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Outline	  

*	  3D	  maps	  from	  inversion	  of	  absorpCon	  data	  

*data,	  method,	  shortcomings,	  validaCon	  tests	  

*	  recent	  dust	  exCncCon	  maps,	  comparison	  with	  gas	  absorpCon	  

• Mapping	  caviCes	  =>	  first	  comparison	  with	  X-‐ray	  background	  data	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  =>	  	  the	  hot,	  coronal	  phase	  	  

*Mapping large-scale abundance variations=> first, preliminary results�

*PERSPECTIVES�
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*	  3D	  maps	  from	  absorpCon	  data	  

STAR	  1	   STAR	  2	   STAR	  3	  

STAR	  1	  

STAR	  2	  

STAR	  3	  
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-target stars evenly distributed�
everywhere in space�
-on a very tight grid �
-precise measurements of the absorbing �
 columns	  

and	  ,	  ideally	  for	  our	  purpose	  

-a choice of interstellar tracers adapted �
to the various phases�

Ideally: �

-precise measurements of the target �
 distances	  

Every	  aspect	  in	  progress,	  but	  today	  real	  life	  is.............	  

-target stars databases (strongly) biased �
-today coarse grids for individual abs. data�
 very limited datasets �
-unequal accuracies on the absorbing �
columns	  
-inaccurate target distances, use of�
photometric distances  	  
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HORIZONTAL	  CUT	   VERTICAL	  CUT	  

VALIDATION	  TESTS	  
SIMULATED	  DUST	  
DISTRIBUTION	  
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STAR	  1	   STAR	  2	   STAR	  3	  

STAR	  1	  

STAR	  2	  

STAR	  3	  

+	  SIMULATED	  STAR	  
DISTRIBUTION	  
N*	  STARS	  (21,000)	  

+	  COMPUTATION	  OF	  the	  N*	  ABSORBING	  COLUMNS	  
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INITIAL	  DISTRIBUTION	   INVERTED	  DISTRIBUTION	  

INVERSION	  OF	  THE	  21,000	  SIMULATED	  COLUMNS	  
+	  TARGET	  DIRECTIONS	  AND	  DISTANCES	  



Strömgren	  	  catalogs	  

Geneva	  photometric	  
	  database	  (E(B-‐V)+d	  

Geneva-‐Copenhagen	  Survey	  

Open	  clusters	  

Photometric	  data	  

Latest	  3D	  maps	  

23,000	  color	  excess	  
	  measurements	  	  
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Distances	  	  
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DIFFERENTIAL	  COLOR	  EXCESS	  MAP	  

Lallement et al, subm. 
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STARS	  WITHIN	  10	  PC	  FROM	  THE	  PLANE	  
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STARS	  WITHIN	  150	  PC	  FROM	  THE	  PLANE	  

CAVITIES	  ARE	  MAPPED	  FIRST!!	  
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Ultra-‐soc	  X-‐
rays	  (0.25keV)	  
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We	  start	  with	  the	  ROSAT	  maps	  of	  
	  unabsorbed	  0.25	  keV	  diffuse	  
	  soc	  X-‐ray	  background	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Snowden	  et	  al,	  1998	  	  	  

We	  remove	  the	  contribuCon	  
	  of	  the	  solar	  wind	  charge	  
	  transfer	  X-‐ray	  emission	  
(two	  cases)	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Lallement	  et	  al,	  2004	  

GalacCc	  Plane	  

Gal.	  
	  Center	  
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RadiaCve	  transfer	  
models	  within	  the	  
maps:	  
We	  assume	  that	  all	  	  
caviCes	  emit	  in	  X-‐rays,	  
and	  all	  clouds	  absorb	  

Diffuse	  0.25keV	  X-‐
ray	  background	  
(absorbed
+unabsorbed)	  

Volume	  emissivity	  of	  the	  hot	  gas	  in	  the	  caviCes	  	  

Preliminary	  computaCons:	  	  Puspitarini	  et	  al	  (in	  progress)	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  If	  T=1MK	  =>	  n(e-‐)=	  6	  10	  -‐3	  cm-‐3	  =>	  P(mean)=	  2nT=	  12,000	  cm3	  K	  	  

More	  quanCtaCvely	  

LONGITUDE	  



ISM-‐PHASES	  Heidelberg	  07-‐2013	  

RAD. TRANSFER MODEL ROSAT 1/4keV (SOLAR WIND removed) 

Preliminary	  computaCons:	  	  Puspitarini	  et	  al	  (in	  progress)	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  If	  T=1MK	  =>	  n(e-‐)=	  6	  10	  -‐3	  cm-‐3	  =>	  P(mean)=	  2nT=	  12,000	  cm3	  K	  	  
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LOW	  
DUST	  
/NaI	  

COLOR	  EXCESS	  
(computed	  from	  
the	  3D	  dust	  cube)	  
	  	  	  	  	  VS	  
NEUTRAL	  SODIUM	  
(direct	  measurements)	  
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LOW	  
DUST/CaII	  

COLOR	  EXCESS	  
	  VS	  

IONIZED	  
CALCIUM	  
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IONIZATION	  GRADIENT	  AXIS	  
Wolff	  et	  al,	  1999	  
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LOW	  
DUST	  

HYDROGEN	  
IONIZATION	  
GRADIENT	  
DIRECTION	  
Wolff	  et	  al,	  99	  
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?	  
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Perspectives: we need more data and more interstellar tracers	  
-‐extinction (or color excess)  traces the dust �
 associated with all phases (except in the coronal phase where�
grains are evaporated)   	  

-‐gaseous absorption lines: today only NaI, CaII �
NaI traces essentially the diffuse ISM (also dense cores and filaments but �
very few target stars available exactly beyond those objects)�
-CaII traces the diffuse ISM and the warm neutral and ionized gas�

-difficult measurement: spectrophotometry helps reducing �
degeneracies�
Future: stellar spectroscopic surveys with MOS (associated with�
Vis, IR photometric surveys  and Gaia! �

-easy measurement for early-type stars => limited number�
and achievable spatial resolution �
Future: extraction of lines from all stellar types by modeling �
the stellar spectra�

-‐future:	  diffuse absorptions bands �
-numerous, mostly unsaturated �
Future: -can be extracted for all types by means of stellar 
synthetic spectra�
-better determinations of the media they trace�
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AUTOMATED EXTRACTION OF DIBS
FROM COOL STAR SPECTRA
{CHEN H.C.1 , LALLEMENT R.1 , PUSPITARINI L.1 , BONIFACIO P.1 , BABUSIAUX C.1 , HILL V.2 }

1: GEPI, PARIS OBSERVATORY MEUDON, FRANCE

2: CASSIOPEE/COTE D’AZUR OBSERVATORY, NICE, FRANCE

ABSTRACT
We recently developed a method allow-

ing to extract DIBs from cool star spectra,
using combinations of -stellar synthetic, -
telluric transmission (when necessary), and
-DIB profile models, applicable when the
star temperature, surface gravity and metal-
licity have been previously estimated. The
method has been applied to several strong
DIBs and stars from various programs lo-
cated from the Solar neighborhood to the
Galactic Bulge. Here we show the extraction
of the 8620 Å ("Gaia") DIB, and we compare
its strength to the one of the 6280A DIB lo-
cally and in the bulge. Such method aims
at extracting extensive data from stellar spec-
troscopic surveys such as the ESO-Gaia Sur-
vey in progress at the VLT, and the Gaia-RVS
spectra in the future.

INTRODUCTION
Interstellar (IS) absorption lines or dif-

fuse interstellar bands (DIBs) are usually ex-
tracted from early-type star spectra because
they are characterized by smooth continua.
However, this introduces a strong limitation
on the number of available targets, and lim-
its studies of the DIB response to the radia-
tion field and to the local physical properties
within the IS clouds, while such studies may
bring additional constraints in the search for
the DIB carriers (e.g., Vos et al. 2011). It re-
duces potential studies of the IS matter by
means of the DIB, i.e. the use of DIBs for IS
mapping in the same way gaseous lines have
been already used (Vergely et al. 2010). Here
we present a new method of DIB measure-
ment based on cool star synthetic spectra.
We have applied this method to three widely
studied DIBs: 6196.0, 6204.5, and 6283.8 Å in
219 target stars located in the Galactic bulge
(Chen et al. 2013). Now, we put particular
emphasis on the 8620 Å (Gaia) DIB.

METHOD
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Figure 1: An example of DIB fitting (6284 Å
band)A. Upper image shows the stellar spectrum
or data (red) and the fitting result (blue). Lower im-
age shows the fitting components: synthetic stellar
spectra, DIB template, and synthetic telluric trans-
missions.

The synthetic spectrum of the back-
ground star is computed based on stellar
parameters provided independently. Most
of the stellar surveys aim at determining
those parameters, which makes them avail-
able. A model of the atmospheric trans-
mission model is used when the spectral
regions are contaminated by atmospheric
lines, even if the resolution does not al-
low to distinguish those lines (neglecting
them may bias the determination of the DIB
equivalent widths).

The synthetic stellar spectra were com-
puted here based on an ATLAS 9 model
atmosphere and using the SYNTHE suite
(Kurucz 2005, Sbordone et al. 2004, Sbor-
done 2005). For each star we compute the
synthetic spectrum that corresponds to the
stellar parameters, i.e. the effective temper-
atures, gravity, metallicity. Several values of the microturbulence are tested and the best-fitting
value is retained. The stellar radial velocity is taken into account by Doppler-shifting the com-
puted spectrum by the appropriate value.

The DIB shape here has been preliminarily deduced from the extraction of DIB absorptions
in nearby hot star spectra, and using the most reddened stars (Puspitarini et al 2013). See also
the companion poster (P21) by Lallement et al.

The synthetic telluric transmissions were computed by means of the LBLRTM code (Line-
By-Line Radiative Transfer Model, Clough et al. 2005), using the molecular database HITRAN
(HIgh-resolution TRANsmission molecular absorption, Rothman et al. 2009).

The spectrum is fitted with the convolved combination of the two (synthetic stellar spectra
+ DIB) or three models (synthetic stellar spectra + DIB + synthetic telluric transmissions). Fig-
ure 1 shows an example of DIB fitting for 6284 Å band with three components. Note that in
the case of the 8620 Å DIB below, we only use two models: synthetic stellar spectra and DIB
template (see Fig. 2), because the telluric transmission is negligible.

RESULTS FOR THE 8620 A (GAIA) DIB

Figure 2: An example of DIB extraction for 8620
band. Figures in the left and the right are for dif-
ferent stars.

We show an example of DIB extrac-
tion in the spectrum of a bulge giant
(VL/Giraffe/HR21 mode, see Fig. 2). The
images on top are the fitting components:
synthetic stellar spectra (brown) and DIB
template (green). The images on bottom
are stellar spectrum or data (red) and the
fitting result (blue). We compared the fit-
ting results (EW of the 8620 DIB) from inde-
pendent HR21 and LR08 (R = 7000) expo-
sures. The two determinations were found
to agree within the uncertainties (see Fig 3.
in the left and center).

For the same target stars in HR21 mode,
we also extracted the strong 6284 Å DIB.

Figure 3 (right) shows preliminary results of the comparison between the two DIB measure-
ments. We superimpose the average linear relationship derived for nearby stars by combining
the Munari et al (2008) and the Raimond et al(20122) relationships with the extinction of the
two DIBS resp. These preliminary results are encouraging, however more work is needed to
eliminate ambiguous cases and improve the linelists.

Figure 3: Comparison HR21 vs. LR08 mode (left and middle image) and 8620 vs 6280 band (right).
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CONCLUSION
With the advent of spectroscopic surveys, such as ESO-Gaia Survey in progress at VLT and

Gaia RVS in the future, large numbers of DIB absorption measurements are expected. This
will give a better understanding of diffuse interstellar bands and interstellar environments.

EXAMPLE	  OF	  POTENTIAL	  TRACERS:	  THE	  STRONG	  6284	  Å	  DIFFUSE	  BAND	  	  
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There	  are	  more	  than	  400	  diffuse	  bands	  (DIBs)....	  

Examples	  of	  three	  relaWvely	  faint	  DIBs....	  



-stellar model�
-telluric model�
-IS sodium model�

data�

global�
model�

INTERSTELLAR NEUTRAL SODIUM�
-data�
-composite�
  model�
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Thank	  you!	  

Dust	  in	  the	  verCcal	  plane	  
l=150-‐330°	  
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