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Get astrochemistry models to : 

prepare observations 
• telescope exposure times 
• detectability of molecular tracers 

interpret observations 

analyse the physics and chemistry in the ISM

ISMDB

http://ism.obspm.fr

http://ism.obspm.fr


PDR code

PDR code: 

• computes the atomic and molecular structure 

of interstellar clouds.  
• analysis of physical and chemical processes

• abundances of hundreds species 
• excitation in levels 
• gas & grains temperatures 
  
• Intensities (H2, CO, H2O, ...) 
• Column densities of species

Main parameters: 
• UV intensity radiation field 
• density, pressure 
• metallicity and elemental abundances 
• cosmic ray ionisation rate

Solve 
 the 

Physics
Read 
inputs

Write 
output 
files

PDR code

Atomic & molecular data 
• lines 
• quantum levels 
• collision rates 
• chemical reaction rates 
• photo-reaction cross sections

• Chemical density profiles
• Gas temperature profile

• Grain temperature profile

• Population in quantum levels

• Line intensities
• Column densities

• Spectra

• Chemical reaction rates
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Observation interpretation

Interpret observations ➔ Grids of models 
~ +100 to +1000 models 
~ 1 week of computation time 
Extract simulated line intensities 
Find best models at each position of the observed map
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InputParameter

<<skosconcept>>-label : string [0..1]

Product

-numberOfObjects : integer [1]
<<skosconcept>>-productType : string [0..1]
-accessURL : anyURI [0..1]

ParameterGroup

<<attribute>>-description : string [0..1]{maxLength = -1}
-name : string [1]
<<skosconcept>>-label : string [0..1]

ObjectType

<<attribute>>-name : string [1]{maxLength = 32}
<<attribute>>-description : string [0..1]{maxLength = -1}

<<modelelement>>
Resource

{utype = "Reg:VOResource"}

-name : string [1]
<<attribute>>-description : string [1]{maxLength = -1}
-referenceURL : anyURI [0..1]
-created : datetime [1]

...

RepresentationObjectType

-type : RepresentationObject [1]
<<skosconcept>>-label : anyURI [0..1]

<<dataType>>
Quantity

-value : real [1]
<<attribute>>-unit : string [0..1]{maxLength = 32}

ChildObject

<<attribute>>-name : string [1]{maxLength = 32}
-cardinality : Cardinality [0..1]
-description : string [0..1]

Service

-baseURL : anyURI [1]
-registryId : anyURI [0..1]

TargetProcess

<<skosconcept>>-label : anyURI [0..1]

Party

<<attribute>>-name : string [1]
<<attribute>>-email : string [1]
-address : string [0..1]
-telephone : string [0..1]

TargetObjectType

-multiplicity : Cardinality [0..1] = 0..*
-identityName : anyURI [0..1]
<<skosconcept>>-label : string [0..1]

Algorithm

-name : string [1]
<<attribute>>-description : string [0..1]
<<skosconcept>>-label : string [0..1]

ValidValue

-value : string [1]
<<attribute>>-description : string [0..1]
-title : string [0..1]

Result

<<attribute>>-description : string [0..1]

Field

-name : string [1]
-datatype : DataType [1]
-cardinality : Cardinality [0..1]
<<attribute>>-description : string [0..1]
-isEnumerated : boolean [0..1] = false

Physics

-name : string [1]
-description : string [1]
<<skosconcept>>-label : string [1]

PropertyGroup

-name : string [1]
-description : string [0..1]
<<skosconcept>>-label : string [0..1]

Property

<<skosconcept>>-label : anyURI [0..1]

Snapshot

-time : Quantity [1]
-spatialSizePhysical : Quantity [0..1]

ExperimentRepresentationObject

<<enumeration>>
DataType

complex
datetime

boolean

rational
integer

string

real

StatisticalSummary

-statistic : Statistic [1]
-numericValue : Quantity [1]
-aPriori : boolean [0..1] = false
-stringValue : string [0..1]

Simulation

-executionTime : datetime [0..1]

variance

nominal

median

mode
mean

stdev

value

max
min

<<enumeration>>
Statistic

ParameterSetting

-stringValue : string [0..1]
-numericValue : Quantity [0..1]

<<enumeration>>
RepresentationObject

hierarchical mesh cell
model astro object

extended particle
simple mesh cell

point particle
SPH particle

custom

AccessibleResource

-description : string [0..1]
-accessURI : anyURI [0..1]

-description : string [0..1]

InputDataset

ParameterGroupMember

ProjectResource

PropertyGroupMember

Contact

-role : ContactRole [1]

ExperimentProperty

Protocol

-code : anyURI [0..1]
-version : string [1]

object

<<enumeration>>
Cardinality

0..1

0..*
1..*

1

<<enumeration>>
ContactRole

contributor
publisher
creator
owner

AppliedAlgorithmGenericResult

PostProcessing

AppliedPhysics

CustomService

experiment

SimDALService

PostProcessor

Project

protocolExperiment

simdbdal

Simulator

Target

-protocol

1

-representationObject
0..*

-representation
0..*

-inputData

0..*

-target

0..*

-parameterGroup

0..*

-product0..*

-result
0..*

-parameter

0..*

-parameter

0..*

-objectType 1

{subsets protocol}

-protocol
1

-algorithm
1

-appliedAlgorithm
0..*

-algorithm

0..*

-axis 1

-type

1

-inputParameter

1

{subsets protocol}

-protocol
1

-property

1

-primaryExperiment

0..1

-parameter 1

-resource

1

-physics
1

-product

0..1

-target
0..1

-validValue0..*-propertyGroup
0..*

-property0..*

-characterisation0..*

-resource1

-contact
1..*

-child
0..*

-appliedPhysics
0..*

-property
0..*

-property

1

-resource0..*

-member 1..*

-object

1

-resource 1..*

-physicalProcess1..*

-member1..*

-party
1

ɠ Simulation Data Model (SimDM)
• Description of simulations 
• Meta-model 
• Designed to describe most simulations 

IVOA Standards for Theory

Use of SimDM in our services : 
• learning curve to become experts 
• very useful & powerful 
• SimDM fulfilled all our requirements

Contact 

code & service

Code description
• Physics 
• Algorithms 
• List of parameters 
• …Runs descriptions

• Simulated objects 
• Simulated processes  
• Numerical values 
associated to models

Statistics on models
• quantities that 
characterise the model



IVOA Standards for Theory

ɡ Simulation Data Access protocol (SimDAL)

ɢ Semantics / SKOS vocabularies

• SimDAL Repository 
• SimDAL Search 
• SimDAL Cutout  
allow to discover & retrieve simulations

➔ a limitation to use the VO 

SimDAL bypass this by exchanging VOTables for cutouts

• Algorithms 
• AstronomicalObjects 
• DataObjectTypes 
• PhysicalProcesses 
• PhysicalQuantities

⊗ But no standard raw data format

• +300 000 specific ISM concepts (non IVOA) :



Output files & metadata

Output data produced by the PDR

Include SimDM metadata


• HDF5 with a metadata table 
• raw data (all quantities computed by the code) 
• metadata : datatype, utype, unit, SKOS 

concept, … 

• statistic file

SimDM attributesHDF5 : structure is not standardised

➔ Worthwhile to have a discussion on the topic in the IVOA Theory I.G.



• atoms & molecules line lists 
• Einstein radiative coefficients 
• collision rates 
• chemical reaction rates

Solve 
 the 

Physics

Input 
parameters

The production of metadata for VO compatibility is integrated inside the code

Atomic & 
molecular 
data

Generate 
metadata

Read 
inputs

Generate 
metadata

Write 
output 
files

PDR code

HDF5 files

Statistics file

Raw data 
Metadata

HDF5 file

Mapping of PDR models on SimDM

IDAT Chemistry 
analyser

Data Extraction 
Visualisation 
VO-Table

ISMDB

Data produced by the code are complex 
➔ need to provide tools to read and 
manipulate the outputs Database

Ingestion

SimDAL API



Tools : Chemistry Analyser

HCO+

Tools : IDAT & Chemistry 
analyser 

Web technologies 
• Easier to maintain 
• less compatibility problem 

between operating systems 
• ISMPy : python virtual 

environment to facilitate 
installation

Web technologies :  
• local installation 
• integration as applications above ISMDB



Search models by input parameters : 
Example : 

• nH or pressure

• G0

• AV

ISMDB: Project browser & Search model by input parameters

Project browser

2020 : 

• Robustness of ISMDB code

• integration of various components in ISMDB



"I(CO v=0,J=7->v=0,J=6 angle 00 deg)" > 3E-5
"I(CO v=0,J=7->v=0,J=6 angle 00 deg)" < 8E-5
"I(H2 2-1 S(1)) face on" > 1E-5
"I(H2 v=2,J=3->v=1,J=1 angle 00 deg)"<2E-5
"Intensity of C+ 157.68 micron face on" > 3E-4
"I(C+ El=2P,J=3/2->El=2P,J=1/2 angle 00 deg)" < 6E-4

Semantics 
No need to know the name 
of quantities in the 
database


The system understand 

ISMDB: Inverse search

I(C+ El=2P,J=3/2->El=2P,J=1/2)

inta00_cp_el2p_j3_2__el2p_j1_2

I(C+ 157.68 micron)

Intensity of C+ 157.68 
micron

Line intensity of C+ 
157.68 micron

I(C+ 1901.2713 GHz)

…

ID:      inta00_cp_el2p_j3_2__el2p_j1_2 
PREF: I(C+ El=2P,J=3/2->El=2P,J=1/2) 
ALT:    I(C+ El=2P,J=3/2->El=2P,J=1/2) face on 
ALT:    I(C+ 157.68 micron) face on 
ALT:    Intensity of C+ 157.68 micron face on 
ALT:    Line intensity of C+ 157.68 micron face on 
ALT:    I(C+ 1901.2713 GHz) face on 
ALT:    Intensity of C+ 1901.2713 GHz face on 
ALT:    Line intensity of C+ 1901.2713 GHz face on 
…



ISMDB: Inverse search



ISMDB: model viewer

Model viewer



ISMDB: model viewer

Model viewer



ISMDB: IDAT

Browse the content of a model



ISMDB: IDAT

Download data Visualize data



ISMDB: IDAT



ISMDB : Architecture

PDR Code

Shock Code

Kosma-tau

Other 
astrochemistry 

models

•  high dimension database - we had to invent our own solutions to manage such data 
•  VO-based (SimDM & SimDAL) 
•  heavy to develop & maintain 

• could contain any astrochemical modes



ISMDB : Publication of models of other teams

PDR Code

Shock Code

Kosma-tau

Other 
astrochemistry 

models

Several groups want to publish their models in ISMDB 
• JWST context 
• they are scientists and not VO experts 
➔ can be complex for them to understand SimDM



Publication in ISMDB



Publication in ISMDB

Output files

Data providers have only to produce 
• simple yaml files 
• ASCII files



code/ident:        pdr154 
code/name:         PDR 1.5.4 
code/family:       meudon_pdr154 
code/version:      1579 
code/created:      20200530 
code/contacts: 
                   - {name: "Jacques Le Bourlot", role: "owner", mail: "Jacques.LeBourlot@obspm.fr"} 
                   - {name: "Franck Le Petit",    role: "owner", mail: "Franck.LePetit@obspm.fr"} 
code/url:          https://pdr.obspm.fr 
code/doc: > 
                   Few lines to describe the code. 
                   A full documentation could be on the web site above. 
code/publisher:    ism.obspm

Publication in ISMDB



Conclusion

PDR Code

Shock Code

Kosma-tau

Other 
astrochemistry 

models



Conclusion

Next version of ISMDB is ready 
• discover astrochemical models by input parameters 
• solve inverse problems 
• online tools to analyse problems 

Possibility to publish models from other teams 
• Meudon PDR code 
• Paris-Durham shock code 
• Kosma-tau models 
• Time dependent chemistry models 
• … 
➔ Services & VO compatibility

PDR Code

Shock Code
Kosma-tau

Other 
astrochem. 

models

UV radiation field

Map of physical parameters
Observation map

Wu et al., 2018

Next steps 
• coupling to other services 
• interpretation of maps 
• DOI on datasets

CASSIS


