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Astronomical Observations
mm, submm (ALMA, ..)
IR (JWST, ..) 
UV  (LUVOIR, ..)
Optical (ELT, VLTI, ..)
X (CHANDRA, ATHENA,..)

Analysis of Observed Spectra : models object,
radiative transfer methods
atomic and molecular processes <-> A&M Data

Astrophysical Spectra
(or images)

Modelisation of the Objects
physical model of the object
atomic and molecular processes <-> A&M Data

Issues with atomic and molecular data 
lack of existing data for many processes
improve accuracy of the A&M data

easy access to the A&M data
tracability of the A&M data
citation of the A&M data

Trigger for new experiments
Trigger  for new calculations

Databases
Distribution of A&M data 
Good Practices with management of A&M data
Interfaces with astro tools and astro codes 

Lab.  Astro
Challenges

Lab.  Astro. 
Data

Life Cycle of Astro DataAstro. ScienAfic QuesAons

Life Cycle of A&M Data

Standards : IVOA

Data
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An example : How knowledge on astrophysical object Progresses thanks to  new calculations
Courtesy of J. Tennyson, UCL, London, UK

9 years later
With the ExoMol Data On CH4 
(200 times more data than 
Previously : High Temperature)

2005



A) Needs from Astrophysics (and other fields)

• Possible list : species, processes, range 
[energies/temperature/frequencies/other parameters], precision
• The above list impacts Prioritization for experimental set ups and for 

calculations (systems, methodologies, ..)
•그래서 “Everything” is not a criteria ! (”sic” from a recent paper J). 
• “Better science and a sustainable world” : how ?
• Share information (Open Science culture)
• Collect and combine ”Needs” (per domain, instruments, ..)/Use White Papers
• Keep trace of the “Needs” in an open and indexed repository (F.A.I.R.)
• Make the process as self-sustainable as possible
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B) Fields of A&M&Solid Physics : 
Experimental & Theoretical Challenges
• Design and Decision - Projects

• Projects are usually funded (Description of planned objectives, systems, 
methodologies, expected results). “80% is well described in the proposals” 

• Research Data Management Plan is also part of those funded projects
• Develop instrumentations, analysis software, numerical codes 
• Obtain “Primary Data”

• Store on repositories (Zenodo, University, National, International)
• Possibly in Databases 

• From “Primary Data” to “Secondary Data”
• Internal or external post-treatment
• Usually stored in “thematic” databases
• “Needs in application fields” are usually those “Secondary Data”
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Taking as an example this morning talk on collisional excitation 
of species by heavy particles (A. Faure)

• Primary data could be :
• Potential Energy Surface Points and other ab initio quantities , obtained from a quantum 

chemistry code
• Fitting code and parameters of the Potential Energy Data Points
• Cross-sections or diffusion matrices as a function of collision energy obtained with a 

dynamical collision code
• Can be re-used to obtain “secondary data” for astrophysics or re-used for other purposes 

by physicits and quantum chemists
• “Secondary Data” could be :

• State-to-state rate coefficients as a function of temperature and as function of all internal 
states of of both target and collider

• “Thermalized” state-to-state rate coefficients as a function of temperature and as 
function of the internal states of the target but averaged for the collider

• Latest are used by astrophysicts in non-LTE analysis of ISM & cometary atmospheres
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RDM – Need for support to communities
Example of Chemistry For Chemists as end-users
https://knowledgebase.nfdi4chem.de/knowledge_base/



Examples of Repositories
(O#en needed for Research Data Management Plans)

• ZENODO : https://zenodo.org/
• EUDAT : https://sp.eudat.eu/
• National Platforms
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https://dataon.kisti.re.kr/

Actions to help communities to share their data
Interconnect different thematic repositories
Etc …

https://www.openaire.eu

Indexed in

Collect metadata



“A better science and sustainable world” 

• Share information about activities of groups (yesterday morning B5 
commission session) in an open, indexed and self-sustainable repository 
• As projects are funded and well described

• Share in an open, indexed and self-sustainable repository some information of the 
project  (with as much sincerity as possible) : systems, methodology, approximate 
milestones

• Share and index the “primary data” on repositories that can be mined
• Use standard indexing

• Include your secondary data in existing thematic databases (possibly in 
addition to supplementary material of journals). à. Part C
• Community should be continously informed on the available national and 

international platforms and on the various Open Science Initiatives
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Open Science Clouds
Open Science Initiatives
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https://community.oecd.org/docs/DOC-141310

Open Science in Korea:"the OECD acknowledged the 2017/2018 Korean 
initiative on sharing and reuse of publicly funded research data with the 
objective to promote big data-driven innovation at national level"
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“Korea’s national approach to Open 
Science: Present and possible future”, H. 
Shmagun, J. Sim, K-N Choi, J. Kim
J. of Information Science, 1-20, 2022, 
DOI:10.1177/01655515221107336 
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Second French Plan for Open Science – Launched 6 July  2021

13
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https://www.punch4nfdi.de/

Germany

GERMANY



C) Data and Databases Challenges
C1. Prepara;on : Scien;fic Aspects

• Collection of data
• Cleaning/verification of data
• Sometimes evaluation of data
• Possibly aggregation of data : complete 

dataset A with dataset B 
• Association of Information to the data such as 

methodologies, codes, etc..
• Association of References to the data (and 

their DOI)
• Association of metadata to the datasets
• Each database has an “input” or “ingestion” 

format 
• Time consuming, highly specialized à change 

of culture for collecting data is necessary à
templates filled by producers

C1. Ingestion : Data Model Aspects
Data Models of thematic Databases influence the 
template for the “input” file of the database

• Example of CollisionDB
• Example of SSHADE 
• Example of BASECOL

Combined data of  collisions and  spectroscopy 
from different provenances : other DB and 
producers – Output Format of RADEX code (User)
• services are Websites with stored flat files :

• Example of LAMDA : 
https://home.strw.leidenuniv.nl/~moldata/

• Example of CASSIS Database associated to the 
CASSIS analysis software http://cassis.irap.omp.eu/

• Similar service : EMAA : https://emaa.osug.fr/
• Input format into relational DB
• Output format in “RADEX” format
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CollisionDB

• CollisionDB is a database of plasma collisional processes 
(cross sections and rate coefficients)

• For nuclear fusion energy, astrophysics, and other 
research

• Searchable by “reactant”, “product”, DOI, author, process 
type

h"ps://db-amdis.org/collisiondb

Christian Hill, Dipti
Martin Haničinec
Atomic and Molecular 
Data Unit
Nuclear Data Section
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• Data providers may use a simplified, key-value pair format
• Uncertainties can be a fixed percentage or per-data point
• Standards for processes, species and states (PyValem :
https://github.com/xnx/pyvalem)
• Standards for units (pyqn)
• Related processes can be combined into a single file

Data Ingestion

https://db-amdis.org/collisiondb
https://github.com/xnx/pyvalem


SSHADE
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Courtesy : B. Schmitt,
Observatory of 
Grenoble, France

https://www.sshade.eu/

Data Ingestion



Aim and Ingestion : BASECOL  
https://basecol.vamdc.eu/

• Provide to the astrophysics community (ISM, 
cometary) and Chemical-Physics community
• State-to-state Inelastic Collisional Rate Coefficients 

allowing energy transfer in both the target and the 
collider

• A visibility of different datasets for the same collisional 
systems : species and processes

• A bibliography associated to the datasets
• A description of methodologies with associated 

references
• A versioning system allowing for minor and major 

updates : different versions being available to the user
• Metadata for VAMDC interoperability and for 

BASECOL interface
BASECOL2020 New technical Design, Atoms 2020, 8, 69
A decade with VAMDC : Results and Ambitions, Atoms, 2020, 8, 76

Follow standards of VAMDC for description of 
Quantum Numbers : XSAMS standard for atoms 
and the case-by-case now maintained at IAEA 
for the molecules https://amdis.iaea.org/cbc/
Use InchI/InchIKey standards from IUPAC
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https://amdis.iaea.org/cbc/


C2. Access to the Data

• Via DB Website and Downloads of Files
• Via FTP request
• Via computer access using own developed software tools
• Via an e-infrastructure
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Korean Databases For Plasmas

https://pearl.kaeri.re.kr/pearl/

https://dcpp.kfe.re.kr/index.do
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Next Talks given 
• On the LIDA Database 
• On the NIST-LANL Lanthanide Opacity 

Database



C3. Standards (input and/or output)

• HITRAN or CDMS (their own internal and output format very well 
known in the atmospheric and astrophysics communities -à became 
“standards”)
• http://hitran.org ; https://cdms.astro.uni-koeln.de/classic/entries/

• SSDM : Data Model and schema for SSHADE DB
• VAMDC Standards (Queries,Vocabularies,Registries, Dictionnaries) 

and in particular XSAMS Standard (NIST, IAEA, VAMDC)
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XSAMS tree: XML Schema for 
Atoms, Molecules and Solids

(Courtesy Yuri Ralchenko)

XSAMS

Methods

Functions

Data
sources

Objects Processes

Atoms Molecules

Solids Particles

Nonrad.Radiative

Collisions
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Data Description : XSAMS format

R.E.H. Clark,
D. Humbert
B. Braams

Y. Ralchenko

D.R. Schultz, ORNL;  E. 
Roueff, ML Dubernet, N. 
Moreau : Observatoire  
Paris;  S. Gagarin, P.A. 
Loboda, VNIITF



D) E-science Infrastructures 
à Community oriented 

SSHADE : : Provided by B. SchmiX, Obs. of Grenoble, France
VESPA : Provided by S. Erard, Obs. of Paris, France
VAMDC : an e-science pla[orm for the exchange of Atomic and Molecular Data (vamdc.org)
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Interop

Interop

Interop

WEB

VO - VAMDC

VO - VESPA

Others VO 

Direct access to 
one lab. DB

Global SSHADE 
access to all DB

DB 
Management

Data
Center
OSUG-DC

DB
GhoSST

DB
COMEDA

DB
Lab. n

Fundamal

DB
... Bandlist

DB

SSHADE
Import +Search/Visu/Export

engine

SSHADE
Interface

IPAG IAPS-2IAPS-1

GhoSST
service

COMEDA
service

REFL_SLAB
service

Lab. n

Lab n
service

...

...Made of:
ü A ‘solid spectroscopy’ 

interface 

ü A Search / Visualiza9on / 
Export engine

ü A set of databases: 

one per group

ü A common fundamental
database

• Hosted at OSUG data 
center

• service of others VO 
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SSHADE : both a DB and a local “Infrastructure” with
many small “DB” following same data model
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VESPA from EuroPlanet : imbedding SSHADE

Access : give URL pointing to datafiles



VAMDC
Interoperable
access to 37 

heterogeneous 
A+M Databases

ØE-infrastructure connecting about 37 
heterogenous databases that can be
accessed from http://portal.vamdc.org/
Or any VAMDC compatible tools

ØAnd a Consortium of partners sustaining 
their nodes and the core components of the 
infrastructure

ØHigh quality scientific data come from 
different Physical/Chemical Communities

The Virtual Atomic and Molecular Data Centre
http://www.vamdc.org
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Paper « A decade with VAMDC : results and ambition,  Atoms, 2020 »
http://dx.doi.org/10.3390/atoms8040076

http://portal.vamdc.org/
http://dx.doi.org/10.3390/atoms8040076
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VAMDC CONNECTED DATABASES

To be connected to 
VAMDC e-infrastructure : PEARL DB (KAERI, Korea), DCCP (KFE, Korea), ExoMolOP (UCL, UK), additional NIFS DB (Japan)



VAMDC Tools
Portal : Find, Access an retrieve Interoperable resources across
databases, to be Re-used, https://portal.vamdc.org/

Species Database : Interoperability on species ID
http://species.vamdc.eu (Inchi/InchiKey)

SPECTCOL :  Take advantage of Interoperability of Quantum Numbers 
à cross-match spectro (CDMS, JPL) & collisional data BASECOL)  with
Output in  User Customized format with References & Unique Identifier
(RADEX format)

Query Store : Reproductibility and Tracability à Assign Unique 
Identifier on queries and DOI through Zenodo

IAU GA 371 Symposium, Korea, 9th August 2022 31

Technical Support : N. Moreau, Y.A. Ba, C.M. Zwölf

https://portal.vamdc.org/
http://species.vamdc.eu/


E) Re-use in Astrophysics Software 
Tools & Codes
(A&M embedded)
IRAM Suite and YaFITS (Grenoble & Obs Paris, provided by J. Pety  and P. Salomé)
XCLASS (Cologne, Provided by P. Schilke)
CASSIS (Toulouse, re-organised information from materials from J.M. Glorian)
Others - snapshots
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NOEMA, French Alpes
12 15m antennas



XCLASS Software
(P. Schilke and coll, Cologne University, Germany)  

Non-
LTE

Physical 
model fitting

Physical 
parameter 
fitting in 
maps

Error 
analysis

Multi-line LTE fitting

Complex line shape 
fitting

Automatic optimized fitting using radiative transfer 
https://xclass.astro.uni-koeln.de
Data from VAMDC/CDMS 

MADCUBA 
https://cab.inta-csic.es/madcuba/

Analyse astronomical line data from both 3D 
spectroscopic cubes and single-pointing spectra

https://xclass.astro.uni-koeln.de/


Some other tools (yesterday Talks at B5)

• ENIIGMA (https://eniigma-fitting-tool.readthedocs.io/) : ENIIGMA is a 
fitting tool to decompose the infrared spectrum of protostars 
containing ice features by  using a linear combination of infrared 
laboratory data of molecules in the solid phase (Will Rocha)
• The NASA Ames PAH IR Spectroscopic Database Suite of tools : 

Laboratory-measured and quantum-chemically-computed IR spectra, 
models and tools for analyzing and interpreting the astronomical PAH 
signature (Christiaan Boersman)
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A few examples of codes embedding A&M Data
• ATOMDB : www.atomdb.org - Modeling spectra of collisionally ionized 

astrophysical plasma, focusing on X-ray astronomy (Adam Foster)
• CLOUDY : https://pa.as.uky.edu/gary/cloudy-project - Spectral synthesis 

code (ISM, exoplanets, astrophysical plasmas, ..) “Cloudy is a code that 
does this - it calculates the ionization, chemistry, radiation transport, and 
dynamics simultaneously and self consistently, building from a foundation 
of atomic and molecular processes. The result is a prediction of the 
conditions in the material and its observed spectrum.” (Gary Ferlan)
• MARCS : Code for 1D LTE model atmosphere production -

https://marcs.astro.uu.se/ (bengt.edvardsson@physics.uu.se) à VALD DB
• PHOENIX : 1D+3D atmosphere modeling of astrophysical objects 

(exomplanets, all typs of stars, novae, supernovae) -
https://ascl.net/1010.056 (Peter H. Hauschildt)
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https://marcs.astro.uu.se/
mailto:bengt.edvardsson@physics.uu.se
https://ascl.net/1010.056


F)  F.A.I.R. Issues
à FAIR principles ensure Tracability of A&M&Solid Data that is an essential 
component to reproduce the analysis of observed data and the modelisation 
of the astrophysical objects
• Findable : Unique & persistant identifier for data and metadata, rich

metadata, registration of metadata and data
• Accessible : standardised, open, free communication protocols to retrieve

data/metadata & metadata still available when data no longer available
• Interoperable :  data/metadata use a formal, accessible, shared and 

broadly applicable language for knowledge representation, FAIR 
vocabularies
• Re-usable : data/metadata richly described with accurate & relevant 

attributes, associated with detailed provenance, meet domain-relevant 
community standards
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B5 IAU commission & Inter-Commission B2-B5 WG 

• Commission B5 is a cross-disciplinary 
commission  to promote “Laboratory 
Astrophysics”, i.e. Laboratory Data for 
Astrophysics
• With WGs that to deliver reports about 

new science performed in the 
laboratories on molecular/atomic physics 
and now on data

• The B5 Commission was created to 
encompass the 4 fundamental 
research areas : 
• atomic and molecular astrophysics
• dust and ices
• plasma astrophysics 
• nuclear and particle astrophysics

WG “Laboratory Astrophysics Data 
Compiladon, Validadon and 
Standardisadon: from the Laboratory to 
FAIR Usage in the Astronomical 
Community”

Started Dec. 2021 for 3 years

Outcome :  Recommendadons related to 
opdmizing the process from laboratory
data to astrophysics and vice-versa, taking
into account FAIR principles

Most welcome to par;cipate to the WG
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Conclusions

ØThe first criteria of quality : the scientific expertise of the scientists
who collect data and maintain databases à there is an issue about 
scientific sustainability à Change of Culture/Mentality :  producers
should fill « templates »

ØThe global context of data management, publication, access, re-use is
getting more and more complex. Every country is pushing towards
virtual environments and funders push towards being FAIR 
compliant. But Being FAIR compliant is NOT a simple issue. This relies 
on competent manpower available to develop and to sustain the 
resources/services à Make use of existing services
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Conclusions
Finally InterPlay between  Astrophysicists (Observers, Modelers) and 
Chemical-Physicists/Physicists (experimentalists and theoreacians) is
essenaal to opamize science and resources and so,  to paracipate to a 
sustainable world
• Publicaaon of Needs in Astrophysics à On-line Market Place 

updated with white papers and individual ini6a6ves ?
• Publicaaon  of Objecaves of A&M&Solid Projects
• List of Resources :  Groups/Acaviaes, Databases, Services, Codes, 

Infrastructures (standards and services)
• Have WGs able to make recommendaaons (such as the B5 

commission)
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Long term Goal ?
“A better science and sustainable world”

Global Network of A&M&Solid Data for Astrophysics (and connected to 
other application fields as well ?)

• Part I : Build an Information system on lab. Groups, projects, needs, etc ..
• Support/Extend the  http://astrochemistry.eu initiative (Dr Fuchs, Kassel Univ.)

• Part II : Build a General indexing of resources (metadata)
• To  start an Interest Group at Research Data Alliance 
(https://www.rd-alliance.org/) in order to define the specifications 
à Brainstorming
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