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Objectifs de VO-Theory

Publier les données simulées comme les données observationnelles

* Préparation des observations
e Interprétation des masses de données des grands instruments
» Rentabiliser le colt des simulations «grand challenge»

Besoins de services théoriques:

e Bases de données de modeles théoriques
 Méthodes de fouille et d’extraction de données
e Codes en lignes avec ressources de calcul

* Interopérabilité
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Vocabulaires sont nécessaires pour :

e découvrir les services

e assurer I'interopérabilité entre services

Technologies
® \Veb sémantique

e RDF / SKOS : liens entre concepts

Intéréts:

® requétes en «langage humain»
e intelligence dans le systeme

Vocabulaires VO-Theory
® Algorithmes
® Processus physiques
® Objets astrophysiques
e Quantités physigues
[

Premiéere version finalisée :

http.//votheory.obspm.fr
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Presentation

This service is dedicated to scientists and VO developers who wish to publish theoretical services
described by the Simulation DataModel.

As described in the [VOA standard, Simulation Data Model, registrations of theoretical services,
require to provide several URIs corresponding to semantics keywords describing services and
simulations. VO-Theory concepts are based on SKOS description as recommended by the IVOA

Semantic Working Group.
Example of a VO-Theory URIs : http://purl.org/astronomy/vocab/Algorithms/GaussSeidel

This website is dedicated to the discovery of these URIs. Navigate through the broader,
narrower, related terms to discover the most precise concept you wish.

To suggest new concepts or corrections, contact : VOTheory.semantics @ obspm.fr.
Request

Choose a vocabulary | Physical quantities

Search a concept

Poolparty

The development of the VO-Theory
vocabularies rely on Poolparty, a thesaurus
management system and a SKOS editor
developed by punkt.netServices.

pogrﬁortg

All concepts Excitation Temperature
A Vaisaila URI:
Absoption Frequency
M . http://purl.org/astronomy/vocab/Physical Quantities/Excitation Temperature
Adiabatic Gradient
Age ‘ ‘ .
‘Albedo Broader terms :

Angular Momentum

Angular Velocity s Parameter
Antenna Temperature = Temperature

Average Density
Axis ratio

Azimuthal Order
Baryon Density
Break Frequency
Charge

Charge of Grain
Column Density
Cooling Frequency (Synchrotron)
Cooling Rate

Dark Energy Density

Broader transitive terms :

* PhysicalQuantity
+ Temperature
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Starformat http://starformat.obspm.fr

Simulations MHD de la dynamique du gaz interstellaire

Publication de plusieurs jeux de simulations :

® Coeurs denses

® turbulence

e formation de nuages moléculaires Extraction de données

Extract a subset of data from the simulation

What kind of values do you want to extract?
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that # can mcrease cally the spatial rescktion Dy addng rew celsnthe [T - - - - Centered on: X 2,000 (pc) Y | 2,000 (pc) 2 2,000 (pc)
compAaton. N uaes e Coduncv memthod and comsirart Marepon method % Velocty ol the incomng flow 13.34782. 17.79709
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D E UVO http://www.deus-consortium.org/deuvo/

Objectif : Impact des modeles d’énergie noire sur la formation des grandes structures

Jeux de simulations cosmologiques

Dark Fnergy !'niverse VVirtual Observatory

® Acces & extraction des catalogues de halos
e Sorties ASCIl & VO-Table N
® Vizualisation des catalogues dans TOPCAT

Lambda Gravity 162 comoving Mpc/h 1024
Ratra-Peebles 648 comoving Mpc/h
Sugra 2592 comoving Mpc/f

Search matching Simulations

Matching simulations Simulation parameter settings

z=0.11

1.07e+8

Object Finder Finder Param Finder Param Setting

Field Parallel FoF1 - Parallel FoF1 Linking length 0.2

Search matching Postprocessings

Matching postprocessings

00023-_-Friend of Friend halo detection_02000

Postprocessing parametar settings

Linking length 0.2 coarse grid unit

Scientifiques : J.-M. Alimi, Y. Rasera
Services VO : D. Languignon, J. Pasdeloup, B. Ooghe
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Services PDR hitp://odr.obspm. fr

Meudon PDR code - Photodissociation regions
Code publigue utilisé pour interprétation Herschel / ALMA

Structure physique et chimique des nuages
interstellaires

 Transfert de rayonnement (FUV - sub-mm)

e Chimies (plusieurs milliers de reactions)

e Processus thermiques

* Equilibre statistique dans les états quantiques™

==

> |

|

uv H “H>'

2 2 4

ISRF computed with Meudon/IAS PDR+DUSTEM code

Sorties fournies NG(I37023 incide;ﬂ radiation |
® Profils d’abondance des especes

® Température du gaz et des grains

® Populations dans les niveaux quantiques
° .

® [ntensités de raies 10713 |

® Colonnes de densité des especes

PAH features
Warm dust

—_
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A * U, (erg cm_3)
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10° 10% 10° 10° 107 108


http://galmer.obspm.fr
http://galmer.obspm.fr

PDR Database http://pdr.obspm.fr

Publication de modeles de nuages interstellaires pour Herschel / ALMA

® Requétes sur parametres d’entrée ou quantités observables asan

® [nterprétation «ordre O» ou préparation d’observations | sﬁ
Acces a certaines quantités en ligne (ASCII, VO-Table, SAMP) o | %8

® densité de colonne o —

® intensités de raies T "

® structures des nuages o

Possibilité de télécharger I'ensemble des quantités calculées dans le modele

Model Structure Pliot Column densities  Line Iintensitios  Spectra

Chocss & propenty B plot \ 100000
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Protocole d’acces

Trois éléments :
® [Fouille sur les méta-données de SImbM
® Preview : aide a la recherche
® Acces aux données
® download
® cutout :
® coupes dans I'espace
® Dans les proprietés calculees

Wavelength (Angstrom linear)
prps " ETYiE Y | Y T L
VA S Y hlg V| Il | ™
et b el i i o L

mark Al 1‘ Reset |

Exemples de requétes pour la fouille:
® Service produisant des spectres et modeélisant des éetoiles

® Toutes les simulations N-body et ACDM

® Toutes les simulations publiées par H. Wozniak
® Projet diffuse clouds and N(H) < 102 cm?

Pollux - Palacios et al. (2010)

Requétes fines que ne permettent pas les registres IVOA
=> Besoin d’autres outils pour la fouille de modeles numériques



Protocole d’acces : architecture

Discovery of services / codes / simulations

Datalink Client
User

Q .
* Data file
&
Charactérisation

-
des simulations | | |

S jO,é S -f%é' — ‘ji'o
~— @ 00

DATA DATA DATA
Cosmology ISM models MHD

Statistics

Protocol.
xml

Publisher

Description
du code




Types de foullle :

Simulations MHD & N-body

Code 1

Y

Y

Simulationi Simulation2

Datacub Datacub

Halo FOF 3 25 38: Densty pp

Code 2
Post-treatment

Halo_1
Halo_2
Halo_3
Halo_4

List of objects
with their properties

- chercher la simulation

- choix du post-traitement

- choix des halos

=> récupération catalogue
=> récuperation données



Types de foullle :

Codes calculant des observables

Caractérisation des modeles

Model_1 - S
Model_2 .. . .S
Model_3 . A
Model_4 S P

Préparation des observations :

Requétes sur les parametres d’entree
Intensité de CO 5-4 dans Téte de Cheval ?
(nH = 1000 cm, G = 100)

Interprétation d’observations :
Requétes sur les caracteristiques des modeles
Quels modéles reproduit (CO, 5-4) ~ 3 10°

=> caractérisation précise des résultats
nécessaire

® Toutes les intensités de raies

® Toutes les densités de colonnes (dont états)

+ 30 000 quantités pour le code PDR

Difficultés pour RDBMS :
® Nombre de colonnes
® Requétes SQL / TAP complexes (jointures)



Protocole d’acces

Protocole d’acces : fouille basée sur SImDM et extraction de données

Difficultés:

SIMDM : modele abstrait et hérarchigue
® Remplissage d’un RDBMS peut étre complexe - beaucoup d’ ORM
® Requétes sur RDBMS complexes car beaucoup de jointures
=> déepend du type de simulations et du type de fouille souhaitée

Diffusion de simulations : probleme hetérogene & pouvant étre complexe
® | aisser au publisher le choix de la technologie

Approche :
® Document Oriented DB
o API REST
® Generalized Spaces approach
e Cutout is generialized to any kind of axis
® | angage de requéte : sous-ensemble de SQL pouvant converger vers STC-S



Protocole d’acces : Fouille

® Recherche multi-espaces et coupe dans les axes de ces espaces
® | a fouille revient a un «cutout» dans I’espace des méta-données

Exemples de requétes :

® Service produisant des spectres et modeélisant
des étoiles

Espace des
Projets

o @
OO<—

x3

® Toutes les simulations N-body et ACDM

® Toutes les simulations publiées par H. Wozniak

Espace des
Experiment

Espace des

Protoca ® Projet diffuse clouds and N(H) < 10°° cm™

Résultat de la fouille
Documents Datalink
e URI de la requéte

Requete : | ® URI vers les services disponibles
Projet : nuages diffus

Avec N(H) < 1E20

Espace des
datasets

® 0 O
@




Protocole d’acces : Datalink

Standard IVOA (en préparation - DAL ) pour attacher des éléments a des objets VO

Exemple : Description des services disponibles

http://localhoat:3000/datalink/cutoutiurivexporinontaicutout=pubidetdiff nleirimirimlizlelalp) 20 201212231021H

verd>
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¥y«<ta
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Résultat d’une fouille :
Un résultat de simulation trouvé
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URI Download

URI Preview
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Implementation

Project name Home  Search  Contact

Simdal (SimDB) search interface

Interface de fouille : barre Google

e Interprete ce que l'utilisateur entre (semantique)

e Pas besoin de connaitre SimDM

* Pas besoin de requétes complexes

e Entre des SKOS concepts -> langage naturel
Exemple : N(H) > 10°° cm~, mass > 10°3 g
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ABSTRACT

Aims. We model a diffuse molecular cloud present along the line of sight to the star HD 102065, We compare our modeling with
observations to test our understanding of physical conditions and chemistry in diffuse molecular clouds.

Methods. We analyze an extensive set of spectroscopic observations which characterize the diffuse molecular cloud observed toward
HD 102065, Absorption observations provide the extinction curve, H,, C L, CO, CH, and CH™ column densities and excitation.
These data are complemented by observations of C, C0O and dust emission. Physical conditions are determined using the Meudon

FDE model of UV illuminated gas.

Aesults. We find that all observational results, except column densities of CH, CH' and H; in its excited (J = 2) levels, are consistent
with a cloud model implying a Galactic radiation field {G ~ 0.4 in Draine's unit), a density of 80 cm™ and a temperature (60-80 K)
sel by the equilibrium between heating and cooling processes. To account for excited (J = 2) H; levels column densities, an additional
component of warm {~230 K) and dense (ny = 107 cm™) gas within 0.03 pe of the star would be required. This solution reproduces
the observations only if the ortho-to-para H; ratio at formation is ~1. In view of the extreme physical conditions and the unsupported
requirement on the ortho-to-para ratio, we conclude that H; excitation is most likely to be accounted for by the presence of warm
molecular gas within the diffuse cloud heated by the local dissipation of turbulent Kinetic energy. This warm H; is required to account
for the CH™ column density. It could also contribute to the CH abundance and explain the inhomogeneity of the CO abundance

indicated by the comparison of absorption and emission spectra.

Key words. astrochemistry — ISM: clouds - ISM: molecules - ISM: structure — ISM: individual objects: Chamaeleon clouds -

stars: individual: HD 102063

1. Introduction

Since the pioneering work of Black & Dalgarno (1977), obser-
vations of diffuse molecular clouds continue to motivate and
challenge efforts to model the thermal balance and chemistry
of interstellar gas illuminated by UV photons. Models allow
observers to determine physical conditions from their data and
observations contribute to models by guantifying physical pro-
cesses of general relevance to studies of matter in space such as
H: formation, photo-electric heating, and cosmic ray ionization.

Many models of well characterized lines of sight have been
presented (e.g. in the last years: Zsargd & Federman 2003;
Le Petit et al. 2004; Shaw et al. 2006). They are successful
in reproducing many observables apart from some molecular
abundances, most conspicuously CH™, which points to out-
of-equilibrium chemistry. This molecular ion, and several of
the molecular species commonly observed in diffuse molecu-
lar clouds such as CH, OH and HCO" may be produced by
MHD shocks (Draine & Katz 1986; Pincau des Foréts ot al.
1986; Flower & Pincau des Foréts 1998), and small scale vor-
tices (Joulain et al. 1998; Falgarone et al. 2006) where H; 15
heated by the localized dissipation of the gas turbulent kinetic
energy. Turbulent transport between the cold and warm neutral

medium may also significantly impact the chemistry of diffuse
clouds (Lesaffre et al. 2007).

Independently of gas chemistry, the presence of H; at higher
temperatures than that set by UV and cosmic-rays heating of
diffuse molecular clouds, may be probed through observations
of the H; level populations (Cecchi-Pestelling et al. 2006). A
correlation between CH™ and rotationally excited H; was found
by Lambert & Danks (1986) using Copernicus observations.
Falgarone et al. (2005) reported the detection of the S(0) to
5(3) H; hines in a line of sight towards the inner Galaxy away
from star forming regions. They interpret their observation as
evidence for traces of warm molecular gas in the diffuse inter-
stellar medium. But the interpretation of the wealth of H; obser-
vations provided by the FUSE satellite 15 still a matter of debate.
Gry et al. (2002) modeled FUSE H; observations of three stars
in Chamaeleon using the Meudon Photon Dominated Regions
(PDR) model (Le Bourlot et al. 1993). They show that the model
cannot account for Ha column densities in rotational states with
J = 2. A larger sample of H: FUSE observations (Tumlinson
ctal. 2002; Gillmon et al. 2005; Wakker 2006), including 2 of the
3 Chamaeleon lines of sight of Gry et al. (2002), have been ana-
lyzed on the basis of model calculations presented by Browning
ct al. (2003). Their model, like other PDR models, takes into

Table 1. Observational constraints and best model results. Upper part
are constraints used in Fig. 2, lower part compares unconstrained ob-
servations and results. Number in parentheses are powers of 10.

Xmod Xobs O obs
N(CO)/N(H,) 1.5(=7) | 1.6(=7) igfgig)
N(C1)/Ny 58(-7) | 6.0(-7) | £1.5(-7)
N(CT;_)/N(CT) 0.17 0.16 +0.07
N(CT*:)/N(C1) 0.03 0.024 +0.01
far = Foear 0.9 0.69 +0.12
N(HS)/N(HD) 0.73 0.7 +0.12
I(C*) (erg/scm?sr)  2.0(=6) | 2.8(=6) |+0.85(=6)
N(CH)/N(H,) 84(-9) | 1.85(-8) | =0.3(-8)
N(CN)/N(H,) 12(-10) | <1.5(-9)
N(Cy)/N(H,) 3.6(-8) | <3.5(-8)
N(CO;0)/N(Hy)  9.0(-8) | 9.6(-8) _};;‘§:§§
N(COy_1)/N(Hy) 51(-8) | 6.2(-8) 158,

N(COjy-,)/N(Hy)

3.7(-9)

<7.3(-9)

Quantités observées :
e Densité de colonne de Hy,
* Populations états quantiques de Ho
 Intensité de C+a 158 ym

C, CO



Interpretation des observations vers HD 102065

Requéte:
Simdal (SimDB) search interface 2.4 1®2@14< N(H2) < 4.4 11?20 cn;'2
cd_tot_h2 < 4.4E20 and cd_tot_h2 > 2.5E20 and cd_tot_c > 3E14 and cd_tot_ c <5E  Q, 3 * @ 1® < N(C) < 5 1® cm

NCCO) < 1.0 10* cm™

matching objects 2.0 10 < I(C+, 158 pm) < 4 10 erg s cm? sr-t

protocol:[pdr_1_5_2_rev814]

experiment: tdiff_n3e1rSm1r5m1z1e1a5m1_20_2012122311158 MOdéleS répOndant é |a requéte l
protocol:[pdr_1_5_2_rev814]

experiment: tdiff_n3e1rSm1r5m1z5a5m1_20_20121220113124

protocol:[pdr_1_5_2_rev814]

experiment: tdiff_n7elr1r1zlelaSm1_20_20121223112439

Datalink

protocol:[pdr_1_5_2_rev814]
experiment: tdiff_n7elr1r1z5a5m1_20_20121223112931

matching objects

protocol-{pdr_1_5_2_rev814] Autres modeles suggéres
experiment: tdiff_n1e1rSm1rSmi1z1ela/m1_20_20121223102

cumulated error: 11.445 %

cd_tot h2 J Modeles répondant aux criteres moins
d_tot_ .
oo« quelques contraintes

protocol:[pdr_1_5_2_rev814]
experiment: tdiff_n1e2r1r1z1e1aSm1_20_201212201026
cumulated error: 23.226 %

cd_tot_h2

cd_tot_c [ Y



Interpretation des observations vers HD 102065

simdal api client

Simdal (SimDB) search interface

cd tot_h2 <« 4.4E20 and cd_tot_h2 = 2.5E20 and cd_tot ¢ = 3E14 and cd_tot ¢ = 5E

matching objects

protocol:[pdr_1_5_2_rev814]
experiment: tdiff_n3e1rSm1rSm1z1elaSm1_20_2012122311158

protocol:[pdr_1_5_2_rev814]
experiment: tdiff_n3e1rSm1r5m1z5a5m1_20_20121220113124

protocol:[pdr_1_5_2_rev814]

experiment: tdiff_n7elr1r1zlelaSm1_20_20121223112439

protocol:[pdr_1_5_2_rev814]
experiment: tdiff_n7elr1r1z5a5m1_20_20121223112931

matching objects

protocol:[pdr_1_5_2 rev814]
experiment: tdiff_n1e1rSm1rSmi1z1ela/m1_20_20121223102
cumulated error: 11.445 %

cd_tot_h2 g

cd_tot_c | R

protocol:[pdr_1_5_2_rev814]
experiment: tdiff_n1e2r1r1z1e1aSm1_20_201212201026
cumulated error: 23.226 %

cd_tot_h2

cd_tot_c [T

Requéte:
2.4 1022 < N(H2) < 4.4 10%° cm?
3.0 10 < N(CO) < 5 10 cm
N(CCO) < 1.0 10 cm?
2.0 10°° < I(C+, 158 pm) < 4 10° erg s cm? srt

Q

s0fee o @ [ ® [ ! ' O ' ! o o All

® HD102065

Espace reproduisant les observations



Interpretation des observations vers HD 102065

Home

Simdal (SimDB) search interface

cd tot_h2 <« 4.4E20 and cd_tot_h2 = 2.5E20 and cd_tot ¢ = 3E14 and cd_tot ¢ = 5E

#
’
F, /
i 1
|
-
\
%,
-

158

matching objects

protocol:[pdr_1_5_2_rev814]
experiment: tdiff_n3e1rSm1r5m1z1elaSm1_20_201212

protocol:[pdr_1_5_2_rev814]
experiment: tdiff_n3e1rSm1r5m1z5a5m1_20_20121220113124

protocol:[pdr_1_5_2_rev814]

experiment: tdiff_n7elr1r1zlelaSm1_20_20121223112439

protocol:[pdr_1_5_2_rev814]
experiment: tdiff_n7el1r1r1z5a5m1_20_20121223112931

Cutout '

matching objects

protocol:[pdr_1_5_2 rev814]
experiment: tdiff_n1e1rSm1rSmi1z1ela/m1_20_20121223102
cumulated error: 11.445 %

cd_tot_h2 g

cd_tot_c | R

protocol:[pdr_1_5_2_rev814]
experiment: tdiff_n1e2r1r1z1e1aSm1_20_201212201026
cumulated error: 23.226 %

cd_tot_h2

cd_tot_c [ Y
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Fig.2. y* contours (Eq. (6)) using the top 7 quantities of Table 1. The
best fit is obtained for & = 0.4 and ny = B0 cm ™. Contours are labeled
with the = value.
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Fig.3. H and H; density profiles for the reference model plotted ver-
sus the extinction from the nearest edge normalized to the central
extinction.
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C. Nehmé et al.: Modeling of diffuse molecular gas
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Fig.4. C7, C, CO and CH density profiles for the reference model.
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Fig. 5. Temperature profile for the reference model.
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Conclusions

« SIMDM : Modele de données adopté a I'lVOA
e Semantique bien avanceée
PDRDB  : http://pdr.obspm.fr
Starformat : http://starformat.obspm.fr
DEUVO  : http://www.deus-consortium.org/deuvo/

* Proposition pour SImDAL (protocole d’acces)
e simple a implémenter : 2 fonctions Search + Cutout
 publisher stocke ses données comme il le souhaite
 format de sortie: VO-Table, FITS, HDF5, ASCII, ...

 Discussions sur la proposition au prochain InterOp

e Adoption en 2013 ? S

 Architecture services Théoriques

Parametres du cutout

e Qques SIMDB ? pubID
e Fonction search intégree

aux services ? _ j
Cutout Data file
|

- d
o’ <

(axes - properties a recuperer - format)

Datalink

\/

METADATA

Protocol.
xml

Statistics l


http://www.deus-consortium.org/deuvo/
http://www.deus-consortium.org/deuvo/

