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The data

 Photo-dissociation cross-sections for the
individual ro-vibrational states (a pair of
quantum numbers J and v) of diatomic
molecular ions

« Ro-vibrational energy for the
corresponding state

o 423 states for H2+, 833 for I—Ie2+
 Data for 25 discrete wavelengths (A):
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The physics

e Theoretical calculations

(photon + molecular ion = AT _ At
atom + ion) hi ,1.3 — A+ A

e The cross-sections for the
photodissociation of
individual 1”.0-V1brat10n state 87 [(J+ D)|Dgsrosl + JDsra?
of the considered molecular 7J.(A) = - c .
. ) ) 3\ 2J 41
ions are determined in the
dipole approximation

 Mihajlov and coworkers
(Mihajlov & Dimitrijevic
1986; Mihajlov et al. 1993,
2007; Ignjatovic et al. 2009,
2014b; Sreckovic et al. 2014)




Physics (2)

» Corresponding average thermal cross-
sections are given by:

_E 1 —Epp

HPh ’1' T quh ﬁf‘f‘l .;".13-"— JJ_:!.!'[’U




Importance

 Hydrogen and helium molecular ion data
are important for calculation of solar and
stellar atmosphere models and for
radiative transport, as well as for kinetics
of other astrophysical and laboratory
plasma (i.e. early Universe).




How to get trom this...
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...to this...

-<XSAMEData xmlne=rhttp://vemdc.org/xml /xsams/1.0" xmlne:xsi="http:/ www.wl.org/2001/¥MLSchema-instance" xmlne:cml="http://www.xml-cml.crg/scheman
x8i:schemalocation="http://vamdc.org/xml /xsams/1.0 http://vamde.org/xml/xsams/1.0">
+<8ources> </Sources:
-<@pecies>
-<Molecules>
-<Molecule speciesID="xmclD-1">
-<Molecularchemical epecies>
<g8toichiometricFormula /=
+=ChemicalName> </ChemicalName>
-<InchI>1s5/He2/cl-2/g+1</INnChI>
-<InChIKey>ZAJTYDXIUNGESC - UHFFF</InChIKey>
<VAMDCOpeciesID /=
-<gtableMolecularProperties> </stableMolecularFroperties>
</Molecularchemical species>
-<MolecularsState auxillary=rfalse" stateID="SmolD-Z6vs>
-<Degcription=r: 1, w: l=</Description=
+<Molecularstatecharacterisation> </MolecularsStateCharacterisations
+<Cage XBi:type='"case:Case" CaselD="dcs" Xmlns:case="http://vamdc.org/xml/xsams/1l.0/cages/docasr> </Case>
</Molecularstates
t+<MolecularsState auxillary=rtrue" stateID="smocln-1257"> </MolecularsStates
</Molecule>
</Molecules:-
</@pecies>
+<Processes> </Processes>
-<Processes>
-<Radiative=
-<Abgorptioncrossfection id="pPmolp-cs2ans
-=BourceRef>Bmoln-2</8ourceRef>
<Description /=
+<X unite=rave </X=
-<¥ unite=vcmz ">
-<pDatalist count=vz5w=
0.326025E-24 0.561531E-21 0.198470E-19 0.2714498-18 0.127666E-17 0.284671E-17 0.313024E-17 0.168362E-20 0.665163F-26 0.452746E-34 0.718472E-20 0.3162748-19 0.230161E-20
0:3E2161E-19 0.165560E-21 0.36%545E-1% 0.331767E-1% 0.13B692E-20 0.220360E-19 0.610428E-1% D.52T023E-1% 0.15054%E-19 0.624101E-21 0.251654E-1% 0.645031E-1%
</DataList>
< >
+<gpecies> </Species>
<BandAssignment /=
</Aheorptioncrosasections=
</Radiatives
</Processes>
</X8aMs8Data=




...and why?

Fully annotated, interconnected data

Standardized representations of species, states
and their properties

Metadata on scientific sources

Machine readable format (human too if
needed)

Apply XSL transformations to any format
(HTML, SME...)

Convert to objects

Interoperability




VAMDC philosophy

Local providers expose data through
standardized web services (‘nodes')

Central repository holds list of nodes and
executes distributed, aggregate queries.

Available as a web portal / SOAP web service /
Astrogrid VODesktop / Java library

Extensions of IVOA protocols (VAMDC-TAP),
XML standard for data represantation (XSAMS)

Transform data for further analysis
(“processors”)




VAMDC Nodes

| 4 | @ portal.vamdc.eufvan
.

VC‘| J*v|chch'_ “| 4+ A& wBH «v =

AMDC .

Virtual Afomic and Molecular Data Centre

Nodes developed and hosted
n SerVO (servo.aob.rs)

Advanced query  Saved queri Feedback

Home  WAMDC databases  Guided query

Name Description Maintainer
Belorade
electron/atomi molecule) Electron interaction cri ections for elastic scattering, electron excitation, ionization and total scattering. bratislav.marinkovic @ipb.ac.rs

database (BEAMDE

TEMeCaSDa - CF4

Calculated Spectroscopic
Database

lists for carbon tetraflucride (12CF4). The data on CF4 contain the vibration-rotation energy levels, line positions and line intensities in the range from 500 to \incent. Boudon@u-bourgogne. fr

Photodiss ociation - Moll: Database for photodissociation cross-sections of molecular ions from individual ro-vibrational states and cross-sections and rate coefficients for radiative ion-atom

database collisional processes. mehofoy i ac.rs

Chianti Chianti consists of a critically evaluated set of up-to-date atomic data, together with user-friendly programs written in Interactive Data Language (IDL), to analyse the gtr@ast cam.ac.uk

e spectra from astrophysical plasmas. The VAMDC interface presents just the data from the Chianti-v7 release. ¥ Lo

GSMA Reims SEMPO Calculated line lists for ozone (1603, 160180160 and 1803). The data on methane contain the vibration-rotation energy levels, line positions and line strengths in the yib@iao. ru, viadimir. tyuterev @univ-
s i range from O to 8000 cm-1. reims. fr

ECaSDa - Ethene Calculated | Calculated data of ethylene (12C2H4). The data on ethylene contain the vibration-rotation energy levels, line positions and line intensities in the range from 500 to 7500 ludovic. daumont@univ-reims fr,
Spectroscopic Database cm-1 maud.rotger @univ-reims. fr

The GhoSET database ("Grenoble Astrophysics and Planetology Solid Spectroscopy and Thermodynamics”™ database service) provides laboratory data on spectra (from
UV to FIR) of natural and synthetic solids (ices, molecular solids, minerals, salts, inorganic materials, organic materials, meteorites, adsorbed molecules, hydrated
GhoSST solids,?) of space sciences, Earth sciences and astrophy sical interest. It is completed with band list data (NIR to FIR) on molecular solids and adsorbed/hydratation damien.albert@obs, ujf-grencbie. fr
molecules, The GhoSST data come from laboratory experiments performed since 1983 at IPAG (and formerly at LGGE and LPG) with different spectroscopy technigues
(transmission, bidirectional reflection, micro-spectroscopy, ATR, Raman, Flucrescence, ...).

Calculated line fists for sulfur hexafluoride (325F6, 335F6, 345F6). The data cn SFE contain the vibration-rotation energy levels, line positions and line intensities in the

range from 200 to 3000 cm-1. ‘Vincent. Boudon@u-bourgogne. fr

for " Stark ed lines of atoms and 1 the impact approximation

Login
Availables

Status :
OK Show
OK | Show
QK Show
oK Show
QK Show
QK Show
OK Show
oK

oK

Register

)
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VAMDC NodeSoftware

s : :
3rd party (open source) ingredients
's N
Django, Python
M y
s ~
Database Engine
e.g. MySQL, SQLite
h y
's N
Webserver
L e.g. Apache, Cherokee, Nginx

—>
i

' . .
VAMDC ingredients
. . . ™) ™
Auto-generated if data exists Data model in abstract Django
in a database already, f t
otherwise hand-written. L bl ) ;
. N o .
: Dictionaries for translating .E
Need to be written, holds the o e T Fri Ry et o]
"understanding" of the data. w
::-, names. _{: %
Simple to write for standard- E
cases, allows treatment of Query routine
complex data models.
> A—
Either pre-existing, or filled
with existing import-tool that Filled database
uses the data model. L )

Query Reply
' : ™
Running VAMDC Node
Y ™
HTTPIXML communication
with VAMDC portal
> —
S
=
o E Query parsing
2 | § |& |
@ § |2 Output
> 8 |e assembly
= ﬁ Query
2 execution
% L I
- -
Database Access Layer
> ~— b 3
Database —
N v,

11



Django 1s convenient

Write static structure
(models.py), django
generates db for you

OR

Generate models from
existing db

Decide how to describe
your data in XSAMS
schema (dictionaries.py)

Map models to XSAMS via
queryfunc.py (it's ok for
models to be incompatible
with XSAMS schema)

Moleculebtate
Malaculs
-n
Fnir;? -mleculk -l &Ne Ry _origin
Linchike: y———————[S1ew

& nergy_unit

<chsmical_fomula | 4 | description 1
Bliai -3 uxillary
1 -mokecule_state
1 =X [wavakngth)
1
Datal Ist Sowree

Featm RadlatlveP rocoss -catadeny

-data_values ke & -S0UrCEs  |-articks_number

ine -description -dig ital_object_id

-paramatar — -title:

- description B T lasume_id
-publizhar

1 -authors
-uri
Y [cross_sadtion) 1 +  |-page_bsgin
-page_snd
-wolurmes
Author 50U fos_Na e
-authars _bibtex
fams L1 |commen 15
-institution Lyear

django.db models

name = mi rField(max_length="2, db_index=True)

enqth;" . null=True, blank=True)
"% (self.name, self.chemical formula )

db_table =

12



L‘V|eb service & web interface

e http://servo.aob.rs/mold

« VAMDC asks only for a standard-
compliant and validated web service

* Build more stuff on top of Django/Python
« Easy template / url handling
« AJAX - enabled interface

13



XSAIs

vc| J&:v|v!53ma “| ; ﬁ* ﬁ E @!vl E

& @ servo.aob.rsimo

Photodissociation - MolD database

Institute of Physics Belgrade :: Astronomical Observatory Belgrade

individual cross sections average thermal cross sections plot

Maolecule: Hychogen maleculer o H24+ j
a5
QND: 2 "
QNv: 4—C

Search

-<XsAMsData xmlns="http://vamdc.org/xml/xsams/1.0" Xmlne:x8i="http://www.w3.org/2001,/XMLSchema-instance” XmlRB:eml="http://www.xml-cml.org,/scheman
x8i:schemalocation="http://vamdc.org/xml/xsams/1.0 http://vamdc.org/xml/xsams/1.0">
+<B8ources>- </8ources:
-<@pecies>
-<Molecules>
-<Molecule speciesID="XmolD-Z">
-=<Molecularchemicalspeciess=
+<0rdinaryStructuralFormula> </0rdinaryStructuralFormula=
-<gtoichiometricFormula-Hz2+</8toichiometricFormula>
+<ChemicalName> </ChemicalName:s-
-<InChI»>1s/HZ/hlH/g+1</InChI>
-<InChIKey>ZZIJOQHRUPVPQC-UHFFF</InChIKey>
<VAMDCSpeciesID />
-<gtableMolecularProperties> </8tableMolecularPropertiess>
</Molecularchemical Species=
+<Molecularstate auxillary="falsa" BtatelD="SmolD-278"> </Molecularstates
+<Molecularstate auxillary=rtrue" statelD='smoclD-1Z58"> </Molecularstate>
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Further development

* Include new data about processes which involve species
such as HeH", LiH"*, NaH", SiH" which are important for the
early universe chemistry, the stellar and solar atmosphere
modeling.

« Results of the rate coefficients for the ion-atom absorption
processes and inverse emission processes

* Inclusion of the rate coefficients for the chemi-ionization in
atom-Rydberg atom collisions (including the processes of
the associative and Penning type ionization) and
corresponding inverse chemi-recombination processes in
electron-ion-atom collisions.
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