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Abstract. We present intermediate results from a long-term program of mapping the neutral absorption characteristics of
the local interstellar medium, motivated by the availability of accurate and consistent parallaxes from the Hipparcos satellite.
Equivalent widths of the interstellar Nal D-line doublet at 5890 A are presented for the lines-of-sight towards some 311 new
target stars lying within ~350 pc of the Sun. Using these data, together with Nal absorption measurements towards a fur-
ther ~240 nearby targets published in the literature (for many of them, in the directions of molecular clouds), and the ~450 lines-
of-sight already presented by (Sfeir et al. 1999), we show 3D absorption maps of the local distribution of neutral gas towards
1005 sight-lines with Hipparcos distances as viewed from a variety of different galactic projections.

The data are synthesized by means of two complementary methods, (i) by mapping of iso-equivalent width contours, and (ii) by
density distribution calculation from the inversion of column-densities, a method devised by Vergely et al. (2001). Our present
data confirms the view that the local cavity is deficient in cold and neutral interstellar gas. The closest dense and cold gas
“wall”, in the first quadrant, is at ~55-60 pc. There are a few isolated clouds at closer distance, if the detected absorption is not
produced by circumstellar material.

The maps reveal narrow or wide “interstellar tunnels” which connect the Local Bubble to surrounding cavities, as predicted
by the model of Cox & Smith (1974). In particular, one of these tunnels, defined by stars at 300 to 600 pc from the Sun
showing negligible sodium absorption, connects the well known CMa void (Gry et al. 1985), which is part of the Local Bubble,
with the supershell GSH 238+00+09 (Heiles 1998). High latitude lines-of-sight with the smallest absorption are found in two
“chimneys”, whose directions are perpendicular to the Gould belt plane. The maps show that the Local Bubble is “squeezed”
by surrounding shells in a complicated pattern and suggest that its pressure is smaller than in those expanding regions.

We discuss the locations of several HI and molecular clouds. Using comparisons between Nal and HI or CO velocities, in some
cases we are able to improve the constraints on their distances. According to the velocity criteria, MBM 33-37, MBM 16-18,
UT 3-7, and MBM 54-55 are closer than ~100 pc, and MBM 40 is closer than 80 pc. Dense HI clouds are seen at less than 90 pc
and 85 pc in the directions of the MBM 12 and MBM 41-43 clouds respectively, but the molecular clouds themselves may be
far beyond. The above closest molecular clouds are located at the neutral boundary of the Bubble. Only one translucent cloud,
G192-67, is clearly embedded within the LB and well isolated.

These maps of the distribution of local neutral interstellar Nal gas are also briefly compared with the distribution of both
interstellar dust and neutral HI gas within 300 pc.
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1. Introduction

Our unique placement within a galactic region of very low
interstellar neutral gas density (i.e. the “Local Bubble” cav-
ity, hereafter LB) enables us to directly measure the physical
state of the local interstellar gas through accurate absorption
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measurements that are essentially uncontaminated by interven-
ing line-of-sight interstellar features. The spatial structure of
the neutral absorption characteristics of gas within the local in-
terstellar medium (LISM) has recently been revealed by two
surveys of Nal (1 5890 A) absorption measured along 293
(Welsh et al. 1994) and 456 (Sfeir et al. 1999, hereafer Paper I)
lines-of-sight within 300 pc of the Sun. Those Nal data, as well
as HI data listed by Diplas & Savage (1994) and Fruscione et al.
(1994) have also been converted into 3D density distribution by
Vergely et al. (2001).
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Absorption due to the Nal ion is a good indicator of the
total amount of neutral interstellar gas in a particular sight-
line, since Nal generally resides in “cold” (T < 1000 K) and
predominantly neutral interstellar regions (Hobbs 1978, but
note comments by Welty et al. 1994). Previous studies have
revealed a paucity of Nal absorption associated with warm
and diffuse clouds within the Local Bubble region. In partic-
ular, in the case of the group of clouds surrounding the Sun
the measured Nal equivalent widths do not exceed a few mA
(Lallement & Ferlet 1997). Nal optical data are much easier
to obtain than UV data, and column-densities are much eas-
ier to extract from the HI spectra (weaker lines, and no astro-
spheric nor heliospheric hot gas contamination). The Nal ob-
servations have revealed an absorption threshold, which has
been interpretated as a “wall” for the cold, relatively dense neu-
tral gas with an equivalent hydrogen column density, N(HI) ~
3 x 10! ¢cm™? surrounding the LB cavity with radii varying
between 65 to 150 pc. These findings are supported in three
ways by (i) the very low levels found locally in the 3D den-
sity distribution maps of HI which is qualitatively correlated
with that of Nal (Vergerly et al. 2001), (ii) the very low val-
ues of interstellar reddening found towards stars within 50 pc
(Knude & Hgg 1998), and (iii) the galactic distribution of ex-
treme ultraviolet sources which are mostly contained within the
neutral boundary of the local cavity as derived from both inter-
stellar Nal and HI absorption studies (Welsh et al. 1999).

The existence of this threshold in distance does not nec-
essarily mean that there is a real “wall” of gas in all direc-
tions, and this is still debated (Mebold et al. 1998), as well
as the origin of the Local Bubble cavity. For a review on the
LB formation “scenarios”, see Cox (1998). It is widely be-
lieved that the cavity is mainly filled with rarefied and hot
(10° K) gas, an assumption based largely upon the interpreta-
tion of observations of the distribution of the soft X-ray dif-
fuse background emission (Snowden et al. 1998). The local
search for highly ionized gas at hotter temperatures has re-
mained elusive. For example, preliminary observations by the
NASA Far Ultraviolet Spectroscopic Explorer (FUSE) towards
several local (d < 70 pc) hot white dwarf stars have failed to de-
tect OVI (1 1032 A) absorption (indicative of 300000 K gas)
to a level of N(OVI) <5 x 10'2 cm™2 (Oegerle et al. 2000).
In addition, absorption measurements using both the Hubble
Space Telescope (HST) Goddard High resolution Spectrometer
(GHRS) and Imaging Spectrograph (STIS) towards nearby hot
stars and white dwarfs have also failed to detect appreciable
levels of high ionization CIV and SilV gas (T ~ 80000 K)
for distances <100 pc (Bertin et al. 1995; Holberg et al.
1999). However, all 3 of these high ionization line species
have been routinely detected with significant column densi-
ties by the FUSE and HST instruments for sight-lines with dis-
tances >150 pc, i.e. beyond the nominal LB neutral boundary.
We note that most theoretical models of the LB favor the pro-
duction of high ions in collisional ionization equilibrium at a
conductive interstellar cloud interface (Slavin 1989). Because
many small, low-density partially ionized (“local fluff”’) gas
clouds have been revealed by high or ultra-high spectral reso-
lution observations of the interstellar Call K-line towards stars
within 30 pc (e.g. Lallement et al. 1986; Vallerga et al. 1993;
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Welty et al. 1986; Crawford 2001), one expects a significant
number of such interfaces along any longer line-of-sight, in
contrast to the absence of CIV, SilV and OVI quoted above.

Thus, with the exception of the line-of-sight towards the
bright Extreme UltraViolet (EUV) star ¢ CMa (Gry & Jenkins
2001) which shows CIV at the radial velocity of the local cloud,
but possibly tracing more distant gas having by coincidence the
same radial velocity, the presently available data seems to fa-
vor a LB filled with very low density highly ionized (high tem-
perature) gas, with possibly a production site for such ions at
the interface between the LB and the cold clouds at its bound-
ary, but very low production of ions at the interfaces of clouds
embedded in the bubble. We note that a radically different the-
ory of the LB that includes adiabatic cooling predicts tempera-
tures as low as 50000 K for the local non-collisionally ionized
gas, but the recent model predictions by Breitschwerdt (2001)
for CIII (977 A) emission in the LB are contrary to the very
low levels recently observed by FUSE (Welsh et al. 2002).

There are several other “anomalies” about the hot and the
warm gas in the LB. The gas pressure in the Local Cloud
surrounding the Sun is now precisely known from measure-
ments in the heliosphere, and, with P/k = 2200 + 500 cm K
(Lallement 1997), is between 5 and 10 times less than the pres-
sure deduced from the soft X-ray background. This is in agree-
ment with the low pressure also found in other clouds embed-
ded in the LB by Jenkins (2002). The way magnetic pressure
can help to fill the gap is still unclear, and in the case of the local
cloud, hardly compatible with the observations. There are also
several difficulties with ionization states: helium is found to be
35-40% ionized in all diffuse clouds within 30 pc (Wolff et al.
1999). This ionization state can be explained by line emission
from conductive interfaces between clouds and hot gas (Slavin
1989; Jenkins et al. 2000), but we have discussed above the
absence of ions in these interfaces. On the other hand, Jenkins
et al. (2000) also discuss the relative ionizations of Ar, Ne, N,
and H, which according to those authors imply a strong pho-
toionizing field by stars and hot gases.

Finally we note that charge transfer between solar wind
ions and neutral interstellar gas in the heliosphere may con-
tribute significantly to the soft X-ray background (Cox 1998;
Cravens 2000). Recent model calculations by Robertson et al.
(2001) have shown that this heliospheric emission can account
for up to 50% of the observed soft X-ray background inten-
sity, and thus there is a growing controversy as to whether
the LB contains any million degree K gas at all! We note
that over the next few years the spatial characteristics of lo-
cal (d < 500 pc) hot (T = 300000 K) gas in absorption will
be mapped by the FUSE satellite using the OVI ion, and the
local hot (T = 500000 to 1 million degree K) gas in emission
will be surveyed by the NASA Cosmic Hot Interstellar Plasma
Explorer (CHIPS) (Hurwitz & Sholl 1999). A key piece of in-
formation that both surveys will require in order to correctly
interpret their respective data is an accurate 3D galactic map
of the neutral boundary to the LB cavity. As mentioned previ-
ously, a preliminary absorption map has already been presented
in Paper I, but only 456 Nal absorption sight lines were sam-
pled, with the majority of observations having been taken from
northern hemisphere observatories. In this paper we present a
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further 311 line-of-sight measurements using high spectral res-
olution Nal absorption data collected at ground-based obser-
vatories in both hemispheres, together with a further 239 mea-
surements published in the literature since Paper I. These new
maps, based on a grand total of 1005 sight-lines, support many
of the findings of the preliminary absorption survey presented
in Paper I and confirm the placement of the neutral boundary
to the LB to within an accuracy of ~+20 pc in many directions.
In addition we compare our new maps of the LB with the local
distribution of interstellar dust and HI gas, and we also discuss
the position and possible physical relationship between the lo-
cal cavity and the nearest HI supershells. Finally, we discuss
the location of nearby molecular clouds and their placements
with respect to the local cavity. This can help in the interpreta-
tion of the shadows in the soft X-ray background emission.

2. Observations and data reduction

Observations of both the interstellar Nal D1 and D2-lines
at ~5890 A were obtained during 11 observing runs over
the period 1998-2000 using the following instrumentation:
(1) March 1998, September 1998, January 1999 and April 2000
using the Aurelie spectrograph at the 1.52 m telescope of
the Observatoire de Haute Provence (France), (ii) June 1998
and 1999 using the Hamilton echelle spectrograph on the
0.9 m coudé feed telescope at the Lick Observatory (USA),
(iii) March 2000 using the echelle spectrograph on the
Kitt Peak 0.9 m coudé feed telescope, (iv) April 1998,
December 1999 and August 2000 using the coudé echelle spec-
trograph on the 1.4 m and 3.6 m telescopes at the European
Southern Observatory (La Silla, Chile), and (v) December 1999
using the coudé echelle spectrograph at the 74 inch telescope
of the Mt. Stromlo Observatory (Canberra, Australia).

The new sight-lines were sampled using the criteria that tar-
get stars possess: (i) a Hipparcos catalog distance (ESA 1997)
and an associated relative standard error (see Paper I) smaller
than 0.3, resulting in distances <350 pc, (ii) a galactic posi-
tion that filled distance gaps in the data of Paper I, (iii) a spec-
tral type earlier than A5V, and (iv) a stellar rotational veloc-
ity >30 kms~!. In some special cases we have relaxed these
criteria in order to observe a small number of more distant stars
(generally <500 pc) in order to better define and constrain the
position of the LB boundary. In Table 1, available at the CDS,
we list the sight-lines to the 311 newly observed target stars and
give values for their galactic longitude and latitude, spectral
type, visual magnitude and Hipparcos distance (in pc). These
data were compiled using the SIMBAD data retrieval system
of the Astronomical Data center in Strasbourg (France) and the
on-line Hipparcos catalog (ESA 1997). The spectral resolution
of the interstellar observations taken at each Observatory was
checked against that of a Th—Ar calibration lamp, resulting in a
spectral resolution of 3 kms™! for the OHP data, 5.5 kms~! for
the Lick Observatory data, 3.2 km s~! for the Kitt Peak data,
3.0 kms~! for the ESO data and 5.0 km s~! for the Mt. Stromlo
data.

All the data were reduced in an identical manner to that
outlined in Paper I. Briefly this involved division by a flat-
field and instrumental background light subtraction, removal of
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telluric water vapor lines using a synthetic transmission spec-
trum and the establishment of a wavelength scale from those
telluric lines. In general, the accuracy of the wavelength cali-
bration using the telluric lines was +1 km s~'. Our telluric line
removal process has been described in detail in Lallement et al.
(1993) and for a typical observation this results in an absorption
residual of less than 1 mA at the location of the D2 line.

The resultant spectra were then fitted with a high order
polynomial to establish a local stellar continuum level, such
that the equivalent widths of the D2 and D1 lines could be
measured. For most of our targets (which are mainly fast ro-
tating O, B and A stars) the stellar continuum is essentially flat
and easy to establish (see Fig. 2). For the majority of our targets
the NaD lines are unsaturated. The measured values of equiv-
alent widths for the D2 and D1 lines to all our targets are listed
in Table 1. All the spectra were well exposed, such that for a
typical observation a minimum S/N ratio of 30:1 was obtained
which resulted in a D2-line equivalent width detection limit
of <3.0 mA for most of the observations. Typically, an error
of ~10% can be assigned to the measurement of an equivalent
width value given in Table 1. There are several cases where
our target stars have been previously observed by other au-
thors and in general our equivalent width measurements agree
to within +10%. In Fig. 2 we show some typical examples of
our spectral data. In these figures we also show the raw spec-
trum prior to telluric line removal, the placement of the stellar
continuum level and the final processed residual intensity.

A subsequent publication will report on the individual gas
cloud component column densities, N(Nal), and the corre-
sponding velocities obtained from the fitting of the interstel-
lar Nal absorption line profiles for all of the new sight-lines
reported in both Paper I and this paper. The respective inter-
stellar Nal residual intensity profiles for all these target stars
will also be shown together with an interpretation of the global
velocity field in the local ISM.

3. Additional data sets

Following the example set in Paper I, we have maximized the
number of line-of-sight measurements of Nal in the local ISM
by adding the following Nal absorption data to our present sam-
ple of 311 targets: (a) we have included the Nal D2-line equiv-
alent widths for 455 sight lines (the 456 stars listed in Paper I,
except one introduced by error) (b) we have added the equiva-
lent width data listed in Table 2, available at the CDS, which is
a compilation of high resolution Nal D2-line absorption mea-
surements towards stars that have been published in the lit-
erature subsequent to those presented in Paper I, and (c) we
have added Nal measurements to stars that were reported in
papers published prior to Paper I that we unfortunately previ-
ously overlooked in the literature. Those measurements are also
listed in Table 2. Our selection of these new lines-of-sight in
Table 2 is generally restricted to those stars with Hipparcos dis-
tances <350 pc, except in some directions where more distant
targets were required to better define the LB boundary. Using
these data together with our newly reported Nal observations
of this Paper, our total of lines-of-sight (LOS) sampled is 1005.
In Fig. 1 we show the galactic distribution of all these stellar
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Fig. 1. The galactic distribution of all 1005 sight-lines sampled using
absorption measurement of the interstellar Nal D-lines. Longitude is
increasing from —180 to 180° from right to left. The Gould belt, is
clearly visible, because it provides the largest number of bright early-
type stars. Oversampled regions correspond to data from the literature,
i.e. extensive studies of specific objects, essentially nearby molecular
clouds.

sources, showing that our sky coverage is adequate in most di-
rections except for a few small regions mainly located in the
southern galactic hemisphere. It is important to note that many
of the data from the literature are concentrated in specific direc-
tions, because they were targeted to probe distant molecular or
HI clouds or shells, using as starting data infrared (IR) or radio
maps. This has the effect of altering the otherwise random di-
rectional sampling. However, we found it important to include
them because by definition they increase the number of LOS
which intersect dense gas. As a matter of fact, a criticism about
our previous contour study and random selection of targets is
the possibility of missing nearby clumps or distant clouds char-
acterized by small angular sizes. By doubling the total number
of LOS and adding those specific targets towards dense gas, we
obtain an interesting comparison with the contours of Paper I.

The existence of a dense, neutral “wall” of interstellar gas
surrounding the LB was established in Paper I, in which the
equivalent width of the Nal D2-line was observed to increase
dramatically to >20 mA over a small distance range (60—80 pc)
in the majority of galactic directions sampled (with notable ex-
ceptions such as the direction towards the star § CMa). In Fig. 3
we present a similar plot using all 1005 measurements of the
interstellar Nal D2-line equivalent widths now available to us.
It is clear that at distances between 70—90 pc in the majority
of galactic directions sampled the level of Nal absorption in-
creases markedly from a level of <5 mA to >30 mA. This “pile-
up” of interstellar gas over a relatively short distance is inter-
preted as being due to the presence of the neutral gas boundary
to the local cavity.

In Fig. 3 we also show two best-fit lines to the data. The
line with the least slope is derived for D2-line equivalent widths
taken from targets with distances <70 pc, whereas the best-fit
line with the greater slope is derived from targets with distances
between 70—350 pc. The large difference in slope derived from
both data sets again supports the interpretation of a neutral-free
interstellar gas cavity for d < 70 pc in most directions lying
close to the galactic plane.
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4. Data synthesis and representation
4.1. Contours of equal equivalent width

Due to the still limited number of sight-lines, there is no
straightforward method to present the data in terms of a
3D galactic distribution. In Paper I we chose a simple method,
i.e. to draw contour lines of equal absorption equivalent width
in selected planes. Details about the method can be found in
Paper 1. Here we use a similar method. Basically, we select all
stars located between two parallel planes distant by the “slab”
thickness e, and we project them onto the median plane. We
then compute the iso-contours as if those stars were located ex-
actly in this plane. In order to take into account the decrease
with distance of the volumic density of targets, beyond a given
distance d from the Sun we replace the previous criterion with
the condition that the angle between the target direction and
the midplane is smaller than a given angle. Here we select stars
within 25 pc from the midplane for stars closer than 80 pc, and
stars with LOS at less than 17° from the midplane for stars
more distant than 80 pc. (Note that, in the case of the galac-
tic plane, contours can be drawn for more restrictive condi-
tions, because the number of targets is large enough. However,
we have chosen to keep the same criteria for all the planes.)
The shortcoming of such a method is that if two stars are lo-
cated differently with respect to the plane (e.g. one below, one
above) and they have very different absorbing columns, the iso-
contours will be complicated, and ultimately become inaccu-
rate. On the other hand, since all targets are taken into account
any high value of column density will not be missed. In gen-
eral, this method is appropriate for detection of the threshold
described in Fig. 3, i.e. for the internal contours. The distance
uncertainty in the determination of the iso-contours arises from
two sources: (i) the uncertainty in the Hipparcos stellar distance
and (ii) the mean distance between target stars in a particular
galactic direction. In general, when the iso-contour to the local
cavity boundary is at a distance of less than 150 pc, the latter
error source is dominant, and is ~+20 pc. At larger distances,
(where our stellar sampling is generally less well defined), this
placement error is increasing.

In the following section we show several different views
of the neutral absorption characteristics of the local interstellar
gas (d < 300 pc) using contours of the Nal D2-line absorption
strength plotted as a function of the stellar galactic coordinates
projected onto different galactic planes of reference. Due to the
larger number of Nal lines-of-sight now available we are able
to substantially improve the spatial coverage of the 3D maps
originally shown in Paper I and increase the accuracy of the
contour plot.

In the following figures we have constructed Nal D2-line
equivalent width absorption contours at intervals of 20 mA
and >50 mA. It has been shown that N(Nal) is well corre-
lated with the total column density of neutral hydrogen, N(HI),
for values of log N(Nal) 11.0—13.0 cm™2, although for smaller
values of N(Nal) this correlation can have large errors (Welty
et al. 1994; Ferlet et al. 1985). As a guide, a Nal D-2 equivalent
width of 20 mA corresponds approximately to a neutral hydro-
gen column density of log N(HI) = 19.3 cm™2, and that of a



R. Lallement et al.: Mapping the Local Bubble

0.00 &=t

LA IS L N 11

451

0.6

0.5

bl vl

-40 (0] 40 80

. T T IRRRRS Y Saana T IRRRRS
APy P ST
VT UL A P
09 — 09 —
0.8 — -1 0.8 -1
0.7 - 0.7 -
0.6 - 0.6 -
05 - 05 -
[N T N N [y T T N
100 50 o 50 100 100 50 o 50 100

Fig. 2. Examples of Nal D2 and D1 spectral regions, water vapor removal and stellar continuum fitting: (i) a hot star with a flat continuum and
a small number of sharp interstellar lines due to intervening gas in cold clouds. This case is representative of most of our target stars located
beyond the first dense clouds defining the LB boundary (left). (ii) a cooler star and the absence of sharp interstellar lines (right). After telluric
water vapor line removal and continuum fitting by a fourth order polynomial, an upper limit for the Nal-D2 equivalent width is easily derived.

D2 EQUIVALENT WIDTH (mA)
@
=}
|
T

50 "2 g -
)

T T T
120 160 200 320 360

DISTANCE (PC)

0 40 80 240

Fig. 3. Plot of the Na D-2 equivalent width (mA) versus distance (pc)
to all 1005 sight-lines. Best linear fits to the data are shown for sight-
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50 mA line corresponds to log N(HI) > 20 cm~2. We identify
sight-lines with column densities in excess of this latter value
as containing sufficient neutral gas to define a plausible absorp-
tion boundary to the rarefied LB cavity.

It is also noteworthy that in the following three detailed
plots of the shape of the LB in the galactic plane (Fig. 4),
the meridian plane (Fig. 5) and the rotational plane (Fig. 6),
the distance over which the equivalent width of Nal changes
from <20 mA to >50 mA is typically only ~30 pc. This is
merely a pictorial representation of the results shown in Fig. 3

that confirms the existence of a marked build-up of neutral den-
sity interstellar gas, which we associate with the LB boundary.
Note that in order to help the reader assess the accuracy of the
isocontour placement in a galactic direction, we have included
the positions of all our stellar targets on each of Figs. 4 to 6.

4.2. Density distribution from column-density inversion

We have applied the robust inversion method of Vergely et al.
(2001) to our Nal data set in order to derive volumic densities
in 3D space using integrated column densities derived from our
measured equivalent widths. For the majority of our targets the
Na D-lines are unsaturated and column density values can be
derived with an accuracy of ~+20%. For strong absorptions
we have converted the equivalent widths into column-densities
by means of an empirical relationship established in Paper 1.
The choice of this relationship does not influence the resulting
shape of the cavity, it only slightly alters the density gradients
within a region of very high local gas density.

Although full details of the inversion method can be found
in Vergely (2001), we briefly recall here the basic principles.
The computation starts with an a priori model for the density
distribution, here an exponential decrease with height above the
galactic plane

pprior(xs Y, 2) = po exp(—lz|/ho).

The inverse process calculates the fluctuations produced by the
lines-of-sight constraints around this initial model. The space
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density fluctuation at x,y,z is parameterized by the lognor-
mal law:

p(x, Y. 2) ) .

a(x,y,2) = log(
pprior(x7 y» Z)

The calculation requires strong regularizing constraints,
here the interdependence between neighbouring data points,
through a variance-covariance operator. The interdependence
is controlled by the two parameters &, the smoothing length,
and o, the fluctuation level, and the condition that for each
pair of space points the autocorrelation function must be
equal to the following kernel of a variance-covariance opera-
tor (Tarantola & Valette 1982):

CO(-x7 -x/v y» .l//» Zy Z’) = o—a(x’ y» Z) o—a(x/’ y,» Z/)
[ (=¥ +@-yP+:-2))
*eXp|—

§:2

The smoothing length & corresponds roughly to the mean dis-
tance between two neighbouring target stars and the fluctuation
level o, varies asymptotically as

(1)
Tq | =
¢

The fluctuations are computed according to an iterative process
described in details in Vergely et al. (2001) (Appendix), which
converges after about 10 iterations. A y* minimization criteria
controls the algorithm convergence:

X' = 2i=1.N W
density N; and the sum is on the N lines-of-sight. Errors on the
columns and on star distances are combined into a single pa-
rameter (see Vergely et al. 2001), which is the quadratic sum
of the Hipparcos error on the parallax, the error on the column
density (taken at 25% of the column), and an additional term
to take into account errors on the weak columns and non detec-
tions. A specific data error modelisation has been performed
with the following characteristics:

— Gaussian distribution behavior near the data measure-
ment;

— exponential distribution behavior far from the data mea-
surement.

It allows us to obtain reliable results in accordance with the
exponential norm when the data error bars have been underes-
timated.

For this comparison we have only slightly changed the pa-
rameters used by Vergely et al. (2001), using hop = 200 pc,
and pg = 1 x 107 cm™3. However, we have significantly re-
duced the smoothing length &, from 40 to 25 pc, such that it
now corresponds to the distance to the mid-plane in our iso-
contour plotting method. Also we note that Vergely et al. used
Nal column densities derived from an assumed linear relation-
ship with the measured equivalent width (which in most cases
is valid). In our present paper we use the more accurate values
of Nal column density derived from the empirical relationship
derived in Paper L.

W

, where oy, is the error on the column
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4.3. Advantages and shortcomings of both methods

The two methods are basically different, and bring comple-
mentary information. The contour method is appropriate if one
wants to derive the maximum distance to a gas condensation
(the maximum “empty” path), which was the primary goal of
the survey, but it is simplistic. It does not reject any data point,
and it has revealed errors in data interpretations, i.e. absorption
initially attributed to the ISM but is actually of circumstellar or
stellar origin. Such data points have been removed or, when it
has been possible, the ISM columns have been corrected in the
input list. The major shortcomings of the contour method is that
it is not able to describe correctly the absorption characteristics
beyond the closest condensation (see discussions below). In ad-
dition, the significance of the contour disappears at large dis-
tances, where stars very distant from each other are treated as
being close to the same plane. At variance with this method, the
inversion method is a powerful and sophisticated tool, which is
fully appropriate to reveal masses of gas at any distance, pro-
vided there are constraining target measurements. On the other
hand, it is somewhat dependent on the a priori distribution, and
as any least mean squares method it may minimize or maximize
the weight of some data points. If some density fluctuations
have characteristic scales smaller than the correlation length,
such fluctuations will be smoothed out or ignored because they
are too far from the a priori solution.

Figures 4 to 6 clearly show those respective properties of
the two methods. While in general they agree on the global
shape of the local cavity, maxima in the density distribution
are often slightly displaced from what the contours suggest,
due to the smoothing length (in the contour method gradients
can be smooth or sharp, depending on the constraints), and in
some cases clumps have been minimized or associated with
another neighboring mass of gas. Figures 5 and 6 also show the
distribution with z, because where there are no constraints, at
large distances along the plane, the density follows the initial
density distribution.

5. The LISM viewed from above the galactic plane
- Fig. 4

Due to the large number of sight-lines available for sampling
in this particular galactic projection, the extent of the low den-
sity cavity in the plane of the galactic disk is most accurately
revealed. With respect to the contour plot originally presented
in Paper I, we note that the complexity of the LB contours is
now better revealed. The 50 mA contour is no longer open,
which means that in the selected volume of space we find more
targets with high columns, which has the effect of closing the
inner contour line. The automatic contour program now shows
the holes towards / = 240° and towards / = 330° as secondary
contours at larger distance. Apart from those regions, it is in-
teresting to note that, despite the large number of targets, in-
cluding those located towards high density clouds, the distance
to the inner contours at 20 and 50 mA has not decreased. In
particular, the distance to the dense gas towards the galactic
center is defined by a large number of stars and still found to
be about 60 pc.
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We also note the complete absence of isolated dense gas
condensations (Nal D2-line equivalent width >50 mA) within
60 pc of the Sun in all directions.

5.1. Condensations of gas in the cavity

We have made a systematic search of the clumps of gas resid-
ing within the LB boundary to determine if their origin is truly
interstellar, stellar or circumstellar. There is a line of dense
clumps between [ = 130° and / = 190° which are located
very close to the position of the nominal 50 mA contour to
the LB boundary. We believe these condensations are actually
part of the boundary itself and only appear to lie within the lo-
cal cavity due to the finite thickness of the projection slice used
to produce this isocontour. For completeness however, we now
discuss each of these condensations to individually verify their
reality.

The relatively dense region of neutral gas at ~100 pc ob-
served with a D2-line absorption level of >60 mA towards
I = 190° is associated with the stars HD 35909 (A4V) and
HD 36162 (A3V). We note that the former target is listed as a
A Bootis-type star by Paunzen et al. (2001), and thus the ob-
served level of Nal absorption could be due to a circumstellar
shell surrounding the star. However, this spectral classification
does not apply to HD 36162 and both sets of absorption lines
are centered at a heliocentric velocity of +14 kms™!, therefore
supporting an interstellar origin for this small gas cloud that
appears to be located just within the LB boundary. The simi-
larly dense clump of gas in the nearby direction of [ = 170° at
a distance of 90 pc (and lying within the local cavity) has been
detected at levels of Nal D2-line absorption >50 mA towards
both HD 34904 and HD 28459 and is definitely of interstellar
origin. We note that Lilienthal & de Boer (1991) have also de-
tected appreciable amounts of interstellar absorption towards
HD 34904 using the I.U.E. satellite. As a conclusion, those ap-
parent “clumps” are part of the boundary to the LB.

The small condensation of gas in the direction of [ = 340°
at a distance of only 70 pc is associated with the well-known
chemically peculiar star y Lup and HD 129685. Three other
stars in the same sight-line with similar distances (HD 158427,
HD 142629 and HD 142630) all have Nal D2-line equiva-
lent widths <6 mA and thus it seems highly probable that the
large level of Nal absorption measured towards both y Lup
and HD 129685 (which has an extremely high rotational ve-
locity of 440 kms™) is likely to be of circumstellar, and not
interstellar, origin.

We note that the apparent condensation of gas at 127 pc
seen towards [ = 250° is associated with the AOV star,
HD 78955. Pauzen et al. (2001) list this as a possible A Bootis
star, and thus the large column of Nal measured in this sight-
line may well be of circumstellar, and not interstellar origin.

The very small condensation of gas within the LB
at ~120 pc in the direction of [ = 335° is associated with the
star €e Norma (B4 V). This sight-line has a Nal/Call column den-
sity ratio of 7.8 (Welsh et al. 1997), which is typical for many
interstellar sight-lines. We propose that, given its proximity to
the interface between the LB and Radio Loop I, this gas cloud
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is most probably associated with a local disruption of the neu-
tral boundary between the two interstellar gas shells.

Finally, our new data indicate that the condensation of
dense gas at ~85 pc surrounding the star HD 211211 in the
direction of galactic longitude / = 95° which was placed within
the LB in Paper I, is now shown to define the position of the
neutral boundary to the LB in that galactic direction.

Several small, lower density condensations of gas with a
Nal absorption level of ~20 mA are also seen in Fig. 4. The
nearest of these to the Sun is that detected with a D2-line
equivalent width of 20.2 mA in the sight-line towards § Cyg
(d = 52 pc) at I = 79° by Welty et al. (1994). This patch
of neutral gas is also seen at a similar heliocentric velocity
of —19 kms™! towards the angularly nearby stars HD 192640
(d = 41 pc) and HD 193369 (d = 60 pc) at D2-line levels
of 41 mA and 9 mA respectively. For HD 192640 the absorp-
tion may be of circumstellar origin due to the 4 Bootis nature
of this nearby star (Kamp & Paunzen 2002).

5.2. General features of the dense LISM
in the Galactic Plane

Absorption contours in the fourth quadrant are clearly com-
plex, suggesting that some local disruption of the neutral gas
wall may have occured. This whole region contains “holes” in
the LB neutral boundary, i.e. small regions that have low levels
of Nal absorption measured in long sight-lines. Such holes can-
not be accurately represented by our present limited method of
contour plotting. Two conspicuous tunnels (towards / = 315°
and towards [ = 335°, the “Lupus tunnel”, Welsh et al. 1994)
are clearly seen in the density plots, which connect the LB with
the Loop I cavity. These holes are also seen in the vertical plots
in Figs. 5 and 8. These interstellar tunnels may possibly pro-
vide the long-sought link between the Sco-Cen OB Association
and the LB cavity. The region around the North Polar Spur
(Radio Loop I) supershell contains many early-type stars of the
Sco-Cen OB association, and Maiz-Apellaniz (2001) has re-
cently argued that supernovae, produced by stars in the Lower
Centaurus Crux sub-group, may have created the LB cavity
some 6 Myr ago. At that time there was probably a single, pre-
existing low density interstellar cavity that, through the inter-
action of these supernovae events, split into two separate enti-
ties we now call Radio Loop I and the Local Bubble. However,
there is no consensus yet about such a mechanism, and other
descriptions of the formation of the LB have been given, e.g.
by Berghofer & Breischwerdt (2002). The forthcoming study
of the velocity field from our absorption spectra, and of the
distribution of the warm gas should help to understand the hi-
erarchy of explosions, and establish if the local warm clouds in
the solar vicinity are the precursors of the debris of the colli-
sion between two expanding shells (Egger & Ashenbach 1995;
Breitschwerdt et al. 2000).

The antigalactic center area, between 80 and 150 pc, is
also complex. This region illustrates very well the comple-
mentary nature between the two methods we are using. The
>20 mA contour shows that between [ = 150 and 210°, the lo-
cal cavity extends to 80 pc. Beyond this boundary, the method
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Fig.7. Dense gas along vertical planes rotating around the polar axis plotted by 15 deg steps: iso equivalent width contours, and volumic density
after inversion of the column-densities.

of automatic contours is less appropriate, as suggested by the cavity from the LB. From the combination of both methods,
clumps (see above), and the distance between the >20 mA and as discussed above, we conclude that there must be a dense
the >50 mA contours is more extended than in other directions. ~ wall starting at 80 pc, and beyond this wall a cavity extend-
The density distribution map on the other hand reveals a cavity  ing up to about 150 pc. This HI “wall” has been already stud-
between 65 and 150 pc, and an HI “wall” which separates this ied with IUE by Lilienthal & de Boer (1991), who concluded
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Fig. 8. Same as Fig. 7 for the next set of vertical planes.

that this dense gas is associated with the interaction region be-
tween the Auriga-Perseus complex and the boundary to the LB.
Indeed, when applying Hipparcos distances to their results we
find that the distance to the inner part of the shell is constrained
by IUE data in the interval 65-90 pc, and that our additional

300

300

300

Nal data further reduce this interval to 75—-85 pc. We identify
the region devoid of gas seen beyond the HI gas as the void
created by the Pleiades stellar cluster.

In the first quadrant, a smaller tunnel appears towards / =
65°, which extends to 160 pc, while dense gas is detected much
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Fig. 9. Nal gas in the galactic plane and the connection to nearby shells.

closer, at less than 100 pc, between / = 70° and / = 90°. More
observations are certainly needed in this area, because from the
present data set it is not clear whether or not the latter conden-
sation is really embedded and isolated inside the LB.

In the third quadrant the data clearly show the extension to
the low density LB cavity in the direction towards the stars €
and 8 CMa (I ~ 230° to a distance of ~250 pc.) This Canis
Major cavity (Gry et al. 1985; Welsh 1991) is now revealed
to extend further to at least 500 pc (see Fig. 9) in a narrow
“interstellar tunnel” or pathway that links the local cavity with
that of the GSH 238+00+09 supershell recently discovered by
Heiles (1998), confirming the structure he has suggested.

It is clear that such physical links between these interstel-
lar cavities strongly support the idea of networks of interstellar
tunnels first fowarded nearly 30 years ago by Cox & Smith
(1974), in which expanding supernova-driven bubbles interact
and merge to form large-scale interstellar cavities similar to the
Heiles HI shells (Heiles 1979).

In Fig. 9 we sketch the positions of the major interstellar
HI shells and superbubbles that are currently known to sur-
round the LB region (Heiles 1998; Gahm 1994). As outlined
in previous works (Welsh et al. 1994; Egger & Aschenbach
1995), the morphology of the LB cavity seems to be defined by
the intersections of several of these large surrounding interstel-
lar structures such as the North Polar Spur (Radio Loop I) shell,
the GSH238+00+09 supershell, the Taurus-Perseus clouds and
the Pleiades bubble (Lilienthal & de Boer 1991), and possibly
Looplll. Although the actual sizes and boundaries of all these
shells are presently not well defined, it seems clear from the
shape of the neutral gas boundary to the LB that it appears to
be being “squeezed” by these expanding supershells.
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6. The LISM viewed in the meridian plane — Fig. 5

Due to the lack of availability of suitable target sight-lines in
Paper I, the LB contour boundary was only plotted to a dis-
tance of 200 pc in this galactic projection. Our new plot of
Fig. 5 clearly shows the significant elongation of the low den-
sity LB cavity extending at least to a distance of >250 pc into
the lower inner-halo regions of both galactic hemispheres. This
interstellar feature has been termed the “Local Chimney” (LC)
by Welsh et al. (1999) and the physical state of the gas in this
low-density sight-line has been the focus of two recent inter-
stellar studies by Crawford et al. (2002) and Welsh et al. (2002).
As yet, no distinct and continuous neutral boundary to the ends
of the LC has been found in either galactic hemisphere for dis-
tances <400 pc, and Crawford et al. (2002) favor a picture of
the inner galactic halo (in the southern hemisphere) in which
a population of scattered, generally infalling, discrete diffuse
clouds lie along the LC sight-line.

In Fig. 5 we now note the presence of only two major con-
densations of dense neutral gas (with a D2-line EW > 50 mA)
residing within the LB cavity, as opposed to the findings of
Paper I in which several condensations were reported to lie
within its neutral boundary. The complex of gas (presently de-
fined by the Nal absorption levels observed towards the stars
HD 14613 and HD 14670) at (/ 192°, b —67°) can
be confidently associated with the translucent cloud G192-67
at a distance of ~110 pc below the galactic plane (Grant &
Burrows 1999). Indeed, those stars have been used by these au-
thors to locate the molecular gas and have been included in our
database. This small dense cloud again illustrates the comple-
mentary nature of the two methods. The iso-contour boundary
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method provides the more precise location for the dense gas
of G192-67, but the contours beyond the cloud (which are de-
termined from distant targets with sight-lines angularly close
to it, which may or may not intercept it), are badly defined, as
can be seen for the >50 mA contour beyond G192—67 which
shape is very irregular. On the other hand, the density calcula-
tion locates the cloud slightly closer to the Sun (due to rejec-
tions of data points, as discussed in Sect. 4.3), but the cloud
is cleary shown to be surrounded by an empty volume. As a
confirmation exercise, we have removed all absorption compo-
nents occuring at the velocity of the translucent cloud from all
the targets with sight-lines in this direction. This results in a
new calculation of the iso-contour which suppresses the pre-
vious irregularities and shows that there is no other dense gas
detected in this region up to at least 200 pc, and that G192—-67
is the perfect candidate for soft X-rays shadows.

The second dense condensation of gas which is clearly re-
vealed is the HI shell in front of Taurus-Auriga (Lilienthal &
de Boer 1991), which has already been discussed in the pre-
vious section, and which this time is viewed from an observer
located along the (,b) = (90, 0)° axis. Finally, towards the
galactic center, the cut through the 3D distribution crosses the
low density interstellar tunnel extending to ~250 pc in the di-
rection of Sco-Cen as previously mentioned in Sect. 3.2.

Finally, contours in Fig. 5 also reveal the presence of three
lower density condensations (of Nal D2-line EW ~ 20 mA)
within the LB boundary. The most prominant of these regions
is the gas surrounding the star 2 Cet at 70 pc, which was dis-
cussed in Paper I. The density calculation does not produce any
visible enhancement in this region, because the column density
is small and other angular close lines-of-sight do conflict with
this particular one. The other two lower density condensations
are associated with (i) the chemically peculiar star HD 225206
at a distance of 244 pc in the direction (I = 18°, b = —79°) and
(ii) the rapidly rotating A2 star HD 72524 at a distance of 98 pc
in the direction (I = 186°, b = +36°). Although the last LOS
may reveal an extension of the Auriga-Perseus shell, for these
three objects a non-interstellar origin of the absorption is not
precluded.

7. The LISM viewed in the rotational plane - Fig. 6

Figure 6 shows the projection perpendicular to that of the
meridian plane shown in Fig. 5. Figure 6 contains many new
target sight-lines and is the most changed of any of the projec-
tion plots originally shown in Paper I. The local cavity is now
shown to be much less opened in the north in this plane, with
only a narrow “chimney” towards the north galactic pole. This
LC begins to narrow at a distance of ~200 pc above the plane.
This confirms the pattern seen in the meridian plane, that the
northern opening is tilted towards / = 180°, b = +70°.

On the other hand, the LB cavity at highly negative galactic
latitudes is seen to extend to at least 400 pc into the halo, as
was already seen in the meridian plane projection of Fig. 5.

There are two main dense condensations within the lo-
cal cavity revealed by this plot. The first region lying at
~+35° above the galactic plane at a distance of ~80 pc is in
the sight-line to the two stars HD 156559 and HD 156338.
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Wennmacher et al. (1992) have associated this particular in-
terstellar cloud with the feature named LVC 88+36-2, which
has been shown to cast a shadow in the soft X-ray background
(listed as SO862P383 in Snowden et al. 2000).

The contours reveal a second dense condensation of neutral
gas lying within the LB cavity, seen at ~150 pc in the sight line
(I =285° b = —3°) towards HD 81188 (x Vel) and HD 91465.
We note that the interstellar Nal D2-line is detected with a
strength of >100 mA and at a velocity of Vielio = +7 km g1
in both absorption spectra. However, this gas is probably phys-
ically linked to the cloud detected at a similar velocity towards
HD 81157 which lies along the same sight-line but at a distance
of only 85 pc. This means that there is a cloud with a very small
angular extent closer than 85 pc, and that beyond the density
falls off. The calculated density shows such a distribution, but
has put the cloud at 60—70 pc, a distance which may be under-
estimated. Further work is needed to check whether this clump
of gas is detected in radio or IR data.

Several less dense “clouds” of neutral gas (detected with
a Nal D2-line equivalent width of ~20 mA) are also shown
in Fig. 6. Of particular note is the gas detected towards the
star 2 Cet at a distance of ~70 pc (see Paper I for a fuller dis-
cussion), and the gas associated with HD 192640 (d = 41 pc)
which may be circumstellar.

The extensions to the LB cavity at (I = 92°, b = -33°)
reach out as far as 150 pc to the star HD 217715, and this fea-
ture can be considered as another of the lower neutral density
interstellar tunnels that eminate from the local cavity in several
galactic directions.

7.1. Other vertical planes

Figures 7 and 8 show the isocontours and densities in vertical
planes crossing the galactic plane every 15 degrees longitude.
For continuity we have kept the meridian and rotation plane in
the series. Due to the smoothing length of 25 pc, the closest
features can be followed from one plane to the other. When
looking at those figures, it is important to have in mind that
where there are no target stars, the density keeps the a priori
value, i.e. the exponential distribution.

There are several cavities which appear in these interme-
diate planes which could not be seen in the main 3 planes. In
particular, in the 45—-225° plane the Hercules shell (Lilienthal
et al. 1992) is visible around b = +45°, approaching as close
as 70 pc (see the discussion on MBM40). The cavity behind
the shell is also clearly seen at about 150 pc. The 150-330°
and 165-345° planes show more clearly the tunnels towards
Loop I. The small cavity towards / = 90—-120° and b = —35°
and extending to 200 pc may be associated with Loop II.

7.2. Comparison with other data

Our maps of the local distribution of the Nal ion (which sam-
ples gas with an ionization potential <5.14 eV) clearly show
the LB cavity to possess an extremely low density of cold and
neutral gas. However, interstellar observations of the local ISM
using ions of a higher ionization potential (such as Call, MglI
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and Fell) have revealed the presence of many small, low den-
sity clouds (often referred to as “fluft”’). The physical structure
of some of these warm, ionized gas clouds lying within 100 pc
have been reviewed by Redfield & Linsky (2002), but as yet no
global mapping of either the kinematic or density structure of
this ionized component of the LB gas has been achieved due
to the small number of sight-lines thus far sampled. Thus, our
present data is best compared with other tracers of the neutral
component of the local ISM such as interstellar dust and neutral
interstellar hydrogen (HI) gas.

The distribution of interstellar dust within 300 pc has
recently been discussed by Knude & Hgg (1999). Using
Hipparcos distances and stellar colours from the Tycho cat-
alogue, plots of the distribution of interstellar reddening re-
vealed several interesting, apparently nearby features with
colour excesses much larger than the sample average. In par-
ticular, an anomalous reddening value was found for the small
region (I = 145°, b = +65°) that was tentatively associated
with the IV Arch feature (Kuntz & Danly 1996) possibly lo-
cated at a distance as close as 50 pc. The nearest sight-line to
this position for which we have Nal data is towards HD 104241
(I =150°,b = +70°) with a distance of 175 pc. The low level of
Nal seen towards this direction does not support the presence of
dust as close as 50 pc. Additionally, Knude & Hgg (1998) have
used the Hipparcos-Tycho data sets to derive distances for the
nearest four southern star forming clouds in the Chamaeleon
(d = 150 pc) and Lupus region (d = 100 pc). Our absorption
maps of the local gas clearly place both of these star forming
regions beyond the neutral boundary to the LB.

Vergerly et al. (2001) have presented 3D maps of the Nal
and HI density distribution in the solar neighbourhood. The
density of interstellar matter derived from Nal absorption data
utilized the data set presented in Paper I and will thus not be
discussed further. The density of matter derived for HI absorp-
tion used the data compilation of Garcia (1991) and Vergely
et al. noticed that the size of the LB as revealed by HI was
smaller than that derived from the Nal data, in the sense some
clouds appear very clearly in the HI maps and not in the
Nal maps. It was argued that since the first ionization state
of Nal (5.3 eV) is below that of HI (13.6 V), as the temperature
of the interstellar gas rises Nal becomes ionized even though HI
can remain predominantly neutral. These clouds should be de-
tected by the Call absorption.

Inspection of the absorption maps of HI presented in Fig. 10
of Vergely et al. (2001) show those regions of HI absorption
with no counterpart in sodium. There is essentially one cloud
at about 100 pc towards the south pole direction, which may be
associated with 2 Cet.

8. Molecular clouds

Several papers using absorption measurements have placed
high latitude molecular clouds within the local hot bubble (e.g.
Hobbs et al. 1986, 1988; Hearty et al. 2000). Most of them are
the so-called MBM’s, from Magnani et al. (1985). Indeed, our
present database contains most of the data on sodium absorp-
tion used for this purpose. Such measurements are important,
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because knowledge of the distance and placement of molecu-
lar clouds with respect to the boundary of the LB is of great
importance in the interpretation of the galactic distribution of
soft X-ray background emission. In fact, if translucent or dark
clouds are closeby and within the LB cavity, then these are the
best candidates for X-ray shadowing measurements (Burrows
& Mendenhall 1991; Snowden et al. 2000). In addition, the lo-
cation of these clouds with respect to the LB boundaries may
also bring constraints on the LB history.

Those observing programs devoted to the localisation of the
high latitude molecular clouds have made use of specific targets
selected for their centering on radio or IR bright areas. On the
contrary, our target stars are completely independently chosen,
and for this reason we are not expecting to bring important new
constraints.

Nonetheless, there are two ways our data may improve con-
straints on the distances. First, because our own lines-of-sight
are randomly distributed, some of the new data may by chance
complement those dedicated to distance estimates. Second,
some of the searches have been done prior to Hipparcos re-
sults, and updating the stellar distances may change the final
placement of the translucent cloud.

As discussed previously the most prominent isolated fea-
ture in our figures is the molecular cloud complex of G192—-67
(I =192.3°, b = —67.9°) at a distance of 110 pc. We have in-
cluded in the database the target stars used by Grant & Burrows
(1999), which allows us to locate the translucent cloud very
precisely. The most interesting aspect about this cloud is that
there is no dense gas beyond it up to at least 200 pc.

While an extensive comparison between Nal and radio data
is beyond the scope of this paper, we have extracted from our
list of stars those whith EW(Nal-D2)> 100 mA and compared
their directions with the directions of the 120 molecular clouds
listed by Magnani et al. (1996). For each Nal target sight-line
that is coincident with that of a known molecular cloud we
have compared Nal velocities and cloud velocities to investi-
gate whether or not a new constraint on the distance could be
brought. The results are listed below (we follow the same order
as in Magnani et al. 1996).

MBM3—4 (I = 131°, b = —46°): The distance to this cloud
was bracketed by Penprase (1993) and found to be 90—180 pc.
One of the target stars of Penprase (1992) is at 153 pc (instead
of 260 pc), and has a Nal absorption velocity within 2 kms™!
of the radio velocity. This locates the cloud closer than 170 pc,
when taking into account the error on the parallax. This is a
very small improvement with respect to the previous determi-
nation. However, we note that the sodium column towards this
star is not very high, that no CH was detected, and that larger
columns are found only towards much more distant stars. It is
thus still possible that the molecular clump is more distant.

MBM 12: The distance to the MBM 11-12—-13 complex
(around I = 162°, b = —-35°) is a controversial subject. We
observe that the four stars of Hobbs (1986) showing strong
detections are located in the interval 90 to 150 pc. There
is thus dense gas closer within 90 pc from the Sun in this
direction (the minimum distance is 60 pc if one considers
foreground stars within 1 deg from the three stars showing
the largest column, 90 pc if one considers target stars within
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5 degrees). However, we note that Nal velocities are found
to be between —1 and +9 kms~!, while velocities observed
at radio wavelengths are quoted by Magnani et al. (1996) to
be around —5 and —7 kms™'. Moreover, Luhman (2001) and
Chauvin et al. (2002) have recently claimed that MBMI12 is
much more distant, at more than 200 pc, based on stellar fields
properties. We suggest that there is an accidental coincidence
between the direction of the molecular star-forming region and
closer dense HI clouds at 90 pc.

MBM16: Hobbs et al. (1988) have located this cloud (I =
172°, b = —38°) between 60 and 95 pc. Nal and CO velocities
are similar. From Hipparcos parallaxes the maximum distance
is 118 pc instead of 95 pc, while from foreground stars the min-
imum distance is about 90 pc. This is one of the clouds which
is possibly at the boundary of the LB (see Fig. 4).

UT 3-7: The complex UT 3—7 at/ = 163 to 168°, b = —24
to —26.5° is very likely closer than 100 pc, because all stars
observed by White et al. (2001) and more distant than about
90—-100 pc have prominent Nal lines at a heliocentric velocity
of 15 and 17 kms™', (or 6.5-8.5 kms~! LSR), similar to the
velocity of the molecular species. From the White et al. targets,
and our additional targets, the complex should be located be-
tween 75 and 100 pc. This places it at the boundary of the LB
(see Fig. 8), and in continuity with MBM16.

MBM18: Using Hipparcos parallaxes the distance to this
cloud (I = 189°, b = —36°) is less than 165 pc (including the
parallax error) and larger than 65 pc. This is similar to the de-
termination of Franco (1989) of 110—150 pc based on stellar
photometry, and the cloud appears at closer distance than the
140-220 pc interval of Penprase (1993) from pre-Hipparcos
distances. From the general density calculation, the favoured
distance is of the order of 100 pc and the cloud again is at the
border of the LB, and in continuity of MBM16 and UT 3-7.

MBM 33-34-CB63-MBM 36-37 (I = 0-10°, b =
+33-35°): Using our stars and the targets of Genova et al.
(1997), we find Na lines at the same velocity as the radio data
in the spectra of two stars closer at less than 108 and 125 pc
(including errors). Foreground stars are missing and imply a
minimum distance of about 50 pc only. However, the general
pattern favors a distance of about 100 pc, in agreement with
Franco (1989) based on photometry, and again at the boundary
of the LB.

MBM40 (I = 37.6°, b = 44.7°): This cloud is now
found to be closer than the target star HD145146 (82 pc, up-
per limit 94 pc) in exactly the same direction, which shows a
strong absorption line at V (LSR) = 0+ 1 kms™!, similar to the
LSR velocity from radio data (+2.5), and identical to the Nal
and CH velocities from Penprase (1993). This is in agreement
with the upper limit of Welty et al. (1989) and confirms the
suggestion of Lilienthal et al. (1992) that MBM40 lies in front
of the nearest arm of the Hercules shell, therefore producing
an additional X-ray shadow. Updating the distances to the tar-
get stars of Lilienthal et al. we now locate more precisely the
front of the Hercules shell at about 90 pc. With a minimum dis-
tance of about 50 pc for MBM40 (and a favoured distance of
about 80 pc), both features form the LB boundary between 30
and 70 degrees galactic longitude.
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MBM41-44 (Draco clouds) and HI filament: For these ob-
jects at (I = 90°, b = +38°) the Nal velocities observed by
Wenmacher et al. (1992) and others are different from the radio
velocities (Lilienthal et al. 1991). While the molecular clouds
are likely as distant as 200 pc, the HI dense filament observed
by Wenmacher et al. (1992) is much closer. We find a new
Hipparcos based maximum distance of 86 pc (instead of 60 pc).
This cloud again seems to be the closest dense cloud in this
direction.

MBM54-55 (I = 3°, b = =37°): In agreement with Welty
et al. (1989), this cloud is closer than 110 pc, based on veloc-
ity comparisons. Foreground stars place it beyond 80 pc. It is
located at the periphery of the LB.

G102-27: The distance to this cloud was not defined prior
to our work. From velocity comparisons on one of our stars,
HD 220599, its maximum distance is probably 155 + 20 pc.

Other high latitude condensations can be identified with
high Nal columns, but distances are not better constrained from
the present set of data.

The densest low latitude clouds have recently been lo-
cated with precision from combined Hipparcos photometry and
parallaxes, by Knude & Hgg (1998). We have indicated in
Figs. 9 and 10 their resulting locations. They coincide very
well with the dense regions mapped with Nal. In particular, the
maps show clearly the continuity between the Coalsack and the
Chameleon dark clouds.

9. Conclusion

We have presented new high spectral resolution observations
of the interstellar Nal D-lines at 5890 A seen in absorption
towards 311 stars located within ~350 pc of the Sun. Using
these new data taken together with previous absorption mea-
surements along another 694 sight-lines, we have constructed
3D maps of the galactic distribution of neutral sodium ab-
sorption towards a total of 1005 stars in the local interstellar
medium.

These new data confirm many of the findings first presented
in Paper I, but due to the factor of two increase in sight-lines
presently sampled the placement of the neutral boundary to the
LB is now known to an accuracy of ~+20 pc in many galactic
directions. This neutral gas boundary surrounds the low den-
sity cavity of the Local Bubble from a distance of ~60 pc
towards the galactic center direction, to hundreds of parsecs
towards the northern and southern “chimneys”, and inside the
“tunnels” towards the surrounding loops. The “tunnels” to
the Loopl bubble and to the supershell GSH238+00+09 are
the most visible. The properties of the LB boundaries may
bring some clues about its history: apparently the LB is now
in the process of being “squeezed” by surrounding expanding
shells, which suggests it is much older and at lower pressure
than the neighbouring shells. What about its elongation along
an axis which is perpendicular to the Gould belt plane (Fig. 5)?
Does it have some significance? Scenarios for the origin of the
Gould Belt are various: impact of a huge external cloud with
the galactic disk, highly energetic supernova(ae), or a gamma
burst (see Perrot & Grenier 2003). In the latter case, the LB
could be the remnant of the central region of the burst, after full
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Fig. 10. Nal gas in the meridian plane. The most distant stars with negligible sodium are along an axis inclined by about 20 deg, i.e. perpendic-

ular to the Gould belt plane.

ionization and sweeping of the gas, then slow recombina-
tion and squeezing by the successive generations of expanding
shells associated to the belt. This speculative scenario could
explain why the LB chimney opens towards more intermediate
velocity clouds (IVC’s) and high velocity clouds (HVC’s) com-
pared to other regions of the halo, if these clouds are formed
from material ejected after the burst and falling back now onto
the disk. It could also possibly explain why there is dust with
no (or very small) gas counterpart under the IVC’s at low al-
titude (Knude & Hgg 1999), if the gas has been expelled by a
huge burst-generated pressure increase and has left dust behind
1t.

Regions of cold and dense interstellar gas are virtually non-
existant within the local cavity, with only a few small conden-
sations having been definitely located within the LB boundary.
Of these regions, the molecular cloud G192—-67, which pro-
duces a remarkable X-ray shadow, is the densest condensation
which is clearly embedded within the LB.

On the other hand, several of the high latitude molecular
clouds are found to be located at the periphery of the LB, i.e.
they are at about the same distance as the nearest “wall” of

dense gas detected in absorption. Having updated the distances
to target stars from previous studies, and also added new tar-
gets, we are able to derive more accurate distances towards
some of these clouds. We find that the nearest cloud is MBM40
at less than 82 + 12 pc. We are also able to confirm that this
cloud is in front of the HI gas, as suggested by Lilienthal et al.
(1992) and this explains its shadowing effect on the soft X-
ray background. The HI gas is found to be located at ~90 pc.
Further work is needed to measure the columns of HI gas in
front of or beyond those clouds.

This work aims at providing a global frame for the inter-
pretation of emission data, from radio and IR to EUV (CHIPS)
and soft X-rays, as well as of soft X-ray shadows. For these
purposes it needs to be complemented by the kinematical study
of the Nal gas, from absorption line velocities (not used here)
and by a mapping of the warm, diffuse, Call bearing gas. This
will be the subject of forthcoming studies.
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