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Data (FP6 program on Thiifsday) >™me "

. Spectroscopic data:

_ Carbon chains, PAH Rate coefficients for excitation
processes
. Reactions (lab. & theory) Collisions with He, H, |
_ Carbon chains, PAH CH", H,0, HDO, NH,, SO(°% ), SiO, SO,

N,H*, H,CO, HC,N
CO, CN'(2Y), CS, SiS

. Rate coefficients for CH30H

excitation processes
(cf talk at IAU "Astrochemistry” oyt -

, 2005, Asilomar) Carbon chains, organic molecules
High Temperature and bending modes
. DBB/Tools: CDMS, UMIST,

BASECOL, CASSIS High Accuracy = Heavy CPU

See Poster 28: Wernli & al (HC;N)



Requirements for Tools Implementation (1)

VO: Interoperability of ressources in order to
I produce science (http://www.ivoa.net)

. Observational Data
— Archives: well taken care in [IVOA, cross correlation
(ALMA working group)
. Theoretical/Observed Microphysics Data in

Databases
- Ex : CDMS/JPL, BASECOL, LOVAS catalogues,
UMIST, etc ....
. Numerical Codes
- Ex : Radiative transfert codes, Modelling codes

. Analysis tools/Visualisation

— Analysis software (reduction pipeline, optimization
algorithms, synthetic spectra): CASSIS,
ASAP/MAGIX, etc ....



IRequirements for Tools Implementation (1)

VO: Interoperability of ressources in order to produce
I science (wWww.ivoa.net)

I . Full description of all data

— Microphysics:
. references, methods, accuracy
. Identify measurements/calculations from extrapolation

- Codes:
. Identify hypothesis, algorithms, parameters

. Use standardized exchange langage

. Long term maintenance

. Deal with various sources: Basecol database (rates
with H, He, H,), Leiden database (rates with H,) --> F.
Schoier, CDMS --> H. Mduller, JPL, etc...



I Basecol Database
http://www.obspm.fr/basecol

I ML Dubernet
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Basecol Database
http://www.obspm.fr/basecol

Useful for astrophysicists and physicists
Published (de)-excitation rate coefficients

. File Edit View Go Bookmarks Tools Window Help ‘

" @00 @ O [ hitp:lipc-dubernet01 obspm ffindex php?page=data&rub=viewColision8id=34 | [ Search | fo:.]ao

. 4 Home E3Bookmarks % NIST Physical Ref... % Example13 (JPE

Rotational (fine, hyperfine)
Ro-vibrational, Vibrational
Currently: 21 Target molecules
Perturbers : He, H, H, (not
exhaustive)

76 collisional systems

<< Back

Rotational excitation of CO by para Hz (Flower, 2001)
Einstein Coef‘f||PES”Method”Ramge of Energy HBaswsSet‘

|Rate Coefficients HLabeIhmg Energy Tab\e(s)‘

Data display :

HTML Format | Text Format | VO Table Format |

Graphical visualization :

Fully documented and referenced B s
(630 ref.) S Data ornaon

o CO initial level labelled from 1 to 30
Webmaster o CO final level labelled from 1 to 30
o HZ initial level labelled from 1 to 1
¢ H2 final level labelled from 1 to 1
Admin # 41 temperatures between 5 K and 400 K

Contac

Linked to
— CDMS or JPL
— Theoretical energy levels

Presentation :
link see link http://ccp?.dur.ac.uk/

Rate coefficients amongst the lowest 29 levels of CO with para-Hz (j=0) and the lowest 20 levels of CO with ortho-Hz(j=1) are provided
by Flower, 2001 for 5K =< T =< 400K. Those calculations are of better quality and superseed the results of Mengel et al, 2001

Note : Mengel et al, 2001 used the PES of Jankowski et al, 1938 (same as Flower, 2001). Quantum mechanical studies of this process had
been previously undertaken by Green and Thaddeus, 1976, who used a scaled CO-He interaction FES, and by Flower and Launay, 1985,
Schinke et al, 1985, who used different ab initio CO-Hz2 PES.

References

o Flower D.~R,. The rotational exdtation of CO by H2 7. of Phys. B vol34 : p2731--2738, 2001

¢ Mengel M., de Lucia F.~C., Herbst E.. Rate coefficients for rotationally inelastic collisions of CO with H2 Can. J. of Phys. vol79 :
p589-595, 2001

# Jankowski P., Szalewicz K.. Ab initio potential energy surface and infrared spectra of H2-CO and D2-CO van der Waals complexes J.
Chemn. Phys. vel108 : p3554-3565, 1998

o Flower D.~R,, Launay J.-~M., Rate coeffidents for the rotational exditation of CO by ortho- and para-H2 MN.R.AS. vol214

i 0 & & O & Transfering data from pe-dubemet01.obspm r

Fitting coefficients, Visualisation
tools
Under Test: NH, CH,CN
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“Quaiity Control

. Origin of Data : All papers carefully read

. Tables in Database

- Careful check by detailed balance, F. Daniel
. Rate coefficients and fitting functions
. Theoretical energy levels

. Long term maintenance WJ vatoire

- Team of physicists
- Software engineer and VO-Paris Data Center

. Official opening: Published paper (June 06)
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Get CDMS/JPL files

no

yes

Insert files in MySQL

Waiting for a wee

K

Transform and output files

[
»



Uses /

User —evelops— Client Software
HTTPI I SOAP
Web Service
WEB GUI Interface

|

Apache Server

|

Tomcat/AXxIs

N

MySQL DataBase




Basecol Web Service AUTOMATIC ACCESS

Query for a single molecule Link to PDR:
— Query for a process .
- Query for a collider Get collisions Only
— Query for a temperature range - Query Parameters
Get . TARGET, COLLIDER
_ Rate coefficients . initial_level, final _level
— Theor. and experim. energy levels - Return VOTable with
_ Einstein coeff. and statist. weights . List of collisions with TARGET +
- Errors COLLIDER
— Fits . Link to energy tables (basecol)
_ Documentation . Link to fitting coefficients
Get CDMS/JPL data
— Query Parameters
Client for MOLPOP (M. Elitzur) - ;Ai\tFi%;Elg\,/;OeLnL;PER
Get collisions, CDMS/JPL ﬁnal_l—evel_gnerggy’
- Return VOTable with
_ Retrieve all data or some data . List of collisions with TARGET +
COLLIDER
~ Return VOTable and ascii files . Link to energy tables (basecol)
- mol.lev, mol.aij, mol_coll.kij, mol_col2.kij . Link to CDMS values
~ Create a file with all names - Einstein coefficients,

frequency, stat. weight...




| Service for ASAP/MAGIX

(very close to SLAP)
Get all CDMS/JPL + BASECOL

. Query Parameters
I - Frequency min

- Frequency_max
— Chemical _element
- Chemical _element_symmetry

. Return list of transitions with:
- Chemical_element, Chemical element_symmetry
— Initial_level energy, Einstein_Coefficient, g_up
- Quantum_number_tag,ild _chemical element,
- Data_source, creation_date

— Link to quantum numbers (URL)
— Link to all collisions with TARGET, to documentation



I Spectral Line Access Protocol
I\VOA standard : SLAP

: - Paris Observatory and

—c = ESA/ESAC

¥ - ML Dubernet, P. Osuna, M. Guanazzi,
J. Salgado, E. Roueff

MLD acknowledges support from VO-France,
MDA project (F. Genova), Paris Observatory




IAtomic and Molecular Lines Data Model

International
Virtual
Observatory
Alliance

Atomic and Molecular Lines Data Model

Version 0.5
Draft Document 30 January 2006

This version:

ThisWersion-30Jan2008
Latest version:

hittp-ifsssanivoa net'Documents/latestLDM_v0.5
Previous versions:

Editors: Pedro Osuna, Mattzo Guainazzi

Authors:
Marie-Lise Dubernet
Pedro Osuna
Matieo Guainazzi
Jesus Salgado
Evelyne Roueff

Status of This Document

This is an IVOA Working Draft for review by IVOA members and other interested
parties. It is a draft document and may be updated, repiaced, or obsoleted by
other documents at any time. Itis inappropriate to use IVOA Working Drafts as
reference materialis or to cite them as other than “work in progress”.

A list of current IVOA Recommendations and other technical documents can be
found at hitp:Awvww.ivoa.net'Documents/.

+» AML DM Current version: 0.5
(30/1/2006)

aSLAP Current version: 0.1

a circulated to the DM and DAL
groups, as well as to atomic and
molecular astrophysicists for
comments

» Ultimate goal: achieve the status of
a proposed recommendation by the
next InterOp meeting for AML DM

sUseful for ETL studies and
calibration

eStarting document for ALMA working
group (Linelists)



I;tructure

Level

QuantumsState

QuantumNumber

Line

Chemistry

¢

Process

Model

| Model ]

Model

v

Species

Environment




ILine

Scope: describe the overall properties of the observed

line, and of Its corresponding transition
Attributes:
I Observational properties:
ceveleratn .
intensity/flux |
significance
broadening
wavelength shift
Transition properties:
Einstein coefficients
oscillator strengths
transition type




Perspective for Atomic and Molecular Data

Access to linelists: SLAP is

currently implemented on
CDMS/JPL (all QN properly
Identified, symmetry)

Standardization of Access to

other data (ex: rate coefficients of

Basecol)

- Working Group of Atomic and
Molecular Physicists from NIST,
IAEA, Oackridge, NIFS, Paris
Observatory (Paper at ICAMDATA,
Meudon, Octobre 20006)

- Model will be proposed to IVOA by
WG

[

b

— methods HH

references

references to data sources

articles, private
i

COMmImUnIc
calculations)

________

—_——— —— —

—_— e

________

unctions used for
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Generic Interface to Numerical
Codes for Science Data Analysis
and Modelling

Fréderic Boone (LERMA)
Peter Schilke (MPIfR)
Dirk Muders (MPIfR)

Marie-Lise Dubernet (LERMA)



I Motivation

I . New instruments: large amount of data

. Provide an interface
— with an number of « public codes »
- With different analysis tools
I — With various visualisation tools

- For individuals to use with their private codes
(public?)

- For a collaboration to implement complementary
codes such as dynamics + chemistry + radiative
transfer

. Common needs

. Optimization loop to fit the model to the data
with constraints and error estimation

. Interactivity (control the model parameters)

. Molecular data --> query molecular databases



I Examples summary
I . EX | (line surveys)

- Link to spectroscopic/rate coefficients databases
— Ability to easily control a large number of params
- Radiative transfer

. EX Il (protostellar envelopes)

- Several models in line (dynamics + radiative
transt.)

— Several kinds of data (spectra+timages)
. EXIlI (galactic dynamics)

- Need ability to compare different kinematic
models to data cubes



I‘

Example Il — protostellar collapse

Collapse model

l

Radial profiles

Temperature

Density
velocity

|

Radiative Transfer
BERNES-MAPYSO

l

Simulated spectra
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Example 111 — Galactic dynamics
. Gas kinematics in the center of galaxies

— Evolution of galaxies, AGN fueling, Black Hole
growth, Starburst/AGN connection

. NUGA survey (PI: S. Garcia-Burillo, F. Combes)

- Survey of 12 nearby active galaxies with IRAM
Plateau de Bure Interferometer CO(1-0) and
CO(2-1)

. Kinematic modeling

- Use assumptions on orbits to reproduce
observations

- The aim is to “deproject” the data to obtain a 6D
description



Example 111 — Galactic dynamics

Source: N45ET
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Concept

Use existing formats and
visualization tools

Define a standard

Optimization engine

Use existing algorithm Spectroscopic

data

Best fit parameters Query existing databases
with error bars



| A prototype, DALIA

(Direct Approach to Spectral LIne Analysis)
I . Main functionalities

— Edit parameters of a model to create a first guess

— Fit the model to the data (1D, 2D, 3D ....) via optimization
I — Constrain the parameters

- Include spectroscopic data from molecular databases

— Allow to introduce any new model code (Fortran, C...)

. Implementation

- GUIl'in JAVA

— Description of models in XML following a “schema”

- Interface GUI/models: ASCII for params and FITS for data
— Visualization: Specview (spectra) Jimage (2d & 3d)



DALIA

. Create a model instance (first guess)

C1 models

=)&) = (B8 e

xml files




DALIA

I . Create a model instance of a galactic model

GUI generated by the XM
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Data Dialog

Il
Il

spectral lines Dialog
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Param, Constant Value Min | Max |[Fixed

Dalia Fiting Interface = @ &
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DALIA
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DAI— IA Pieces of C-code be included In

XML file describing the model the model code to read input

Code Display o & G

-

File Edit Mavigate Search Project Run XMLmodeling Window Help

Civ @ @ - O- Q- O 8 G & & & v v @

DataDia... 1] Data.java [J] Fitting... ] SubSetD... [J] ParamFi... T as

<?xml version="1.0"7:=
<amns:astroModelSchema

xmlns:xsi="http://www.w3.org,/,2001/XML5chema-instance"”
xmlns:amns="astromodelns">»

Molecules input r5penru input |

#olefine MAXARRAVSIZE 1000

nicl readmaodelparamsiint *ncomponents, float we[], float fuwhm(],

<title>Galactic Fotential Model</title> int ncomponents;

loat wi[MAXARREAYSIZE], fwhim[MAKXARREAYSIZE], relampl[MAXAREAYSIZE], comipy
<routineSections|

<srcName>barmod. c</srcName>
<binaryvName>barmod</binarvName:>

/S Finitialize by calling readmodelparams -
<programminglanguage>C</programminglanguage>

readmodelparamsi&ncomponents, wo, fuhim, | -
<Section> 1 3| [ ]
<title>""</title> =
<subSection>
<title>Routine parameters</title> a
{param xsi g t-ype=“ amns : PE[I‘EUI’]F].CIE[‘IZ " } II|'ttttttwtttttttttttI‘I‘ttttttttwtwttttttttttttttttttttwtwtII|' |

<name>Cloud col. dens.</name:>
<varName>cdens<,/varName:>

<unit>10¥*20/cm**2</unit> oid readmodelparamsi{int *ncomponents, float wo[], float fwhm(],

<description=Column densitvy of clouds</description:

<default>1.0</default> float relampl[], .flnat camptemp[], float compcoldens[],
</param> float compsousize[l

<param xsi:tvpe="amns:ParamInt":>
<name>Nb of subclouds/cloud</name:> char c;
<varNames>nsubcl</varName:>
cunits</units> FILE *prT,;
<description>nb of subclouds per clouds for the welocity profile</de
<default>100</default> . \ . . . ) .
</param> printf"start reading params in fhomefboone/ javapackages dalia-project fimgl

<param xsi:type- amns:ParamFloat > if(fprf =fopen /hare /boone, javapackages /dalia-project fmp fmadelparams.t

printf"ERROFE. cannot apen file fhome/boonefjavapackagesfdalia-project ftm =

Mi
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Summary

. hew generation of software for science
analysis and knowledge sharing

. aconcept: “wrapping rather than re-
iInventing”

. Development open to the community

. Extensions

— Association with computing resources: parallel
computing

— Association with archive facilities (VO) for the data
- Workflows (VO)



