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Abstract. We present preliminary results from a long-term
program of mapping the neutral absorption characteristics of
the local interstellar medium, taking advantage of Hipparcos
stellar distances. Equivalent widths of the NaI D-line doublet at
5890Å are presented for the lines-of-sight towards some 143
new target stars lying within 300 pc of the Sun. Using these data
which were obtained at the Observatoire de Haute Provence, to-
gether with previously published NaI absorption measurements
towards a further 313 nearby targets, we present absorption
maps of the distribution of neutral gas in the local interstellar
medium as viewed from 3 different galactic projections. In
particular, these maps reveal the Local Bubble region as a low
neutral density interstellar cavity in the galactic plane with
radii between 65–250 pc that is surrounded by a (dense) neutral
gas boundary (or “wall”). We have compared our iso-column
contours with the contours derived by Snowden et al. (1998)
using ROSAT soft X-ray emission data. Consistency in the
global dimensions derived for both sets of contours is found
for the case of a million degree hot LB plasma of emissivity
0.0023 cm−6 pc with an electron density of 0.005 cm−2. We
have detected only one relatively dense accumulation of cold,
neutral gas within 60 pc of the Sun that surrounds the star
δ Cyg, and note that the nearest molecular cloud complex
of MBM 12 probably resides at the very edge of the Local
Bubble at a distance of∼ 90 pc. Our observations may also
explain the very different physical properties of the columns of
interstellar gas in the line-of-sight to the two hot starsε CMa
andβ CMa as being due to their locations with respect to the
Bubble contours. Finally, in the meridian plane the LB cavity
is found to be elongated perpendicularly to the Gould’s Belt
plane, possibly being “squeezed” by the expanding shells of
the Sco-Cen and Perseus-Taurus OB associations.
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? Tables 1 and 2 are also available in electronic form at the CDS
(Strasbourg) via anonymous ftp to cdsarc.u-strasbg.fr (130.79.128.5)
or via http://cdsweb.u-strasbg.fr/Abstract.html

1. Introduction

The characteristics of the plasma that fills the so-called ‘Lo-
cal Bubble’ (hereafter LB), a large volume of rarefied gas that
surrounds the Sun, are still a matter of much debate. It is be-
lieved that the LB, the possible result of a past supernova event,
is mainly filled with hot gas with a temperature of more than
one million K, and is the source of the ubiquitous soft X-ray
diffuse background emission (Snowden et al. 1998). Although
information on the very diffuse gas clouds embedded in the LB
can easily be obtained through use of high resolution absorption
spectroscopy towards nearby stars (Lallement et al. 1995; Craw-
ford et al. 1997) obtaining information on the distribution and
physical properties of the hot gas is not as straightforward. For
example, it is still uncertain whether the highly ionized species
(i.e. CIV, SiIV and OVI) and the 105 K hydrogen observed to-
wards several nearby stars actually originate in the LB (Gry et
al. 1995; Dupin & Gry 1998; Izmodenov et al. 1999).

Recent ROSAT soft X-ray observations have given rise to
a new controversy about the LB hot gas. Shadows due to some
clouds located outside of the LB have been observed in the
1/4 keV soft X-ray background, implying that a significant frac-
tion of the observed X-ray emission isnot emitted within the LB
but originates in a more distant X-ray emitting hot gas possibly
associated with the galactic bulge and halo (Moritz et al. 1998;
Park et al. 1997). In addition, EUVE observations have led to a
new upper limit for the EUV background intensity which sig-
nificantly constrains the properties of the emitting gas (Jelinsky
et al. 1995). The EUV data imply that either the gas is much
cooler than106 K, or that it is hotbut at the same time it must
be extremely metal deficient. In fact a new model that includes
adiabatic cooling suggests that temperatures as low as 5 x104 K
could be characteristic of the LB gas, whereas classical mod-
els of supernova predict temperatures in excess of one million
K (Breitschwerdt et al. 1996). The existence of the hot gas is
also linked to the ionization state of diffuse clouds in the LB.
The EUV spectra of white dwarfs imply a strong ionization of
helium (stronger than that of hydrogen), in agreement with the
ionization state of the circumsolar interstellar gas suggested by
heliospheric observations (Lallement 1998). It is likely that the
ionization of gas clouds in the LB could be due to an expanding
shock that passed through the solar neighborhood less than one
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million years ago (Lyu & Bruhweiler 1996), or it originates in
X-ray emission from an interface between the hot (bubble) gas
and diffuse clouds (Slavin 1998). However, we note that the sec-
ond explanation is hardly compatible with the already ‘cooled
down’ hot gas scenario.

Furthermore, a still unanswered question is the source of the
strong difference between the pressure of the local interstellar
cloud surrounding the Sun, as calculated from the confinement
of the heliosphere (Lallement 1998), and the pressure of the
hot interstellar gas within 100 pc as deduced from the diffuse
EUV/soft X-ray emission measures (Berghoefer et al. 1998).

At present there are several opinions concerning the possible
history of the structure of the LB that are somewhat contradic-
tory. In one scenario the LB is thought to be an isolated super-
nova remnant cavity that has interacted with the adjacent Loop
I superbubble, which is the volume bounded by the expanding
shell associated with the cumulative stellar winds and super-
novae explosions originating in the Sco-Cen OB association at
a distance∼ 150 pc (Crawford 1991). In this model the Sun lies
within the LB close to an annulus of compressed dense gas that
separates the local hot gas from the 4 million degree gas filling
Loop I (Egger & Aschenbach 1995). A second model describes
the LB as a low density volume that has been sculpted in the
ISM by stellar winds and supernovae explosions associated with
the epochs of star formation in the Sco-Cen association over the
past 15 million years (Breitschwerdt et al. 1996). Some authors
have even questioned the actual existence of a real, isolated LB
cavity surrounded by a wall of matter (Mebold et al. 1998).

In order to begin to answer some basic questions regard-
ing the LB cavity Welsh et al. (1998), hereafter known as Pa-
per I, have used the observed distribution of interstellar sodium
(NaI) absorption within 250 pc of the Sun to infer the proba-
ble contours of neutral gas absorption in the local interstellar
medium (LISM). Using absorption measurements towards 273
stars, contours of the LB (neutral) boundary were constructed to
reveal a neutral gas-free cavity (presumably filled with hot LB
gas) of radius 70 pc in most galactic directions, and extending
to ∼ 200 pc in one particularly low density direction (towards
β CMa). This NaI survey of the LISM was carried out mainly
using stellar targets of spectral type B with a visual magnitude
brighter than V = 5.0, and hence due to the inherently limited
number of directions sampled the very detailed contours of the
neutral boundary (‘wall’) to the LB still remain uncertain, par-
ticularly in regions of high galactic latitude.

Recently the Hipparcos satellite (ESA 1997) has provided us
with considerably improved stellar distance determinations for
a large number of (fainter) A-type stars, and it is now possible to
select many new targets with the aim of sampling more galactic
lines-of-sight within 300 pc such that the absorption structure of
the LISM, and in particular the neutral gas absorption boundary
to the LB, can be diagnosed with far greater accuracy. Kinematic
studies of the absorption properties of the local interstellar gas
can clearly aid in defining the structure of the LB cavity. Such
information can be gained from high resolution absorption spec-
troscopic observations towards nearby early-type stars, but thus
far detailed observations have been performed for only several

limited regions of the sky. While motions of the nearby gas (20 to
150 pc) from the fourth galactic quadrant have been interpreted
as compression of the LB boundary by the expansion of the Sco-
Cen/Loop I Bubble (Crawford 1991), the interstellar gas in the
first galactic quadrant has apparently a far more complex kine-
matical structure (Genova et al. 1997), and the kinematics of
the whole of the galactic anti-center hemisphere are still badly
known. Clearly, more refined measurements of the location and
velocity field of the dense (neutral) gas within the first 150 pc
should provide meaningful constraints on the nature of the dis-
tribution of the hot gas (cavity) within the LISM, allowing us to
provide greater constraints on current theoretical models of the
LB.

In mid-1997 we started a long-term project of NaI absorp-
tion measurement lines-of-sight in the LISM using the Hippar-
cos distance data set. In this Paper we report on the preliminary
findings of a sub-set of these high resolution NaI absorption
observations towards 143 newly observed lines-of-sight. Com-
bining these new results with some of the absorption data re-
ported in Paper I (253 stars) and other recently published NaI
data (60 stars), we present measurement of the D2-lines equiva-
lent widths towards a grand total of 456 stars, which represents
a 70% increase in the number of lines-of-sight previously sam-
pled in the LISM. We believe, however, that the corresponding
improvement in the contour definition is far greater than this
value because we have gradually introduced interactivity in the
target selection and observation process, i.e. when a target star
has been observed and reveals a very small (or large) column
density, it is easy to use lists of potential targets prepared in
advance to select new targets at larger (or smaller) distances.
Target selection was performed prior to, and also during the
observing nights, and increases the efficiency of the search for
the LB boundary. Using these new observations we have pro-
duced preliminary maps of the distribution of neutral sodium
absorption out to a distance of 300 pc viewed using three dif-
ferent galactic projections. From these maps we have been able
to better define the contour of the neutral absorption boundary
to the LB cavity, and in addition these maps reveal both small
and large-scale neutral interstellar gas features that may help in
interpreting the past history of this region of galactic space.

2. Observations and data reduction

Observations of the two interstellar NaI D-lines at∼ 5890Å
were obtained on 3 observing runs between August 1997 and
March 1998 using the echelle grating of the Aurelie spectro-
graph at the 1.52m telescope of the Observatoire de Haute
Provence (France). Sight-lines were sampled using the criteria
that stars possess: (i) a Hipparcos parallaxπ and an associated
relative parallax errorσ(π)/π ≤ 0.3, (ii) a Hipparcos distance≤
300 pc, (iii) a spectral type earlier than A9V, and (iv) a rotational
velocity> 30 km s−1, and (v) preferentially a galactic position
and a distance which help to fill gaps in the data presented in
Paper I. Table 1 gives values for target HD numbers, galactic
longitude and latitude, spectral type, magnitude and distance (in
pc). These data were compiled using the SIMBAD data retrieval
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Table 1.List of objects observed at OHP with their associated Wλ(D2)
mÅ .

StarHD l b d(pc) Sp. Type V Wλ(D2)
mÅ W λ(D1)

mÅ

1083 113.1 -34.9 126 A1Vn 6.35 4.4 < 3.5
2913 114.5 -55.6 81 B9.5V 5.69< 3.5 < 3.5
3240 120.7 -8.6 155 B7III 5.08 26.6 13.2
4636 122.5 -11.9 119 B9III 4.9 11.4 4.7
5267 124 -43.7 113 A1Vn 5.8 29.7 17
5394(∗) 123.6 -2.1 188 B0IVe 2.15 79.7 41.3
6658 126.1 -18.8 60 A3m 5.04 < 3.5 < 3.5
6811 126.1 -15.5 226 B7III 4.26 147.4 110.9
6829 124.7 6 97 A0Vnn 5.32 < 3.5 < 3.5
6960 125.1 1.4 126 B9.5V 5.56 22.7 12
7804 135.6 -58.6 67 A3V 5.13 < 3.5 < 3.5
10205 132.9 -21.3 209 B8III 4.96 56.4 31.7
10250 127.2 8.2 86 B9V 5.18 19.6 12.4
10390 134.5 -26.5 79 B9IV-V 5.63 6.2 < 3.5
11291 132.6 -10.9 151 B9p... 5.7 37.5 24
11415 129.8 1.6 135 B2pvar 3.35 33.9 18.9
11946 130.2 2.7 79 A0Vn 5.29 < 3.5 < 3.5
18411 148 -16.9 100 A2Vn 4.68 < 3.5 < 3.5
18543 179.8 -51 98 A2IV 5.22 < 3.5 < 3.5
18633 179.7 -50.6 102 B9.5V 5.56< 3.5 < 3.5
20150 162.4 -30.6 104 A1V 4.87 < 3.5 < 3.5
21427 141.9 2.5 103 A2V 6.14 < 3.5 < 3.5
23850(∗) 167 -23.2 117 B8III 3.62 70.1 59.8
26677 183.9 -29.2 93 A2m 6.52< 3.5 < 3.5
26912(∗) 184.2 -28.9 133 B3IV 4.27 125.7 115.3
27638 171.5 -16.7 82 B9V 5.38 5.3 < 3.5
27820 185.1 -26.9 122 A3V 5.1 41.4 31.5
28149 174.3 -17.7 127 B7V 5.53 65.5 47.5
29459 174.4 -14.1 111 A5Vn 6.21 39.8 19.6
29646 172 -11.6 103 A2V 5.73 6.4 3.5
32608 169.5 -3 82 A5V 6.49 25.4 13.7
32630 165.4 0.3 67 B3V 3.18 4.7 < 3.5
34203 191.3 -15.3 113 A0V 5.52 32.3 20
34452 172.9 -2.1 137 A0p... 5.38 12.1 7
34904 167.3 2.6 92 A3V 5.54 57 39.3
36162 189.7 -10.2 106 A3Vn 5.93 63.8 44.7
36777 200.4 -15.3 106 A2V 5.32 4.4 < 3.5
38545 192.6 -7.1 130 A3Vn 5.72 34.1 16.4
39662 195.9 -7 94 A2V 6.59 < 3.5 < 3.5
40312 174.3 6.7 53 A0psi 2.65< 3.5 < 3.5
42824 210.7 -9.7 145 A2V 6.62 18 8
43812 155.4 19.5 129 A3V 6.05 6 < 3.5
44472 144.1 23.6 170 A4V 6.03 9.5 6.3
45105 167.4 15.9 96 A0V 6.55 18.2 6.8
45380 216.9 -8.9 125 A0Vn 6.35 < 3.5 < 3.5
45542 192.4 4.3 154 B6III 4.13 80 43.3
45720 174.8 13.3 164 A0 6.66 126.9 90.5
46089 200.4 1 65 A3V 5.22 < 3.5 4
46590 158.6 20.6 99 A2V 5.87 9.6 7
50973 171.6 19.9 69 A2Vn 4.9 < 3.5 < 3.5
54801 190.5 16 120 A4IV 5.75 24.7 17.3
56221 177.1 22.1 82 A5Vn 5.87 < 3.5 < 3.5
57103 162 26.4 144 B8V 5.8 98.7 63.4
57744 195.4 17 96 A1V 6.17 18.3 9.9
59169 261.4 -15.1 118 G3IV/V 9.86 13.6 7
60107 203.2 16.3 115 A1Vn 5.27 19 9.4
61497 158.5 29.5 73 A3IVn 4.93 13.6 8
63586 162.7 30.6 135 A0Vn 6.36< 3.5 < 3.5
66824 176.8 31.5 145 A1V 6.35 29 15
71150 196.6 31.8 85 A3V+... 6.3 < 3.5 < 3.5
72359 215.3 27 166 A1V 6.48 113.7 84.6
72524 186 35.6 98 A2Vnn 5.76 24.6 18
74521 216.7 29.7 125 A1p... 5.63< 3.5 < 3.5
89774 224.5 53.2 146 A1V 6.16 139.7 116.7
91636 236.3 52.9 142 A2V 5.67 42.7 27.4
96738 213.3 66.8 125 A3IV 5.7 < 3.5 < 3.5
100740 251.6 65.9 122 A4Vn 6.57< 3.5 < 3.5
104321 270.3 66.2 109 A5V 4.65< 3.5 < 3.5
107655 231 83 100 A0V 6.21 < 3.5 < 3.5
111133 299.9 68.8 161 A0spe... 6.31< 3.5 < 3.5
111308 299.6 76.4 125 A1V 6.47< 3.5 < 3.5
111421 124.2 68.7 142 A6m 6.25 5.6 < 3.5

StarHD l b d(pc) Sp. Type V Wλ(D2)
mÅ W λ(D1)

mÅ

113865 64.1 86.2 108 A3IV 6.51 < 3.5 < 3.5
115995 320.3 64.8 125 A3V 6.26 10.8 7
119537 326.1 55 127 A1V 6.51 141.5 111.5
121996 17 73.8 147 A0Vs 5.76 18.1 8.9
124931 340.3 53.4 166 A1V 6.15 37.3 23
130557 353 50.2 108 B9Vsvar... 6.15 16.4 9.5
132742 348.9 42.5 93 B9.5V 4.91 15.4 7
138764 356.1 36.4 107 B6IV 5.16 90.2 55.2
141851 5.2 37.2 49 A3Vn 5.09 < 3.5 < 3.5
145607 3.9 29.7 77 A4V 5.43 ∼ 30(!) ∼ 15(!)

145622 110.9 35.4 178 A3V 5.73 16.2 7
145876 8.3 32.2 84 A5 6.96 < 3.5 < 3.5
148207 17 33.1 113 A0 6.66 37.4 20.7
148857(∗) 17.1 31.8 51 A2V 3.82 < 3.5 < 3.5
149911 10 25.7 126 A0pe... 6.05 108 97.1
150378 20.8 30.9 93 A1V 5.77 19.8 10.8
151862 31.5 32.9 88 A1V 5.91 7.1 < 3.5
154145 19.7 23.7 95 A2 6.7 57.4 32.2
154445 19.3 22.9 235 B1V 5.63 215 176.7
154895 19.5 22.3 83 A3V 6.06 91.1 64.6
155103 59.3 35.6 54 A5m 5.41< 3.5 < 3.5
156247(∗) 22.7 21.6 186 B5Vnn 5.89 168.6 141.9
156729 61.3 33.9 55 A2V 4.64 < 3.5 < 3.5
159139 52.1 28.9 84 A1V 5.66 7.5 < 3.5
159170 18.6 14.5 48 A5V 5.61 12.5 < 6(!)

161693 81.5 31.4 127 A2V 5.75 46.1 32.2
162579 78.1 30.3 67 A2V 5.02 7.18 < 3.5
164577 28.4 11.6 81 A2Vn 4.42 57.8 36.6
169702 67.3 21.8 135 A3IVn 5.11 23.5 13
170000 101.9 28 89 A0p(Si) 4.22< 3.5 < 3.5
170073 87.9 26.4 58 A3V 4.98 < 3.5 < 3.5
171301 59 17.1 112 B8IV 5.47 39.1 34
174262 50 9.2 86 A1V 5.89 < 6(!) < 3.5
174602 62.4 14.5 73 A3V 5.22 < 3.5 < 3.5
178207 83.8 19.6 107 A0Vn 5.4 < 3.5 < 3.5
180317 54.5 4.5 97 A4V 5.65 47.3 35.7
187235(∗) 73 6.6 150 B8Vn 5.83 43.4 25
187362 56.5 -3.4 100 A3V 5.01 < 3.5 < 3.5
188350 40.5 -13.9 106 A0III 5.6 217.9 192.6
193369 75 0.6 60 A2V 5.58 9 4.8
193472 55.6 -12.7 90 A5m 5.96 8.5 4
195050 77.3 0 83 A3V 5.63 16.2 6.6
196180 58.6 -15.2 70 A3V 4.64 < 3.5 < 3.5
196740 67 -10.3 151 B5IV 5.06 13.5 5.8
198069 52.8 -22.5 157 A0V 5.57 34.6 14.5
199254 59.8 -20.4 61 A4V 5.54 < 3.5 < 3.5
201908 112.4 20.2 126 B8Vn 5.91< 3.5 < 3.5
203535 89.9 -2.2 89 A2 6.73 < 3.5 < 3.5
204414 77 -16.6 56 A1V 5.39 < 3.5 < 3.5
205314 93.6 -1.2 146 A0V 5.77 < 3.5 < 3.5
205835 87.6 -8.8 63 A5V 5.04 < 3.5 < 3.5
206774 87.1 -11.2 84 A0V 5.69 33 16.3
209409(∗) 57.4 -42.7 117 B7IVe 4.74 103.2 83.7
209833 84.5 -21.3 93 B9Vn 5.69 28.7 16.3
211211 94.8 -11.2 86 A2Vnn 5.72 100.6 81
212710 120.2 24.1 78 B9.5Vn 5.27< 3.5 < 3.5
213323 91.3 -21.5 125 B9.5V 5.64 127.6 84.4
213660 95.9 -15.7 193 A6V 5.88 134.5 108.9
214546 72.5 -45 88 A3 6.82 30(!) 25
214734 108.8 4.4 98 A3IV 5.19 < 3.5 < 3.5
216735 80.8 -44.3 87 A1V 4.91 45.3 26.2
216831 98.3 -20.9 256 B7III 5.73 185.7 157.7
220061 97.5 -34.6 51 A5V 4.58 < 3.5 < 3.5
220599 102.5 -27 155 B9III 5.56 52.8 33.5
221253 112.5 -2.7 176 B3IV 4.89 142.2 122.1
222304 111.3 -10.8 120 B9V 5.35< 3.5 < 3.5
222602 94.4 -51.7 104 A3Vn 5.89 131.1 100.5
222922 110.4 -17.5 152 A0 6.93 28.8 15.1
223274 117 5.7 91 A1Vn 5.05 22.2 14
223386 115.2 -1.9 105 A0V 6.33 9.6 4.6
223438 92.6 -58.1 82 A5m 5.77 32.6 20.2

Note:(*) Redundant observations with Paper I.
(!) Low S/N – Measurement uncertain.
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b) Fig. 1. Plots of the D2 and D1 absorp-
tion raw spectra (solid line); computed syn-
thetic spectrum used for telluric absorp-
tion correction (dash line); remaining water
corrected stellar spectrum (bold). Plot 1(a)
HD174602, 1(b) HD171301.

system of the Astronomical Data center in Strasbourg(France)
and the on-line Hipparcos catalog (ESA 1997).

The spectral resolution of the interstellar observations was
checked against that of a Th-Ar calibration lamp, resulting in
R = 100,000 (3 km s−1). All spectra were well exposed with
signal-to-noise ratios typically in excess of 30.

The data were reduced using IGOR (Wave Metrics) soft-
ware routines that account for the division by a flatfield and
background light subtraction. The numerous telluric water va-
por lines that contaminate the spectra around the NaI lines were
removed using a computed synthetic atmospheric transmission
spectrum described in Lallement et al. (1993) which is automat-
ically performed by a single routine created in the context of the
IGOR Software. Synthetic spectra are calculated according to
a spectroscopic data bank, adjusted for the specific observation
(i.e. altitude of the observer, amount of atmospheric water vapor
absorption), and convolved with the instrument profile to finally
divide the stellar spectrum by the computed telluric absorbing
profile.

Since the rest wavelengths of the numerous telluric lines
are very accurately known, these were used to establish a wave-
length scale (accurate to± 0.2 km s−1), which was subsequently
corrected to produce heliocentric wavelengths. The resultant
spectra were then fitted with a high order polynomial to estab-
lish a local stellar continuum level. The equivalent widths (Wλ)
of the D2 and D1 lines were then measured and their values
listed in Table 1. Typical errors on the measured (Wλ) were±
5%. Although we report only the NaI equivalent widths in this
preliminary paper, subsequent papers will present the individual
gas cloud component column densities and velocities obtained
from detailed fitting of these interstellar absorption line profiles.

As an indication of the quality of the recorded spectra and
the efficacy of the telluric line removal process, in Fig. 1a we
show the raw D2 and D1 absorption spectra recorded towards
the star HD 174602, together with the computed synthetic spec-
trum used for telluric absorption correction of the raw data. After

division by this synthetic spectrum we show the remaining stel-
lar spectrum that reveals no detectable interstellar D2 and D1
absorption lines. In contrast to this situation, in Fig. 1b we show
the strong interstellar D2 and D1 lines observed towards the
star HD 171301, with D2 and D1 equivalent widths respectively
equal to 39 and 34 m̊A. We have made conservative estimates of
the strength of a potential absorption feature for a typical target
showing no absorption line at a level of greater than 2σ above
the rms value of the local continuum, at a position± 50 kms−1

from the rest wavelength of the D2 or D1 lines. For a typical
observation (such as HD174602) in which telluric contamina-
tion is not severe, this resulted in an equivalent width detection
upper limit of< 3.5 mÅ for the D2 line.

The resultant interstellar NaI profiles for the remainder of
our target stars will be presented (together with their profile fit
parameters) in a future publication (Sfeir 2000)

3. Other published data

In order to maximize the number of line-of-sight measurements
of NaI in the LISM, we have added the following NaI absorption
data to our present sample: (a) we have included NaI D2-line
equivalent widths towards 253 lines-of-sight from Paper I, and
(b) we have added the NaI equivalent width data listed in Table 2
which is a compilation of high resolution absorption measure-
ments towards 60 stars that have been published in the literature
subsequent to those listed in Paper I. Our selection of these addi-
tional lines-of-sight is restricted to those stars with a Hipparcos
distances≤ 300pc andσ(π)/π ≤ 0.30.

In order to assign values for lines-of-sight to stars that have
only NaI column density and no corresponding NaI D2 equiv-
alent width, Wλ (D2), reported in the literature, we have con-
structed an “empirical” curve-of-growth using the NaI mea-
surements for a sample of 440 stars as presented in Penprase
(1993) and Welsh et al. (1994). For lines-of-sight with Wλ(D2)
< 20 mÅ (i.e. log N(NaI)< 11.1 cm−2 where N(NaI) is the to-
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Table 2.Other published NaI observations post Paper I.

StarHD Name l b d(pc) Wλ(D2) Wλ(D1) logN(NaI)T OT Ref.

– BD+471474 171.7 27.6 163 125 98 > 12 (9)
6882 ζ Phe 297.8 –61.7 86 < 4.5 – < 10.39 (1)a,c

10144 α Eri 290.8 –58.8 44 < 2.4 – < 10.11 (1)a,c

14034 – 195 –69 201 110 81 > 11.9 (9)
14139 – 188.7 –67.4 101 < 10 < 10 < 10.7 (9)
14256 – 190.1 –67.5 142 29 20 11.3 (9)
14613 – 191.8 –67 121 129 122 > 12.08 (9)
14670 – 191.6 –66.8 116 55 52 11.7 (9)
22252 – 282.2 –43.7 261 > 483 – 13.04 (9)a

22449 – 290.4 –38.4 151 < 3.7 – < 10.30 (8)a

22488 – 282.3 –43.4 207 167 – 12.57 (8)a

22634 – 281.1 –43.8 110 < 3.7 – < 10.30 (8)a

23509 – 281.4 –42.8 214 > 483 – 13.17 (8)a

25938 – 285.2 –38.8 101 145.2 – 12.45 (8)a

26109 – 284.1 –39.1 234 129 – 12.37 (8)a

26594 – 287.2 –37.3 229 225 – 12.77 (8)a

29769 – 285.3 –35.7 148 87.4 – 12.04 (8)a

34085 β Ori 209.2 –25.2 237 50.1 – 11.6 (1)a

36486 δ Ori 203.9 –17.7 281 70.4 42.6 – (6)b

37742 ζ Ori 206.5 –16.6 251 164.7 137.1 – (6)b

38771 κ Ori 214.5 –18.5 221 149.3 117.5 – (6)b

58520 – 171.7 25.4 114 < 5 < 5 < 10.7 (9)
59975 – 170.1 26.8 214 72 70 11.82 (9)
60653 – 173.7 26.7 223 145 121 > 12.08 (9)
65575 χ Car 266.7 –12.3 119 < 3 – 10.2 (1)a,c

74575 α Pyx 255 5.8 259 75.7 – 11.92 (1)a

101075 – 135.5 51.1 237 227 190 – (2)
102355 – 136 54.1 114 31 15.2 – (2)
107273 – 129.3 54.4 184 11.2 6.5 – (2)
112091 µ2Cru 303.4 5.7 111 62.9 – 11.77 (4)a

112092 µ1Cru 303.4 5.7 116 49.4 – 11.59 (4)a

118716 ε Cen 310.2 8.7 115 < 3 – < 10.2 (1)a,c

140873 25 Ser 5.5 39 125 139.3 120 – (5)
141569 – 4.2 36.9 99 188 – 12.65 (3)a

142630 – 341.3 14.8 60 6.4 2.2 – (5)
144708 11 Sco 359.4 27.9 131 160.8 140 – (5)
144844 – 350.7 20.4 131 165 146.7 – (5)
145482 13 Sco 348.1 16.8 143 40.4 23.5 – (5)
145502 µ Sco 354.6 22.7 134 235.4 201.9 – (5)
147971 ε Nor 336 1 123 225 – 12.76 (1)a

150462 – 57.7 41.2 177 15.5 – 11 (8)a

151749 – 60.6 39.9 154 73.9 – 11.9 (8)a

153613 – 352 6 151 12.3 7.1 – (5)
157841 – 16.8 15.7 175 > 483 – 13.8 (3)a

157955 – 357.2 2.9 184 181.6 168.6 – (5)
159532 θ Sco 347.1 –6 83 68.8 41.4 – (6)b

172910 – 359.8 –14.1 138 62.3 63.8 – (5)
178125 18 Aql 44.5 1.6 156 83.2 68.7 – (5)
180555 – 48.7 1.2 114 84 58.4 – (5)
181440 27 Aql 35.5 –6.9 156 92 70.6 – (5)
183914 β CygB 62.1 4.6 115 33.3 17.5 – (5)
184597 – 6.8 –23.1 265 184 – 12.62 (7)a

184606 9 Vul 55.4 –0.1 187 76.3 43.9 – (5)
186417 – 9.3 –24.4 234 101.5 – 12.17 (7)a

186500 – 8.3 –24.8 167 145.6 – 12.46 (7)a

189090 11 Sge 55.5 –6.4 124 7.6 3.8 – (5)
189395 – 67.8 0.8 167 26.4 15.4 – (5)
193924 α Pav 340.9 –35.2 56 < 2.2 – < 10.07 (1)a

195554 – 91.9 9.9 275 54.8 32.4 – (5)
196504 27 Vul 68.7 –8.7 94 35.2 23.9 – (5)

a Wλ(D2) derived from N(NaI)T OT ;
b Wλ(D2) derived from Wλ(D1);
c Redundant observationswith Paper I
References:(1) Welsh et al. (1997);(2) Benjamin et al. (1996);(3) Sahu et al. (1998);(4) Meyer & Blades (1996);(5) Genova et al. (1997);
(6) Welty et al. (1994);(7) Lyons et al. (1994);(8) Penprase et al. (1998);(9) Grant & Burrows (1999)

tal column density of NaI absorption) we have checked that
this part is indeed best fit with the linear part of the curve-of-
growth. For 11.1 cm−2 < log N(NaI) < 13.0 cm−2 (i.e. 20<
Wλ(D2)) < 480 mÅ) the empirical data is best fit with a theo-
retical temperature of 10,000 K. This high temperature is due to
the presence of multiple absorption components that cause the

inherent width of the NaI line to be overestimated. From this
empirical curve we read off values for the D2 equivalent width
when only the value of N(NaI) is reported. In the same way,
we have constructed an empirical curve of Wλ(D2) vs Wλ(D1)
from the measurements, checked that this curve is best fit with
the theoretical curve for T=10,000 K, and we read off values
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for the D2 equivalent width when only the value of the D1
equivalent width is reported. Finally, for the few cases of highly
saturated lines-of-sight with reported values of log N(NaI)>
13.0 cm−2 or Wλ(D1) > 220 mÅ,we have assumed Wλ(D2) >
480 mÅ and Wλ(D2) > 240 mÅ respectively.

4. Discussion

The major long-term aim of our program of observations is to
map the detailed distribution and kinematics of neutral inter-
stellar gas within 300 pc. The evacuated Local Bubble region
should thus appear as a cavity in the distribution of the (denser)
neutral gas of the surrounding galactic ISM. We assume that
absorption due to the NaI ion is a good indicator of the total
amount of neutral interstellar gas in a particular line-of-sight.
This assumption is reasonable since NaI generally resides in
“cold” (T < 1000 K) and predominantly neutral interstellar re-
gions (Hobbs 1978). In addition, it has been shown that N(NaI)
is well correlated with the total column density of neutral hydro-
gen, N(H), for values of log N(NaI)> 11.0 cm−2 (Welty et al.
1994; Ferlet et al. 1985). This range of NaI column density (cor-
responding to a D2-line equivalent width of> 20 mÅ) is typical
of interstellar gas with a neutral hydrogen column density of log
N(HI) > 19.3 cm−2, and is representative of the lowest column
density found in interstellar clouds of the cold, neutral medium
described in the standard model of the ISM (McKee & Ostriker
1977). Such clouds typically have a gas density of> 1 cm−3

and a temperature of< 100 K.

4.1. Density – distance plots

A simple understanding of the gross characteristics of inter-
stellar neutral absorption in the LISM can be gained from a
plot of the level of NaI absorption (i.e. Wλ(D2)) versus dis-
tance in pc to the background stellar source. This dependence
is shown in Fig. 2 and we can immediately see that little mea-
surable NaI absorption is detected for distances (in all galactic
directions) up to∼ 75 pc. Infact, from all 84 lines-of-sight sam-
pled with distances less than 70 pc, we have detected only 3
stars (δ Cyg, 2 Cet and HD 129685) with a value of Wλ(D2)
> 15 mÅ. This paucity of detectable neutral NaI absorption for
distances< 70 pc is clear evidence for the existence of a neutral
gas-free cavity (i.e. the Local Bubble).

Although Fig. 2 is helpful in confirming the existence of the
local void, in order to obtain a better insight into the actual 3-D
structure of the LB we need to produce contours of the D2-line
absorption strength as a function of galactic coordinates. To
derive different galactic views of the neutral absorption charac-
teristics of the LISM we have produced contours of the D2-line
equivalent width as a function of the stellar galactic coordinates
projected onto three different galactic planes of reference. Each
of these projections contain the Sun at the center and are de-
fined as follows: (a) a (downward) view of the galactic plane,
(b) a view perpendicular to the galactic plane that contains both
galactic poles and the galactic center, or a view in the local
galactic meridian plane, (c) a view perpendicular to both views
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Fig. 2.Plot of D2 equivalent width (m̊A) versus d(pc) for all target stars
in our database.

(a) and (b) that contains both galactic poles and is perpendicular
to the galactic center direction (i.e.the galactic rotation plane).
In all the plots we use a spherical projection, i.e. the Sun-star
distance in the figure is the real distance irrespective of the angle
above or below the reference plane. In order to reduce projection
errors, only stars whose line-of-sight are less than 18◦ above
(or under) the plane of reference were selected. We have found
that selection by angle is the best compromise to produce a large
enough sample of selected stars and at the same time minimiz-
ing the variations in projection effects. Selection according to
the distance from the projection plane (i.e. stars selected within
a slab of limited thickness) revealed drawbacks for very nearby
stars with large angular offsets from the reference plane and
for very distant stars that would have been useful for defining
the outer contours of the LB (“edge effects”). In future papers
as our total number of lines-of-sight increases we shall be able
to produce alternative plots based on new projection selection
criteria.

We have developed a code in the context of the IGOR soft-
ware which, after selecting stellar targets with the appropriate
galactic projection criteria, uses the Delaunay triangulation to
interpolate the positions of a specified contour trace from the
equivalent width values at each projected star position. In gen-
eral we have used 16 iterations of the interpolation process to get
smooth contours within a reasonable computation time-scale.
Fig. 3, 4, 5 show the resulting Na-D2 equivalent width absorp-
tion contours at 5, 10, 20, and 50 mÅ. As stated earlier, a D2-line
equivalent width of 20 m̊A corresponds to a neutral hydrogen
column density of log N(HI)∼ 19.3 cm−2, and is sufficient to
provide an optical depth of∼ 4.1 to a 200̊A EUV photon. This
amount of absorbing neutral gas would result in the emitted flux
from an EUV source being attenuated by almost 99%, thus es-
sentially defining the viewing horizon for most EUV sources.
This absorption plotting level was used in Paper I to define a
plausible LB boundary, and hence a direct comparison between
our new results can be made.



D.M. Sfeir et al.: Mapping of the Local bubble 791

For soft X-ray 1/4 keV photons that are assumed to originate
in a 1 million degree K plasma, unit optical depth is achieved
with a neutral hydrogen column density of N(HI) = 1020 cm−2.
This corresponds to a saturated D2-line with an equivalent width
of > 50mÅ,and thus this plotting contour could well define the
limit of the contribution of the soft X-ray background radiation
originating in a hot LB region (see Sect. 4.5).

The method of using automatic iso-contours has some limi-
tations, since in some regions the number of neighbouring target
stars used for the triangulation calculation is not optimal and the
contours are not well constrained. Additionally, in order to aid
in the reader’s interpretation of the present isocontours, markers
for the target stars in Fig. 3, 4 and 5 are represented by two sets of
triangles whose plotted size increases with the angle (i.e. 0–9◦

and 9 - 18◦) between the target and the reference plane. Also,
the shape of the triangle (up- or down- oriented) reflects the
location (above or below) the plane. This quasi 3-dimensional
representation allows easier recognition of which gaseous con-
densations are responsible for the derived contours. It should be
recognized that due to the limited number of targets presently
available in any particular sight-line and the fact that the inter-
polation calculation uses targets with an angular spread of up
to ± 18◦ the very detailed variation of the derived LB contours
must be viewed with some caution. In subsequent papers as our
number of target stars increases, and thus their angular spread
decreases, the confidence level of the derived isocontours will
be greater.

4.2. The LISM viewed from above the galactic plane – Fig. 3

Fig. 3 clearly shows a large region surrounding the Sun in the
galactic plane that is deficient in neutral interstellar NaI gas ab-
sorption. Without a local void, the 50 m̊A isocontours would
be 5 times more distant than the 10 mÅ isocontours, which is
clearly not the case in Fig. 3. Where sufficient measurements
exist, the contours of the strength of the D2-line increases from
an absorption level of 5 m̊A to 20 mÅ over a distance of only
∼ 25 pc. In most lines of sight, a D2-line equivalent width of
> 50 mÅ is reached after a further 30 pc. This rapid increase
in absorption confirms the existence of a build-up or “wall” of
neutral gas that surrounds the central regions of the LB void.
Additional evidence for a overall sharp build-up in neutral ab-
sorption strength can be seen in Fig. 2, in which there is an ap-
preciable increase in the measured equivalent widths for most
stars with distances> 75 pc.

This void of neutral gas absorption (which we identify as the
LB) is clearly asymmetric, with a minimum radius of∼ 60 pc in
the direction of galactic longitudel = 0◦ (towards the Galactic
Center) and a maximum extension> 200 pc in thel = 235◦

direction (towards the starβ CMa). More specifically, the closest
approach of the proposed LB neutral boundary in the galactic
plane is towards the direction ofl = 30◦ (towards Ophiuchus),
consistent with the intersection of the X-ray deficient Egger
Ring feature and the galactic plane (Egger & Aschenbach 1995).
We also note the confirmation of an interstellar “tunnel” that
bulges in extent to a distance of∼ 160 pc in the galactic direction

of l = 330◦ b ∼ 12 ◦ (towards Lupus-Norma) as first suggested
by Welsh et al. (1994). We note that the entire region between
l = 300◦ - 350◦ (i.e. Sco-Cen-Lup) which corresponds to the
central area in the middle of the Egger Ring feature, is indeed
very clumpy.

Fig. 3 reveals a single, relatively “dense” accumulation of
neutral gas within 60 pc of the Sun (l = 80◦) which lies close to
the galactic plane (confirmation of this feature can be found in
an alternate view of the LB shown in Fig. 5. This small patch
of denser gas is observed towards the starδ Cyg (d = 52 pc),
and has a column density value of log N(NaI) = 11.43 cm−2.
Using the ultra-high resolution data of of Welty et al. (1996),
we derive a N(NaI)/N(CaII) ratio of 5.2 for this sight line. This
ratio is at least an order of magnitude greater than that com-
monly found for the local “fluff” gas clouds residing in the
LISM (Bertin et al. 1993), and the derived NaI doppler width
parameter of 0.42 km s−1 indicates a gas cloud temperature of
< 220 K (Hobbs and Welty 1991). The existence (and survival)
of such cold gas within the hot, ionized surroundings of the LB
is difficult to explain and clearly merits further observations.

We note a similar (larger) accumulation of dense neutral
gas lying within the LB cavity at a distance of∼ 85 pc in the
direction of galactic longitudel = 95◦ (towards HD 211211)
lying 11◦ below the galactic plane. There are also several small
regions of high (and low) levels of NaI absorption lying at dis-
tances> 100 pc in many galactic directions revealed by Fig. 3
that clearly require further observation to refine their relation-
ship with the presently derived LB contour boundary.

The extension of the very low density neutral cavity in the
direction of the starβ CMa has been well documented (Gry et
al. 1985; Welsh 1991). Although there is sparse NaI data for
lines-of-sight beyond a distance of∼ 200 pc that accurately de-
fines the contour of the LB extension in this direction (i.e.l ∼
240◦), we note that the starκ CMa (d = 242 pc) has a low column
density of log N(NaI)< 10.18 cm−2 whereas bothγ Col (d =
262 pc) andω CMa (d = 283 pc) have higher column densities
of log N(NaI)> 11.0 cm−2 along a similar line-of-sight (Welsh
et al. 1994). Thus, the data suggest that theβ CMa tunnel is
fully absorption bounded (to a level of 50 mÅ) at a distance of
∼ 250 pc, or that it is bounded at a closer distance with some
quite narrow interstellar holes in the absorption boundary. Re-
cently Heiles (1998), using HI, IR and radio contiuum data, has
found evidence for a new superbubble centered at a distance
of ∼ 800 pc which is purported to be intersecting with our own
LB in the galactic direction ofl = 230◦. Our data do not sup-
port Heiles’ idea that both bubbles have merged into one large
elongated cavity, but instead we favor the notion that Heiles’
new superbubble is a separate entity with a maximum radius of
∼ 500 pc.

Our present data may also explain the difference of a factor
of ∼ 10 in the observed total neutral + ionized hydrogen col-
umn density between the two near neighbor starsβ andε CMa
(Dupin & Gry 1998). Inspection of Fig. 3 shows thatε CMa (d =
132 pc) is placed within the contours of the LB, at large distance
from the real “wall” represented by the 20 and 50 mÅcontours
and thus presumably resides within a region of hot, ionized LB
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Fig. 3.Derived D2 absorption contours at 5,
10, 20 and 50m̊A(m is for mÅ) for stars (rep-
resented on the plot as triangles) projected
onto the Galactic Plane. We also show the
galactic distribution of the 191 stars selected
and a pictorial representation of the projec-
tion used.

gas. We note that this is consistent with the absence of neutral
interstellar HeI observed towards this star by Cassinelli et al.
(1995). Alternately,β CMa (d = 153 pc) is positioned closer to
(or perhaps just within) the LB neutral wall boundary and thus
the large ionized gas column density noted by Gry et al. 1985
is probably due to the ionized precursor sheet at the LB wall
interface. This is entirely consistent with the EUV spectrum of
β CMa which requires a large interstellar neutral HeI column
density to fit the observed data (Cassinelli et al. 1996). The EUV
data imply that there is an interstellar cloud component towards
β CMa (which is not seen towardsε CMa) that contains appre-
ciable amounts of neutral helium. However, we note that this
component has a low HI:HeI ratio, implying that the cloud is
ionized by a different process than the LB gas. The recent ultra-
violet absorption spectrum ofβ CMa is, again, consistent with
this argument (Dupin & Gry 1998).

4.3. The LISM in the meridian plane – Fig. 4

This view of the LISM viewed at right angles to the galac-
tic plane shows that the LB is “wasp-waisted” with significant
elongations towards both galactic poles. We note that the two
narrowings are almost diametrically opposite each other, off-
set respectively by∼ 20◦ above and below the galactic plane
(i.e. the approximate plane of Gould’s Belt). The narrowing in
the general direction of the galactic center is probably due to
denser gas associated with both the Ophiuchus Complex and
the Sco-Cen association (i.e. Loop I), and the narrowing to-
wards the anti-center direction is due to denser gas associated
with the Perseus-Taurus clusters. Crawford (1991) and Genova
et al. (1997) have found a general outflow of neutral gas from
the expanding Sco-Cen association, consistent with our present
picture of the LB possibly being “squeezed” from opposite sides
of the galactic plane. Verification of this scenario will have to
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Fig. 4.Derived D2 absorption contours at 5,
10, 20 and 50 m̊A(m is for mÅ) for stars (rep-
resented on the plot as triangles) projected
onto the Meridian Plane. We also show the
galactic distribution of the 157 stars selected
and a pictorial representation of the projec-
tion used.

wait until we obtain information on the kinematics of the neu-
tral absorbing wall of interstellar gas derived from profile fitting
of all the NaI data. However, our preliminary contour data do
support the view that the LB is a neutral void whose shape is
defined by the intersecting absorption boundaries of large, more
distant galactic supershell structures as suggested by Welsh et
al. (1994).

We note one noticeable condensation of neutral gas within
the central LB cavity atl = 72◦ at a distance of∼ 70 pc below the
galactic plane (along the axis towards the South Galactic pole)
due to an interstellar cloud surrounding the star 2 Cet. A doppler
width parameter of 8.5 km s−1 is required to fit the NaI data for
2 Cet (taken at a spectral resolution of 5 km s−1) as presented
in Welsh et al. (1994). It seems likely therefore, even allowing
for the presence of unresolved NaI components, that this gas is
warm and probably partially ionized. This is in contrast to the
neutral “globule” surroundingδ Cyg discussed earlier and the

line-of-sight to 2 Cet clearly merits further study using higher
ionization ions.

Another noticeable feature of Fig. 4 is the very clumpy na-
ture of the LB wall towards the galactic anti-center (towards
Perseus-Taurus). There are several small, but quite dense con-
densations of NaI gas residing within the general 20–50 mÅ
contours throughout this region. One of these dense complexes
of NaI is seen towards the starε Ari ( l = 159 ◦) at a distance
of 90 pc below the galactic plane. This neutral gas is associated
with the MBM 12 molecular cloud complex, which is thought
to be the nearest molecular cloud to the Sun, and was previously
thought to lie within the hot LB (Hobbs et al. 1986). Close in-
spection of Fig. 4 shows this complex of neutral gas clouds to be
located within the LB neutral wall at the very edge of the outer
LB contour. The observed ratio of N(NaI)/N(CaII) = 5 towards
ε Ari confirms its association with cold, neutral interstellar gas
(presumably due to dense neutral gas of the LB wall boundary),
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rather than the warm, partially ionized diffuse “fluff” gas scat-
tered within the LB. The placement of the MBM 12 clouds just
outside (or at the very edge of) the LB has great importance
for the interpretation of the all-sky maps of soft X-ray back-
ground emission, and will be discussed in detail in Sect. 4.5.
Similarly, the dense gas seen towards HD 14613 and HD 14670
(d∼ 120 pc below the galactic plane), which is thought to be as-
sociated with the molecular cloud complex of G192-67 (Grant
1999), is also located in this clumpy LB wall region.

In the direction of the galactic center, lying very close to the
galactic plane, are two small holes in the distribution of dense
neutral gas lying beyond the nominal LB boundary surrounding
the two regions containing the stars 51 Oph (d = 131 pc) and
µ1 Sco& λ Sco (d = 215–250 pc). These regions of small NaI
equivalent width can also be clearly identified in Fig. 3. Close
inspection of our data shows that the LB boundary is currently
being defined Fig. 4 by stars lying well above and below the
meridian plane in this particular direction. It is clear that in the
direction along (or close to) the meridian there exists a gap in
the neutral LB boundary that extends at least as far as the star
λ Sco at a distance of∼ 250 pc.

4.4. The LISM in the rotation plane – Fig. 5

In this projection we are viewing the LB along the galactic plane
at right angles to the galactic center direction. Combining this
view perpendicularly with that of Fig. 4 gives a quasi 3-D view
of the LB in directions towards both galactic poles. Owing to
observational selection effects the projectional view of the LB
shown in Fig. 5 contains significantly fewer target stars than
the previous two projections. However, the LB cavity is seen to
posses a slightly enhanced radial bulge in the galactic plane and
tapers towards the south galactic pole. Several of the features
already mentioned in the two previously discussed projections
can be readily identified in Fig. 5. For example, we note theδ
Cyg gas cloud at a distance of∼ 50 pc and the gas surrounding 2
Cet at a distance of∼ 70 pc both residing within the LB cavity.

We also note the small 50 m̊A contour extension of the LB
cavity dipping below the galactic plane to a distance of∼ 150 pc
in the direction ofl ∼ 90◦ b ∼ -33◦. This region, which contains
stars associated with the molecular cloud complexes of MBM
53, MBM 54 and MBM 55 has been observed in NaI by Welty et
al. (1989). Our data suggests that the nearest of these molecular
cloud complexes is MBM 55 (defined by the level of absorption
observed towards the star HD 217339) located at a distance of
100 pc at the very edge of the LB wall.

Although we do not have many data points for lines-of-sight
with distances> 150 pc for high galactic latitudes, Figs. 4 and 5
both suggest that the LB probably extends well into the halo,
and thus is likely to be “open-ended”. Several theories concern-
ing supernovae events predict that hot, ionized gas can escape
from the galactic plane and into the halo via the galactic fountain
effect through interstellar chimneys (Edgar & Chevalier 1986).
Our data indicate that leakage of hot, ionized gas into the halo
from a possible past LB supernova event could well have oc-
curred and a neutral gas boundary at high galactic latitudes has

yet to fully form around the LB cavity. Clearly more, distant tar-
gets at high galactic latitude are required to determine whether
the LB is completely open-ended or infact has a clumpy bound-
ary interspersed with low column density lines-of-sight (i.e. like
a kitchen colander). Supporting evidence for an open-ended LB
is found in the detection of at least 13 extragalactic sources by the
Extreme Ultraviolet Explorer satellite, all of which have sight-
lines with high galactic latitudes (b > 50◦) and modest neutral
hydrogen column densities of N(HI)∼ 1020 cm−2 (Marshall
et al. 1995). Additionally we note that our current maps are
also consistent with the low value of N(HI) observed towards
the extragalactic sight-line of the Lockman Hole atl = 147◦

b = 54◦.

4.5. Comparison with soft X-ray background maps

Snowden et al. (1998) have used the ROSAT soft X-ray all-
sky survey maps to demonstrate that emission from the LB hot
plasma dominates the 1/4 keV background at low galactic lati-
tudes (as well as contributing much to the observed background
flux at high latitudes). The intensity of the emission from an as-
sumed 1 million degree K hot plasma was used to estimate the
radial extent of the LB from the Sun, noting that variations in the
observed soft X-ray emission were strongly anticorrelated with
the total line-of-sight neutral HI column density. Since an opti-
cal depth of unity is obtained with a hydrogen column density of
∼ 1020 cm−2 for 1/4 keV X-rays, then if the LB is filled entirely
with hot gas there should be a close correspondance between
the distance distribution of soft X-ray background emission and
our maps of the neutral NaI absorption 20–50mÅ boundary to
the LB.

In Fig. 6(a)to(c) we show plots of the LB radius derived from
our NaI absorption data in each of the 3 galactic projections and
compare these to the equivalent LB contours derived by Snow-
den et al. (1998) from the ROSAT soft X-ray data (binned at an
angular scale of 10◦). The first observation from these plots is
that the LB contours derived from our NaI neutral gas absorp-
tion data occupy a far larger volume than those derived from
the soft X-ray data. Although there is little detailed similarity
between any of these three maps, there is a general concordance
such that for all three projections the radius of both the NaI and
soft X-ray derived LB contours is> 50 pc.

In Fig. 6(a) we note that the third galactic quadrant (l = 180
- 270◦) shows LB extensions well beyond 50 pc for both the NaI
and soft X-ray data, with the NaI absorption map indicating a
much larger extension of the LB to a distance of at least 200 pc.
Also we note that an extension of the LB in the direction of
Lupus-Norma (l = 330◦) is present only in the NaI absorption
contour and not in the soft X-ray data.

In order to reconcile the large-scale gross contours of the
soft X-ray emitting LB with those inferred by the present NaI
absorption data we note that the distance scale for soft X-ray
background emission used by Snowden et al. was fixed using a
distance to the MBM 12 cloud that resulted in a nominal LB ra-
dius of 40–130 pc. If a distance of 90 pc to the MBM cloud com-
plex had been used (as discussed for the starε Ari in Sect. 4.3)
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galactic distribution of the 112 stars selected
and a pictorial representation of the projec-
tion used.

this would have resulted in a range of soft X-ray emitting radii
to the LB of 60–190 pc, far more consistent with our presently
derived NaI absorption contours. This increase of 50% in the
absolute distance scale for the soft X-ray emission is consis-
tent with the model of Snowden et al. for an inferred emission
measure for the hot emitting plasma of 0.00223 cm−6 pc and an
electron density of 0.005 cm−2. However, this increase in LB
size raises problems for the current soft X-ray model in that
the derived pressure in the LB would be∼ 30% lower than the
value of P/k ∼ 15,000 cm−3 K found previously by several au-
thors (Berghofer et al. 1998, Burrows & Guo 1998). This may
easily be accounted for since the ROSAT soft X-ray emission
measures were derived from models that assumed both thermal
ionization equilibrium and solar abundances, which may well
not be appropriate for the LB hot gas (see Sect. 1).

5. Conclusion

We have carried out high spectral resolution (3 km s−1) obser-
vations of the line-of-sight absorption of the NaI D1 and D2
interstellar lines towards 143 stars located within 300 pc of the
Sun. From these data and previous measurements we have con-
structed maps of the galactic distribution of neutral sodium ab-
sorption towards a total of 456 stars in the local interstellar
medium using three different galactic projections. Using these
maps we have been able to better define the contours of the
neutral absorption boundary (or “wall”) to the Local Bubble
cavity. Although this work represents the first phase of an ex-
tended program devoted to defining the contours of the LB and
its kinematics, these preliminary maps clearly reveal the Local
Bubble region as a low neutral density interstellar cavity with
radii between 65–250 pc that is surrounded by a dense neutral
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gas wall. We have detected only one relatively dense accumula-
tion of cold, neutral gas within 60 pc of the Sun that surrounds
the starδ Cyg, and note that the nearest molecular cloud com-
plexes of MBM 12 and MBM 53–55 are located at the edge of the
neutral wall of the LB at a distance of∼ 90 pc. Our absorption
maps also show that the LB extends at least as far as∼ 150 pc
towards both galactic poles and is probably being “squeezed”
in the galactic plane by the expansion of the surrounding shells
of the Sco-Cen and Perseus-Taurus OB associations.

Work is in progress on observation of additional targets stars,
especially at high latitudes. However, already we find it en-
couraging that some details and properties derived from these
preliminary contours seem to make sense when compared with
other independent measurements. As an example, the locations
of the two starsε andβ CMa respectively inside and at the bor-
der of the LB may explain the strong differences between their
observed line-of-sight aborbing gas quantities and properties.
Additionally, the observed tilt of the LB cavity in the meridian
plane is consistent with what one expects if the Gould Belt stel-
lar associations are responsible for the squeezing of the Local
Bubble.

We have compared our neutral gas contours of the LB with
those derived by Snowden et al. 1998 using ROSAT soft X-ray
background emission data. Although there is no detailed similar-
ity between both maps, consistency between the global dimen-
sions of both sets of contours is found for the case of a million

degree hot plasma with an emission measure of 0.0023 cm−6 pc
and an electron density of 0.005 cm−3. Such a model would in-
fer a pressure in the LB of∼ 10,000 cm−3 K, which is about
30% lower than that currently found by other authors.
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