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Context

First Application : Meudon PDR code VO services

Computes the chemical and thermal structure of
Interstellar gas

® Radiative transfer (FUV - sub-mm)

® Chemistry

® [hermal processes

e Statistical equilibrium in levels
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ISRF computed with Meudon/IAS PDR+DUSTEM code

® Molecules abundance profiles NGC7023 incident radiation
® Gas and grains temperature

® | evels excitation

° .

® | ine intensities

® Column densities

® Absorption & emission spectra

PAH features
Warm dust
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http://pdr.obspm.fr
http://pdr.obspm.fr

Context

Objectives via the VO :
* Online access to online simulation code with computing ressources
* Development of a theoretical database (SImDB / SImDAP)

* Interoperability with other simulation codes / VO services

Example : Herschel preparation

Time-exposure estimation

|. determine structure of interstellar cloud thanks to PDR code
2. Inject abundances profiles to radiative transfer code

3. Estimate time-exposure from line intensities

Parameters

Radiative transfer code

.. Virtual telescope
(CASSIS)
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Online code

Use of Astrogrid Infrastructure
F. Roy

Code is registered as a CEA service

Can be found in the VO-Explorer

Generic interface

T

Astrogrid
Registry
(UK)

[l Resource Lists
» @ Examples
./ PDR
8
1\ CEA
2/ obspm
2/ Meudon
2\ Titan
2 FUSE
1\ sextractor
.\ Cone Search
1 FUSE
2\ Pegase
- MeudonPDRCode

Contents of LUTH - 2 resources

QFilter result:

Status | Flag...  Title

W Meudon PDR code - Version 2008

Z)
| Contact

. Franck Le Petit <Franck.LeF

Publisher
LUTH - VO-Paris ..

| | [Meudon TITAN code LUTH - VO-Paris ... [Anabela Goncalves-Garcia

l = New Smart List
7 Actions ®)
“4, Execute Task
() About A

@ Further Info

£, Email Curator

Selection: CeaApplication

c———— — — — — —————— <>l
[ @ Information | [] Table Metadata |

Meudon TITAN code Annotate
[ Flag '@

Short Name TITAN 1D ivo://lobspm.frititan

Type CeaApplication Created 1999-01-01T12:00:00+01:00 updated 2009-03- Highlight .B

12T18:57:23 e
Alternative title

Content Type other Notes

TITAN is a computer program for calculating the interactions of a dilute plane-

parallel medium with electromagnetic radiation. It includes all atomic

processes: absorption, recombination, diffusion, excitation, deexcitation of

atoms and ions, heating and cooling of the gas, and it solves the radiation

transfer, in order to obtain the spectra reemitted by the medium. It handles

plan parallel slabs in non LTE steady state, for various physical conditions Tags

and various illuminations, valid in many astrophysical situations. Itis

specifically designed for warm-hot (8000 to 10**8 K) and thick media (till an
electron scattering optical depth of several tens) emitting and absorbing in the
X-ray range (density from 10**5 to 10**14 cm-3). It computes the physical

Monitoring service -

No known providing
services
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o006 The Mewdon POR code
File Plot Window VO Help

Online COde | Cloud parameters  Crains parameters  Transfer & M2 | n
Model name

Specific code interface Chemisty e | | Coomee
F. Roy / N. Moreau 2o b e

Density [em-3) 100

Radiation field left) 1

- relationships between parameters )

" External source

- graphics B :
- Communicates with Astrogrid e tned s

Distance [p<)

V' Thermal balance

Temperature [K] 10

Equation of state | Constant density + | 7 Symetrical profile

Specific density profile Browse

Pressure [cm-3 K]

Cosmic rays ionization rate '2.0 | -

\

Turbulenmt velocity [km/s] 2.0 000 Dust extinction plot

Number of iterations 2 . { Lawr

The Meudon PDR code can be run onling on Paris Observatory dedicated cluster, Use the Meudon POR code ™ replot (’ Mot - )
This makes use of the infrastructure. From VO-Deskiop or PDR Launcher, select inpul parameters and The Meudon PDR code can be run in two ways : L
execut® il ARer a few hours (depending on the input paraméters), results will be downloadable. Ogm :
. and install the coce 12r 1 e e
A typical chemistry #e is used # none provided, One can select its one chemistry if a chemistry file is peeviously e Usa itoniine through the Virual Observalory Mt -
uploaded in the VO-Space 10}k 4
Requirements : Chemistry 09t 4
o8 -
: AS¥0Qnd account {contact Astrogrid or Franck Le Ped! 1 gerona) = chemistry Sles 10 1un the code -l .
° 6 - -
A bmime °° i 1
- Atomic and molecular data
o A 00 osb ]
LB . The Meudon PDR code requires atomic and molecular data 03f 1
oz - -
o Listof Atomic and Molecular data used o1

10 15 20 25 30 35 40 45 S0
et

( Close )




PDR Analyser

Output Files

Code produces
e FITS File : results
e \/O-TABLE : meta-data

name, description, unities, UCD, ...

Provide all quantities computed by the code
e observables
* theoretical quantities

PDR Analyser

* browse the computed quantities
e extraction (ASCII, VO-Table

e SAMP

 Download data from VO-Space
e scriptable

o0 o0 PDR Simulation

Metadonnées

File View Plot Script Fits Help

‘. /Users/franck/Astro/OV/Pdrinterface/Jonathan/7mai07/fits/tPoelmanfin.fits
» < Model parameters
¥ ¢ Heating & Cooling
¥ C Heating [USER/HEATCOOL/true/-1/null]
<® Total heating [1D/erg cm-3 s-1]
“®_ Photoelectric heating [1D/erg cm-3 s-1]
<®_ H2 on grains heating [1D/erg cm-3 s-1]
“®_ HD on grains heating [1D/erg cm-3 s-1]
“® Heating by photoprocesses [1D/erg cm-3 s-1]
“®_ Cosmic rays heating [1D/erg cm-3 s-1]
<® secondary photons heating [1D/erg cm-3 s-1]
“® Chemistry heating [1D/erg cm-3 s-1]
“®_ Turbulence heating [1D/erg cm-3 s-1]
P S Cooling [USER/HEATCOOL/true/-1/null]
> S Mixte [USER/HEATCOOL/true/-1/null]
<®_ Column densities

> < Lines
» <. CGrains properties
P Radiation field
» < Chemistry
P < Arrays sizes [DEVELOPPER/ROOT/true/-1/null]
P S List of species and molecular mass [DEVELOPPER/ROOT/true/-1/null]
» < Numbers of special species [DEVELOPPER/ROOT/true/-1/null]
> . Geometry [USER/ROOT/true/~1/null]
P < Structure [USER/ROOT/true/-1/null}
> . Abundances [USER/ROOT/true/1/null]
“®_ Species with excitation [DEVELOPPER/ROOT/false/-1/null]
» < H2 formation on dust [USER/CHEMISTRY.FO/true/~1/null]
P Photodissociation rates [USER/CHEMISTRY.PH/true/-1/null]
» < Formation and destruction rates [USER/CHEMISTRY.FO/true/-1/null]
P> _ Radius and surface [USER/GRAIN.SIZE/true/-1/null]
P < Dust temperature [USER/GRAIN.TEMP /true/-1/null]

Laurent Bourges
Jonathan Normand




PDR Analyser

JR Simulat

¢ View Plot Excitation & Lines

Tools Plastic

fUsers/francic/Astro/OV/Pdriaterface /Jonathan/pdr/fias INTO2 3N

0 Ieformanions JKONT_INFODEV)
v Species [ONT SPECIES

* . Mocel Parameters [CNT M e view Sendto

v Ceometry JONT_CEOMETRY AV Imag
Structure [CNT_STRUCTURE  0.000000€00
«® Temperature [DU_STRL : 000000E-05
“® Protos density |DU_ST) 1.1224528-05
LA5RIE
1.4142141-0
15874018
1L781797¢
Abundances ICNT_ASUNDIE 2.0000008
2.1398268
3 JR04 AT
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PDR Database

Obijectives :
e Publish PDR simulations
* Facilitate solving of inverse problems

Example :
“In which kind of interstellar clouds can we detect H2O ?”

“Which parameters produce a ratio of line intensity H2 2-1 S(1) / 1-0 S(0) of 0.56 ?”

Motivated for fast interpretation of HERSCHEL observations :
e Diffuse Interstellar Clouds (PRISMA key prog.)
e Star-Forming regions (WADI key prog.)

» Search for Oz (O2 key. prog.)

* Extra-galactic medium

/"%
/£ : 4
X Ve < S




PDR Database

SimDB prototype : Laurent Bourges (Euro-VO DCA - Aida / LUTH)

To query the PDR models, select first a code version and then choose at least a search criteria :

( refresh \ / cancel \

| Pdr1.2_chimie08 ? (select'\

Code version : Pdr1.2_chimie08
Description du code + fichiers input (chimie_08)

J Query on Parameters || Query on Column densities

Select at least one criteria on parameters :

Parameter Possible values User value
nH_init 100.0, 500.0, 1000.0, 3.000E03, 7.000E03, 1.000E04, 3.000E04, 7.000E04, 1.000E05, 3.000E05, 7.000E05, 1.000E06, 3.000E06, 7.000E06
radm_ini 1.0, 5.0, 10.0, 1000.0, 3.000E03, 7.000E03, 1.000E04, 3.000E04, 7.000E04, 1.000E05, 3.000E05, 7.000E05, 1.000E06, 3.000E06, 7.000E06, 1.000E07

radp_ini 0.0,1.0,5.0

Av_max 1.0,20.0

p

search \




PDR Database

SimDB permits queries on :
- input parameters

. density, flux of cosmic rays, ...
column densities, line intensities

- characterisation of properties

Model : n1e3r3edr0A2e1 10
Description :

One face simulations of brght and dense PDRs with visual extinction of Av = 20. Proton density ranges from 1E3 to 7E6 cm-3 and Rad from 1E3 to 1E7 (Draine's unit). -

Galactic values for grain properties and elementary abundances - Standard UV transfer
full simulation for the PDR analyzer

J Model H Structure ” Column densities H Line intensitiesl

Cronity orames
Av_max 2.000E01 mag Cnemistry file name chimie08.chi
nH_init 1.000EQS cm-3 Ha/H 1.000E-01
soneside 1 CH 1.320E-04
ragm_in 3.000E04 N'H 7.500E-05
radp_in 0 O/H 3.190E-04
d_sour Opc O/H 0
External source name C13/H 0
feqth 1 N15/H 0
1g_init 1.000E02 K O18/H (4]
fisod 0 PAHH 0
presse 6.000E03 cm-3 K FiH 0
nH - Temp profile file name Na/H 0
fmrc 5.000E00 1E-17 s-1 Ma/H 0
viurb 2.000E0S cm s-1 AVH 0

SUH 4]
ne of sight parameters P/H )
Line of sight Galaxy S/H 1.B50E-05
cdunit 5.800E21 cm-2 mag-1 CVH )
Rv 3.100E00 CaH )
FeiH 1.500E-08
forh2 0
fatm 10
chn2 2
trier 0
stic 4

lfgkn2 0

Code version 3111108_JLB_and_Co [HP————
ragdm 1.475E04
== 0 0
F radp
gratio 1.000E-02
GOm 1.852E04
mn 3.000E-07 cm
- Gop 0 phot cm-2 s-1
rmax 3.000E-05 cm
fphsec 5.000E0S s-1
albedo 4.200E-01
— xngr 1.777E-09
og 6.000E-01
- ositgr 1.338E-05
rhogr 2.500E00 g cm-3
— signgr 2.261E-21 cm2
alpgr 3.500E00
dsite 2.800E-08 cm
s grt 9.048E-21

Model : n1e3r3e4r0A2e1 10
Description

One face simulations of bright and dense PDRs with visual extinction of Av = 20. Proton density ranges from 1E3 to 7E6 ¢cm-3 and Rad from 1E3 to 1E7 (Draine's unit). - Galactic values for grain
properties and elementary abundances - Standard UV transfer
full simulation for the PDR analyzer

l Model ‘ Structure ‘ Column densities H Line intensities ‘

Gas characterisation :

Temperature (K) Proton density (cm-3) lonization degree
min 6.196E00 1.000E03 1.983E-05
moy 1.093E02 1.000E03 9.685E-05
max 3.849E02 1.000E03 2.038E-04
Gas temperature [K]
400
Temperature —— Temggx:atur-e _—
350 |
!
300 /
o = /.-
E < 250 Y \
¢ 2 _
2 2 200 E
= "
g g E
£ £ 150
2 & ‘
100 \
50 |
“ \
— — A
0 0
5 10 15 20 1e-06 1e-05 1e-04 0.001 0.01 0.1 1 10 100
AY (mag) AY (mag)

[C 1] Line intensities

Line intensities for a face-on cloud To gel line intensities for other EHQES or other lines, download the simulation in PDR ZHS’E’

Line Intensity [erg cm-2 s-1]
3P_J=1,3P_J=0, 609.75 micron 4.320E-06
[3P_J=2,3P_J=1,370.37 micron | 6.605E-06 |
[O1] Line intensities

Line Intensity [erg cm-2 s-1]
3P_J=0,3P_J=1, 145.53 micron 3.824E-05
[3P_u=1,3P_s=2, 63.19 micron |8 42004 |
[C Il] Line intensities
Line Intensity [erg cm-2 s-1]

2P_J=372, 2P_J=172, 157.68 micron 6.571E-04

H2 Line intensities

1200 1-0S(0),2.2232 micrometres 1.401E-08
13011-08(1),2.1217 micrometres 1.346E-09
14021-08(2),2.0337 micrometres 1.288E-09
1503 1-08S(3),1.9575 micrometres 6.064E-10
24122-185(2),2.1541 micrometres 6.279E-10
25132-18(3),2.0734 micrometres 2.768E-10

Next step : Add access protocol TAP / SImDAP




PDR Services

v/ Online PDR code in the VO

SimDB PDR service

vl Documentations

- Scientists using the services
- Developpers & scientists wishing to develop VO services

This work motivated scientists to build theoretical services
- among them those working on simulations of the ISM in Paris



VO Plateform for simulation of ISM

LERMA - LUTH - IAS

Franck Le Petit
Patrick Hennebelle
Fabrice Roy
Evelyne Roueff
Jacques Le Bourlot
Edith Falgarone
Nicolas Moreau
Benjamin Ooghe
Sylvie Cabrit
Pierre Lesaffre
Francois Lévrier
Laurent Pagani
Francois Boulanger
Laurent Verstraete
Guillaume Pineau des Foréts

LERMA - Ramses MHD

-

Turbulence
Duffusion

Shocks

LERMA - Diffusion codes

Chemistry

[

—

> Grains physics

i

IAS - DUSTEM code

Thermal Processes

LERMAV/IAS - MHD shock code

--------

LUTH - Meudon PDR code




Interstellar Medium Platform

Bring together expertise in modeling / simulation of the ISM

Provide theoretical services about ISM

Codes - Databases - Tools & services

Web Portal

Clients for Online Codes

VO-Space

Theoretical DataBase

3 s
MHD Shock DB

StarFormat MHD Shocks

Transfer

Chemistry

CEA/UWS

: Astrogrid Registry |

VISIVO
serveur

l

Computing
Ressources




ASTRONET : Project STARFORMAT

First part of the project funded by ASTRONET
(P. Hennebelle et al.)

French & German teams

Development of services for MHD simulations
SimDB

Codes : Ramses / FLASH

Catalogs of dense cores properties

services (SIMDAP):
Extraction of cores
Extraction of density profiles on a line of sight




Interstellar Medium Platform

Interoperability between codes & services
Density profile on a line of sight (3.5 pc)
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SimDAP

Meudon PDR code SimDAP > Radiative transfer code
Chemical & thermal structure Molecules excitations

DUSTEM

Grains emission / temperature
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Atomic & Molecular Databases
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