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160µm HERITAGE Meixner+ 2010
Hα MCELS Smith+
[CII] BICE Mochizuki+ 1994. Rubin+ 2009

[[CII] red
[OIII] green
H-band blue
Cont: CO3-2

30 Doradus
• Archives
• Herschel PACS / SPIRE
• ALMA
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Multi-wavelength observations of ISM in Galaxies



12CO 2-1 (ALMA) R. Indebetouw
[NeIII]
[SIV]

Spitzer IRS (Indebetouw + 09)

[[CII] red
[OIII] green
H-band blue
Cont: CO3-2

Mélanie Chevance
CEA - France

Multi-wavelength observations of ISM in Galaxies
30 Doradus
• Archives
• Herschel PACS / SPIRE
• ALMA



FUV photons between 6 and 13,6 eV

Schema of the transition atoms / molecules

CII

Goal of such observations : 
• understand the underlying physical processes

• determine characteristics of observed media

Mélanie Chevance
CEA - France
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• abundances
• excitation states 
• temperatures (gas & grains)
 
• Intensities (H2, CO, H2O, ...)
• Column densities

PDR Code : computation of the atomic and 
molecular structure of clouds and analysis of physical 
processes

H H2 C+ C CO Molecular 
region

UV

• several hundred species
• thousands reactions

• Non LTE Detailed balance in levels
• Photo-electric effect, cosmic rays, 
chemistry, ... 

Radiative transfer

Chemistry Thermal Balance

Le Petit et al. (2006), Gonzalez-Garcia et al. (2008), Le Petit et al. (2009), Le Bourlot et al. (2012)

• continu + lines
• UV - radio
• non local pumpings

Interpretation of large instruments observations
ALMA, SOFIA, IRAM, HERSCHEL, Spitzer, VLT, HST, FUSE, ...

Structure H2

PDR modeling



Interpretation of line intensities & column densities requires grids of models
Exploration of :
• density of clouds
• size of clouds
• intensity of radiation field : UV and X-rays
• metallicity
• ...  

1 run : 6 hours to several days CPU time
Produce various quantities : 
• structure of the cloud 
• thousands line intensities
• grains temperature and emission
• spectra

Interpretation requires up to thousands models
➜ weeks or months of work !

How to reduce this work to a few minutes ?

Interpretation of observations



Interpretation of observations : grids of models

UV field 
intensity

Gas density

With grids of models, providing 
line intensities, it is possible to 
constrain properties of clouds

Line intensities maps

Publication of grids of models
with advanced data mining tools



UV Field intensity Gas density

Application to 30 Doradus

Mélanie Chevance
CEA - France

Result of the inversion
• compare observations with line intensities predictions
• chi2 at each pixel using all lines observed
• deduce UV field and gas density



Theory service to interpret observations

1. Run large number of models
2. Characterise models with line intensities
3. Store them in a database
4. Develop a service to browse in the data

Challenges :

Very large number of metadata :  +150 000
Large number of models :             several thousands
➜ How to manage a so large number of metadata ? 

• Data base challenge (performance)
• Size of the metadata description in the communication client / server
• UI : - cannot have 150 000 buttons

- users cannot learn a 150 000 quantities vocabulary



SimDAL prototype

• Google Bar interface

• Simple multiple queries :

2.4 1020 < N(H2) < 4.4 1020 cm-2
and

3.0 1014 < N(C) < 5 1014 cm-2
and

N(CO) < 1.0 1014 cm-2
and

2.0 10-6 < I(C+, 158 μm) < 4 10-6 erg s-1 cm-2 sr-1 

• Fast answers



Example of applications : HD 102065

Quantités observées :
• Densité de colonne de H2, C, CO
•  Populations états quantiques de H2

• Intensité de C+ à 158 μm



Example of applications : HD 102065

Query : 

    "N(H2)"    > 2.4E20 and "N(H2)"    < 4.4E20
and "Ntot(C)"  > 3.0E14 and "Ntot(C) " < 5.0E14 
and "Ntot(CO)" < 1.0E14 
and "C+ 158 microns" > 2.0E-6
and "C+ 158 microns" < 3.6E-6

Constraints on:
• Column densities of H2, C, CO
• Line intensity of C+



Example of applications : HD 102065

Results:
Visualization in the space parameters
of matching models

Services:
• Download of models
• Extraction of data
• Visualization of other quantities



Cutout

Example of applications : HD 102065

Within a few minutes we get the 
results of the paper.



Why do we need interoperability ?
Several reasons. One of them : 

Gas emission in galaxies comes from : 

• PDRs (clouds)
• Shocks
• H II regions

Unresolved observations 
Need to combine results of different codes

 ➜ interoperability between services required


