soft X-ray and EUV background is given for both cases 
(§ IV). Weak broad C iv lines are seen in at least two of 
the most distant stars without corresponding Si iv 
absorption. In these cases we favor a general interstellar 
origin. The results may be interpreted in terms of the 

1 Guest observers on the IUE satellite, operated by NASA. 
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theory of evaporative interfaces (Cowie and McKee 1976; 
Cowie et al. 1979) and are consistent with the O vi 
absorption lines observed locally (§ V). Finally in one 
case (Carina) we see a high-velocity (—100 km s-1) 
feature where C iv and Si iv most probably arise in a 
radiative shock (§ VI). 

It is aesthetically unfortunate that several origins must 
be postulated for the Si iv and C iv lines and that no 
single theory seems capable of explaining the observa- 
tions. However, as observations become more detailed, it 
may be unrealistic to expect simple interpretations. 

II. OBSERVATIONS 
The properties of the observed stars are given in Table 

1. We list galactic longitude and latitude; spectral type; 
apparent visual magnitude; reddening; stellar radial 
velocity; distance based on spectral type, apparent 
magnitude, and extinction; distance based on association 
membership; whether the star is a known binary; the 
velocity with respect to the local standard of rest (LSR) 
due to galactic rotation expected at the observed star ; and 
the exposure time of the observation. The position of the 
stars in the disk relative to the Sun is shown in Figure 1. 

TABLE 1 

Properties of Observed Stars 

HD feU a MKa 
Eb-v 

v* 
(km s 

¿ib 

v sin i (kpc) 
d2* 

(kpc) Assoc.3 Binary0 (km s ^ (min) 

108   
2905   
5005   
40894   
42088   
46966   
47129  
47240   
47432   
48099   
53975   
54662.. .. 
55879.. .. 
58350.. .. 
75149.. .. 
91969.. .. 
93843.. .. 
96248.. .. 
96670.. .. 
96715.. .. 
96917.. .. 
101131 .. 
101205 .. 
101545A. 
105056 .. 
135240 .. 
149038 .. 
150041 .. 
150168 .. 
151804 .. 
152408 .. 
155985 .. 
162978 .. 
164637 .. 
164794 .. 
167771 .. 
181858 .. 
184279 .. 
186980 .. 
190918A. 
191243 .. 
191456 .. 
193322 .. 
195965 .. 
203064 .. 
218915 .. 

117.9 
120.8 
115.0 
182.0 
190.0 
205.8 
205.9 
207.0 
210.0 
206.2 
225.7 
224.2 
224.7 
242.6 
265.3 
285.9 
288.3 
289.9 
290.2 
290.3 
289.0 
294.8 
294.8 
294.9 
298.0 
320.0 
339.4 
336.2 
336.1 
343.6 
344.1 
343.6 

5.0 
7.4 
6.0 

13.0 
29.0 
41.0 
67.0 
73.6 
71.7 
73.7 
78.0 
85.7 
87.6 

108.1 

+ 1.2 
+0.1 
-5.6 
+ 2.8 
+ 0.5 
-0.5 
-0.3 
-0.8 
-2.0 
+ 0.8 
-2.3 
-0.8 
+ 0.4 
-6.5 
-1.7 
+ 0.1 
-0.9 
+ 0.3 
+ 0.4 
+0.3 
+ 3.0 
-1.6 
-1.7 
-0.8 
-7.0 
-2.6 
+ 2.5 
-1.0 
-2.2 
+ 1.9 
+ 1.5 
-3.9 
+0.3 
-0.2 
-1.2 
-1.2 

-10.7 
-6.2 
+ 3.1 
+ 2.1 
+ 1.0 
+ 2.1 
+ 2.3 
+ 5.0 
-3.9 
-6.9 

06:f 
B1 la 

06.5 V 
B2IV 
06.5 V 
08 V 
08p 
BI lb 

09.7 lb 
07 V 

07.5 V 
06.5 V 

09.5 Il-III 
B5 la 
B3 la 
B0 la 
05 III 
Bl lab 

OSp 
04 V 

09.5 lb 
06 V 
07 III 
09.5 lb 
09.5 la 
07.5(f) 
B0 la 
B0 lb 
B0.5I 
08 laf 

08 lafpe 
BO.5 II 

07.5 11(f) 
BO. 5 III 
04 V 

07 III(n)(f) 
B3 V 
Bl IV 

07.5 111(f) 
09.5 I+ WR 

B5 lb 
BO.5 III 
09 V(n) 

BOV 
07.5 III 
09.5 la 

7.40 
4.16 
7.8 
7.6 
7.55 
6.88 
6.08 
6.15 
6.2 
6.38 
6.47 
6.21 
6.00 
2.41 
5.47 
6.51 
7.34 
6.55 
7.51 
8.26 
7.04 
7.13 
6.48 
6.38 
7.55 
5.1 
4.89 
7.06 
5.64 
5.22 
5.77 
6.47 
6.2 
6.73 
5.97 
6.5 
6.7 
6.8 
7.5 
6.80 
6.09 
7.45 
5.8 
6.98 
4.99 
7.18 

0.50 
0.33 
0.41 
0.16 
0.39 
0.27 
0.36 
0.34 
0.42 
0.27 
0.22 
0.35 
0.12 
0.02 
0.40 
0.25 
0.34 
0.35 
0.35 
0.39 
0.35 
0.36 
0.39 
0.30 
0.33 
0.26 
0.32 
0.32 
0.20 
0.36 
0.45 
0.46 
0.34 
0.23 
0.35 
0.42 
0.17 
0.29 
0.39 
0.41 
0.25 
0.32 
0.41 
0.25 
0.31 
0.29 

-55.1 
5.7 

-17.5 

10.6 
24.0 

l.Ov 
20.0 
41.5 
15.lv 
14.5v 
41.8 
14.6 
23.8 

9.7 
-12 
-20.6 
-37.9 

— 8.9v 

— 1.8v 
v 

— 36.9v 
-15.1 
-8.8 

6.4 
9.5, 12, 5 

-15.0 
8.8 

-55.3 
— 132v 
-12.0 
+0.5 
108 
20.7 
22.2 

1.1 
7.7 

22.7 
-3.6 
28.3 

-2.0 
10.6 
26.8 

3.8v 
-61.5 

114 
62 

106 

291 
91 

110 
126 
105 
90 

412 
95 
31 
57 
73 
96 
? 
92 

190 

95 
? 

133 
? 

154 
124 

50 
168 

67 
141 
138 

? 

80 
200 

328 
102 

1.9 
0.9 
1.88 
1.06 
1.72 
1.24 

1.47 
1.61 
1.19 
1.32 
0.98 
1.69 
0.74 
1.36 
2.47 
3.50 
2.19 
1.96 
3.30 
2.50 
1.86 
1.52 
1.80 
3.56 
0.96 
1.06 
2.4 
1.8 
1.69 
1.92 
1.47 
1.64 
1.47 
1.21 
1.47 
0.38 
1.01 
2.43 
2.16 
1.61 
1.81 
0.59 
1.06 
0.86 
3.18 

2.51 
0.9(1.1) 

1.51 
1.5 
1.5 
1.5 

1.5 
1.32 
1.32 
1.32 

1.82 
2.51 
2.51 
2.0 
2.0 
2.0 

2.4 
2.4 
2.4 

1.38 
3.5 
1.38 
1.91 
1.91 
1.91 

1.58 
1.58 

2.24 
2.24 
2.24 

0.83 
0.83 

Cas OB5 
Cas OB14 

Gem OBI 
Mon OB2 
Mon OB2 
Mon OB2 

Mon OB2 
CMa OBI 
CMa OBI 
CMa OBI 

Vel OBI 
Car OBI 
Car OBI 
Car OB2 
Car OB2 
Car OB2 

Crv OBI 
Crv OBI 
Crv OBI 

Ara OB la 
Ara OBlb 
Ara OB la 
Seo OBI 
Seo OBI 
Seo OBI 

Sgr OBI 
Sgr OBI 

Cyg OB3 
Cyg OB3 
Cyg OB3 

Cyg OB7 
Cyg OB7 

b 
no 

Multiple 
no 
no 
no 
b 
no 

? 
b 
no 
no 
no 
no 
no 
no 
no 
no 
no 
no 
no 
b 
b 
b 

no 
b 

no 
no 
no 
no 
no 
no 
no 
no 
no 
no 
no 

no 
no 
no 
no 
b 

no 
no 

-21 
-10 
-20 

0.9 
6.4 

11.2 
13.3 
13.5 
15.8 
11.0 
16.1 
12.1 
20.2 

8.0 
5.5 

-11.1 
-9.0 

-12.3 
-11.9 
-13.7 
-11.8 
-15.1 
-12.9 
-14.8 
-25.2 
-12.9 
-10.1 
-29.5 
-20.7 
-14.1 
-16.5 
-12.2 

4.6 
5.9 
3.8 

10.0 
4.3 

13.6 
+ 16.1 
+ 9.8 
+ 9.3 
+ 8.3 
+ 2.6 
+0.4 
-0.2 

-30.2 

100 
7 

83 
40 
47 
15 
14 
50 
31 
11 
9 

11 
5 

.25 

.75 
18 
24 
45 
70 

129 
67 
40 
18 
25 
43 

5 
5 

47 
9 
8 

15 
65 
13 
16 

8 
20 
35 
50 
70 
50 

110 
106 

16 
23 
33 
40 

3 For associations, radial velocity, K, /, fe are all from Humphreys 1978. EB-V is from her spectral type and B — F (intrinsic) of Johnson 1966. 
Dist. 2 uses Humphreys (V, B — V) spectral type for all member stars. 

b Field star parameters from Humphreys 1970 or Humphreys 1975. 
c Association stars: from Humphreys 1978. Field stars from Kukarkin et al 1969, Aitken 1932, and Innés 1927. 
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180 

Fig. 1.—The positions of the stars observed with respect to the Sun. Where several stars in an association were observed, the region is shown as a 
block labeled by the association name. We have also schematically shown the local spiral arm structure according to Humphreys 1976. The arms are 
labeled in the square boxes. 

All observations were made in the high dispersion 
mode of the short wavelength prime camera aboard the 
IUE satellite (Boggess et al 1978a, b) and reduced with 
the standard JL/E procedures. (It should be noted that 
none of the data was reduced with the erroneous intensity 
transfer used for earlier data collected with the satellite.) 
One exposure was obtained for each star. The resolving 
power AÀ/À is approximately 1.2 x 104. 

In all cases the wavelength regions near the Si iv and 
C iv lines are well exposed for the SEC vidicon detector 
implying signal to noise in the range 10-20, or minimum 
detectable equivalent widths in the range 20-40 mÂ. 
Conservatively, in all stars features larger than 50 mÂ 
will be detected, while in a few stars features as weak as 
20 mÂ can be seen. However, the quality of the data is not 
uniform, and in some stars the minimum detectable 
equivalent width is larger. 

In an effort to obtain as accurate velocities as possible 
and to minimize the effect of wavelength shifts due to 
changes in the physical properties of the spectrometer, 
wavelength calibrations were made throughout our shifts 
so that each stellar exposure was made within 4 hours of a 
wavelength calibration. The data were reduced with the 
appropriate wavelength calibration rather than the stan- 
dard calibrations which were taken only at biweekly 
intervals during the period of our observations. Correc- 

tions for Earth and satellite orbital velocities were made 
and the data reduced into LSR velocity space. It is hard to 
make an exact determination of how accurate our velo- 
city scale is. Comparison with existing Copernicus and 
optical observations on some of the observed stars sug- 
gest it is probably determined to better than 10 km s - ^ 

One of the major problems in reducing the data is that 
of fitting a continuum (Fig. 2). Since the stellar rotation 
velocities were not available at the time of observation, a 
few of the stars have narrow stellar lines. For the C iv 
lines the continua are generally relatively unambiguous. 
For the Si iv lines, however, it is often hard to separate 
out interstellar features in the base of the stellar lines. This 
is also the reason why we have not measured the A1 m line 
where the problems are generally worse. Where a reason- 
able continuum could be estimated, we have fitted a 
polynomial (usually linear or quadratic) continuum, 
normalized the intensity to this, and prepared plots in 
LSR velocity space. Sample profiles for four stars are 
shown in Figure 3, while copies for all stars are available 
on request. Equivalent widths for specified absorption 
lines are computed during the final reduction procedure 
as are central velocities <f) and velocity dispersions 
<(i; — <í;))2)1/2. The averaging in both cases is of the form 
form<x) = f (1 —f)xdvl\ (1 — /)di;,where/is the norm- 
alized flux and integration is over the absorption feature. 

© American Astronomical Society • Provided by the NASA Astrophysics Data System 
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WAVELENGTH(A) WAVELENGTH (A) 
29.00r 

23.26 

[2 ITIoi 
z 
=> 
o 10.94 

4.79 

-1.37 

_ (d) HD55879 
SI IV 

1402.770 
1 1 

1400 1401 1402 1403 1404 
WAVELENGTH(A) WAVELENGTH (A) 

Fig. 2.—Sample profiles of the data in wavelength space. In Fig. 2a we show a C iv line with fitted continuum, and in Fig. 2b a well defined Si iv line. 
In Figs. 2c and 2d we have shown cases where the Si iv continuum is difficult to fit. In Fig. 2c a narrow line is unambiguously present but the equivalent 
width is poorly determined. In the case 2d there may exist a narrow Si iv line in the base of the stellar profile, but it cannot be unambigously determined. 

The equivalent widths of the lines are given in Table 2 
for C iv, Si iv, and N v doublets. A general upper bound 
of 50 mÂ is assumed where the continuum was well 
determined and no absorption feature could be seen. 
Where problems with the continuum fit existed, a more 
generous bound has been estimated based on the maxi- 
mum narrow line which could reasonably be placed in the 
base of the stellar line. For the measured equivalent 
widths, we have marked cases where we consider the 
continuum fitting more subjective, and where uncertain- 
ties in the equivalent widths are therefore large. For those 
cases where the equivalent width is well determined we 
also show the central velocity and velocity dispersion. 
For Carina where multiple components may be clearly 
seen, we have fitted the profile to distinguish the contribu- 
tions. This anomalous region is not included in the 
subsequent general discussion but will be considered 
elsewhere (Cowie et al. 1981). 

The data are not of sufficiently high quality to merit 
very detailed analysis. To make some crude allowance for 
saturation, however, we have translated those cases 
where equivalent widths are well determined into column 
densities using the doublet method. In each case we have 

estimated limits on the doublet ratio based on a ± 25 mÂ 
uncertainty in the equivalent width of each member and 
quoted corresponding limits or lower bounds on the 
column density of the features (final columns of Table 2). 
This method is, or course, subject to well known prob- 
lems when applied to the multiple saturated components 
expected in the ISM. 

III. MORPHOLOGY 

We have used the combined data sets of Tables 1 and 2 
to investigate the properties of the Civ and Si iv lines 
and we present the results in graphical form in this 
section. 

In Figure 4 we have plotted the column density of C iv 
and Si iv as a function of galactic longitude and of 
association membership. Two trends are suggested by 
this graph, though we do not consider either to be 
definitely established. The first is that column densities 
within associations tend to bunch in column density. The 
second, which is more speculative, is that there may be 
some tendency for those longitudes where lines of sight 
have the largest path through the arm regions (Fig. 1) to 
have the largest column densities. 
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HD 435240 

LTWVH».T>/  i i  
-200 -400 0 400 200 

VLSR (kms_<) 

HD40694 

-200 -400 0 400 
VLSRÍkms"4) 

200 

Fig. 3.—Some of the cases with well defined continua are shown in the normalized LSR velocity plots and compared with the profiles of lower 
ionization lines. 

Fig. 4.—Column densities of C iv versus galactic longitude. Association membership is also indicated. Stars considered to be field members are 
labeled (F). 
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Fig. 5a 
Fig. 5.—Column densities of C iv and Si iv versus distance of the observed star. Also shown are the predictions of a uniformly distributed hot 

interstellar medium. Published detections and upper limits from Copernicus on nearby stars are also shown, together with a schematic indication of the 

In Figures 5a and 5b we plot C iv and Si iv column 
densities versus distance. It is useful in these plots to 
include the much more stringent limits obtained by 
Copernicus for nearby stars which emphasize that the 
more distant stars of the present survey do indeed show 
significantly higher column densities of C iv and Si iv. In 
Figure 5 we have also included lines showing the predic- 
tions of evaporative interface models and hot interstellar 
medium (HIM) models based on the discussion to be 
given in § V. 

Two points should be made in considering Figure 5. A 
number of the stars observed in the present sample are 
very early, and this may produce a spurious impression of 
correlation of column density with distance, if the column 
density is larger for these stars. It is perhaps more 
significant to consider the scatter (more than an order of 
magnitude) in column density at a given distance. To 
account for this with a general interstellar mechanism 
would require that the absorption occur in a few large 
regions with typical separations of kiloparsecs. This 
brings us to the second point, which is that the results are 
consistent with but do not demonstrate (though see § V) 
the existence of a hot interstellar medium such as has been 

general upper limits from Copernicus collated by Jenkins 1980. 

TABLE 2B 

Carina Stars 

HD 
Vkl 

(km s 1 ) C iv C iv Si iv Si iv 

91969 . 

93843 . 

96248 . 

96670-70 (noisy) .. 
96670-150 (noisy) . 
96715    

96917 . 

-90 
-57 
-27 

1 
-104 
-55 
-18 
-90 
-52 
-34 

5 

-95 
-55 
-20 
-86 
-40 
-5 

56 
36 
41 
77 

165 
95 

48 
150 
177 
79 

113 
180 
80 

125 

63 
13 
24 
14 

80 
45 

210 

180 
74 

120 
124 

50 
86 

110 
45 
55 

20 

79 
24 

114 
49 

193 
69 
50 ... 

175 105 
60 35 

160 100 
160 95 
220 110 

67 28 
80 
72 
59 
43 
80 
40 
60 

80 
37 
45 
28 
75 
90 
35 

Note.—No N v is observed in any of the Carina stars at above the 
50 mÁ level. 
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Fig. 5b 

postulated to explain the O vi measurements. The 
detected Si iv column densities are above the theoretical 
predictions while the C iv detections lie above but close 
to HIM predictions. An important feature is that colli- 
sional ionization mechanisms predict much more C iv 
than Si iv whereas this is not generally true of the 
observed lines. 

In Figures 6a and 6b we plot column densities versus 
spectral temperature of the observed star. We also show 
as solid lines the column density expected for a homogen- 
eous H ii region surrounding the star (Black et al 1980, 
§ IV). The predicted column density is of course an 
extremely sensitive function of spectral temperature but 
depends substantially less sensitively on density scaling as 
approximately ne

1/2. 
The first feature of Figure 6 to notice is that a number of 

stars of relatively low spectral temperature possess high 
column densities of C iv and Si iv. This point has been 
emphasized by Jenkins (1980) to argue against a general 
H ii region interpretation. However, as he also 
recognized, many of the observed stars lie within rich 
associations containing substantial numbers of early type 
stars, and the probability of intercepting the H ii region of 

an earlier type star is not small. Case by case analysis 
given in § IV shows that many, though not all, of the 
anomalous stars fall in this category. 

More positively, the data show some general consist- 
ency with the H ii region theory in that stars with high 
spectral temperatures do show substantial amounts of 
C iv and Si iv. Some of the highest temperature stars in 
Figure 6 show less C iv and Si iv than would be predicted 
by the simple homogeneous theory, but this can be 
understood if the central regions of the H n region where 
C iv and Si iv form are evacuated by stellar winds or 
other mechanisms or if absorption of ionizing photons by 
dust grains within the H n region is important. 

Finally in Figure 7 we present a plot of centroid 
velocity of observed features versus galactic rotation 
velocity at the star. Also shown are a number of simple 
theories for this quantity (1) i;lsr = vgT (stationary com- 
ponent at star), (2)vlsr — vgr — lOkms-1 (expanding H n 
region at star), and (3) vlsr = \v%x (uniform interstellar). 
Once again there are some anomalous cases which we will 
discuss individually, but the general trend corresponds 
somewhat to model (2) and the presence of galactic 
rotation may be clearly seen. 

© American Astronomical Society • Provided by the NASA Astrophysics Data System 



19
8l

A
pJ

. 
. .

24
8.

 .
52

8C
 

Log T* (KELVIN) 

Fig. 6a 

Log T* (KELVIN) 

Fig. 6b 

Fig. 6.—Column densities versus spectral temperature of observed star. Also shown are the predicted contribution of the H n region of the target 
star (ne= 1 cm “3 ) as a solid line. When a uniform X-ray background is included, an additional contribution is obtained parametrized by the quantity 0 
(§ IV) and shown a'S a dashed line. 

© American Astronomical Society • Provided by the NASA Astrophysics Data System 



19
8l

A
pJ

. 
. .

24
8.

 .
52

8C
 

ORIGIN OF Civ AND Si iv IN ISM 537 

Fig. 7.—The range of centroid velocities of both C iv and Si iv absorption lines are shown as a function of the galactic rotation velocity at the star 
which would be observed from the Sun. The dashed line shows the position of the low velocity component observed in the Carina stars. 

IV. CONTRIBUTIONS FROM H n REGIONS 
a) Theory 

For almost all stars (later than 05), C iv and Si iv form 
only in the centermost portion of the H n region where 
the photon flux is high. In these regions the opacity of 
both atoms and dust is small, and correspondingly the 
column densities of these species may be obtained in 
simple analytic form. This is particularly useful in calcu- 
lating column densities of intercepted H n regions along 
the line of sight. 

If the photoionization rate of C1 from ionization stage i 
to i + 1 is specified at a reference radius (Rn) for a given 

spectral class of star (Table 3), we may write the ioniza- 
tion balance equation as 

£¿-1 
a¿+l^r¿+lní? + + Q+l^i+lnH 

r1 

= + pX; + CiXiHu , (1) 

where a¿ is the recombination rate from level i to / — 1, Ci 
is the charge exchange rate of species Xf with neutral 
hydrogen and y = r/Rn. The dominant contribution to a 
given ion i comes at a point where the fraction in level 

TABLE 3 

H ii Region Column Densities (ne= 1 cm-3) 

Civ Si iv 
Adopted15        

T Rs Ra Ca Cnc N, R, Ca C«c N, R1 
(K) (cm) (cm) (s A) (s ^ U* (cm-2) (cm) (s-1) (s-1) U* (cm-2) (cm) 

25.000   8(19) 1.4(12) 4.9(-9) 9.6(-21) 1.4(-12) 2.6(10) 5.0(13) l.l(-2) 2.2(-14) 1.5(-6) 3.7(12) 7.2(16) 
30.000   1.5(20) 1.4(12) 2.2(-4) 4.3(-16) 1.0(-8) 5.7(12) 1.1(16) 5.3 l.O(-ll) 1.2(-4) 7.8(13) 1.5(18) 
35.000   1.6(20) 7.0(11) 0.16 7.8(-14) 9.3(-6) 7.3(13) 1.4(17) 1.4(4) 6.9(-9) 6.4(-2) 2.0(15) 4.0(19) 
40.000   2.0(20) 7.0(11) 8.5 4.2(-12) 3.7(-5) 5.7(14) 1.1(18) 2.6(5) 1.2(-7) 0.56 8.8(15) 1.7(20) 
45.000   2.9(20) 1.05(12) 5.1(2) 5.6(-10) 1.5(-3) 6.2(15) 1.2(19) 8.7(5) 9.6(-7) 1.3 2.4(16) 4.7(20) 
50.000   3.3(20) 1.05(12) 1.4(4) 1 5(-8) 3.0(-2) 3.2(16) 6.2(19) 1.7(6) 1.9(-6) 3.7 3.4(16) 6.6(20) 

Notes.—(1) Recombination rates: Osny = 4.3 x 10-12 cm3 s-1, aCIV = 3.8 x 10-12 cm3 s-1 evaluated at Te — 8000 K from Aldrovandi and 
Péquignot 1973. (2) Abundances relative to hydrogen: ASi = 3.3 x 10-5, Ac = 3.3 x 10-4. £ is calculated from model atmospheres of Kurucz 1979 
combined with carbon photoionization cross sections tabulated by Raymond 1976. Charge exchange rates Csnv~10-9 cm3 s-1, 
Cciv = 1.6 x 10-9 cm3 s-1. 

a Definitions: U = N1 J^2, Rt = Rn. b Intermediate value for stars of this T* from the tabulation of Snow and Morton 1976. 
c Normalized at R„ = 1018 cm. 
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i 4- 1 is small and where X¡ + [ = 1 so that equation 
(1) may be simplified to read 

H-i 
+ CiXjnH = —p- (1 - X¡) ; 

or since 

aH 22 

SH 

v _ ci_1 / , 2aHCiMe , rv1 

^r\ Ch ^r/ 
If the charge exchange term may be neglected 

(2) 

(3) 

X; = a¡ney
2\ 1 

r11 ’ 
(4) 

and if the abundance of the atom is by number, the 
integrated column density is 

NiX,) = neAxR„ J 
dy 

Rm¡nlRn(l + ainey2/£ ') 
1/2 

= (^r) n*il2AxR" 

tan“ «.n.\1/2 Rmin 

R„ Ir-1/ 
(5) 

where we have assumed that the H n region is empty 
inside Kmin and homogeneous with electron density ne 
outside this point. For Rmin small the dominant contribu- 
tion to equation (5) arises at 

r = Ri 
vi 1/2 

(Table 3). To justify the neglect of charge exchange, we 
require (7 = aH ^ 1- This equation is gen- 
erally satisfied for the C iv and holds for Si iv when the 
temperature of the central star is less than or equal to 
40,000 K. 

We may also evaluate the column density at projected 
radius p through an intercepted H n region as 

AXR, 

The quantities N1 = jnAx Rn(C 
1/oii)

112 and 

R^ir1/^)11^ 

are given in are given in Table 3 for the species of interest. 
The first gives the column density through a homogen- 
eous H ii region of density ne = 1 cm - 3. The second gives 
the characteristic radius at which the dominant contri- 
bution to the ion arises. This simple theory reproduces 
well the numerical results of Black et al for target stars, 
T* < 40,000 K. However, it should be noted that for 
T* > 40,000 K in the case of Si iv the column density is 

<¡Ke (Rmin2 + P2) 
>i- 1 Rn 

1/2 
(6) 

Fig. 8—Column densities of Si iv, C iv, and their ratio as a function 
of 7*. To the right of the marked line the C iv/Si iv ratio may be 
underestimated as discussed in the text. 

overestimated by factors of several owing to the neglect of 
charge exchange (low ne) or hydrogen opacity (large ne). 

We may summarize the results as follows (Fig. 8). In 
order to obtain an observable amount of Si iv or C iv 
(> 1013 cm~2) the spectral temperature of the star 
responsible must exceed about 30,000 K and 35,000 K, 
respectively. The column density scales as ne

1/2, and the 
ratio of C iv to Si iv is dependent only on T*. The ratio of 
Si iv to C iv is shown as a function of spectral tempera- 
ture in Figure 8. The value is generally around 10 for the 
spectral classes of interest. For the hottest stars, C iv 
column densities will exceed Si iv densities.2 

For projected radii larger than the dominant radius the 
observed column density relates to the column density 
that would be seen if the stars were the target asR1N1 jp. 
The projected radius at which observable amounts of 
C iv and Si iv will be present is a very sensitive function of 
spectral type owing to the 2 dependence. Typically we 
require p < 25 pc (40,000 K) and p < 0.4 pc Í35,000 K) to 
obtain C iv column densities in excess of 10*3 cm- 2. For 
hotter stars, observable quantities of C iv may be seen 
throughout the Strömgren sphere. 

We have neglected two additional processes in the 
above discussion. The first is absorption of C iv and Si iv 
ionizing photons by dust grains within the H n region 
(Sarazin 1976). At the photon energies of interest 

2 This applies only if the central region of the H n region is filled. If 
the central regions are evacuated the C iv/Si iv ratio will be reduced. 
The C iv/Si iv ratio is also reduced in the case of intercepted regions. 
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(~ 30-50 eV) the grains reach optical depth unity at a 
radius ~ 30-300 pc/ne. Beyond this distance the ioniza- 
tion rate drops off rapidly. It is possible, therefore, that 
the earliest type stars may be dust opacity bounded, 
which would reduce the Si iv column densities. C iv 
column densities are less likely to be affected since they 
form at smaller radii. 

Second, we have neglected ionization by a soft X-ray or 
cosmic ray background or by soft X-rays from the star 
itself. Since the dominant effect is Auger ionization, this 
may produce traces of C iv and Si iv throughout the H n 
region even for low T* stars. The dominant contribution 
again arises in the interior where charge exchange with 
neutral hydrogen may be neglected. Thus we may again 
neglect radiative transfer. 

We have evaluated the Auger ionization rate Ç1-1 from 
cross sections tabulated by Weisheit (1974) and Daltabuit 
and Cox (1972) together with an assumed soft X-ray flux 
of 1.50 x 104</> photons cm“2 s“1 keV“1 at the Si n 2p 
threshold energy of 125 eV and 20000 photons cm“2 s“1 

keV “1 at the C n threshold energy of296 eV. The quantity 
0 is a scale factor allowing for the expected large varia- 
tions in the X-ray flux from region to region. The results 
are given as subscripts to Table 4. Throughout the H n 
region we expect C n and Si n to be the dominant 
ionization stage whence 

ai + 2nen(Xi + 2) + Ci+2nHn{Xi+2) = Cflin(X;) 

than the local value. However, this may easily be the case 
if many of these stars are near fossil supernova remnants 
or other active regions. 

V. HOT IONIZED MEDIUM 
a) Theory 

The local O vi absorption lines observed by Coper- 
nicus are now believed to originate either directly in a 
uniformly distributed hot intercloud medium or in the 
evaporating surface of clouds within such a hot gas. The 
average local density in the disk is n(0 vi) ^ 2 x 10“8 

cm“3. Depending on the model chosen, the expected 
column densities of C iv, Si iv, and N v may be evaluated 
and are proportional to n(0 vi) • d if we assume that 
the region observed by Copernicus (d < 1 kpc) is 
representative. For evaporative interfaces the ratios may 
be obtained from the time dependent ionization calcula- 
tions of Weaver et al (1977) as Si iv/O vi = 0.01, 
C iv/O vi = 0.16, N v/O vi = 0.06. Similar ratios are 
obtained for a time-dependent cooling gas (Jenkins 1980). 

We therefore take 

iV(Si iv) = 6 x 1011 

N(C iv) = 9.6 x 1012 

^(O vi) 
2 x 10“8 

n(0 vi) 
2 x 10“8 

d(kpc) cm 2 , 

d(kpc) cm“2 , 

or 

^(^¿+2) — 
rneAx 

ai+2ne + Ci+2ctHne
2y2/CH 

Hence 

N(Xi+2) e 

The column density due to this effect scales as ne~
112, <¡>, 

and C„1/2. Relevant quantities may be found in Table 4. 
We have plotted the contribution from this effect as a 

dashed line in Figure 6. It is only significant if 0 is larger 

AT(N v) = 4 x 1012 n(0 vi) 
2 x 1(T8 d(kpc) cm 2 . 

These results are compared with the observations in 
Figure 5. 

These models predict that HIM Si iv and N v should 
not be detected by IUE at our present sensitivity but that 
in the more distant stars C iv may be detectable if it is not 
dominant by a photoionized component. 

b) Comparison with Observation 
In Table 5 we give a list of those stars whose column 

density of C iv or Si iv is high compared to the values for 
an H it region with ne= l, 4> = 1. We also show the 

TABLE 4 

X-Ray Ionized H u Regions 

T, 
(K) 

R* Ch (at RJ 
(cm) ($->) 

JV(C \v)[4> = l]a 

(cm“2) 
AT(Si iv)[<)> = 1] 

(cm“2) 

25.000 . 
30.000 . 
35.000 . 
40.000 . 
45.000 . 
50.000 . 

1.4(12) 
1.4(12) 
7(11) 
7(11) 
1.05(12) 
1.05(12) 

7.9(4)b 

4.8(5)b 

2.4(6)b 

5.0(6)b 

7.1(6)' 
1.0(7)' 

2.3(12) 
5.6(12) 
6.4(12) 
9.6(12) 
1.7(13) 
2.0(13) 

6.9(11) 
1.7(12) 
1.9(12) 
2.8(12) 
5.1(12) 
6.0(12) 

Note.—For charge exchange rates, recombination coefficients, and abundances, see Table 3. 
a Calculated for C n K shell ionization rate = 4 x 10“16 s - ^ Si n L shell ionization rate = 10“14 s - ^ 
b Black et al. 1980. 
c From stellar atmosphere tabulation of Kurucz 1979. 
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TABLE 5 

High Column Density Stars 

HD 
Log Tt 

(K) 

Log 
JV(C iv) 
(cm'2) 

Log 
JV(Siiv) 
(cm'2) 

Intercepted 
Star and Projected 

Distance 
Required 

Required 
ne 

(cm3) 

47240 . 
47432 . 
55879 . 
75149 . 

101545. 
150041. 
155985. 
181858. 
190918. 
218915. 

4.32 
4.48 
4.48 
4.19 

4.48 
4.40 
4.43 
4.26 
4.48 
4.48 

>13.9 
13.5- 13.8 
13.5- 13.6 

>13.9 

>13.7 
13.4- 13.6 

>13.7 
13.3-13.8 

14.1 
13.5- 13.7 

13.4-14.0 
<12.7 

>13.1 
>13.2 

>14.0 
<12.7 

04 V, 35 pc 
04 V, 100 pc 

>13.2 04 I,(n)f, 100 pc 

06, 20 pc 
05 II, 12 pc 

06.5, 4 pc 

9 
11 
11 

22 
6 

36 
36 

81 

500 
36 

required ne or 0 (for ne= 1 cm"3) required in those cases 
where the column density could plausibly arise in a 
circumstellar H n region. 

We have searched for the nearest neighboring early 
type star in each case. Where a plausible candidate exists, 
this is listed together with the projected distance from the 
line of sight to the target star. We consider that a 
photoionization mechanism augmented by a soft X-ray 
ionizing flux can account for the observed column densi- 
ties in almost all stars. We do not think such a mechanism 
can account for the stars 47432 and 218915. In these two 

cases we base this judgement on the Si iv/C iv ratio 
which is anomalously low (C iv is detected but Si iv is 
not); however, it is possible that an X-ray ionized H n 
region could possess such a low ratio. Both stars are 
distant and lie near the predicted C iv versus distance 
relationship. Consideration of the velocity structure of 
these lines shows that they are unusually broad and 

HD 474 32 

VLSr (km 1 ) 
-200 -100 0 

VLSR(km- 
100 200 

Fig. 9.—C iv profiles of the stars HD 218915 and HD 47432 are compared with more normal C iv and Si iv features. The relative broadness and 
shallowness of the components in these two stars should be noted. 
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shallow (Fig. 9)and that the velocity centroid of218915is 
very anomalous (Fig. 7) in not lying on the general Vlsr-Vgr 

relationship. Both these results are expected if the gas 
arises in a uniformly distributed HIM. 

We consider that these stars are the most like candi- 
dates showing the general distribution of the hot inter- 
cloud medium. If the line of sight to 218915 is 
representative, n(C iv) ^ 2 x 10”9 cm-3 but a more 
extensive list of distant field stars is necessary to confirm 
the theory and refine this value. 

VI. THE CARINA REGION 

Only in one region (Carina) have we observed a high 
velocity component (Visr > 100 km s"x) at the sensitivity 
of the survey. The negative wing is present in all the 
Carina stars (both Car OBI and Car OB2) and appears to 
represent the negative velocity edge of a shell of gas of 
radius ~ 100-200 pc and expansion velocity ~ 100 km 
s_ 1. The shell of gas can be naturally understood in terms 
of ongoing energy injection by this active star forming 
region and appears very similar to the shell around the 
Ori OBI and 2 Ori associations (cf. Co wie, Songaila, and 
York 1979). We shall discuss this region in more detail in 
a subsequent paper (Cowie et al 1981, in preparation). 
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