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Abstract I discuss some recent observations of the Local Interstellar medium (ISM) that
are related to its history and temperature structure. I focus on three topics: (i) the abundance
pattern of interstellar deuterium and metals, (ii) highly charged ion data, (iii) soft X-ray data.

Deuterium has been unambiguously shown to correlate almost linearly with refractory
metals, confirming that interstellar grains are a “reservoir” of deuterium, and release it into
the gaseous phase jointly with metals when the gas is shocked and heated. By interpreting
the observed level of deuterium with respect to the abundance patterns of metals and oxy-
gen, these data give some clues to the event, which gave rise to the expanding Gould belt.
As a matter of fact abundance data seem to be linked to the belt, and the observed trends
suggest an explosive origin, rather than a collision with an external cloud made of unastrated
material.

X-rays and high ions trace hot gas and interfaces between hot and cool gas. However
absorption lines of high ions show highly complex characteristics and no relationships have
been established yet between their detected columns and the existence of hot-cool gas in-
terfaces. Adding to the complexity, the X-ray emission through charge-exchange reactions
between highly charged solar wind ions and neutrals plays a significant role, calling for
modifications of the global picture of the LISM. In addition to the ubiquitous contamination
of background data by locally emitted X-rays, there are also potential distant charge transfer
(CX) X-ray emissions from clouds-hot gas interfaces.

There is a strong need for high quality, high spectral resolution X-ray data, because X-ray
lines emitted after charge-transfer neutralization of helium-like ions bear a clear signature
of the charge transfer process, if present, and allow to disentangle thermal and CX emission.
More precise density and velocity distributions of the local ISM are also needed to take full
advantage of the X-ray and high ion data and build a consistent picture of the Local Cavity
(LC) and its surroundings. As an example of these requirements I discuss the case of the
North Polar Spur for which there may be some evidence for CX emission.
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1 Introduction

Understanding the detailed structure of the Local Interstellar Medium (ISM) in our galactic
neighborhood is becoming increasingly important. Firstly, it is a foreground that contam-
inates extragalactic diffuse background emission. A precise description of the gas distrib-
ution, resulting radiation field and dust emission is a mandatory tool for foreground cor-
rections to the Cosmic Microwave Background (ESA Planck, Herschel forthcoming space
missions). Second, the distribution of gas and dust influences the local gamma-ray radiation
field, which will be the focus of the NASA GLAST mission. Third, it provides foregrounds
and also helpful insights on the environment of a number of nearby galactic objects, and
subsequently on potential interactions between these objects and the ambient medium. Ex-
amples are the astrospheres around cool stars detected in absorption at Lyman-alpha (Wood
et al. 2008) or the cometary-shape envelopes recently discovered around evolved giant stars
(e.g. Liebert et al. 2007). An extreme case is the spectacular trail around Mira which has
been used to infer the date of entry of the star in the Local Bubble (Wareing et al. 2007).
Last but not least, it provides a way to study and better understand the multi-phase structure
of the local galactic ISM (LISM).

During this meeting, all of the local ISM aspects have been presented and debated by
the best experts. A global picture emerges from these contributions that is at first sight con-
sistent. The distribution of clouds and blown up, often reheated cavities as they come out
from the simulations of stellar winds and supernovae (De Avillez and Breitschwerdt 2005;
De Avillez 2008; Fuchs 2008) seems to represent very well the observations of dense and
diffuse gas (Redfield 2008) and X-ray or radio data (Snowden et al. 2000). Intermediate ions
(Shelton 2008) also roughly correspond to the theoretical interfaces between million degree
gas and cool clouds and the estimated radiation field roughly explains the ionization states
of the clouds (Slavin and Frisch 2002; Frisch 2008).

Still, a few contradictions remain, suggesting that the structure is still not entirely un-
derstood. Why are there very cold clouds and ultra-small scale structures within the hot gas
of the Local Cavity (LC) (see Stanimirovic 2008), which should not happen in an old and
repeatedly heated bubble? Why is the O VI distribution that traces interfaces between the
hot gas and the clouds (inside and at the boundary) still defying a consistent picture, with
many line-of-sight (LOS) devoid of O VI while other angularly close LOS have significant
column densities? How to explain that warm (i.e. with thermally broadened lines) C IV and
Si IV are absent along LOS going through the LC and nearby cavities (see Sect. 2)? Tangled
magnetic fields around the clouds inhibiting the conduction can hardly be the unique solu-
tion. Finally, as stated by Jenkins (2008), the origin of the strong ionization of helium may
be a problem if the properties of the local hot gas are going to be strongly revised due to the
solar wind contamination of the X-ray background. New “ingredients” may be missing in
the present picture. I discuss some observations potentially related to these “ingredients”.

2 The Local ISM Deuterium Abundance Variability and its Link with the Local
Bubble/Gould Belt Structure

2.1 The Deuterium Abundance within 500 pc

The analysis of the FUSE far UV spectra and the inferred D/H ratios have given rise to a
strong debate. The situation is illustrated in Fig. 1, from Linsky et al. (2006). Within un-
certainties the D/H ratio is about constant along lines-of-sight having a H column-density
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Fig. 1 Combined D/H
measurements as a function of
the total H I column-density to
the target star. From Linsky et al.
(2006)

less than 2 × 1019 cm−2, which corresponds to distances of 50 to 150 pc according to the
direction sampled. Then, beyond this value, the ratio is highly variable (by more than a fac-
tor of 4), while for columns above 1021 cm−2 it becomes significantly smaller and seems
again about constant. Such a variability has been interpreted in two different ways. Linsky
et al. (2006) attribute it to the effect of the preferential adsorption of deuterium at the sur-
face of dust grains, and identify the low columns homogenous volume as the Local Cavity.
Extreme deuteration of dust grains has been first proposed by Jura (1982), and the asso-
ciated release of deuterium from grains into the gas following grain destruction has been
suggested by Draine (2004) as the source of the strong variability of the D/H ratio in the
local interstellar medium. Grain destruction and subsequent gas phase deuteration should in
principle occur at shocks and in heated matter, i.e. especially within stellar wind cavities and
supernovae remnants. Observational support to this scenario is brought by the observed cor-
relations between deuterium and singly ionized titanium on one hand (Ellison et al. 2007),
singly ionized iron and silicon on the other (Linsky et al. 2006). Grains are a “reservoir” of
metals, and as a consequence such correlations naturally arise if they are a also “reservoir”
of deuterium. Additional evidence comes from the apparent correlation between D/H and
the excitation temperature of molecular hydrogen (Linsky et al. 2006).

At variance with this interpretation, Hébrard et al. (2005) invoked the very large uncer-
tainties on the H I measurements as the source of the “apparent” abundance correlations.
If one uses abundances relative to H for both D and the metal M, they are evidently both
influenced by measurements errors on H. If the measured column NHobs is in error by some
factor X, both abundances are under- or over-estimated by the same factor X and the re-
sulting set of data points for different lines-of-sight (and different X) is mimicking a linear
correlation between the two abundances. Another argument used against the “depletion hy-
pothesis” is the fact that the D/O ratio seemed to vary in a significantly less extent compared
to D/H. Because the D and O absorption lines are less saturated than the H lines, O-related
abundances are more reliable. Hébrard et al. (2005) suggest that D is locally overabundant
due to some mixing processes, i.e. the gas within the first hundred parsecs is less processed
than the gas at larger distance. This would be in agreement with Geiss et al. (2002) who
suggest that the local gas is a mixture of “fresh” gas fallen from the halo down to the disk
and processed galactic gas.

2.2 End of the Debate about Dust Release of Deuterium?

High resolution spectra of target stars whose D/H is known were recorded with the UVES
spectrograph at the ESO Paranal Very Large Telescope and have been used to extend and
reinforce the correlations with titanium. Figure 2 shows the data and the fitted linear re-
lationship. For the first time titanium (and also iron) abundances relative to H have been
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Fig. 2 Singly ionized titanium abundance and deuterium abundance. The data are consistent with linear
relationships for Ti II/H vs both D/H and D/O (Lallement et al. 2008)

also correlated with D/O (in addition to D/H), convincingly revealing a new relationship
and demonstrating that the uncertainty on H is definitely ruled out as the unique source
of the deuterium-metals correlations (Lallement et al. 2008). Surprisingly, the deuterium
abundance seems to vary linearly with the titanium abundance.

2.3 The Gould Belt

The deuterium depletion has some important consequences on its abundance and galactic
evolutionary models, but it also opens a new perspective: deuterium can be used as a tracer
of the ISM history. In particular it may bring some information on the local ISM, i.e. the
local pattern shown in Fig. 1 must be related to past events having heated the dust.

Already noticed by Herschel in 1847, the peculiar distribution of the bright early-type
stars in the solar neighborhood known as the Gould belt is still a subject of debate (for
a review see Pöppel 1997). Hipparcos-based maps of early-type stars show the belt as a
wavy band with a maximum at about −20 deg of galactic latitude in the direction close
to the anticenter and another maximum at +20 deg in the opposite direction. The belt is
close to an inclined plane made of stars, H I and H II regions as well as molecular clouds.
The system is in expansion and rotation and is mainly composed of stars younger than 20–
40 Myrs. The supernova rate is believed to be enhanced along the belt by comparison with
the galactic average and has reached 20–27 SNe per million years within the belt (Grenier
2000). A representation of the associations along the belt is shown in Fig. 3 from Perrot and
Grenier (2003). Potential sources of the belt include the impact of a giant cloud (Comerón
and Torra 1994), which helps to explain the inclination, a strong explosion followed by a
circular shock wave (Olano 1982) which helps to explain the expansion but not very well
the inclination. Olano (2001) invokes the interaction between a super-cloud and the spiral
arm. A gamma burst origin has also been proposed by Perrot and Grenier (2003), in parallel
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Fig. 3 A schematic view of the expanding belt, as modeled by Perrot and Grenier (2003). Despite the visual
impression the longitude of the ascending order of the belt is here 296 deg (highest positive galactic latitudes
at l = 26 deg). The LC (solid oval) corresponds to small H I columns, while the columns towards the OB
associations defining the belt correspond to the high variability of D/H. The Sun is between the center of
the belt and the Scorpius, Centaurus, Lupus associations. The “chimneys” of the LC opening to the southern
and northern galactic halos are roughly perpendicular to the belt. The belt corresponds to the region of high
variability of D/H

with the suggestion by Lallement et al. (2003) of a GRB origin for the Local Cavity and its
inclined “chimneys” connecting the LC to the halo (Welsh et al. 1999). Both structures, the
LC and the belt, may be related, and the inclination of the “chimney” axis at right angle to
the may not be fortuitous belt (Sfeir et al. 1999).

2.4 A Link between the LC, the Gould Belt and the D/H Pattern?

As shown in Fig. 4, the LC, if defined by NH < 1019.3 cm−2, is interior to the belt. This is
also the region of almost constant D/H (see Fig. 1). On the other hand, belt associations like
the Ori OBIa correspond to NH ≈ 1020−20.5 cm−2, a column that corresponds to the transition
value between D/H constancy and high variability. In the light of the deuterium release by
heated dust, the high variability transition region could be associated with the expanding
front of the GB, where shocked and unshocked gas and dust do coexist (Lallement 2007).

Both a cloud impact and an explosive event can produce the Gould belt expansion and
its associated stellar births and deaths, and the associated D/H variability. In the first case
however two cumulative sources of deuterium enrichment are at work within the belt: dust
evaporation on one hand, and mixing of galactic gas with D-rich extra-galactic gas on the
second hand. Dust evaporation is accompanied by an equivalent increase of metals (Fig. 2)
and a negligible or very small oxygen increase, while mixing with unastrated gas produces
a strong decrease of metal and oxygen, which precludes simple proportionalities between
metal abundances and both D/H and D/O. Thus, the observed linear relationships favor the
first process more than the second. This is reinforced by the absence of significant O/H
variations within the first 400 parsecs (Meyer et al. 1998; André et al. 2003; Oliveira et al.
2006)
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3 Highly Charged Ions

The intermediate ions C IV and Si IV are preferentially found in photoionized gas within
the ISM. N V and O VI are present in collisionally ionized gas found in interfaces between
hot and cool gas (Slavin 2008), and are formed at temperatures of the order of 150,000–
3,000,000 K. C IV and Si IV are also present in interfaces, but are formed at lower tem-
peratures (around 80,000 K). These four ions will be found within blown up “bubbles” at
locations where the gas has moderately cooled down.

The O VI ion has been detected with FUSE along a large number of target stars (Savage
and Lehner 2006; Oegerle et al. 2005). The overall spatial distribution of local interstellar
O VI absorption is found to be quite patchy, with both detections or non-detections for
LOS of the same length or angularly close, which has been interpreted as being due to the
presence of tangled or tangential magnetic fields which can quench the thermally conductive
interfaces of cloud surfaces on which the O VI is thought to form (Cox and Helenius 2003).
However, since there are numerous clouds around the Sun, one would expect the resulting
columns to make a more homogeneous set.

C IV, Si IV, N V have been detected along numerous sight-lines >100 pc (e.g. Sembach et
al. 1994; Savage et al. 2001; Gry and Jenkins 2001) with IUE and HST spectrographs, how-
ever often with too low resolution or with too many blends to allow accurate measurements
of the line-widths. When there is enough resolution and the absorptions are well separated,
some high ion lines are narrower than what one would expect for gas at 105 K or more (e.g.
Knauth et al. 2003), and are likely to be due to photo-ionization.

Figure 4 shows part of HST/STIS measurements of C IV, Si IV and NV along two lines-
of-sight that are known to cross both the near and far neutral interface boundaries to the
Loop I cavity, in addition to intersecting the fragmented shell of neutral and partially ionized
gas that defines the boundary to the Local Bubble. The LOS studied are superimposed on
the low resolution dense gas distribution deduced from absorption studies (Lallement et al.
2003). While for one sampled direction there is no C IV detection in association with the
distant dense gas (at heliocentric velocity around 0 km/s), for the second direction there is
a clear detection, but the narrow line profile-widths, corresponding to temperatures of a few
104 K at maximum are found to be incompatible with theoretical models that predict high
ion absorption due to the presence of evaporating cloud conduction interfaces (Welsh and
Lallement 2005). Either the gas is very far from equilibrium, or these ions are produced by
photo-ionization, as in the case of the Knauth et al. data. In any case, there is clearly a lack
of “warm” ions from the expected interfaces dense gas and the Loop 1 cavity. On the other
hand, the gas located between the LC and Loop 1 (at negative velocities) has some C IV
counterpart for the 2 stars, but again when there is no blend (direction A) the line width is
too narrow for a classical warm-hot interface. As a conclusion, the picture drawn from the
high ions is still far from well understood and must be studied in details for each different
context.

4 Charge eXchange (CX) X-Ray Emission

4.1 The Heliospheric CX Emission and its Impact on LC and Halo Hot Gas

Snowden et al. (1998, 2000) have used a large number of ROSAT 1/4 keV shadows, to derive
and map the unabsorbed fraction of the soft X-ray diffuse background, i.e. supposedly hot
gas filling the LC. It is now clear that a non negligible fraction of this locally emitted soft
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Fig. 4 High resolution HST/STIS spectra towards two target stars (A2 (HD142256), B2 (HD127381) on the
left graph) within dense gas beyond Loop 1. This dense gas is at heliocentric velocity ≈0 km/s and is detected
with Fe II (top right) for both A2 and B2. Towards B2 there is no corresponding C IV (nor Si IV) at the dense
gas velocity. Towards A2 C IV is detected, but the line-width is narrow and precludes collisional equilibrium
at T ≈ 105 K gas. Similarly, the negative velocity C IV detected towards target A2, which corresponds to the
gas between the LC and Loop 1 is too narrow

X-ray emission is solar wind charge-exchange emission (or SWCX) (Cox 1998; Cravens et
al. 2001; Lallement 2004; Snowden et al. 2004). From updated calculations using the best
available atomic data, Koutroumpa et al. (2008) show that, while at high galactic latitude the
major part of the measured brightness is definitely not from the heliosphere, at low galactic
latitudes the emission generated throughout the heliosphere is potentially large enough to
explain the observed signal. The whole picture of the hot gas distribution in the LC is thus
to be revised, in the light of this strong CX contamination. In case the low galactic latitude
emission is entirely solar, the existence of hot gas at small distances from the disk is no
longer required, nor the pressure equilibrium between the local clouds and the pressure of
the high latitude, because in this case the X-ray emitting hot gas and the disk gas would
be physically disconnected. The actual location and characteristics of this high latitude hot
gas would have to be revisited. Is this hot gas falling down towards the disk, as do the high
velocity clouds (HVCs)? Is this infall a result of the large explosion having given rise to the
Gould belt and created a low pressure region in the Sun vicinity? It is tempting to imagine
such scenarios, but they are far too speculative at this stage and before new analyses of the
hot gas and of the interfaces are performed.

4.2 Non-Solar Charge Transfer X-Ray Emission? The North Polar Spur?

The CX X-ray/EUV emission mechanism, which is extremely efficient, may be at work
in other astrophysical situations, and in particular at interfaces between hot gas and cool
clouds. In the same way neutral interstellar atoms enter the solar wind, while the ionized
fraction is deviated and excluded from the heliosphere, neutral gas from partially ionized
clouds may penetrate hot gas of stellar winds or SNR cavities. For an H atom entering a hot
plasma, the mean free path against charge transfer is of the same order as the mean free path
against collisional ionization for a large number of hot gas temperatures and neutral/hot gas
relative velocities. The X-ray emission arising from charge transfer between neutrals and
highly charged ions of the hot plasma occurs only within a very narrow layer of the order of
this mean free path. However, despite this narrowness, the CX emission may be significant
w.r.t. the thermal emission of hot gas, generated along large distances (Lallement 2004).
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Fig. 5 (Left) The ROSAT 3/4 keV map reveals the conspicuous North Polar Spur (NPS) and Loop 1 emission
(grey area between A and C). The emission discontinuities A, B , C correspond to lines-of-sight that are
tangential to the dense gas, here shown in the meridian plane containing the galactic center (Lallement et
al. 2003). (Right) XMM and Suzaku spectra of very bright NPS regions (Willingale et al. 2003; Miller et al.
2008). The O VIII and Ne IX emission lines seem in both cases to be shifted to lower energies, while O VIII
or Ne X are not. A signature of charge-transfer emission?

Interestingly, crude estimates of the CX emission from high velocity clouds in a hot halo
is of the same order as the emission detected with ROSAT (e.g. Kerp et al. 1998) towards
some HVCs. In the case of stellar winds expanding within dense media, there may be CX
emission lines from ion stages corresponding to the ionization degree within the shocked
wind.

Is the diffuse X-ray background contaminated by the CX emission from such interfaces?
We discuss here two (although weak) evidences for a positive answer, that call for further
investigations.

Figure 5 shows the 3/4 keV ROSAT map, with the spectacular Loop 1/North Polar Spur
(NPS) emission. While the NPS has been initially detected in radio, it corresponds to the
edge of a very bright X-ray enhancement. We focus on three directions A, B, C defining
three edges of the X-ray emission along a meridian line containing the galactic center. The
same three directions are superimposed on a dense gas density cut in the corresponding
meridian plane containing the Sun, the galactic poles and the galactic center. The density
distribution comes from neutral sodium absorption data inversion (Lallement et al. 2003)
and shows the shell of dense gas around Loop 1 (the Loop 1 cavity appears as a small
white area within the dark region, its small size is due to the very coarse resolution of the
distribution). Interestingly, the A, B and C bright edges correspond to directions that are
tangential to the dense gas, as one would expect from emission arising at the periphery of
the dense gas in potential agreement with a dense/hot gas interface CX emission. However,
the limited precision of the density maps precludes a firm conclusion.

There is on the other hand a more direct diagnostic of the CX emission mechanism.
After the electron transfer from a neutral to a high ion, and contrary to an electron impact
recombination, the electron has a large probability of populating high energy shells, which
strongly modifies the subsequent cascades. In the case of electron capture by helium-like
ions, the de-excitation of the newly formed excited ions (e.g. N VI, O VIII, Ne IX) generates
a resonance/inter-combination/forbidden line triplet considerably different in case of charge-
transfer (i.e. if the electron is extracted from a neutral) compared to electron impact (i.e. for
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a capture of a free electron). E.g., Pepino et al. (2004) predict a 561 eV O VIII forbidden
line about 4 times more intense than the 574 eV resonance line in the case of CX, while for
electron impact it is twice fainter. Such line ratios, or the triplet wavelength shift in case of
unresolved features, bear a clear signature of the charge transfer process, if present. E.g. the
O VIII triplet is shifted by about −10 eV and the Ne IX triplet by about −17 eV for XMM
and Suzaku spectral resolutions. Unfortunately, such diagnostics are difficult to obtain in
case of extended sources and at low resolution.

In the case of the Loop 1, it is interesting to compare the highest quality NPS spectra
recorded by XMM (Willingale et al. 2003) and recently Suzaku (Miller et al. 2008) with the
model spectra. Figure 5 shows fractions of the recorded spectra at low energy. The O VIII
and Ne IX triplets seem indeed to be shifted w.r.t. to the model, by about 10–15 eV, while the
O VIII and Ne X lines are well centered. The two Fe XVII lines also seem to be shifted, as it
should probably be in case of CX, but there are at present no calculations of the charge trans-
fer shifts for these complex ions. These weak evidences for additional distant CX emission
deserve more investigations. If present, interface CX emission should modify the overall
picture of the hot gas distribution.

5 Data Need for a Better Global Picture of the LISM

Understanding the history of the local ISM, the origin of the expanding Gould belt, the link
between the GB and the LC, the nature of the gas in the LC and the transition to the halo,
and finally the ion and X-ray data is a difficult task, presently in progress as shown during
this meeting. Is the LC a remnant of an explosive event that gave rise to the Gould belt?
Is this region under-pressured, which induces halo gas down-flow, as suggested by high
and intermediate velocity clouds negative velocities? Or is it on the contrary a typical, old,
reheated SNR bubble? Answering these questions requires:

(i) to disentangle thermal vs. charge-exchange X-ray emission, which requires new gener-
ation high-resolution X-ray spectra (McCammon et al. 2002)

(ii) to better characterize the low and high ionization degree ions thanks to high resolution
FUV/UV spectra

(iii) to build detailed 3D density and velocity distributions of dense and diffuse gas, thanks
to combinations of absorption and emission data. This requires much larger data sets
than available ones

(iv) to locate the high ions in the gas and velocity distribution and correlate them with
shocks, interfaces, cavities

(iv) to compare abundance variations, such as deuterium, with the same features
(v) to compare the 3D picture with sophisticated models of ISM evolution, including mag-

netic fields

This is an ambitious program for a research field which is not at high priority, but its
achievement would be useful in many ways as discussed in the introduction.

References

M.K. André et al., Astrophys. J. 591, 1000 (2003)
F. Comerón, J. Torra, Astron. Astrophys. 281, 35 (1994)
D.P. Cox, in Lecture Notes in Physics, vol. 506 (Springer, Berlin, 1998), p. 121
D.P. Cox, L. Helenius, Astrophys. J. 583, 205 (2003)



436 R. Lallement

T.E. Cravens, I.P. Robertson, S.L.J. Snowden, Geophys. Res. 106(A11), 24883 (2001)
M. De Avillez, Space Sci. Rev. (2008), this issue
M. De Avillez, D. Breitschwerdt, Astron. Astrophys. 436, 585 (2005)
B.T. Draine, in Origin and Evolution of the Elements, ed. by A. McWilliams, M. Rauch (Cambridge Univ.

Press, Cambridge, 2004), p. 320
S.L. Ellison, J.X. Prochaska, S. Lopez, Mon. Not. R. Astron. Soc. 380, 1245 (2007)
P.C. Frisch, Space Sci. Rev. (2008), this issue. doi: 10.1007/s11214-008-9394-4
B. Fuchs, Space Sci. Rev. (2008), this issue. doi:10.1007/s11214-008-9427-z
J. Geiss, G. Gloeckler, C. Charbonnel, Astrophys. J. 578, 863 (2002)
I. Grenier, Astron. Astrophys. 364, L93 (2000).
C. Gry, E.B. Jenkins, Astron. Astrophys. 367, 617 (2001)
G. Hébrard, T.M. Tripp, P. Chayer et al., Astrophys. J. 635, 1136 (2005)
E.B. Jenkins, Space Sci. Rev. (2008), this issue. doi:10.1007/s11214-008-9352-1
M. Jura, in Advances in Ultraviolet Astronomy, ed. by Y. Kondo. vol. CP-238 (NASA, 1982), p. 54
J. Kerp, J. Pietz, P.M.W. Kalberla et al., in Lect. Notes in Phys., vol. 506 (1998), p. 457
D. Koutroumpa, R. Lallement, V. Kharchenko, A. Dalgarno, Space Sci. Rev. (2008), this issue
D. Knauth, C. Howk, K. Sembach, J. Lauroesch, D. Meyer, Astrophys. J. 592, 964 (2003)
R. Lallement, Astron. Astrophys. 422, 391 (2004)
R. Lallement, Space Sci. Rev. 130, 341 (2007)
R. Lallement, B.Y. Welsh, J.L. Vergely, F. Crifo, D. Sfeir, Astron. Astrophys. 411, 447 (2003)
R. Lallement, G. Hebrard, B.Y. Welsh, Astron. Astrophys. 481, 381 (2008)
Y. Liebert, E. Gérard, T. Le Bertre, Mon. Not. R. Astron. Soc. 380, 1161 (2007)
J. Linsky, B. Draine, W. Moos et al., Astrophys. J. 647, 1106 (2006)
D. McCammon et al., Astrophys. J. 576, 188 (2002)
D.M. Meyer, M. Jura, J.A. Cardelli, Astrophys. J. 493, 222 (1998)
E.D. Miller, H. Tsunemi, M. Bautz et al., Publ. Astron. Soc. Jpn. 60(SP1), S95 (2008)
W. Oegerle, E.B. Jenkins, R. Shelton, D. Bowen, P. Chayer, Astrophys. J. 622, 377 (2005)
C.A. Olano, Astron. Astrophys. 112, 195 (1982)
C.A. Olano, Astron. J. 121, 295 (2001)
C.M. Oliveira, H.W. Moos, P. Chayer, J.W. Kruk, Astrophys. J. 642, 283 (2006)
C. Perrot, I. Grenier, Astron. Astrophys. 404, 519 (2003)
R. Pepino, V. Kharchenko, A. Dalgarno, R. Lallement, Astrophys. J. 617, 1347 (2004)
W.G.L. Pöppel, Fundam. Cosm. Phys. 18, 1 (1997)
S. Redfield, Space Sci. Rev. (2008), this issue
B. Savage, N. Lehner, Astrophys. J. Supp. Ser. 162, 134 (2006)
B.D. Savage, M.R. Meade, K.R. Sembach, Astrophys. J. Supp. Ser. 136, 631 (2001)
K.R. Sembach, B.D. Savage, E.B. Jenkins, Astrophys. J. 421(2), 585 (1994)
D.M. Sfeir, R. Lallement, F. Crifo, B.Y. Welsh, Astron. Astrophys. 346, 785 (1999)
R. Shelton, Space Sci. Rev. (2008), this issue
J.D. Slavin, Space Sci. Rev. (2008), this issue. doi:10.1007/s11214-008-9342-3
J.D. Slavin, P.C. Frisch, Astrophys. J. 565, 364 (2002)
S.L. Snowden, R. Egger, D.P. Finkbeiner, M.J. Freyberg, P.P. Plucinsky, Astrophys. J. 493, 715 (1998)
S.L. Snowden, M.J. Freyberg, K.D. Kuntz, W.T. Sanders, Astrophys. J. 128, 171 (2000)
S.L. Snowden, M.R. Collier, K.D. Kuntz, Astrophys. J. 610, 1182 (2004)
S. Stanimirovic, Space Sci. Rev. (2008), this issue. doi:10.1007/s11214-008-9363-y
J. Wareing, A.A. Zijlstra, T.J. O’Brien, M. Seibert, Astrophys. J. Lett. 670, L125 (2007)
B.Y. Welsh, R. Lallement, Astron. Astrophys. 436, 615 (2005)
B.Y. Welsh, D.M. Sfeir, M.M. Sirk, R. Lallement, Astron. Astrophys. 352, 308 (1999)
R. Willingale, A.D.P. Hands, R.S. Warwick, S.L. Snowden, D.N. Burrows, Mon. Not. R. Astron. Soc. 343(3),

995 (2003)
B.E. Wood, V.V. Izmodenov, Y.G. Malama, Space Sci. Rev. (2008), this issue. doi:10.1007/s11214-008-

9369-5

http://dx.doi.org/10.1007/s11214-008-9394-4
http://dx.doi.org/10.1007/s11214-008-9427-z
http://dx.doi.org/10.1007/s11214-008-9352-1
http://dx.doi.org/10.1007/s11214-008-9342-3
http://dx.doi.org/10.1007/s11214-008-9363-y
http://dx.doi.org/10.1007/s11214-008-9369-5
http://dx.doi.org/10.1007/s11214-008-9369-5

	Some Observations Related to the Origin and Evolution of the Local Bubble/Local ISM
	Introduction
	The Local ISM Deuterium Abundance Variability and its Link with the Local Bubble/Gould Belt Structure
	The Deuterium Abundance within 500 pc
	End of the Debate about Dust Release of Deuterium?
	The Gould Belt
	A Link between the LC, the Gould Belt and the D/H Pattern?

	Highly Charged Ions
	Charge eXchange (CX) X-Ray Emission
	The Heliospheric CX Emission and its Impact on LC and Halo Hot Gas
	Non-Solar Charge Transfer X-Ray Emission? The North Polar Spur?

	Data Need for a Better Global Picture of the LISM
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


