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Fig. 12. Same as Fig. 11, but for Dy, = 500, 750, 1000, and 2000 pc
and a different (and still unique) color scale. Superimposed on the
first and last maps is the E(B — V) = 0.1 iso-contour from the SFD
map. E(B — V) = 0.1 corresponds the white-to-green transition in the
distance-limited opacity maps.

Fig. 13. Distance from the Sun at which the integrated opacity,
computed from the inverted differential opacity distribution, is
reaching E(B — V) = 0.02 mag. Directions corresponding to dis-
tances above 300 pc correspond to the purple color. The minimum
value (darkest green) is ~80 pc.

Fig. 14. Same as Fig. 13 for E(B — V) = 0.06 mag. The minimum
value (darkest green) for the distance is ~90 pc.
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Fig. 15. Interactive 3D iso-opacity surface for 0.0004 mag pc~'. The Sun is represented by a cube.

transparent surfaces and more structures can be seen at
http://mygepi.obspm.fr/~rlallement/ism3d.html and
http://mygepi.obspm. fr/~rlallement/ism3dcrevace.
html. However, faint features must be searched for in the slices
presented above.

7. Discussion

We have presented new differential opacity maps of the local
ISM based on the merging of several photometric catalogs and
associated color excess measurements. The data are inverted us-
ing a Bayesian code based on the Tarantola & Valette (1982)
theoretical work and developed by Vergely et al. (2001, 2010).
New spatial correlation kernels were introduced in order to re-
produce the ISM structure in a better way, and the quantitative
parameters were chosen in a very conservative way to avoid
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unrealistic condensations. The maps extend the earlier results of
Vergely et al. (2010) to distances of 800—1000 pc at low latitudes
and 300 pc below and above the plane.

Our main findings are the following:

— The comparison with the former maps shows good agree-
ment despite using a different reddening database, and dif-
ferent correlation kernels. In particular, the addition of a
large number of early-type stars did not affect the Local
Cavity boundary mapping. The main clouds are located in
3D space in a way that is coherent with other independent
determinations and with 2D dust maps. This demonstrates
that the present inversion method gives satisfying results pro-
vided parameters are carefully and conservatively chosen
in accordance with the number of sightlines entered in the
inversion process.
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— The combination of the inversion technique and the dataset
characteristics is particularly appropriate for revealing
nearby interstellar cavities. The geometry and distribution in
sizes of those various cavities are available for comparisons
with 3D hydrodynamical models of the ISM and bubble evo-
Iutions under the repetitive action of stellar winds and su-
pernovae (de Avillez & Breitschwerdt 2009). In particular,
the maps reveal a huge cavity that we identify as the su-
perbubble GSH238+00+09 (Heiles 1998) and an elongated
cavity in the opposite direction. By giving a global per-
spective on the distribution of the main clouds and cavi-
ties, the new maps may also help shed light on the for-
mation of the Gould belt/Lindblad ring structure, e.g., the
scenario devised by Olano (2001) that attributes the forma-
tion of the Local arm and the Gould belt to a supercloud
having entered a spiral arm 100 Myr ago (see also the re-
cent work of Perrot & Grenier 2003). Indeed, the major-
ity of the cloud complexes seem to surround the chain of
cavities formed by GSH238+00+09, the Local Bubble and
the [ = 70° cavity, and this clearly points to a special role
of this 60(70)°-240(250)° direction in the local ISM history.
We note that this direction is identical to the one of the inter-
stellar helium ionization gradient axis found by Wollff et al.
(1999), a potential additional consequence of the event that
gave rise to the whole structure.

— The inversion technique and the dataset are also particular
appropriate to locating the faint structures that lie above or
below the plane (E(B — V) < 0.1) and are apparent in the
emission maps (Schlegel et al. 1998). Such faint and an-
gularly extended clouds cannot be mapped using statistical
techniques. The majority of these features are located in 3D
and found to be close, at less than ~150 pc. While there is
definitely an inclined cavity fully devoid of dust (linking the
local chimneys to the halo), around this cavity the dust pat-
tern is quite complex. Most faint clouds like the Northern
Loop! arches and the North Celestial Pole Loop are located
between 100 and 200 pc.

— The maps can be used to potentially disentangle coinciden-
tal similarities in directions for unrelated clouds at different
distances. We discussed two particular cases.

We must caution that, in addition to the limitations in spatial
resolution, which are linked to the use of a smoothing length,
the present dataset is not appropriate for a detailed mapping of
the dense clouds. As a matter of fact, there is a limitation in the
brightness of the target stars, and the subsequent lack of strongly
reddened stars results. This results in a poor representation of
regions beyond opaque clouds, because they are badly sampled.
There is for the same reasons a bias towards low opacities and
some of the opaque clouds are under-represented. Hopefully in
future, additional data toward weaker targets will allow those
biases to be eliminated, and the decrease in the mean distance
between targets will allow using shorter smoothing lengths,
leading to better spatial resolution. This is especially mandatory
for the dense atomic and molecular phase. This should help for
understanding the complex kinematical structure of the whole
Sco-Cen area recently derived by Poppel et al. (2010) based on
HI 21 cm data from the Leiden-Dwingeloo Survey and its link
with the Gould belt formation. Present or future surveys and
especially the Gaia mission should help improving the mapping.

.2 3D extinction maps

The use of the kinematics that are available from gas emission or
absorption data should also help for disentangling the structures
and lead to better maps.
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Appendix A: Convergence and treatment
of oscillations

For most of the choices of parameters, the inversion takes about
three to four iteration steps for convergence. We have checked
that allowing for more steps does not modify significantly the
distribution. The results here were obtained after ten iterations.
A number of values for the four main parameters, &y, &1, 07, 01
were tested. We show here the results for one favored set of pa-
rameters. It corresponds to & = 30 pc, o9 = 0.6, & = 15 pc,
and o = 0.8. Our criteria for this choice of parameters are
guided by a balance between the quality of the adjustments to
the data and a conservative choice of the smoothing lengths. We
are also helped by the distribution pattern itself and, in particu-
lar, the appearance of elongated radial structures where there are
not enough target stars with regard to the used kernel. However,
we cannot avoid such radial structures at large distances where
targets are missing if we want to keep a kernel appropriate to
the nearby regions and uncover the nearby structures. This is
illustrated in the Appendix.

Apart from the introduction of new kernels, the updated
code now includes a new stage of convergence control. Indeed,
in some areas (the problem arose around / = 80° and b = 0°, a
direction that corresponds to strong changes in the cloud prop-
erties with increasing longitude) the correlation length is large
compared to the distances, thus the model has difficulties by fit-
ting strong extinctions which are mixed with weak extinctions at
distances much shorter than the correlation length. Under these
conditions, the model oscillates from one iteration to the other
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between the presence of a strong structure of extinction and the
absence of extinction: two solutions are then possible for the
model. To avoid these oscillations, at the end of the third it-
eration, one detects the extinction data, which are farther than
three sigma from the model. In fact, the model practically con-
verged in the majority of the areas of the Galaxy, except in the
significant areas where the gradients in extinction are particu-
larly important. The data that are farther from the model show
the areas where the model cannot reach the data. In this case,
one increases the variance of the data by a factor of 2; this al-
lows putting less weight on the data that deviate too much from
the model. One starts again this filtering with each new iteration.
From a practical point of view, about 300 sightlines are thus fil-
tered in third iteration, from the total of 23 000. This number
decreases from one iteration to the next and vanishes at the end
of the sixth iteration. After convergence, the estimated model
privileges smoothed solutions with low extinction values.

Appendix B: Distribution at large distances:
constraint limitations

While the inversion was performed in a 4000 x 4000 x 600 pc?,
the scarcity of distant stars results in very low or in null con-
straints beyond ~800 pc. In this case the prior distribution is kept
unchanged. We show in Fig. B.1 the computed inverted distribu-
tion in the Galactic plane up to + or —2 kpc, in order to illustrate
the limits of the area that is actually constrained.

Fig. B.1. Galactic plane cut in the 4000 pc 3D distribution of inverted
opacity. This map clearly shows the limits between the prior distribution
(homogeneous color) and areas where the model has been constrained
by the dataset. The elongated radial structures correspond to directions
where cavities over dense areas are detected but the number of target
stars is too small to constrain their location, hence the spread over a
large distance.
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Appendix C: Target distribution

The distribution of the target stars gives the constraints for the
inversion. We show in Fig. C.1 those target stars that are located
within 10 pc from the plane and have mainly contributed to the
computed distribution in this plane, superimposed on the inner
part of the computed map. It allows to infer the spatial resolution
that can be achieved in a given location. Figure C.2 shows those
target stars that are located within 150 pc from the plane and
allows to figure out the achievable spatial resolution at larger
distance.

Fig. C.1. The Galactic plane cut in the 3D distribution of in-
verted opacity with stars within 10 pc from the plane superim-
posed (plus signs). The distribution shows the regions that are
well constrained by the data, and how, given the present lim-
ited dataset, nearby cavities are better represented than cloud
complexes. The distribution also allows the limiting size for the
structures to be figured out from the distance between neighbor-
ing targets, on the order of 10 pc in the Sun vicinity.

Fig. C.2. Same as Fig. C.1, but extending up to 800 pc and dis-
playing stars within 150 pc from the plane. The limiting size
for the inverted structures varies from 40 to 200 pc at 800 pc
depending on the regions.
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