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Theory in the VO

Theory |.G. : 2004

Many evolutions of the goals
e particle simulations

e cosmological simulations
e all kind of simulations
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Why to publish simulations in the Virtual Observatory ?

Why to publish theoretical data ?

e Access to the data described in your publications, so readers can extend the work
-> Increase the impact of papers

e readers can verify the results = increase the quality of papers

e allows to benchmark other works with your results / reproductibility of results

* incresingly mandated by funding agencies

e showcases for future proposals

Why to publish theoretical data in the Virtual Observatory ?

e makes results available in a standard way

e forces you to think carefully about your results and improves re-usability for you

e maybe not give obvious benefit to you but you may agree that if others do it, you
would have an easier job using their data

e facilitates comparison models - observations




Large projects

Large projects require simulations to prepare and interpret the observations

Ex: JWST, EUCLID, LSST, SKA, PLATO, ...
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InterOp 2016, Stellenbosch
Presentation of several large projects: SKA, LSST, ...
One general comment:
Need to publish & access theoretical data via the Virtual Observatory




Large projects

COSMOHUB / MICE

https://cosmohub.pic.es/#/home

‘HUB

Build your own Universe

" Real-time data analysis of massive cosmological data without any SQL knaw(édge

Hundreds of millions of Superfast queries means Features to make you work Online plotting preview and
observed and simulated superfast results faster and easier data download <
galaxies

i e Cosmological simulations: MICE / Euclid
* Access to post-processed data:
e Halo catalog, BAO, ...

1. Sedect a catalog 24, Select one of the prebuilt datasets

e )

But no VO compatibility

2b. Or build your own custom set 3. Select the sampling and filters


https://cosmohub.pic.es/#/home

Numerical simulations

Numerical simulations goes from:

e models that can be run on simple computers

e |large simulations that require the largest super-computers
Astronomy is a major driver of computational developments

State-of-the-art simulations represent large investments

e Grand challenge - large simulations done one supercomputer
~10 people teams required for massive simulations

Exemple: lllustris simulation (2014) - 19 million CPU hours (2000 years)
~ 10 authors

e State-of-the-art codes require years of development by a team with several expertise
-> need to share results of these codes

e Simulations are so "rich" that the developing team cannot exploit fully the simulations
-> third party teams can use the simulations to do further analysis




Publication of theoretical data in astrophysics

Many services to publish theoretical data have been developed in the past years

Simple search on Google and in the litterature:

These last years:

e [arge number of services that publish public theoretical data
e several tens of services publishing simulations

First-ever full observable
universe simulation

Many fields are concerned:
e Cosmology & Galaxies

e Stellar physics . 3 ST
e Planetary science * CODECS

¢ |[nterstellar medium ]
o

DEUS consortium Recent News

M. BALDI - MNRAS 422, 1028 (2012) - ARXIV:1109.5695
M, BALDI EY AL. - MNRAS 403, 1684 (2010) - ArX1V:OBR12.39001

ENTER CODECS

Problermns with the uie of the database 1o be addressnd to:

Most of these services are not
VO-compliant

3 Project is supported by:

QL&EQUL{JI



International Virtual
Observatory Alliance

IVOA Standards for Theory

IVOA Documents

(D Simulation Data Model (SimDM)

Simulation Data Model
Version 1.0

e Description of simulations IVOA Rocommendation 03 May 2012

® Meta'mOdel %mwmmmmcmmwanfm

LoPetit, Mireite Louys, Benjarmia Ooghe, Rick Wagner, Herve Wozniek
Edtor(s):

e Designed to describe all (?) simulations s e v e

Abstract

In this document and the accompany'ng decurments we describe a data model (Simulation Data Model)
doscrbing numoncal competor semulatons of astrophysical systoms. The peamary goal of this standand is 10
Suppon dscovery of Smelations by descriting those aspects of them that Sontists Mgt wish 10 quary on,
Le. 15 a Mmool for Meta-data Cascriding simulanons. This documant 0oes Not (roposa a protocol for using
ths model. IVOA protocols a0 Daing Gevwioped and arn SUPPosed 10 e The MOdel. SNt In s ongnal form
Of 1 & 4ormn derived Som the model proposed here. Det mose suled 10 The particular peotocol. The SemDM
has boen developed in e WOA Theory interest Group with assatarce of representatves of relovant
working groups. n panicular DM and Semantics.

Status of thas document

Implemented on: e et oo by 80 Ty e O

1t has boon reviewed by IVOA Mombors and other intosostiod partios, and has boon endorsad by the IVOA
Exocutve Commitoe as an WOA Recommondation. It is a stable document and may be used as referonce

e cosmological simulations e L G L LT

hancis T lunclonalty and meropetabeity nsde the Astronomecal

* MHD simulations e - o -
e interstellar medium micro-physics models (PDRs) == ]

o L] - pa
=> proof of the versatility R — -
- e




IVOA Standards for Theory

International Virtual

(@ Simulation Data Access protocol (SimDAL)

e SIMDAL Repository
e SIMDAL Search
e SiImDAL Cutout

allow to discover & retrieve simulations

@ Semantics / SKOS vocabularies

Algorithms
AstronomicalObjects

* DataObjectTypes
* PhysicalProcesses

PhysicalQuantities

~ 700 concepts

® But no common raw data format

No standard raw data format because of the heterogeneity

(no FITS for example)
-> a limitation to use the VO

Recommendation to use VO-Table / FITS whenever possible

Observatory Alliance

IVOA Recommendation

IVOA Documents

Simulation Data Access Layer
Version 1.0

IVOA Recommendation 20 March 2017

Asthor(s):
David Languignon, Franck Le Peat, Cartos Rodwgo, Gerard Lemson, Marco Molnare, Hervé
Woariak

Ednoris):
David Languignon, Franck Le Pett

Absiract

The Simulition Dt Acoess Laywr protocel (SimDAL) Sefines & sel of esourcis and associaled actons
GS0OV aNd 1Oave Smulatons and numencal models n e Vinual Cosernvatory. SmDAL and e
Smwlaton Data Mool as dodcatod 10 cover the neods for the pubhcaton and rerneval of any kind of

ORSCIPUONS of TEorencal progcts and Nemencal 000es. Thiy Can Do USad by CRants 10 SOV INeOretical
SONACOS MS00MOd W Drocts of Narest. Second. SmDAL S0arch S0nvices a0 Gaccanad % the
dscovery of procso datasets Finaly, SmDAL Data Accoss 5orvices a0 dodcated 10 notiove the onginal
SrmAton oufput dats, 83 plam taw dats Of formatied datasets cet-outs. To marage any ind of data
wvertualy Wrge or # Ngh-Geseruonality 1he SemDAL standard lets publahats Choose any undertyrg
MDA NEANON DAY

Status of this document

This Gocumant Nas Dees proouced Dy the Data Access Layer Working Geowp

1t has Doon reviowed by WOA Nombers and 0her niorosiod partas. and has booen ondorsed by ™e IVOA
Exocutvo Commtios as an VOA Rocommendaton. It 15 a stable document and may be wsoad a5 selerence
matenal O Ced 23 & normaive relerence Som ancthet document. IVOA'S role in making the
RecommundaBion o 10 Grmn AREnBon 10 e soecication and 10 promots its mdingread depioyrrrt The
ONhanCes T LnCTONaity and IMMOpaabilty Nasde 1o Astronomcal Community

Bairver e =i ot (orvagl pa et
Ty wgoes! ~ea comcuphy o torwetora omlec!  Seopert veieory 8 stege ¥

3+1 Formalism 8-Wave Scheme Accelerated Lambda lteration
Adaptive Mesh Refinement  Advection Upstream Splitting Method
Algorithm  Alternating Direction Implicit BiConjugate Gradient
BiConjugate Gradient Stabilized Block Based AMR
Bulirsch-Stoer Cell Based AMR Cell Centred
Central Diflerence Scheme Chebyshev lteration
Conjugate Gradient Method Conjugate Gradient Squared Method
Constrained Transport  Coupled Escaped Probability
Crank-Nicolson Discontinuous Galerkin

Discontinuous Galerkin methods Escape Probability Euler




Example: Cosmology & Galaxies

Millenium simulation

 Virgo - Millennium Databééé

Decumentation
CREDITS/Achknowledgments
Registration

News

FAQ

Databases
« millimil (context)

- -&n
@w—‘-ﬁ

e O

v (war.s e

* Access to Millenium simulations
Many services developed above the data
e access to simulations
e halo catalogs / Lightcones
e synthetic images




Example: Mergers of galaxies 5/ ¢ =8 81 4)0| 25 @]x

GalMer: Database of simulations of mergers of galaxies
http://galmer.obspm.fr

Access to:

® position of particles
® velocity field

e SED of dust

e 2
e 2

GalMer e, HORIZON
@ Y PROJECT

DB Query Query Results  Experiment  Snapshot Description

Snapshot preview: help —i X — PR (— W— — TOOLS
Age - / +: 350 Myr d ot =2

FITS Maps: help

phi 20 Tormass &
theta 42 Download
Xcent 1.30€ in Aladn
Ycent 0
- SPECTRUM: help
Zoom 7.742¢ Show region
Bright. 1.0 Dust
™ Stars Download ' ul LN AT P
™ Gas n VOSpec ‘ ' ! i L "
D.M -..- - .

OLOUR CUBE: help

Download

in Alagin



http://galmer.obspm.fr

Example: Stellar synthetic spectra

POLLUX database: synthetic stellar spectra

http:

ollux.graal.univ-montp2.fr

M

Stellar Spectra
Theoretical Data

Home LUser's Guide Cortact

«# C_s30000g3.2520.0t5.0_a0.00c0.00n0.0000.00_Mdot-5.93Vinfty1580beta0.8finfty1vcl0_VIS.spec

i Viey
Query Form k Ponter B C_s30000g3 2520 015.0_20 00c0 0000, 0020 00_Moot-5 S3Virfty1 S600ets) BAray I ved_VIS spec
&, Zoom In 1.30e-2
Type of data ssued from Model Atmosphere Type of Model Atmosphere 1
| Paramaters In t ) 5l Zoom Ot
w4 General Par s Information SSHR MARCS & CMFGEN & ATLAS paraliel & spherical ittt
bd Mode
l 4 Spectrum Parameters ( at least one recommended
u s XZoom /Y
3 Select Spectra Auto
=l () SSHR owost owiogud P r L2 reghost
3 () MARCS effoctive temperaturs { K ) 3020 2 3 sorzy V@ XY Zoom
. ;l CMFGEN gravity log*t0 ( ogs ) 1.00000 5.00000
-~ - L
> Tj CUPODIR mass ( solr mass ) 100000 100 75000 e t.aé i
+ ] ATLAs . . =
luminosity [ Q10 of solar lumincalty )  1.18800 2 ’ 6.23000 &
=) () MARCS & CMFGEN & ATLAS - ;
u paralel microturbulent velocity ( kTvs ) 100000 4 10.00000
® sphencal metallicity ( [Fot) ) 5.00000 - 1,00000 <
B paralel & sphencal
L # Specific Abundances ( cptons
iowes! bowf ogusd - " g™ raghas!
apha olaments alohat el 0.00000 r 0.40000
Carbon |CFe| 0 67000 _‘ _‘ 0.09000
Oxygen [OFe) 0.57000 0.11000
Nitrogen [N7 e 0 03000 § r 12000
f process slements [r clomenty/Fe) 0.00000 . . 0.00000 0 00w+ - ~ - - - - r ~
- - 2000 000 000 000 7000 000 2000 10000 10000 1€ 12000
s process elements [s clements/Fe]  0.00000 0.00000 ! o
\ vaveength
. # Cart Status From 3000 W 12500 (Data Range 9500 )
No spectra 0 be downloaded from  3000.0 To 12500.0 update chart full spectrum zoom out 2x

Instructions: Piease select the appropriate icon information abowve for more detailed information about a tool or a feature ... or type in

- Access to synthetic stellar spectra
- Fully VO-Compatible
- SSA used of theoretical spectra
e VO-Tools: CASSIS, VO-Speg, ...


http://pollux.graal.univ-montp2.fr

Exam p I e : Stel Iar p hySiCS Theoreti.cal Isoc_t.jrdnesjand Evolulio_nary.Tr'ac.ks A

Isochrones and evolutionary tracks

AME S-Dusty

SVO Theoretical services
hitp://svo?2.cab.inta-csic.es/theory/iso3

Dust in eguilitrium with gas phase, (only GNS1953 avaladie) “vald” for Near - IR stutes with Tef? > 1700
Reterercey
Aavd ot o 2000, Ap) 556 257A

Chabvier of &l 2000 Ap) 542 8540

[-] AMES.-Ouaty

Provide stellar isochrones

—

3MdB: cloudy models

https://sites.google.com/site/mexicanmillionmodels/ i

The models urder $o “CALFA® refererce n VD cormeapond 10 8 gred of madeln performed uaing ™e Slarigh spectrsl bane of spio seiar popuwistors (55| comprang ouwr metalotes (L =02 €41
CALFA and 15 ol meteliolty). and 30 ages Debeaen |« 1078 and 1.4 10710 pr. This bucke comesponds 10 T modes-set OV 4s Geacribed by Od-Fermendes (2004, s 587) 1is B Sute waed s B arwlyss of e

CALIFA chasrvatons Od-£ermandes (297). sap %9457)

Mo compute Pe onang SEDe comeapondng 10 Pese Metaliclien o< e Dy Mierpowing « e Poolter Mole, 2000 mvvea Y00 pubic grd of modes

The oglL) ranges Yom 410 1 6 n stepe of 0.5 den. De WO abundance 180 & Whing 06 00 and 0 5 valuea, and Mo manhckoges Aave Doen waed (Teck and Bn models) The same motalicly & waed L

. ]
T ONE NG SN0 A3 N e et M One T AR INON MO0 e COMAN] e Sore © ATH Te s CONSA0ONING % JU%N AU A0 MO ad 100°% of e mass oF T MREANON DO
| I I v R R IR vt Dol 4 whated Sdowwyg e Rarvy Roper (2014 aap BT trokan b

Tt i W a o of 30 n 80 170 50 70 5 « 5800 et o VB Liee Tabie Didom) Vire Gotals 00 P Moded Diramiiers are avalalie 00 P NS seboege

reg iO n S ' VARYING PARAMETERS FOR THE REF="CALIFA™ MODELS

IMdB field name description ower valwe | higher value steps step number
coml oniU) “ 15 0.26 11
com formn factor 003 I e Lext 2
9 comd ago 10" 1410 sco Cid Fernandos ot al. (2013) o
comd metallicity [solar 0.2 15 soe lext H
comb log NJO 05 05 025 5
HbFrac cut s HE/HSwotal ~ 0% ~100% ~ 0% 5

Forwat of D "o feide



http://svo2.cab.inta-csic.es/theory/iso3/

Example: Interstellar medium

ISM Services: models in interstellar clouds
http://ism.obspm.fr

C.}l SMServices CODES ISMDE PARTNERS RECISTRATION

ISM DataBase - Inverse Search service ™

Grid of Isobaric PDR 1.5.2 models
| SMServices coots ISMOS TECHNOLOGIES PARTNIRS REGISTRATION 2016.12.03

1 - search among two parameters

Pgas 0 (K cm-3) log scale

Y GO observer side (Mathis unit) log scale

2 - fix all the other parameters

AVmax (mag) 1

3 - observational constraints

NCO vaDJul->vul,]«0 angle 00 deg)
Jantities £x: N(H)
name: (CO v=0Jwl-2v=0J=0 angle 00
deg)
WCO vl =1-5velJ=0 angle 00 deg)® > 2.40-9 doc: Line -nl.wmly integrated over line
WCO el )= 1->ve0Ju0 angle 00 deg)" < 7.2¢-8 UREEN SIS S 8 Spaciic ...
NOH2)" range: [1.72¢-19, 5.46¢-7)

unit erg em-2 s-1 s¢-1

PDR Code DustEM Shock Starformat

lc-;‘llf'(l ! 0J=1 i 0.J=0 un_q"v 00 deg)

- Access to simulations of the Interstellar Medium

* Prediction of line intensities

+ Fully VO-Theory compatible 3
- ISMDB: SimDM + SimDAL + Semantics
- Online codes: PDL

- SAMP -> Topcat

10° 10
Pgas_0 (cm-3_K)



http://ism.obspm.fr

Why no more projects integrates their theoretical data in the VO ?

Are simulations more difficult to publish in the VO than observations ?
Simulations main specificities:

® more heterogeneous

e complex: anything that can be thought can be simulated
e NO standard raw data format as FITS

Heterogeneity & complexity are solved with SimDM

Now VO-Theory standards exist, simulations are less difficult to publish

Possible reasons

¢ \/O-Theory standards come lately for some projects
e A question of culture

e Data centers publishing observational data exist for a long time
e Publishing of theoretical data is more recent and less organized

- Data centers are focused on observational data: few help for theorists

- Requires time, procedures, experience & manpower to publish efficiently data
- Requires more time to publish in the VO

- temptation to choose quick and dirty solutions that fulfill immediate needs



Why no more projects integrates their data in the VO ?

Theoretical data publishers may not see the immediate benefit

A strong motivation to publish observationnal data: VO-Tools

Tools Observations
Catalogs / data Topcat, ... v/
Spectra CASSIS, SPLAT, VOSpec (V4
Images Aladin, ... v

But :
® some problems for Theoretical data: positions & units, ...
* no VO-Tools to plot some 2D graphs, 3D data, time-dependent data:

Theory




What could be the strategy ?

Do a real SIMDAL Repository
-> Gives visilibity to simulations in the VO

S

Publishers of theoretical data may wish short term benefit
¢ 10 implement VO standards may take more time than developing a home-made solution

¢ VO integration has mid-term interest
Short term benefit the VO can bring: VO-Tools

-> Theory group: Provide implementation notes to explain how to use VO standards
-> Focus on theoretical data for which VO-Tools are ready
Ex: catalogs, spectra, images, ...

Gives also the benefit of interoperability: Observations - Theoretical data

For large simulations: need to do the link between VO and large projects
Example: ASTERICS is a success to bring the VO in large projects as CTA

-> Try to do the same for theoretical data







