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⃞ Interstellar medium & PDR code

H H2 C+ C CO Molecular
Region

UV

PDR : Photo-dissociation regions

Computes the chemical and thermal structure of 
interstellar gas

Input parameters : 
- density
- UV intensity
- Cosmic rays flux
- metallicities
- ...

- Atomic & Molecular Data
- Chemical reaction rates

 Physics : 
• Radiative transfer (FUV - sub-mm)
• Chemistry
• Thermal processes
• Statistical equilibrium in levels



⃞ Interstellar medium & PDR code

Outputs

• Local quantities (profiles as a function of Av)

• Abundances
• Level excitation (H2, CO, C+, H2O, ...) 
• Temperature
• Density
• Heating and cooling rates
• Local emissivities
• ...

• Integrated quantities (Observables)
• Column densities
• Line intensities

• Spectra
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⃞ Interstellar Medium & PDR code

Motivations

New large equipments

=> share codes and simulation 
results with the community

They want : 
1) Get the code
2) Get pre-computed results
3) Services to facilitate 
interpretation of observations

• Lines intensities
• Column densities
• Spectra
• Structure of the cloud
• Physical processes
• Chemistry



Objectives : 
• Publish PDR simulations in different domains

- Diffuse clouds
- Star-formation regions
- Damped Lyman Alpha systems

• Services :
• Extract quantities for post-processing
• Facilitate inverse problems
• Model easily non-resolved observations

⃞ PDR Database

Challenge : 
• PDR simulations are complex : 

• Many heterogenous quantities

• PDR codes evolve frequently
• Computation of new quantities that have to be ingested in the database



Development of the PDR database in 2 steps : 

1 - Modify code outputs
      - portable data (FITS)
      - metadata (XML - VOTable syntax)

Code output metadata (XML - VO-Table) :
Each quantity has :
- ID
- Name (human readable)
- Description
- Unit
- UCD

• Each quantity is identified by an I.D. (Ex : Temperature)
• Each group of quantities has an I.D. (Ex : Abundance - group of all abundances)

Ingestion pipeline searches the quantities or group of quantities to ingest in the DB
• Evolution of the code implies very few (none) modifications to be compatible with PDRDB
• Very easy to add new properties in PDRDB

⃞ PDR Database

Code Metadonnées

FITS

Implementation

2 - Develop PDRDB
- Use VO-URP



⃞ PDR Database

<FIELD name="Mass grain / Mass of gas"   ID="DU_MODPARAM_R.FD_GRATIO"   datatype="double"  
       unit="no unit"     ucd=""        utype=""  >
       <DESCRIPTION> <![CDATA[ <b>m_grain / m_gas</b> <br>
                     Dust on grain mass ratio.<br>  <i>Typical value: 0.01</i>]]> 
       </DESCRIPTION> 
</FIELD>
<FIELD name="Grains albedo"              ID="DU_MODPARAM_R.FD_ALBEDO"   datatype="double"
       unit="no unit"     ucd=""        utype=""                                        >
       <DESCRIPTION> <![CDATA[<b>Dust albedo</b><br>
                     <i>Typical value: 0.42</i><br><i>Ref: Mathis ApJ, 472, 643, 1996.</i>]]> 
       </DESCRIPTION> 
</FIELD>
<FIELD name="Grains anisotropy factor"    ID="DU_MODPARAM_R.FD_GG"      datatype="double"
       unit="no unit      ucd="»        utype=""                                        >
       <DESCRIPTION> <![CDATA[<b>Anisotropy factor of grains</b><br><i>Typical value: 0.6 </i><br>
                     <i>Ref: Weingartner et Draine, ApJ 548, 296, 2001</i>]]> 
       </DESCRIPTION> 
</FIELD>



⃞ PDR Database

Local quantities
• Temperature
• Density
• Abundances H, H2, ...
• Level populations
• Heating rates
• Cooling rates
• Lines emissivities
• ...

Integrated quantities
• Column densities H, H2, ...
• Lines intensities
• Spectra

Too many quantities to implement in SimDB

Objectives : discover simulations
1) only the most important quantities are stored in SimDB as metadata
2) other quantities are stored in the FileSystem and can be extracted by services

Implementation
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• Protocol

   - Protocol : Code + Atomic and Molecular Data + Chemistry
   - Physical processes : Radiative transfer, ...
   - Algorithms : not useful for such codes

• RepresentationObjectType

- Gas and Grains
- Properties :

- Temperature
- Density
- Ionization degree
- Abundances H, H2, C+, ...
- ...

<<ontologytherm>>-label : Adaptive Mesh 
RepresentationObjectType

Gas
RepresentationObjectType

Grains
RepresentationObjectType

...
Abundance CH3
Abundance H2
Abundance H
Density
Temperature

Property

Charge
Temperature

Property

Abundance
PropertyGroup

- code : http://pdr.obspm.fr
- version : PDR_1.4 - Drcnosd.chi

Protocol

⃞ PDR Database

Implementation



⃞ PDR Database

• Experiment

   - Snapshot : Stationnary Code => only one snapshot per experiment
   - TargetObjectType : Interstellar Cloud
   - Properties : Integrated quantities

- Column densities
- Most useful line intensities

Experiment

Interstellar Cloud
TargetObjectType

Time : 0
Snapshot

1

...
Line intensity CO J=2 -> J=1
...
Column density CH3
Column density H2
Column density H

Property



PDR
Code

Data
(FITS)

Metadata
(XML)

Extraction

Metadata
of properties

Values
for 

characterisation

Mapping

Webadmin

Templates
(XML)

Database

Metadata
Public

Website

SimDM
Model

Ingestion pipeline

FileSystem

⃞ PDR Database

Ingestion pipeline
- Use VO-URP (developed by Gerard Lemson and Laurent Bourgès)

Code Metadata + VO-URP = Easy to maintain
- If the code evolves : the new quantities are automatically ingested in PDRDB
- To add new properties in PDRDB just add its ID in the Template file



⃞ PDR Database



PDR Database is developped as a SimDB service

⃞ PDR Database - N. Moreau & B. Ooghe 

Project : Diffuse clouds
225 models (700 days CPU)
Parameters space :  

Density 100 to 700 cm-3
Radiation field 0.5 - 5 ISRF
Size 0.2 to 1 mag

Queries on :
• input parameters
• outputs as column densitie

Next set of models :
- Extra-galactic medium
- ...

Project : PDRs
120 models
Parameters space :  

Density 1000 to 1E6 cm-3
Radiation field 100 - 7E5 ISRF



⃞ PDR Database

Queries on column densities

Species min max

H 5.7 (20) 7.1 (20)

H2 3.2 (20) 7.1 (20)

HD 2.0 (15) 1.1 (16)

C+ 1.8 (17)

C 2.9 (15) 3.6 (15)

CO 5.4 (14)

CH 1.9 (13) 2.0 (13)

CH+ 3.5 (12)

C2 1.6 (13) 2.2 (13)

C3 1.0 (12)

CN 2.7 (12) 3.3 (12)

NH 9.0 (11)

O 0.2 (18) 1.0 (18)

OH 4.0 (13)

H3+ 8.0 (13)

S+ 1.7 (16) 2.3 (16)

S 1.5 (13) 2.2 (13)

Si+ 2.8 (16) 6.6 (16)

H2 (J=0) 2.2 (20) 4.8 (20)

H2 (J=1) 1.0 (20) 2.3 (20)

H2 (J=2) 1.1 (18) 2.4 (18)

H2 (J=3) 2.0 (16) 9.6 (16)

H2 (J=4) 1.1 (15) 2.0 (15)

H2 (J=5) 2.3 (14) 2.8 (14)

Column densities [cm-2] towards Zeta Perseus

Queries on column densities : functionnal
Queries on line intensities : coming soon



⃞ PDR Database

Results : 

Input parameters
- description of all parameters



⃞ PDR Database

Column densities

Line intensities
- Main lines
- Face-on cloud



⃞ PDR Database

Exportation : 

• Extraction from web interface 
• ASCII / VO-Table
• SAMP towards VO-Tools

• Download the full result
• Usable in PDR Analyser
• Restart new model with small changed in input parameters

SAMP

VO-Table

ASCII



Spectra

• Incident spectra    [erg cm-2 s-1 str-1 Ang-1]
• Emergent spectra [erg cm-2 s-1 str-1 Ang-1]

sampled for about 10 angles

• Absorption spectrum [no unit]

⃞ PDR Database

VO-Paris SAMP connector

Observer side Back side



⃞ PDR Database

Feedbacks of the observers :

- Theoretical services difficult to use
- Need : 

- Documentations
- User friendly interfaces
- Help desk



⃞ Conclusion

• PDR database
• Application of SimDM / SimDB

SimDM can be used to publish micro-physics simulations as PDR models 

• Fulfill most of our requirements (from user’s wishes) :
• Search on input parameters
• Seach on most important outputs

Future evolutions :
• Polish to finalize the service

• Interoperability
- BUT need :

- extraction protocol / TAP layer
- vocabulary / semantics

• Need to define some quantities as lines
- Wait for VAMDC results



⃞ Interstellar Medium Platform
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