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Formation of Molecular Clouds

This project aims at describing the formation of molecular clouds starting from the very diffuse atomic interstellar medium
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at VO-Paris Datacenter

Benjamin Ooghe, Nicolas Moreau,
Franck Le Petit

http://starformat.obspm.fr

//////f///
1. ) /
I @VaeEgJ! e z //,,,//,/// " I .@Vae'tgr!sre

Laboratoire Univers et Theéories

STATISTICS FOR DENSITY STATISTICS FOR DENSITY

THRESHOLD OFI 0 _| cm-3 THRESHOLD OF 0 _| cm-3
mean magnetic intensity 000 microGauss mean magnetic intensity 0.00 microGauss
Mean Density 608 cm3 Mean Density 7.79 cm-3

‘ual

o ervatory
ARl ITA LSW - Paris Data Centre



StarFormat : MHD simulations of dense cores

Goal: Share MHD simulations of ISM
Interpretation of HERSCHEL and ALMA observations
Very different kinds of simulations from French & German teams:

Ramses-MHD, Flash, Gadget
Postprocessings : dense cores extraction, radiative transfer, ...

=> Many projects & simulations to store with different specs

 STARFORMAT

Back to : Index - Previous Page

The StarFormat database groups many simulations performed with different codes in various laboratories in France and Germany.

These simulations are grouped within multiple projects which you can browse and query separately with the links below :
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Objectives & Services

1) Release, Browse & Query results of Star Formation
Simulations

2) Provide properties of lines of sight (density, velocity)

2) Identify extracted dense cores by properties:

mass, size, ...
density profiles
velocity profiles

3) Visualize & extract subsets of raw simulation cubes

Use of SImDAP
Visualisation by VisiVVO server

4) Maps of column densities (Ex: CO)
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: ! <<dataType>> <<enumeration>> <<enumeration>> |
- uant it Cardinalit DataType |
dal ‘ simdb b y Y W
| | value - real (1] 0.1 boolean |
| I <<attribute>>-Unit: string (0. 1){maxLength = 32} 1 complex |
o.r datetime
| h Az double |
WORKING | f |
int
| Il -resource long |
| 0r ~resourde “ <<modelelement>> <<enumeration=> ioray |
1
Resource ContactRole String
I z I ) | [ frype = “Reg s
ype = "Reg:VOResource"} |
aumer
|

G O U | | ! -name ; string [L] i ;Tha‘tgger |
| Webservice ! e AL e contributor |
| paseURL: anyURI (1] h “created - datetime [1] |
| ~type: ServiceType [1] = custom I -updated : datetime [0..1] |

S I M l | I AT I O N | —registryld : ivoldentifier [0..1] i -status : string [1]
|

PN

| :l 1 resource I

| | o |
<<enumeration>> | Project ontact |
| ServiceType | <<anribute>>-name : string (1] |
| N L _|-address : string [0..1] |

dovnload <<antr string [0..1]
[ e h ~fesource |, . -contact | -telephone - string [0.1] |
I -role : ContactRole [1]
| =) ProjectResource |
! It description - string [0.1] |
| |
|

by G. Lemson

i ObjectType 1

ObjectCollection

|| [<=aribute>>name  string [1{maxLength = 32} :2:{"3&:;‘”8;[3%“ m

=numberOfObjects integer [1] <<attribute>>-description : string [0..1}{maxLength =

-cardinality ; Cardinality [0..1]

<<artribute>>-description - string [0..1]

1
7°mecwff . hA FropertyGroup -isEnumerated : boolean [0..1] = false
<<enumeration>> 0 -characterisation I e <iring [
nominal Characterisation |
- = | - 1. =] -
min -value : Quartity [1] 0 property $ S i P
max -statistic : Statistic [1] propmy'\ member ]
median -aPriori: boolean [0.1] = false Property ‘ PropertyGroupMember ValidValue
stav 2 ! J<<untulugyterm>>-ucd.anyURI[U 1] e o ]
<<attribute> > -description - string [0..1]

Tlaxis™ 1 “label : string [0..1

| |
& L. Bourges | . = -
. | - Experiment _protocol || ~code : anyURI[1] |
| experiment profoeel |y, —version - string [1] |
1
| — I ~protog, |
| f Simulation 17 T ‘
1 -prifiarvExperim ent - catetime [0.1] I {subsets protocol} |
|
| I‘ 1.+ | -physicalProcess |
| |
0> | Physics ‘
| -appliedPhysics | |
| (i “name : string [1] ‘
dPhysics -description : string [0..1]
| || -physics-texForm - string [0..1] i
 — | 1 <<ontologyterm>>-label : anyURI [0..1] <<enumeration>>
| 1 Repres entation Object |
| I point particle |
| —rasult |‘ SPH particle |
. T t Fosiroces e ‘
~time - Quantity [1] PostProcessing : SHAEIL] hierarchical mesh cell
| |-spatialSizePhy sical : Quantity [0..1] | 1 maodel astro object |
| I {subsets protocol} custom |
| I -algorithm| |
| I Algorithm |
liedA lgari g
| LBt g LB A igor thm || ~gor T o e - string (1] |
| I — | [ <<attribute>>-description : string [0_1}maxLength = -1}
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I | |
| E
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| | |
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“stringValue - strin - =
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i |t [
I |t |
I h [
-targetfroc,
| ~inputData N| TargetProcess ‘ I -parameterGroup |
| e = 0.* [<zontologyterm > -astrojournalsubject : anyURI [0, 1] 1 0.x |
| description : string [0..1] ‘—|—‘ Ernes o ‘
| I <<attribute>>-description : string [0, 1[{maxLength = -1} |
| l -name : string [1] ‘
I - | |
| A TargetObject Type | ‘
! “multiplicity : Cardinality [0..1] = 0.% (i ‘
. |-identityName : anyURI [0..1] Cmember |17
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I | -properny h |
1 o _—
| ExperimentProperty I 0.* ThildOject
| I object —cH1d | <<attribute>>-name - string [1]{maxLength = 32}
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of the simulations
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SiImDB Instantiation: Projects

-contact

<<modelelement>>
Resource
{utype = "Reg:VOResource"}

-name : string [1]

P. Hennebelle : Contact

<<attribute>>-description : string [L]{maxLength = -1}
-referencelJRL : anyURI [0..1]

< <attribute>>-name : string [1]
-address ; string [0..1]

< <attribute>>-email : string [0..1]
-telephone : string [0..1]

-role : ContactRole [1]

-created : datetime [1]
-Updated : datetime [0..1]
-status : string [1]

FAN /_'E FAN

-Cantact -Cantact

1.*
1.”

FORM_MC : Project

Ramses 3-MHD : Protocol (Simulator) 0. n.* THY32D_grav_mag_bcl :

-code D anyUJRI[1]
-version : string [1]

= Experiment (Simulation)

-protocol ?
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SImDB instantiation: Simulations & Codes

THYZD _grav_mag_bcl :
Experiment {Simulation)

-protocal

Ramses 3-MHD : PFrotocol {(Simulator)

-code s anyURI[1]
-yersion : string [1] o

4 ¢ ¢

0.

-appliedPhysics

AppliedPhys ics

-physic

1

0.*
-physicadlProcess

Magneto - Hydro - Dynamics : Physics

E-name : string [1]
-description : string [0..1]

1 -texForm : string [0..1]
<<ontologyterm==>-label : anyJRI [0..1]
0.* | -parameter —parame:er
== - -inputParameter 0.
e ing Initial velocity, Boundaries, Jeans Length#£1-20, ... : InputParameter
-stringWalue : string [0..1] 1 —
-numericValue : Quantity [0..1] -label : string [0..1]
1 -parameter -parameterCroupy; 0.%
Parameter Group Member Jeans Lengths : Parameter Group

1+ —memhii

<=attribute>=>-description : string [0..1]{maxLength = -1}
-name : string [1]

-type

-representation

Experiment Representation Object

1

AMR Cells : Represemtation Object Type

-type . RepresentationOhbject [1]
<<ontologyterm==>-label : anyUJRI [0..1]
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SIMDB instantiation: Snapshots & PostProcessings

-protocaol

THYID_grav_mag_bcl :
Experiment {Simulation)

¢

Clump Extraction : Clump Extractor :

—primaryExperim ent Experiment (PostProcessing) Protocol (PostProcessor)

H

.=
-targetfdbject
Chump : Target Object Typre

-name : string [1]

-targetObject 0.x
Molecular Cloud: Target ObjectType

-multiplicity : Cardinality [0.1]=0.7
-identityMame : anyURI [0..1]
<<ontologyterm=>-label : anyURI [0..1]

-objectType 1 ’ ’

Time=8MYears : Snapshot

0 -result

-time . Quantity [1]
-spatialSizePhysical : Quantity [0..1]

$ -objectCollection

Molecular Cloud : ObjectCollection

-numberOfObjects - integer [1]

o.r $ -characterisation

0.x property -property s 0.F
m——— i i Density, Mass, Velocity, Density, Mass, Velocity,
Statistics : Characterisation ax1s Hagr:etic Fi,Eld, . : Hagr;etic Fi,Ell:l, !
-value : Quantity [1] 1 Property Property

-statistic ; Statistic [1]
-aPriori : boolean [0..1] = false
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Ingestion pipeline

Ramses
code

Catabasa

Aesult
properties

- |
i | I
|
|
|
|
|
_ oL | '
0L =1atistics — = Admin Interace  Public 1
—= Motladata Pl - - I
rivate website I Wiebsite
‘ processar s ! | (P ) i !
h |
| |
|
|
I
|
I

| Images,

histograms, ... i i
- Teﬁﬂﬂs i i
DL pipating i i wabsita
_(3_ -> Computes extra characterization statistics
-> Fills description templates
/\ -> Provides data organization information

Sclentist



A run's description

Online browsing and querying of simulations data
require good metadata documentation

» Simulation's description (code used, simulated objects, contacts, ...}

» Physical processes involved (MHD, heating, gravitation, turbulence
forcing, ...)

» Parameters (boundaries and initial conditions, grid definition, ...)
» Description of results for each time step (snapshots)

> Results or statistics on the results to help observers identify data
» Descriptive files like images, probability density functions, ...

» Eventually raw or postprocessed data
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Import interface on the admin website

Back to : Index - Previous .:".'h.i-::-
To import new simulations, put files (xml + tar.gz) in the following folder :

FBESDE/input

irnp:urt_[ cancel ] re5et]

Simulations present in the INPUT folder @ refresh Files

S

FORM_MGC-_-THY3D_grav_hydro_bcl-_-00022 xml

FORM_MGC-_-THY3D_grav_hydro_bcl-_-00022-_-clumps_2500.xml

FORM_MG-_-THY3D_grav_hydro_bcl-_-00022-_-clumps_500.xml

FORM_MGC-_-THY 3D _grav_hydro_bcl-_-00032.xml

FORM_MG-_-THY3D_grav_hydro_bcl-_-00032-_-clumps_2500.xml

FORM_MGC-_-THY3D_grav_hydro_bcl-_-00032-_-clumps_500.xml

FORM_MGC-_-THY3D_jades-_-00198.xml

FORM_MG-_-THY3D_jades-_-00198-_-clumps_10000.xml

FORM_MG-_-THY3D_jades-_-00198-_-clumps_2500.xml

FORM_MGC-_-THY3D_jades-_-0019&-_-clumps_500.xml

FORM_MG-_-THY3D_jades-_-00233.xml
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Runs browsing: FORM MC example

Formation of Molecular Clouds

This projeci aims ai describing 1he formation of molesular clouds saring from the vary diffuse ajomic inersellar mediuom

GrereH B Greva ag Bl i =4
Descriplion Paramelers |
In this exparimeni the magnelic lield in the WNM is inilially of the order of § microGauss, therslore HAME VALUE
comparable with the measuremeni periormed in tha ISM....
Loweal AMB leval 7.00
Applied physi
PR LR Highsst AMR lsvel 10.00
Magneio Hydro Dynamics — .
Mag neiz- hydrodynamics is ireated in this simulation. This implies that the gas is subjec 1o Lorent el LRl e il S
forces while the evolufion o the magnatic field is dictted by the induction equation. Modulafion of the incoming flow 1.00
Gravity
Saltgravily is ireaded. This implies ihai ai each fimeskep, the Poisson equalion is solved o cbdin tha Iniial density within 1he box 1.00 em*2
gravitalional pokential and the gravikdional jorces. o o
abbmic cooling Initial lemparaiure within the box BO00.00 K
Alomic cooling is included as described in Wollire e al. 1285, Apd, 452, 673 kllowing the Velocily of the incoming flow 17.80 sound spesd of the warm phass
implemantalion described in Audil & Hennsbelle, 2005, ARA, 423 1.
Healing
Phiodo eleciric healing on dusi grains and FaH is implemenied as described in Wolire e al. 1285,
Apd, 453, E72 following the implementafion deecribed in Audii & Hennebells, 2005, ARA, 423 1.
Snapshols available
18.74 MYRS 18.83 MYRS
STATISTICS FOR DENSITY THRESHOLD OF STATISTICS FOR DENSITY THRESHOLD OF
[x] _I CM-3 I o _I CM-3 | : ;
mean magnedic i nkenaity 7.28 microGauss mean magnedic inensity 7.41 microGauss |"
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Snapshot details and images

This projeci aims al describing the formalion &l malecular clouds g

u

STATISTICS FOR DENSITY THRESHOLD OF

Formation of Molecular Clouds

GrarsHydrovBc]

t=11.17 {Myrs)

10 cM-3
mean magnelic intensily 0.00 microGaus]
Mean Denaity 20.22 cm-
Total Mass 20 22126 solar mass
Mean pressure 0.00 erg cm-
Mean Emparaiurs 2862 H]

SHAPSHOT IMAGES FILES

d
[l
=
g
=]
1, I:;I r
St
ag
=)
2

Choosa dansily threshald (in em*®2) :

5000 ¥ 25000 10000.0

N ——— v e
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Clump guery on properties

Choose density threshold {in cm*-3) - Density distribution
C 5000 & 25000 ¢ 100000 :

i i T Th ............ " ; FATEaTTTaes ...;... ...._.........:.: i.__: FTEEws _. _.. + L i L L b e et
SNAPSHOTS TO QUERY = '
EXPERIMENTS ENAPSHOTE | i
GraviHydro/Bel | 8.38 Myrs[ 1117 Myrs [~
GraviMag/Bel | 8.55 Myrs [ 10.90 Myrs [+
Jades | 16.74 Myrs[~ 18.93 Myrs [

1034}

Select I

Search in 1476 clumps

. PROPERTY MINIMUM VALUE MAXIMUM VALUE
Mass(solar mass) “ ||
Density{cm®”-3) ||5|:m— L I e— -3 i i e e SR R s

Search |

2500 5,00 1,200 10,006 12500 15 oD
Density
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uery results: clump detalils

GRAVIMAGI/BCL DOWNLOAD ALL DATA IN A ZIP FILE

B.55 MYRS EXTRACT AND DOWNLOAD DATA CUBE

Density : 6689.7998047 cm”™-3

Jiew details

PROPERTY VALUE
10.00 MYRS
Angle 2.7305533886
R . AngMomx 9.8502818536E18 ocm”2 sh-1
- AngMomy -44419813701E19 cm*2 st
AngMomz -2.1517642907E20 cm*2 5*-1
; T Density 505865043945 cm*-3
p_it.a_n.“silt.yh:_ﬂﬁn?58.5043945 cm"-3 First eigenvalue of the inertia matrix gﬁgﬁﬂﬁgﬁﬁﬁz? solar mass
Highest Density 27674.957031 cm”-3
Kinetic energy 7.5403970386E-12 erg cm”-3
Magnetic energy 4 239569B372E-12 erg cm”-3
Mass 22.847971526 solar mass
i Mass above threshold 1 015318713595 solar mass
F?i?_r_]-___Sii{jEBB.QBB?QBQ em?-3 Mass above threshold 2 0.0 solar mass
mass_flux 4 5506814965
Number of cells 816.0
Pressure 1.0185859598E-11 erg cm™-3

rms value of the x-component of the magnetic
field

5.0604533711 microGauss

rms value of the y-component of the magnetic
field

Density : 5767.3798828 cm"-3

Jiew details

3.562148509 microGauss

rms value of the z-component of the magnetic 5 e 015 microGauss

field

Second eigenvalue of the inertia matrix 1.2484574195 solar mass pch2
SigX 25118.610989 cm s"-1

Sigy 16085.651256 cm s*-1

sigZ 19817100794 cm s"-1

Density : 5943 5893555 cm"-3
View details Structure size 1.025390625 pc
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Online Clump Extraction from raw data

GRAVIMAGI/BCL DOWNLOAD ALL DATA IN A ZIP FILE
B.55 MYRS EXTRACT AND DOWNLOAD DATA CUBE
Density : 5689.7998047 cm”-3 ' ) http://arthas.obspm.fr - Extract StarFormat Data from Simulations -h — O x
View details . e .
: File Edit View History Bookmarks Tools Help VALUE
T O D R e e B e T o e e e e TG gy

J305533886

B502816536E18 cm*2 5*1

b A gh_
What do you want to extract? A419B1570TETY em?2 871

2. 1517642907E20 cm”2 51

{“ adata cube « a projection map

| ] 058.5043945 cm*-3
- Global simulation box size: 50.00 pc
Density : 5058.5043945 cm*-3 BEBOE9LBE2T solar mass

View details ch2
Extraction box size: I2.DS pC

7674.957031 ocm"-3
Centered on: 5403970386E-12 erg cm*-3

X|28.223 pc .2395B69B8372E-12 erg cm”-3
¥ |18.994 pc

z|24.463 PG

2.847971526 solar mass
153187135858 solar mass

Density : 5686.9667969 cm*-3 WithaL,___ precision of [10
View details

.0 solar mass

E-mail address (to receive download link): IDUghE@lra.EHS.fd 5506814965
Extract Reset | Cancel | 16.0

.01B85859598E-11 erg cm*-3

—~ |[I-0604533711 microGauss
Done (S #

Foreeibes - CTET B TADOAD ek 3 rms value of the y-component of the magnetic

PO A PR R el e
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A few figures...

> 3 simulations
> 2 snapshots per simulation

> 2 or 3 clump extractions for different density thresholds
per snapshot

> 33.600 characterized clumps stored

> 1.200.000 properties or statistics as queriable
characterizations

> 215 Go (out of 1.5 To) of raw data

Benjamin Ooghe StarFormat: a SimDB Implementation at VO-Paris Datacenter ~ Tue, May 18th, 2009
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Next |

> Collect more simulations:

» Adjust pipeline for other codes

> Connect services:

» Define output fileformats and protocols (SImDAP)
» Connect RADMC — GILDAS (+PDR)

» Add semantic layer (vocabularies on TargetObjects,
Representations, Algorithms, PhysicalProcesses, ...

Benjamin Ooghe
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