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ABSTRACT 
We have analyzed optical and ultraviolet spectra of nearby stars (r < 200 pc) located within the area of 

Galactic coordinates 310° </ < 330° and 15° < h < 25°, in a study of the LISM toward the center of Loop I. 
The optical spectra show a multiple-component structure, with one prominent absorption plus one or two 
weaker features. The weaker components generally have Na i/Ca n < 1. One of them is identified with the 
nearby (d < 5 pc) component P of Lallement, Vidal-Madjar & Ferlet. The most intense components gener- 
ally have Na i/Ca n > 1, and show good velocity coincidence with the global flow derived by Crutcher. The 
analysis of the UV spectra reveals a sudden increase of the gas column density as a function of distance, from 
NHl~ 1018 cm-2 to ^1020 cm-2, suggesting the presence of a wall of gas at 40 ± 25 pc from the Sun. This 
result constrains the distance to the boundary of the Local Bubble—the soft X-ray emitting cavity around the 
Sun—in the direction toward the center of Loop I. At larger distances, the approximately constant NH !, and 
the lack of detection of new interstellar components in the optical spectra, suggest the presence of another 
cavity of very low-density gas, identified with the Loop I Bubble. Along a few lines of sight, we have been able 
to estimate the physical parameters of the gas located at the boundary between the Local Bubble and Loop I 
Bubble by means of an analysis of optical (Na i) and UV (Mg i, Zn n) species, under the assumption of 
ionization equilibrium. We find evidence of warm gas (T ^ 6-7 x 103 K) in the direction of rj Cen and C Cen, 
and of colder gas in front of HD 129685 and probably HD 119921. The electron densities of the warm gas in 
front of r¡ Cen (^0.03 cm-3) and £ Cen (^0.04 cm-3) are very similar to the space averaged densities derived 
by means of pulsar dispersion measures in the LISM. The fractional ionization of this gas is less than that 
predicted by McKee and Ostriker for the warm neutral phase of interstellar space. 
Subject headings: interstellar: abundances — interstellar: matter — ultraviolet: spectra 

1. INTRODUCTION 

The local interstellar medium (LISM) is a convenient frame- 
work for studies of the general interstellar space, given its 
complex morphology as revealed by observations in different 
spectral ranges (for recent reviews see Paresce 1984; Cox & 
Reynolds 1987; Bruhweiler & Vidal-Madjar 1987). Back- 
scattering observations of solar Lya photons within the solar 
system (Bertaux 1984) and observations of Lya absorptions 
toward nearby cool stars (Landsman et al. 1984) indicate that 
the Sun is embedded in a warm (T « 104 K), low-density 
(nHl æ 0.1 cm-3) gas with an extension of several parsecs. The 
presence of much hotter gas at greater distances is indicated by 
soft X-ray surveys (McCammon et al. 1983) and by the detec- 
tion of O vi interstellar absorptions in some stars within 100 pc 
(Jenkins 1978). The soft X-ray background can be explained as 
thermal emission produced by a volume of hot gas (T ^ 106 K) 
around the Sun, the Local Bubble, with a linear size of about 
100 pc (Snowden et al. 1990). Nonthermal radio emission 
observations have shown the existence of a nearby circular 
structure, the Loop I, centered at / ^ 330° and b~ +18° 
(Berkhuijsen, Haslam, & Salter 1971). The enhancement of the 

1 Based on observations collected at the European Southern Observatory 
at La Silla (Chile) and on observations by the IUE satellite collected at the 
VILS PA station of the European Space Agency. 

2 At the present time Fellow at the Osservatorio Astronómico di Trieste. 
Postal address: Osservatorio Astronómico di Trieste, Via G.B. Tiepolo 11 
1-34131, Trieste, Italy. 

diffuse X-ray background in this general direction of the sky is 
consistent with the presence of a nearby bubble of hot gas, the 
Loop I Bubble (Iwan 1980). A scenario in which H i gas flows 
from the general direction of the center of Loop I, impelled by 
stellar winds and supernovae explosions, was proposed by 
Weaver (1979) on the basis of radio 21 cm and optical polariza- 
tion observations. A kinematical analysis of optical interstellar 
absorptions within about 100 pc confirms that the Sun is 
immersed in a coherently moving material flowing from the 
direction of the Sco-Cen association (Crutcher 1982). On a 
smaller distance scale, Lallement, Vidal-Madjar, & Ferlet 
(1986, hereafter LVF) have detected four separate motions 
within ^20 pc of the Sun, arguing that the global flow derived 
by Crutcher (1982) is a mean motion of a finer velocity struc- 
ture. 

Given the existence of all these interstellar constituents, a 
detailed study of the LISM can provide important tests for 
current ISM models (e.g., McKee & Ostriker 1977), and in 
particular for studying the geometrical distribution and the 
physical state of the different interstellar phases. The three- 
dimensional distribution of the soft X-ray absorbing gas in the 
LISM is of particular interest for testing the validity of the 
models reproducing the observed soft X-ray background (Cox 
& Reynolds 1987). A powerful technique for studying the 
three-dimensional distribution of the interstellar gas, and in 
particular of the LISM, consists in studying the absorption 
spectra of stars located at different distances within small areas 
of the sky. In this work we study the area within the Galactic 
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ft 
Targets 

V sin i r 
HD Name V Spectral Type (kms-1) / b (pc) 

115892.. 
119921.. 
121263.. 
121743.. 
123139.. 
125473.. 
127972.. 
129685.. 

i Cen 

Ç Cen 
0 Cen 
6 Cen 
if/ Cen 
tj Cen 

2.75 
5.15 
2.55 
3.83 
2.06 
4.05 
2.31 
4.92 

A2V 
AO V 
B2.5 IV 
B2 IV 
K0 Illb 
AO IV 
B1.5 IVne 
AO V 

85 
437 
219 
126 

101 
333 
455 

309?4 
315.3 
314.1 
316.0 
319.5 
321.7 
322.8 
327.4 

25?8 
25.3 
14.2 
19.1 
24.1 
21.7 
16.7 
22.1 

16 
74 

102 
213 

15 
59 

130 
67 

coordinates range 310° </ < 330° and 15° <b < 25°. This 
field is of particular interest because it is angularly close to the 
center of Loop I and because it lies within the contours of 
several interstellar components proposed by LVF. The present 
study is based on optical and UV observations of nearby fast- 
rotating stars, described in § 2. The rotationally broadened 
spectra of these targets make it possible to detect sharp inter- 
stellar absorptions easily. The optical observations, performed 
at high spectral resolution (FWHM = 3-5 km s-1), have been 
used to identify the absorption components on kinematical 
grounds and to study the Na i/Ca n ratios (§ 3). The ultra- 
violet observations, characterized by a lower resolution 
(FWHM ~ 20 km s-1), have allowed us to measure the 
column densities of the most abundant interstellar species and 
to study the depth distribution of the gas (§ 4). Abundances of 
optical and UV species have been combined in order to cast 
light on the physical state of the interstellar components under 
study (§ 5). 

2. OBSERVATIONS AND DATA REDUCTION 

The stars observed are listed in Table 1 with their basic data, 
which are taken from the Bright Star Catalogue (Hofileit & 
Jaschek 1982, hereafter BS). The distances, r, were calculated 
by using the unreddened distance modulus V — Mv — 3 x 
E(B — V) when r > 30 pc, and by means of trigonometric paral- 
lax for the remaining cases. The (B — V)0 unreddened scale was 
taken from FitzGerald (1970) and the absolute magnitudes 
from Grenier et al. (1985) and Walborn (1972). In Figure 1 we 

HD 129685 

6 Cen 

ij/ Cen 

r] Cen 

HD119921 

b Cen 
<C> 

Cen 

L Cen 

1(330 325 320 315 310 305 
Galactic Longitude 

Fig. 1.—Projection on the sky of our targets in Galactic coordinates 

show the projection on the sky of our targets. For the sake of 
comparison, in the same figure we show the nearby cool star 6 
Cen (r = 15 pc), for which the interstellar Mg n has been mea- 
sured by our collaborators (Genova et al. 1990). 

The optical observations were performed at ESO (La Silla, 
Chile) in 1988 April by means of the Coudé echelle spectro- 
graph (CES) fed by the 1.4 m telescope. Observations in the 
Na i region were performed at a spectral resolution 2/A2 ^ 105 

using a Reticon detector. The Ca n spectral region was 
observed at 2/A A ^ 6 x 104 using a CCD detector. The log of 
the observations is shown in Table 2. Apart from the stars 
listed in Table 1, we have also observed the Na i spectrum of a 
Vir (r ~ 80 pc), which is located at a higher Galactic latitude 
but in the same longitude range of our field. 

The spectra were extracted, flat-fielded and calibrated in 
wavelength using standard IHAP commands (see IHAP User 
Manual, ESO 1983). A thorium lamp was used for the wave- 
length calibration, providing a dispersion curve with an inter- 
nal accuracy of about 2 mÂ in the Na i region and ^ 3 mÂ in 
the Ca ii region. A Na i spectrum of a Pic (V sin i = 205 km 
s-1) was used as a template to eliminate telluric contami- 
nation. This star (/ = 272°, b = —24°, r = 19 pc) was selected 
as a candidate free of interstellar absorptions, as it is located in 
a general direction of low density of interstellar gas in the 
LISM (Paresce 1984), and closer than the majority of the stars 
of our sample. 

As far as the ultraviolet range is concerned, we analyzed 23 
International Ultraviolet Explorer (IUE) spectra in the high- 
resolution mode (A/A A ^ 2 x 104), partly in the short wave- 
length range (1250-2200 Â; SWP camera), and partly in the 
long wavelength range (2200-3000 Â; LWP camera). The 
available data are listed in Table 3. Some of the spectra, those 
indicated by an asterisk in the table, were obtained by our 
group. The others were obtained from the IUE data bank at 
VILSPA (Madrid). Owing to the limited dynamical range of 
the IUE cameras, we used, when possible, several spectra with 

TABLE 2 
Optical Observations 

HD Range iexp (minutes) Date 

115892  Na i 
Na i 

119921  Ca ii K 
Ca ii H 
Na i 
Na i 

121263  CanK 
Ca ii H 
Na i 
Na i 

121743  CanK 
Ca ii H 
Na i 

125473  Na i 
127972  CaiiK 

Ca ii H 
Na i 

129685  CaiiK 
Ca ii H 
Na i 

116658  Na i 
Na i 

6 1988 Apr 6 
12 1988 Apr 6 
60 1988 Apr 1 
60 1988 Apr 2 
60 1988 Apr 6 
90 1988 Apr 8 

6 1988 Apr 1 
6 1988 Apr 2 

15 1988 Apr 6 
15 1988 Apr 8 
18 1988 Apr 1 
18 1988 Apr 2 
30 1988 Apr 8 

5 1989 May 10 
5 1988 Apr 1 
5 1988 Apr 2 

10 1988 Apr 8 
50 1988 Apr 1 
70 1988 Apr 2 
50 1988 Apr 7 
4 1988 Apr 8 
2.5 1988 Apr 7 
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TABLE 3 
IUE Observations 

HD SWP LWP 

115892  30010 9842 
30124 9964 
30532 10331 

119921  20192a 16128a 

20854 
22668 

121263  20363 8852 
121743  21956 
123139  4416a 

125473  30544 10341 
127972  18858 12286 

19613 
20678 

129685  20193a 16129a 

20856 
a Our IUE observations. 

different exposure levels for each star. All the data were cali- 
brated by means of the standard IUESIPS package. To reduce 
the effect of high-frequency noise, we smoothed the original 
spectra by means of a three-point triangular filter. 

All the interstellar absorptions, in the optical and in the UV, 
were normalized to the adjacent, slowly varying photospheric 
intensity (pseudocontinuum). Some examples of normalization 
are shown in Figure 2. After normalization, the typical rms of 
the continuum, <Tcon, was used to estimate the signal-to-noise 
ratio, S/N = l/<rcon- Typical values of S/N are about 250 for Na 
i lines, between 250 and 350 for Ca n lines, and between 20 and 
40 for the relevant spectral ranges in our IUE spectra. The S/N 
in the Na i range has been measured after correction for the 
telluric lines. 

The line centers and equivalent widths have been measured 
by means of Gaussian fits in the normalized spectra. Some 
examples of fits are shown in Figure 3. Errors in the equivalent 
widths have been derived by adding up in quadrature the sta- 
tistical errors and the uncertainty in the continuum tracing. 
The statistical errors have been estimated using the procedure 
of Jenkins et al. (1973). The uncertainty on the continuum 
placement was quantified by increasing and decreasing the 
continuum level by 1 <rcon and remeasuring the equivalent 
widths in each case. Upper limits for undetected features were 
derived by using the minimum detectable equivalent width, 
^nin = 3ö-con A2instr, where A2instr is the FWHM of the instru- 
mental profile. Column densities were derived by means of the 
theoretical, single-component curve of growth (Unsold 1955, 
pp. 288-293). 

3. ANALYSIS OF Na I AND Ca ll DATA 

A synthetic summary of the different interstellar components 
detected in Ca n and Na i toward the stars of our sample is 
presented in Table 4. For each component we list the helio- 
centric radial velocity, ^HEL (km s ^ the equivalent width, WÀ 
(mÂ), and the column density, N (atoms cm-2). For a few stars 
of our sample, Ca n spectra were not available, and were inte- 
grated with data taken from LVF. Errors in the equivalent 
widths are generally lower than about 1 mÂ. The internal accu- 
racy in radial velocity, resulting from the wavelength cali- 
bration of our spectra, is about 0.2 and 0.1 km s -1 for the Ca n 
and Na i regions, respectively. The uncertainties in the Na i 
and Ca n column densities range from about ± 0.02 dex for the 
best cases to about ±0.15 dex for the weakest features. The 
lines fall on the linear part of the curve of growth, with the sole 
exception of Na i in HD 129685, which shows some saturation, 
and for which we have been able to derive the microturbulence 
parameter, b = 1.2 (±0.2) km s-1. This accurate determination 
of the line-of-sight velocity dispersion makes it possible to 
derive a stringent upper limit on the kinetic temperature of the 
gas, T < 2.7 x 103 K, by assuming that all the broadening is 
due to thermal motions rather than to turbulence. 

X (Â) 
Fig. 2a 

3.1. Radial Velocity Analysis 

In order to identify the absorption detected in our spectra, 
we searched for velocity coincidences between our radial veloc- 
ities and the line-of-sight projected velocities of nearby inter- 

Fig. 2.—Examples of continuum tracing, (a) Na i region for HD 129685; this spectral range is heavily contaminated by telluric absorptions, (b) Ca n K region for 
the same star. 
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Fig. 3.—Examples of normalized spectra, (a) Na i interstellar spectrum toward HD 129685 after correction for telluric absorptions, (b) Ca n K interstellar 
spectrum toward HD 119921 ; the weaker absorption is produced by the component P of Lallement, Vidal-Madjar, & Ferlet (1986); the stronger one by gas moving 
according to Crutcher’s (1982) velocity. 

TABLE 4 
Ca ii and Na i Interstellar Absorptions Toward the Stars of Table 1 

Ca ii Nai 

Star 
v HEL 

km s-1 mÂ mÂ 
log N 
r*m — 2 

r HEL 
km s-1 mÂ mÂ 

log N 
cm-2 Component Na i/Ca n 

i Cen   
HD 119921 

Ç Cen . 

ó Cen 

i¡/ Cen   

r¡ Cen   

HD 129685 

a Vir   

— 17.7a 

-21.5 
-10.0 
-12.6 
-2.8 

-15.6 
-8.2 
-1.7 

-26.3 
-16.9 
-11.Ia 

-3.2 

2.3a 

2.6 
7.1 
4.3 
1.1 
4.0 
3.4 
2.0 

<0.5 
<0.5 

2.0 
4.4 
2.6a 

2.6a 

1.9 
5.7b 

0.9b 

<0.7 

<0.6 
<0.6 

0.6b 

2.7 

10.38a 

10.44 
10.87 
10.66 
10.07 
10.64 
10.60 
10.30 

<9.70 
<9.70 
10.40 
10.67 
10.4a 

10.4a 

-8.8 
-12.0 

— 13.8b 

-8.5 
— 2.0b 

-31.3 
-21.5 
-10.7 
-23.0 
-12.4 

-16.2 
-11.3 

<2.5 
<0.8 
36.6C 

5.9C 

<0.6 
8 7b 

13.2C 

2.T 
2.1 
4.8C 

4.1 
1.0b 

4.7 
<1.4 
41.4 

9.0C 

<0.8 

<2.5 
<0.8 
17.3 
2.7 

<0.6 
3.6 
8.0 
0.9b 

<1.3 
3.1 

<1.3 
1.3b 

4.2b 

<1.4 
26.2 

3.7 
<0.8 

<10.10 
<9.60 
11.25 
10.48 

<9.50 
10.67 
10.82 
10.10b 

10.02 
10.38 
10.31 
9.70 

10.38 
<9.80 
11.53f 

10.65 
<9.60 

P 
AI C 
I BC 
U 
BC 
A C 
U 
U 
Pe 

A C 
P 
O CB 
P 
BC 
0 BC 
1 

<0.52 
<0.14 

2.41 
0.64 

<0.26 
1.02 
1.82 
0.63b 

>0.94 
>4.40 
<0.33 

6.5 
1.62 

<0.14 
a Data from Lallement, Vidal-Madjar, & Ferlet 1986. 
b Uncertain due to noise or possible stellar contamination. 
c Telluric line eliminated using a template spectrum. 
d Strong photospheric absorption. 
e Coincidence at —1.8 km s"1 with Panoramix component. 
f Microturbulence parameter from the doublet ratio method b = 1.15 km s - L 
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stellar clouds. The comparison was made with the motion of 
the gas flowing inside the solar system derived from back- 
scattering measurements (Bertaux 1984), with the four clouds 
identified by LVF, and with the global flow of the LISM within 
^ 100 pc (Crutcher 1982). The results are displayed in the pen- 
ultimate column of Table 4. A coincidence within ± 1 km s-1 

with one of the radial velocities predicted by LVF is indicated 
with the name of the cloud given by these authors: P 
(Panoramix), I (Idefix), O (Obelix) and A (Asterix). The quality 
of our data is sufficient to allow detection of the weak com- 
ponents reported by LVF. In fact, about 70% of the Ca n 
column density values reported by LVF are higher than our 
detection limit (log NCaII ^ 10.0). A coincidence within ± 3 km 
s_ 1 with the projected velocities predicted by Bertaux (1984) or 
Crutcher (1982) is indicated with the letter B or C, respectively. 
The velocity intervals adopted for the coincidence analysis 
were chosen on the basis of the uncertainties quoted by the 
authors. 

3.1.1. The Very Local ISM 
The gas entering the solar system and moving with the 

velocity vector given by Bertaux (1984) is characterized by a 
space density of hydrogen atoms nHI « 0.1 cm-3. If such gas is 
due to a local cloud surrounding the Sun and extended by 
about d ~ 3 pc, we expect a hydrogen column density NH, æ 
1018 cm"2 and therefore a Na i column density VNaI ^ 109 

cm"2, when we use the correlation between NHl and VNaI 
given by Ferlet, Vidal-Madjar, & Gry (1985). In our Na i 
spectra, the absorptions at B velocity show Na i column den- 
sities which exceed, by at least a factor 25, this value of VNaI. 
Therefore we believe that these absorptions share the B veloc- 
ity just by chance. In the Ca n spectra of LVF, the Bertaux 
(1984) motion is detected without ambiguity only toward a few 
stars in the Galactic longitude range 60° < l < 180°, i.e., quite 
far from our area. 

3.1.2. The Panoramix Component 
According to LVF this component is present at less than 

5 pc from the Sun and covers approximately the region of the 
sky within the Galactic longitude range 300° < / < 60° and 
Galactic latitude range —60° <b< 40°. All the stars shown in 
Figure 1 fall within this range and are located beyond 5 pc. 
From Table 4 one can see that there are five detections, mainly 
in Ca ii, out of the seven stars investigated in the optical. Our 
results confirm the presence of the cloud and, at the same time, 
indicate that it is very patchy. In fact, we find variations in 
A^Na i up to a factor of 6 on angular scales of 6°. If the cloud is at 
a distance d ^ 5 pc from the Sun, these angular variations 
correspond to spatial variations on a distance scale of ^0.5 pc 
within the cloud. 

3.1.3. The Idefix Component 
All our stars are located within the region of the sky pro- 

posed by LVF for this component, but absorptions at / velociy 
are not found for the majority of them. The lack of detection in 
the two stars of the sample of LVF closest to our targets (i Cen, 
a Lup), indicates that the component / must be tenuous in our 
field. The only stars of Figure 1 with absorption features 
sharing / velocity are HD 119921 and Ç Cen. In the direction of 
HD 119921, the Ca n absorption is higher by a factor of 3 than 
the strongest Ca n feature found by LVF at I velocity, and the 
Na i/Ca ii ratio is greater than 1, in contrast with the Na i/Ca n 
ratio found for this component toward a Vir (§ 3.2). This sug- 
gests that the bulk of the absorption in front of HD 119921 is 

associated with a different cloud that, by chance, has the same 
velocity as Idefix. In the direction of ( Cen, the Na i/Ca n ratio 
is less than 1, and this star is the only potential candidate for 
the detection of the component I among our targets. 

3.1.4. The Asterix Component 
According to LVF this component covers a large part of the 

sky and is located within ^ 5 pc of the Sun. Three stars angu- 
larly close in our field show an absorption sharing the A pro- 
jected velocity: HD 119921, </> Cen and ij/ Cen. The Na i/Ca n 
ratios in HD 119921 and cj) Cen (Na i/Ca n ^ 2), are higher by 
one order of magnitude than the one found toward a Oph for 
the component A (§ 3.2). Therefore, either this component 
shows remarkable variations in the Na i/Ca n ratio, or the 
absorptions in HD 119921, </> Cen and ij/ Cen are produced 
elsewhere. Since the radial velocities of these features in our 
stars also show a coincidence with Crutcher’s flow, they may 
well be produced in more distant gas, sharing by chance the A 
projected velocity. 

3.1.5. The Obelix Component 
This component is not seen in six out of the seven stars of 

our sample. Only in rj Cen do we find an absorption feature 
whose radial velocity is in agreement with the O velocity 
vector. The absorption feature is also in agreement with Crut- 
cher’s flow and may be produced by more distant gas (r¡ Cen is 
at 130 pc). The two stars in the LVF sample angularly closest 
to our targets (i Cen and a Lup) do not show absorption 
features at O velocity. 

3.1.6. Crutcher's Flow 
The strongest absorption components in our stars show a 

velocity coincidence within ±3 km s"1 with Crutcher’s flow. 
According to LVF, Crutcher’s flow is a sort of average of the 
motions of nearby clouds. Our data show that not all the 
absorptions sharing Crutcher’s velocity can be associated with 
local clouds. For instance, the strongest absorption in HD 
129685, which is in agreement both with Bertaux and with 
Crutcher vectors, is not likely to be produced by the local gas 
entering the solar system, on the basis of our previous dis- 
cussion (3.1.1). Therefore we associate this absorption with 
more distant gas, moving according to Crutcher’s flow. Similar 
conclusions can be applied to the —12 km s"1 component in t] 
Cen and to the —14 km s"1 component in 0 Cen. In these 
cases one would expect to find some absorptions produced by 
nonlocal gas, owing to the larger distances to these targets (130 
pc and 213 pc, respectively). 

3.1.7. Unidentified Components 
In three lines of sight (£ Cen, 0 Cen and 0 Cen) we find an 

absorption component whose radial velocity cannot be identi- 
fied with any of the LISM motions above discussed. Toward 
the angularly close pair of stars £ Cen and 0 Cen, the radial 
velocities of the unidentified features are quite similar ( ^ — 2 
km s"1), as are the Na i/Ca n ratios (smaller than 1). If we 
associate these two absorptions with a single cloud located at a 
distance d, the angular separation of the two stars indicates 
that the cloud must be extended at least 8.7 (d/100) pc. 

3.2. Na i/Ca ii Ratios 
It is well-known that the Na i/Ca n ratio is of the order of 

unity, or greater, for low-velocity interstellar clouds and drops 
off rapidly when I ^LSRI ^ 10-20 km s 1 (Routly & Spitzer 
1952; Siluk & Silk 1974). According to the most common inter- 
pretation of the Routly-Spitzer effect, the variations of the 
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Na i/Ca ii ratio are predominantly an abundance effect, mainly 
due to variation of the calcium abundance, rather than an 
ionization effect (Hobbs 1983). The variation of the abundance 
is induced by grain disruption in shocked gas, and this explains 
why the Ca n abundance increases (i.e., the ratio decreases) in 
high-velocity gas. 

In the last column of Table 4 we list the observed Na i/Ca n 
ratio for our components. For the P-component the upper 
limits are less than 1, in agreement with the relatively high 
velocity of the observed absorptions. For the /-component we 
have derived the Na i/Ca n ratio in the direction of a Vir, 
combining our Na i upper limit with the Ca n data of LVF. 
The resulting ratio, Na i/Ca n < 0.14, can be explained in 
terms of the Routly-Spitzer effect, if one considers the modulus 
of the / velocity vector given by LVF, J'lsr = 26 km s 1, 
instead of the projected velocity along the line of sight which is 
quite low. The Na i/Ca n ratio for the component A can be 
estimated in the direction of a Oph (/ = 36°, b = +23°, r = 17 
pc), which shows a single Ca n absorption at the A velocity 
(LVF). By using the data listed by Frisch (1981), we find also 
for the component A a value characteristic of high-velocity gas 
(Na i/Ca ii ^ 0.2). In this case the modulus of the velocity 
vector found by LVF is relatively small (FLSR = 11 km s~1). 

In summary, the local interstellar clouds (d < 20 pc) are 
characterized by Na i/Ca n ratios less than 1. This can be the 
result of grain disruption within tenuous clouds embedded in 
the Local Bubble owing to the passage of a shock front. 
According to Frisch (1981), the low velocity of the observed 
absorptions toward a Oph can be explained in terms of a 
supernova remnant which has slowed down since the passage 
of the shock front. 

Also the unidentified absorptions observed toward £ Cen 
and (j) Cen have Na i/Ca n < 1. Given the distances to these 
stars, these unidentified components may be produced in 
clumps of shocked gas located either in the Local Bubble or 
within the nearby Loop I Bubble (§ 4.1). 

The situation is different for the most intense components of 
our spectra which have Na i/Ca n ratios greater than 1, includ- 
ing a quite large value in the direction of HD 129685 (Na i/ 
Ca ii = 6.5). The radial velocities of these absorptions are in 
agreement with the projection of Crutcher’s velocity vector. 
The high Na i/Ca ii values suggest a low efficiency of the grain 
disruption processes during the acceleration of these layers of 
gas up to the velocity of Crutcher’s flow. 

3.3. Number of Components Along the Line of Sight 

The multiple-component structure detected in Ca ii and Na i 
can be used to estimate the average intercloud distance along 
the line of sight, À = r/nc, where nc is the number of com- 
ponents detected in a given line of sight of length r. In Figure 4 
we show A as a function of r for our stars. One can see that À is 
higher at larger distances, a fact which suggests a cloud defi- 
ciency beyond a certain distance. For the sake of comparison, 
in the same figure we show the typical intercloud distance 
predicted by the McKee & Ostriker (1977) model for the warm 
envelopes of interstellar clouds, ^ ^ 12 pc. One can see that A 
is in general higher than Àw, the departures from the predicted 
value becoming significant beyond about 70 pc. The lack of 
detection of new interstellar components, in spite of the high 
S/N ratio of our optical spectra, is consistent with the three- 
dimensional distribution of the gas discussed in § 4.2. 

0 Cen 
77 Cen 

<• Cen 

HD119921 

HD 129685 

20 - 0 Cen 
0 Cen 

r (pc) 
Fig. 4.—The average intercloud distance, À = r/nc, as a function of the 

distance to our stars. The dashed line represents the predicted intercloud 
distance between the warm envelopes of interstellar clouds, according to the 
model of McKee & Ostriker (1977). 

4. ANALYSIS OF THE ULTRAVIOLET DATA 

4.1. Equivalent Widths and Column Densities 
In Table 5 we list the equivalent widths of interstellar lines 

measured in our WE spectra. Laboratory wavelengths and 
oscillator strengths,/, are from Morton & Smith (1973), except 
where indicated. When more than one spectrum was available 
for a given line of sight, we measured Wx from the best exposed 
spectrum in the spectral range of interest. The multiple com- 
ponent structure observed in Ca n and Na i is not resolved at 
the spectral resolution of the WE spectra (FWHM ^ 20 km 
s-1). The data for i¡/ Cen and </> Cen are not listed in Table 5 
because the optical spectra of these two stars show two or even 
three components of comparable intensity which fall within 
one WE instrumental profile. Also i Cen is excluded from the 
table, because its relatively low rotational velocity prevented 
us from disentangling interstellar lines from stellar features. All 
the other lines of sight show a prominent absorption in the 
optical, sharing Crutcher’s velocity, plus a weaker absorption, 
generally associated with the P component of LVF. We assume 
that the UV absorptions in these lines of sight (HD 119921, £ 
Cen, rj Cen and HD 129685) are essentially due to the strongest 
Crutcher component, with a negligible contribution from the 
nearby weaker component. An inspection of the high- 
resolution UV profiles of £ Cen and rj Cen obtained by means 
of the Copernicus satellite (Wisconsin Astrophysics, n. 156) 
confirms the presence of a single component along these two 
lines of sight. 

In Table 6 we give the column densities, N (atoms cm-2), 
and micro turbulence parameters, b (km s-1), for the UV 
species. Mg n column densities are not considered, owing to 
the large degree of saturation of the Mg n doublet. For the 
singly ionized species the h-values were obtained from the best 
fits of Fe ii, Si ii and S ii, and adopted for Zn n. The uncertainty 
on the h-value does not affect severely the Zn n column den- 
sities, given the low degree of saturation (if any) of the Zn n 
doublet. For Mg i we estimated the h-values indirectly from 
those derived from the line broadening of Na i and Ca n lines. 
An uncertainty of ± 1 km s-1 in these h-values was adopted 
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TABLE 5 
Interstellar Lines in the Ultraviolet Range 

Ion References 
HD 119921 CCen rj Cen 

W2 

HD 129685 
W2 

Mg i . 

Mg ii 

Sin .. 

Su 

Fen 

Znn . 

2025.824 
2852.127 
2795.528 
2802.704 
1260.421 
1304.372 
1526.708 
1808.012 
1250.586 
1253.812 
1259.520 
1608.451 
2343.496 
2373.736 
2382.038 
2585.876 
2599.396 
2025.512 
2062.016 

0.110 
1.77 
0.592 
0.295 
1.16 
0.10 
0.116 
0.0041 
0.00535 
0.0107 
0.0159 
0.062 
0.108 
0.0395 
0.328 
0.0573 
0.203 
0.412 
0.202 

<11 
53 (i‘l) 

371 ( + 19) 
304 (ii|) 
BS 
BS 

131 (±20) 
42 (±9) 

<46 
45 (±11) 
62 (±25) 
73 (±18) 

139 (±37) 
111 (±42) 
200 (±31) 
170 (±33) 
220 (±24) 

46 (±8) 
25 (Í70) 

<13 
33 (t\l) 

289 (±15) 
289 (±17) 
172 (±33) 
93 (±18) 

127 (±20) 
20 (±14) 
44 (±12) 
60 (±14) 
62 (±9) 
49 (±10) 

150 (±45) 
80 (±27) 

208 (±28) 
123 (±25) 
181 (±13) 
32 (±6) 

<18 

<13 
49 (±17) 

267 (±14) 
246 (±13) 
156 (±10) 
103 (±18) 
117 (±15) 
30 (±10) 
63 (±8) 
72 (±12) 
94 (±9) 
65 (±16) 

111 (±22) 
<95 
149 (±26) 
91 (±30) 

174 (±23) 
25 (±7) 
S 

<15 
64(í}§) 

305 (±21) 
210 (±16) 
BS 

<129 
103 (±16) 
30 (±10) 
BS 
BS 
BS 
71 (±12) 

147 (±25) 
92 (±20) 

153 (±29) 
148 (±17) 
159 (±23) 
36 (±8) 
16 Cl?) 

Notes.—BS: Bad subtraction of the background in the IUE image. S: Strong photospheric absorption. 
References.—(1) Morton 1978; (2) de Boer, Jura, & Shull 1987; (3) Shull, Van Steenberg, & Scab 1983. 

and propagated in the error analysis of the Mg 1 column den- 
sities. 

4.2 Depth Distribution of the Gas 
In Figure 5 we plot the H 1 column densities as a function of 

the distance to the background star, r, in the field under inves- 
tigation (filled symbols). The H1 column densities are not avail- 
able for our targets, with the sole exception of rj Cen (NH, = 
20.11 ; Bohlin et al. 1983), and were derived indirectly from the 
column densities of other ions. For 0 Cen we converted iVMgII 
(Genova et al. 1990) into NHl by using a magnesium depletion 
of —0.4 dex (Murray et al. 1984). For our targets we converted 
iVzn h into Nh , by means of the relation given by Harris & Mas 
Hesse (1986). In the case of 0 Cen we derived ArZnII from the 
equivalent width of the Zn 11 unsaturated absorption at 2062 Â, 
Wx = 26(± 10) mÂ. For the sake of comparison we include also 
p Cen (/ = 314°, h = +19°, r = 120 pc) which has a direct VHI 
measurement (Bohlin et al. 1983). 

In spite of the uncertainties inherent in the conversions to 
WHI, two facts are clear from Figure 5: a strong increase in 
Nni between 15 and 65 pc, and an approximately constant 
value at larger distances. These facts can be explained well in 
terms of the schematic representation of the Local Bubble and 
of the Loop I Bubble sketched by Iwan (1980) and by Cox & 

Reynolds (1987). According to this scenario, a wall of neutral 
gas separates the Local Bubble from Loop I Bubble, the 
nearest side being in the direction / ^ 330° and b ^ 20°. The 
stars in front of the wall should be located within the Local 
Bubble and should show a low interstellar absorption (log 
NHl < 18). This seems to be the case of 6 Cen. The stars 
beyond the wall should present an increase in NH,, followed by 
an approximately constant value due to the fact that the lines 
of sight are entering the Loop I Bubble. Our results confirm 
the validity of this scenario, and provide stringent limits 
(d = 40 ± 25 pc) to the distance to the nearest side of the wall 
in the field 310° </ < 330° and 15° < h < 25°. This distance is 
about one-half of that suggested by Iwan (1980), but very close 
to that presented by Cox & Reynolds (1987). This kind of result 
is important for testing models which reproduce the soft X-ray 
emission background in terms of thermal emission from 
nearby gas (Snowden et al. 1990). 

As it was already noted by Iwan (1980), the wall of neutral 
gas has a column density NHl æ 1021 cm-2 in the region of 
Galactic coordinates 330° < / < 30° and 0° < b < 40° adjacent 
to our field. In Figure 5 we plot the published ATH, values in 
this longitude range (empty symbols), confining our attention to 
the same strip of latitudes of our field (15° < h < 25°). One can 
see that for these lines of sight there is an increase of NH, by 

TABLE 6 
Logarithmic Column Densities and 6-values from the Ultraviolet Data 

HD 119921 C Cen rj Cen HD 129685 

Column log N b log N b log N b log N b 

Sin   14.65ÍH2 7.2 14.25ÍH3 9.0 14.46ÍS;?? 7.8 14.49!^ 5.8 
S11   14.68 í 7.2 15.06íg;?í 5.0 15.23^?;^ 6.6 
Fen   13.99íg;¿í 7.2 13.72í§;?2 7.8 13.88íg}| 5.2 14.08í<>-?¿ 5.4 
Zmi  12.57í°;í° ... 12.41ÍHJ ••• 12.27^ ... 12.42ÍH? 
Mgi  H.91ÍS;Í? 2.6 1L51ÍH? 3.6 U.7lt^6

3 4.3 12.42í^? 2.0 
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21 

20 

is 
Ö0 

19 

18 

Fig. 5.—Distribution of interstellar H i column densities as a function of 
distance in the strip of Galactic latitudes 15 < b < 25 toward the center of 
Loop I. Filled symbols: stars within the Galactic longitude range 
310 </ < 330 investigated in this work. Empty symbols: stars within the adjac- 
ent longitude range 330 < l <30. Squares: our data (see text). Filled triangles: 
data from Bohlin et al. (1983). Empty triangles: data from Bohlin, Savage, & 
Drake (1978). Hexagon: data from Shull & Van Steenberg (1985). For the sake 
of homogeneity, the distances to all the stars have been computed by adopting 
the criteria mentioned in § 2. 

almost one order of magnitude higher than in our field. The 
distance to the nearest side of the wall is within ^ 90 pc in this 
field. 

On the basis of the above discussed three-dimensional dis- 
tribution, it is clear that the strong absorptions observed at 
Crutcher’s velocity in our optical spectra must be produced by 
the gas located between the Local Bubble and Loop I Bubble. 
This confirms our suggestion, advanced in § 3.2, that the bulk 
of the absorptions observed in HD 119921, </> Cen and ij/ Cen 
are not produced by the nearby (d < 5 pc) component A of 
LVF. It is also unlikely that the absorption seen in £ Cen is 
produced in the nearby (d < 20 pc) component I. 

5. PHYSICAL STATE OF THE GAS 

Ratios of interstellar atoms/ions involving trace species, 
such as Na i and Mg i, are very sensitive to the physical state of 
the absorbing clouds. In Table 7 we show the values of some 
ratios, obtained by combining optical and UV column den- 
sities under the assumption that each of the four lines of sight 
considered here intercepts essentially a single interstellar com- 
ponent (§ 4). One can see that the ratios are higher in £ Cen and 
r¡ Cen than in the other two lines of sight, and this is clear in 
particular for the Zn n/Na i ratio. We interpret the differences 
in the Zn n/Na i ratios as due to an ionization effect rather 
than to an abundance effect. In fact, zinc and sodium deple- 
tions are quite constant in the interstellar space (Harris & Mas 

ß Cen A 
HD119921 VCen ■ A 

Cen ■ ■ 
HD129685 

<p Cen 

r (pc) 

TABLE 7 
Ionization Ratios 

HD Name Zn n/Na i Mg i/Na i Zn n/Mg i 

119921  21 Ct) 4.6 (^;?) 4.6(11:1) 
121263  Ç Cen 85(í}2) 10.7 (±1.0) 7.9(í};¿) 
127972  t¡ Cen 78 (í|¡) 21.4 (±4.0) 3.6(ÍJ;J) 
129685  7.8 (ífj) 7.8 CJ1) 1.0 (^i) 

Hesse 1986; Phillips, Pettini, & Gondhalekar 1984). Also, since 
Zn ii is the dominant ionization state of zinc, we interpret the 
differences in the Zn n/Na i ratios as due to variations of the 
sodium ionization balance, possibly induced by temperature 
variations. This qualitative conclusion will be confirmed in the 
following paragraphs, where we compare in a quantitative way 
the observed Mg i/Na i and Zn n/Mg i ratios with the theoreti- 
cal ones. 

5.1 The Temperature 
Under the basic assumption of ionization equilibrium, 

Pettini et al. (1977) showed that the Mg i/Na i ratio is quite 
sensitive to the temperature, T, and that it is almost indepen- 
dent of the electron density, ne, and of the interstellar radiation 
field. The ratio is quite constant for T < 7 x 103 K and 
increases rapidly at higher temperatures. We have computed 
the theoretical ratio Mg i/Na i as a function of T by adopting 
an updated set of input parameters with respect to those used 
by Pettini et al. (1977). A similar computation was performed 
by Keenan, Bates, & Catney (1986), without including the 
effect of collisional ionization. From the condition of ioniza- 
tion equilibrium for the element X, one has (see Pottasch 1972) 

nx+ _ rxo + CXo(T)n0 

nxo aX + (^)We 

where FXo is the photoionization rate (s-1), CX0(T) is the col- 
lisional ionization coefficient (cm3 s-1), and ax+(T) is the total 
recombination coefficient (cm3 s_ 1). For the elements with first 
ionization potential less than 13.6 eV, such as Na and Mg, the 
dominant ionization state, even in H i regions, is the singly 
ionized one due to photoionization of the neutral species in the 
energy range below the hydrogen ionization threshold. There- 
fore one can assume nMg ^ nMgII and nNa ^ nNall. From these 
assumptions, and by applying equation (1) to Mg and Na, one 
can derive the following expression : 

^Mgl _ F Mg! x jQáMg-áNa f aMg U(T)J ^Nul + ^Nal(^)Wc~| 
nNaI L^Jcosmic LaNa Il(^) JL^Mgl + ^Mgl(^)neJ 

(2) 

where ôx = log [ÍVx/ÍVh] “ log [x/H]cosmicis the depletion of 
the element X, and [X/H]cosmic is its cosmic abundance. If one 
assumes that the ratio of the volume densities n(X) may be 
equated to the ratio of the column densities N(X), i.e., that the 
different species have the same distribution along the line of 
sight, one can use equation (2) to compute the theoretical Mg i/ 
Na i ratio. The results are shown in Figure 6, for the case of 
equal depletion of Na and Mg. The Mg° and Na° photoioniza- 
tion rates are taken from Keenan (1984), while the collision 
ionization coefficients are from Arnaud & Rothenflug (1985). 
The recombination coefficients for Mg° and Na° are taken 
from Shull & Van Steenberg (1982) and from the computer 
code of Arnaud & Rothenflug (1985), respectively. On the basis 
of the results of Jacobs (1985), we neglect the dielectronic 
recombination for Na+ at low temperatures (T < 25 x 103 K). 
By comparing the charge-exchange rates quoted by Péquignot 
& Aldrovandi (1986) with the typical values of the ionization 
and recombination rates in equation (1), we have checked that 
charge exchange reactions involving magnesium and sodium 
can be neglected. 

The dependence of the Mg i/Na i ratio on the depletion is 
quite critical. In particular, while sodium depletion is quite 
constant in the interstellar gas (Phillips et al. 1984), magnesium 
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Fig. 6.—Theoretical Mg i/Na i ratio as a function of temperature in the 
case of equal depletion for magnesium and sodium. Cosmic abundances are 
taken from Grevesse (1984). The different curves correspond to different values 
of the electron density, indicated in units of cm~ 3. 

depletion shows a range of values which span from almost 
absence of depletion up to about —1.0 dex (Murray et al. 
1984). For our lines of sight we find <5Mg = —0.76 dex for rj Cen 
and <5Mg = —0.63 dex for £ Cen. For the first star we have 
estimated directly <5Mg from the data listed by Murray et al. 
(1984). In the case of £ Cen we have first computed ATHI as 
explained in § 4.2, and then NMg „ from the equivalent width of 
the Mg ii line at 1240 Â (Bohlin et al. 1983), adopting the same 
oscillator strength used by Murray et al. (1984). In both lines of 
sight the magnesium depletion is very close to the average of 
the sodium depletions found by Phillips et al. (1984), öNa ^ 
— 0.7 dex. We assume that also along the other two lines of 
sight (HD 119921 and HD 129685) sodium and magnesium 
have equal depletions. 

In Table 8 we list the temperatures, TMgl/N&u derived from 
the comparison of the observed Mg i/Na i ratios with the 
theoretical curve shown in Figure 6. The errors er have been 
computed by considering the maximum range of TMgI/NaI 
values allowed by (i) an uncertainty of ± 0.2 dex in the deple- 
tions term <5Mg — ôNa, and (ii) the errors on the observed ratios 
listed in Table 7. We find evidence of warm gas in front of £ 
Cen (T ^ 6 x 103 K) and rj Cen (T ~1 x 103 K), and of 
slightly colder gas toward the other two stars. In the direction 
of HD 129685 we derive a more stringent upper limit on the 
temperature, T <2.1 x 103 K, from the line-of-sight velocity 
dispersion of Na i lines (§ 3). The comparison between HD 
129685 (Zn n/Na i - 8; T < 2.7 x 103 K) and £ Cen or rj Cen 
(Zn n/Na i ^ 80; T ~ 6-7 x 103 K), together with our quali- 
tative discussion at the beginning of § 5, suggest that the Zn n/ 

TABLE 8 
Physical Parameters 

^Mg I/Na I €T ne €ne I 
HD Name (xl03K) (xl03K) (cm'3) (cm“3) (cm'3) 

119921  4.6 11} ... ... 0.55 
121263  Ç Cen 6.0 í?;? 0.039 l° °îï 0.25 
127972  tjCen 6.9 í?;? 0.029 l™™ 0.33 
129685   5.4 ll5i   0.39 

Na i ratio is quite sensitive to the temperature. If this is true, 
the relatively low Zn n/Na i ratio found in HD 119921 gives an 
independent indication that the gas along this line of sight is 
colder than that toward £ Cen or rj Cen. 

5.2. The Electron Density 
In order to cast more light on the physical state of the 

absorbing gas, we have investigated the behavior of the Zn n/ 
Mg i ratio as a function of the temperature and electron 
density. From the condition of ionization equilibrium (1) for 
magnesium, and by assuming nZn ^ nZn n and nMg ^ nMg „, it is 
easy to derive the following expression : 

ÜZiül ~ |~x iQôzn - ¿Mg f ,^1 + ^ 
^Mgl L^ëJcosmic L ^Mgll(^)^e J 

From this equation one can express the electron density as 
follows : 

ne - rMg ,^aMg „(T) ^ - CMg .m] > (4) 

where [Mg/Zn]gas = [Mg/Zn]cos^ic x l0áM*-áZn. In Table 8 we 
list the electron densities derived from equation (4) by 
assuming that the ratio of the volume densities, nZn n/nMg,, can 
be equated to the ratio of the column densities, Zn n/Mg i. We 
have considered only the lines of sight of £ Cen and rj Cen, for 
which we were able to significantly constrain the temperature 
from the analysis of the Mg i/Na i ratio. The same ionization 
and recombination rates used for the analysis of the Mg i/Na i 
ratio have been adopted. The collision ionization and total 
recombination rates have been computed at the temperature 
corresponding to each line of sight. As far as the depletions are 
concerned, we derived <5Zn ^ — 0.1 dex fo £ Cen, and ôZn ^ 
—0.4 dex for rj Cen from our Zn n column densities. The 
adopted magnesium depletions are quoted in § 5.1. The errors 
on the electron densities listed in Table 8, ene, have been 
derived by taking into account (i) the error on the observed Zn 
n/Mg i ratio shown in Table 7, (ii) the temperature error eT, 
and (hi) an uncertainty of ±0.1 dex on the depletions. The 
effect of each source of error has been computed separately, 
and the partial errors have been added up in quadrature to 
derive ene. 

It must be noted that the resulting electron densities scale 
linearly with the photoionization rate—as can be seen from 
equation (4)— and could be therefore increased (or decreased) 
if the local radiation field within the absorbing gas were more 
(or less) intense than that given by Gondhalekar, Phillips, & 
Wilson (1980), and adopted by Keenan (1984) in his derivation 
°f rMgI. 

In the last column of Table 8 we list the average hydrogen 
density along the line of sight, nHI = NHl/r. From Figure 5 one 
can see that the bulk of the absorbing gas cannot be extended 
along the line of sight by more than the distance d ^ 50 pc 
beween 9 Cen and HD 129685. The filling factor for this gas, 
/ < d/r, can be used to derive an upper limit to the fractional 
ionization x = nJnHl = fne/hHl. By using the upper value for 
the electron density, ne + e„e, we find x < 0.13 for the warm 
gas in front of £ Cen and x < 0.07 for rj Cen. The fractional 
ionization of this gas is therefore lower than that predicted by 
McKee & Ostriker (1977) for the warm neutral constitutent of 
the ISM, x -0.15. 

The local electron densities derived toward £ Cen and rj Cen 
are very similar to the space-averaged values derived by means 
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of pulsar dispersion measures in the LISM (Reynolds 1990). 
For instance, the electron densities found toward PSR 
0823 + 26 and PSR 0950 + 08 are ne ^ 0.05 cm~ 3 and ne ^ 0.02 
cm-3, respectively. According to Reynolds (1990), the lower 
value of ne toward PSR 0950 + 08 could just be a consequence 
of the relatively high fraction of line of sight within the Local 
Bubble. In fact, the volume density within the bubble is so low 
(n « 10“3 cm-3) that it cannot give a significant contribution 
to the observed column density of electrons. Sciama (1990) has 
advanced a similar explanation for the line of sight toward 
PSR 1451—68 (ne ^ 0.02 cm-3; Bailes et al. 1990), suggesting 
that outside very low-density interstellar bubbles the gas 
responsible for the pulse dispersion should be characterized by 
a local electron density as high as ne ~ 0.05 cm-3. Our local 
electron densities are consistent with such a value of ne and 
therefore indicate that the warm neutral gas, in spite of its 
modest degree of ionization, can contribute significantly to the 
observed electron column densities in the direction of nearby 
pulsars, if it occupies a significant fraction of the line of sight. 

6. SUMMARY AND CONCLUSIONS 

The region of the sky in the range of Galactic coordinates 
310° < / < 330° and 15° < h < 25°, close to the center of Loop 
I, has been investigated in a study of the LISM by means of 
optical and ultraviolet absorption lines. 

We have searched for the interstellar components found by 
LVF within ^ 20 pc of the Sun in the same general direction of 
the sky. We confirm the presence of the component P, with five 
detections in our field. This component is rather patchy, with 
inhomogeneities on a scale of ^0.5 pc. We cannot confirm the 
presence of the other two components, A and O, which accord- 
ing to LVF are located within ^ 5 pc, and of the component 7, 
which lies within ^20 pc. The Na i/Ca n ratio is less than 1 for 
the component P, and we find evidence from literature data 
that this is true also for the components I and A. In agreement 
with what is expected from the Routly-Spitzer effect, these low 
Na i/Ca ii ratios are associated to high-velocity gas (J^sr ^ 20 
km s- ^ at least in the case of the components P and 7. In the 
component 7 this effect is hidden, at first sight, by the low 
projected velocity along the line of sight, but it becomes 
evident if one considers the modulus of the LSR velocity 
vector. 

The most intense absorptions observed in our optical 
spectra are produced in gas flowing according to the simple 
kinematical model suggested by Crutcher (1982). This gas is 
not homogeneous, since it is characterized by a relatively 
broad range of column densities, Na i/Ca n ratios, and tem- 
peratures. The global velocity vector derived by Crutcher 
(1982) must be therefore considered a sort of average of veloc- 
ity vectors of different clumps of gas in the LISM. A similar 
conclusion was advanced by LVF for the nearby clouds 
embedded in the Local Bubble, and is extended here to more 
distant gas located at the boundary of the soft X-ray emitting 
cavity around the Sun. The Crutcher components generally 
have Na i/Ca n ratios greater than 1, indicating that grain 

disruption did not occur, or was very inefficient, during the 
acceleration of this gas up to the velocity of Crutcher’s flow. 

The three-dimensional distribution of the interstellar gas in 
our field has been investigated from an analysis of our UV 
spectra combined with literature data. We find a two orders of 
magnitude increase in the H i column density between 15 and 
65 pc, followed by a rather constant value at larger distances. 
This result constrains the distance to the boundary of the 
Local Bubble in the direction toward the center of Loop I, and 
it indicates that beyond such boundary our lines of sight are 
entering another cavity of very low-density gas. The latter con- 
clusion is confirmed by the lack of new interstellar components 
detected in our optical spectra beyond about 70 pc. The cavity 
beyond the boundary is identified with the Loop I Bubble on 
the basis of the scenario proposed by Iwan (1980) and by Cox 
& Reynolds (1987). Within this framework, the O vi detections 
toward Ç Cen and </> Cen (Jenkins 1978) can be attributed to 
hot gas located either in the Local Bubble or in the Loop I 
Bubble. The three-dimensional gas distribution implied by our 
results supports the model for the production of the observed 
soft X-ray background based on thermal emission (Snowden et 
al. 1990). 

We have combined column densities of UV (Mg i, Zn n) and 
optical (Na i) species to investigate the physical state of the gas 
at the boundary of the Local Bubble intercepted by our lines of 
sight. The temperatures have been estimated by comparing the 
observed Mg i/Na i ratios with the theoretical ones, under the 
assumption of ionization equilibrium. Also the observed Zn n/ 
Na i ratios have been used to obtain some qualitative indica- 
tion on the temperatures. In the case of HD 129685 we have 
used the line-of-sight velocity dispersion of the Na i lines to 
derive an upper limit on T. We find evidence of warm gas in 
front of Ç Cen (T ^ 6.0 x 103 K) and q Cen {T ^ 6.9 x 103 K) 
and of colder gas toward HD 129685 (T < 2.7 x 103 K) and 
probably HD 119921. These temperature values have been 
used to derive the electron density in the warm gas by means of 
an analysis of the Zn n/Mg i ratio, employed here for the first 
time. The resulting electron densities in the directions of £ Cen 
{ne ^ 0.04 cm ~ 3) and Cen ( ^ 0.03 cm " 3), once combined with 
the hydrogen densities in the same lines of sight, allow the 
possibility of a modest ionization fraction (x < 0.1). These elec- 
tron densities are in good agreement with the space averaged 
densities found by means of pulsar dispersion measures in the 
solar vicinity, suggesting that this kind of warm gas is capable 
of giving a substantial contribution to the observed electron 
column densities in the interstellar space, if the warm gas has a 
significant volume filing fraction. 
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balance in the ISM, Prof. D. Sciama for helpful discussions, 
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