VOSA: SED building and analysis of
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VOSA (VO Sed Analyzer) is a public web-tool developed by the Spanish Virtual Observatory (http://svo.cab.inta-csic.es) and designed to help users to (1)
build Spectral Energy Distributions (SEDs) combining user data with photometry from VO services, (2) analyze them comparing observed photometry with
synthetic photometry from theoretical models or observational templates, using different techniques (chi-square fit, Bayesian analysis) and thus (3) estimate
physical parameters for the observed objects. VOSA is in operation since 2008 (Bayo et al, 2008, A& A 492,277B).

In the framework of the GENIUS (https://gaia.am.ub.es/Twiki/bin/view/GENIUS) project we are upgrading VOSA to provide access to (Gaia photometry
and give a reliable estimation of the physical parameters (effective temperatures, gravities, metallicities, masses and ages) of thousands of objects at a time.
This upgrade has required the implementation of a new distributed environment capable of submitting and processing jobs in an asynchronous way.
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[ J Stars and brown dwarfs (Change) No file selected (Select/upload a file) VOSA (VO Sed Analyzer) is a tool designed to perform the following tasks in an automatic manner:
Y Read user photometry-tables. 12 12
) ” Query several photometrical catalogs accessible through VO services (increases the wavelength coverage of the data to D. Barrado y Navascués'=, g . R. Gutiérrez' =,
Upload your own data file (max size=500Kb) Create a single object data file Query VO-compliant theoretical models (spectra) and calculate their synthetic photomet A&A 546 02 M. Morales-Calderén! ., and
Perform a statistical test to determine which model reproduces best the observed data. 10.1051/000 M. Mon 4 >4
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(A small utility is available to help you to convert an one object that you want to study and we will create 5?,:,:,; ::;ﬁ:;,zng?ni:\e e urz‘,’:j,’:["h f,:::;,,:‘(;:;‘:pa,am(e&

original file in ascii (csv) or votable to VOSA input a single object data file with the adequate format. e Provide an estimation of the mass and age of each source

format) RA and DEC are compulsory. (Take a look to the VOSA Help)
File to 5 You need a username and password to use the application because it keeps a number of files and database entries with y
upload: [ESERRS o se ha seleccinado ningln archivo e (deg) need to be able to identify which results belong to each user so that you can recover them in future sessions. If you don't have a e e . . re

: e DEC: (deg) Password yet, leasefeel e to reister Multiplicity in transiting planet-host stars
° M M M M M Obj.Name:
© Fluxes (erg/cm2/s/A) - - X
Fiatypell O ri Description: A lucky imaging study of Kepler candidates
5 e type: Fluxes (Jy) > nomy
7 : . O Magnitudes i Acknowledging VOSA in publications: . i3 .
5 ~ Please include the following in any published material that makes use of VOSA: J. Lillo-Box ', D. Barrado "=, and H. Bouy
Upload i ? d)physics
. 3 5 q This publication makes use of VOSA, developed under the Spanish Virtual Observatory project

Your files supported from the Spanish MICINN through grant AyA2008-02156.

Folder Descrip Last Used Obj.type N. 3 Referencing VOSA in publications:
Photom: T 2013.00.18 02:35:39 | star2 If your research benefits from the use of VOSA, we would appreciate if you could include the following
reference in your publication:

An unusual very low-mass high-amplitude pre-main sequence
periodic variable

Bayo, A., Rodrigo, C., Barrado y Navascués, D., Solano, E., Gutiérrez, R., Morales-Calderdn,
M., Allard, F. 2008, 7B.

O, V. Rodriguez-Ledesms R. Mundt', M. Ibrahimov? \‘lc&xxlljn'. P. Parihar® Hessman®,
VO SED An'a.lyz_er C. Alves de Oliveira®, and W. Herbst’
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“Galaxies I 2013-00-18 02:33:51 | galaxy

VOSA allows to analyze both stellar and galactic data but, given that the physics involved is n

e Obtain relevant properties from VO services o Using SAMP to share data with other VO -
name r6801ution7 dlsta}nC67 ethnCthH . tOOlS TOPCAT7 Aladin7 vostat7 eee | o : : a7 TR T ' & :‘ﬁlbrfr:r:wfmwtkhm Warm debris disks candidates in transiting planets systems

%, ! : VOSA help and documentation (Stars and brown dwarfs) : A.Ribas', B. Merin', D. R. Ardila®, and H. Bouy* stronomy

strophysics

Extinction
Inpu( files

e Compare observed and synthetic photometry Different workflows for stars and galaxies.

from theoretical models = Tefl, logg, metal- Online help and documentation.
licity, luminosity (using panchromatic bolo-

T eS| S bl g . A Virtual Observatory Census to Address Dwarfs Origins
(AVOCADO)

l. Science goals, sample selection, and analysis tools

Filters 2 2
The extinction law. Stars and brown dwarfs Galaxies
Coordinates

For dereddening the SEDs we make use of the extinction law by Fitzpatrick (1999) improved by
Extinction Indebetouw et al (2005) in the infrared. Take a look to the corresponding Credits Page for more Acknowledging VOSA in publications:

information. Plense iclude:the fallowing n any publlshied:materlalithat makis U 0t VOSA R. Sinchez J.nn.\fn .R. Amori %, M. s nes”, M. Huertas-C Ulllp.llfl\ ¥ imé I}L
M. Molld”, P. Papaderos”, érez-Montero~, C. Rodrigo™’, J. Sinchez Alme , and E. Solano
This publication makes use of VOSA, developed under the Spanish Virtual Observatory project

supported from the Spanish MICINN through grant AyA2008-02156.
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= 5 Referencing VOSA in publications:
Model Fit RN If your research benefits from the use of VOSA, we would appreciate if you could include the following
reference in your publication:

Bayo, A., Rodrigo, C., Barrado y Navascués, D., Solano, E., Gutiérrez, R., Morales-Calderdn,
Template fit M., Allard, F. 2008, A8A 492,277B.

More than 300 active users and more than

metric correction)), etc. 240.000 objects analyzed.
e Interpolate 1sochrones and evolutionary

Other services used in VOSA
VOSA uses some external services and theoretical models that you might want to cite or acknowledge if your
science benefits from the use of this tool

See the complete credits page
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The extinction is calculated as: A, = Ay * ky/ky, where k, is the opacity for a given A and ky=211.4

At least ~ 60 scientific papers published us-
tracks = mass, age. .
ing VOGS

/\ ' . - " e : "
/\/O‘SA VO'SED Analyzer + . z TR 2 : : . p\ ’ e . By = § : ; .
¥ : : - - I : : ! ey :

.9/4" VO SED Analyzer S < S o
R :

o I T T ey Y oy

Stars and brown dwarfs (Change) File: dis edis (info) (Change) N Stars Tast (Change) File: bbb (1) (Chance)
rs Tast (Charge 5 s

SRR ovences | cxtnctin | :

: = Lorot
Object coordinates 4 % et
Lorions
Loriood
This option allows you to query Sesame VO service to search for object coordinates using the object name. . Lorioos — Pe——
Lorioos Flux AF In SED NoFit Uplim Bad Delets Source  RA(VO) _ DEC (VO) OBjName (VO) _ Obs.Dste (VO) _Gual (VO)
Take a look to the corresponding Help Section and Credits Page for more information. > LOri0o7 3 0853 = =
J Lorioos
Lorioos
Lorioto

Build, visualize and edit SEDs

e User photometry tables + VO catalogs.

Search for Obj. Coordinates

excess
Seo all

H/\/\C oo
b O‘-.)/é.sf vos’ED-Analyzer

X

e More than 20 well characterized VO photometry catalogues covering from the
ultraviolet to the infrared.

e Handling of multi-epoch photometry (e.g. VISTA VVV).

e Search for objects properties in VO services (coordinates, distance, extinction).

Final .
.
HD000693 28160 -15.46797939 VO Phot. Chi-2Fit |Bayes Analysis Save Results Logout
HD001835 ) § & X Stars Test (Change) Flle: OTS44 but part of the spec (info) (Change)

HD002665 7.68935948 +57.065
HD002796 VO photometry EETE -

HD003567 K o
HD003628 g 31339 This option allows you to increase the wavelength coverage of the SEDs of your objects adding photometry from VO [ wisewisews | 1 ] ¥ J184721,.84+282337.2

catalogues.
HD004306
HD004307 . Take a look to the corresponding Help Section and Credits Page for more information. - Observed
HD004614 - Z Excess ® Final SED
HDOo6382 First select the VO services that you want to use . 1t ® Excess
= s Infrared excess detected from Spitzer/IRAC.I1. Points with larger wavelength will not be firmation)
CLIIECN 17.42043586  +61.54727506 | 17.4 5 Tnbracus ewads iz Sonfirustion)

. Mark All| |Unmark Al
HD006833 - et You can manually specify wh cess applies (please remember to click the 'Change excess' very

Query selected services button to apply these chang very

SpizerlIRAC.12

Apply infrared excess from . = inclug
Apply UV/blue excess up to Ang:

Infrared

2MASS All-Sky Point Source Catalog DENIS Catalogue
2MASS has uniformly scanned the entire sky in three This catalogue is the latest incremental release of the DENIS
near-infrared bands to detect and characterize point sources project. It consists of a set of 355,220,325 point sources
brighter than about 1 mly in each band, with signal-to-noise detected by the DENIS survey strips (covering each 30
ratio (SNR) greater than 1. More Info. degrees in declination and 12 arcmin in right a
Filters: [(V]2MASS/2MASS.) MASS/2MASS.H Info.

[F1aMASS/2MASS Ks Filters: [VIDENIS/DENIS.1 [VIDENIS/DENIS

Search radius:5 | arcsec IDENIS/DENIS.Ks J184721,84+282337.2
You can apply limits so that magnitudes out of the specified Search radius:5 | arcsec

range are not shown Show magnitude limits
Observed

Min mag Max mag ® User data
< 2MASS/2MASS) < ® Calc data

) ® 2HASS
2MASS/2MASS.H < SDSS

e Automatic detection of infrared excess following the parametrization by Lada et
al. (AJ, 20006, 131, 1547).

e SED visualization and edit capabilities.

< 2MASS/2ZMASS.Ks < 3 WISE

Hide magnitude limits

IRAS Catalog of Point Sources, Version 2.0 [¥] MsX6cC Infrared Point Source Catalo
This is a catalog of some 250,000 well-confirmed infrared point Version 2.3 of the Midcourse Space Experimeni
sources observed by the Infrared Astronomical Satellite, . Source Catalog (PSC), which supersedes the vi
sources with angular extents less than approximately 0.5, was released in 1999 (Cat. V/107), contains ov
1.0, and 2.0 arcmin in the in-scan direction at 12, 25, 61 3 sources than the previous version.. More Info.
More Info. Fiters: [(IMsx/Msx.A [MMsx/mMsx.c
Filters: [(VIRAS/IRAS.12mu [VIIRAS/IRAS.25mu IMsx/Msx.0 FMsx/MSX.E
[Miras/1rAS.60mu (MIRAS/IRAS. 100mu
Search radius:5 | arcsec

Search radius:20 | arcsec You can apply limits so that fluxes out of the s|
Show flux limits not shown (please, write flux limits in Jy)

Min flux Max flu

< MSX/MSX.A <
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% | __vornee | s |
/‘ 7§ >_SA VO SED Andlyzer  ° 5 S “ o Stars and brown dwarfs (Change) File: vosausecase+av.bxt (info) (Change)
N
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Files Objects | VO Phot. SED (=121 0| Bayes Analysis|  HRDiag. |save Re
Model fit+
Stars Test (Change) File: no se (info) (Change)

Bestit
Best fit+ results
Model Fit LOri005
Show graphs | [ ekte ths ft

. Lorio29
Model fit+ —
EO04E Model Te logg Meta. Fobs/Fiot  Lbo/lsun AlbolLsun  Amax ATy Alogg AMeta. NNyt Data VOtables

This option allows you to estimate some physical properties (such as effective temperature, su Srlite [WIOIL 83.473542 9.7188889 BT-Settl 3%00 05 0 aphal0  1.142e+1 1724620 1.725e-10 169%e-12 054 8.604e-1 8.433e-3
object comparing its SED with those derived from theoretical spectra obtained from VO services. JI Lorit62

Take a look to the corresponding Help Section and Credits Page for more information.

Analyze SEDs and beyond

First select the models that you want to use for th:

Mark All| [Unmark All

Next: Select model params

AMES-Dusty 2000 AMES-Cond 2000

TR oy e e s e e et Objects | VOPhot. | | SED | Che2Ft ULl ] MRDiag. |SeveResuts| |
LOrige2 dwarfs (Change) File: vosausecase+av.txt (info) (Change)

Kurucz ODFNEW /NOVER models Husfeld et al models for nc¢ ra

ATLAS9 DFNEW /NOVER models. Newly computed ODFs with Husfeld et al models for non-LTE BT-Settl, Teff:3700, logg:0, Meta.:-0.5, Av:0.36209598 Model Bayes Analysis [P ISTIRpE— o o ; e e

better opacities and better abundances have been used.
Teff (K>

e Chi-square fit, Bayes analysis. Extinction as a free parameter.

Th.Spec. Model Bayes analysis+
BT-COND Observed v v
1 Model grid of theoretical spectra; With a cloud model, The BT-COND Model grid of theo —o— Nodel
e entire parameter range. e Fitted

Lorioos
BT-DUSTY BT-NextGen (AGSS2009)
The BT-DUSTY Model grid of theoretical spectra. The NextGen Model grid of theor Here you can see, for each model, the relative pro
For'Tel > 2700 ) pdated dpac 3 Only those with a probability higher than 1e-4 are

e IR diagram analysis with isochrones and evolutionary tracks linear interpolation.

BT-NextGen (GNS93) Black Body flux BT-Settl
The NextGen Model grid of theoretical spectra; Gas phase only, vaid Black Body fiux as calculated in {

for Teff > 2700 K. Updated opacities. 5 alpha  Probability [ A,  Probability

0.000140 01 0.008736 05
GRAMS, C-rich grid GRAMS, O-rich original gri
GRAMS (Grid of Red supergiant and GRAMS (Grid of Red supergiant ¢
grid of radiative transfer (RT) red
supergiant (RSG) and asymy s s superg S symptot d
the model grid for Car star nodel gen-rich 0.175 0.008667
Note that no IR idered when fitting with these models.

e Using VO services: more than 30 collection of theoretical models, observational templates,
isochrones, evolutionary tracks to estimate physical parameters (Teff, logg, metallicity, lu-
minosity, age, mass, ...).

TLUSTY OSTAR2002+BSTAR2006 025 0004442
TLUSTY OSTAR2002+BSTAR2006 Grid, The -

up to 30,000 K and the
OSTAR2002 models for higher temperature:

Options for this fit 035 0.050475
[ include model spectrum in fit plots? (The fit process will be slower, because getting the spectra from the VO can takl
0425 0080839

lect model params

0525 0056366

Bayes Analysis

e —— * ’ VOSA+4: Massive jobs

This option allows you to estimate some physical properties (such as effective temperature, surface gravity and luminosity) for each
object comparing its SED with those derived from theoretical spectra obtained from VO servi

Take a look to the corresponding Help Section and Credits Page for more information.
First select the models that you want to use for the fit

Mark All| [Unmark All

Next: Select model params

= e N — | e VOSA+ is the response of the Spanish VO to the need of estimating physical parameters from Gaia

The AMES-Dusty Model

V] Kurucz ODFNEW /|
ATLASS Kurucz ODFNE
better opacities and bet

N ey = photometry:.

Stars and brown dwarfs (Change) Flle: WISE_classIII_candidates.VOSA (info) (Change)

BT-DUSTY
e BT-0USTY Hade g Model Ft

Model fit+

—— Able to work with tens of thousands of objects at the same time.

e o 73.32% completed
N

7

I expect the whole process to take around 7 minutes to finish

‘Stars and brown dwarfs (Change) Please, check this page again in a while for updated info

Best fit results

‘Showing objects 101 to 120. Use pagination options if you
Click in the object name to see the best fts for that object.

Asynchronous jobs. VOSA operations (VO searchs, model fits, etc) are executed asynchronously in a
s different machine/grid. Users can access the results later, when the process is finished.

D(pc)  Model Te logg Meta more XZ
54165000 Kurucs

Parallel computing to increase the speed of photometric searches and model fitting.

Fonio |
Fooroe |
onios |

s

== s E - B Seamless access to future GAIA data using the VO Table Access Protocol (TAP).
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"y Filter Profile Service
‘) ‘V/O. An experiment about filter standardization in the VO

VO Service Browse Search Authid

Filter ID Aeff Wetr Af/Av ZP (Jy) Mag.Sys. ZP Type Description

2MASS/2MASS.H 16620.00 2509.40 0.19 1024.00 Vega Pogson 2MASS H
2MASS/2MASS .H 2MASS/2MASS.H

a.k.a. 2MASS_H (you can still use the old vosa name for this filter in your input files)

VOSA will assume that, if you include in your input file magnitudes corresponding to
this filter, these magnitudes must be transformed to fluxes using the following
relation:

Filter Profile Service

F = Fo * 10-M89/2.5
where
2MASS filters: ' * Fo = 1024.00 Jy (1.13e-10 erg/cm2/s/A)
2MASS/2MASS.] \
Frer o Do L D L w22 v | oo R U/ R eyl g e
20 2MASS 12350.0  12350.0 10806 14068  1624.1 1594.0 2M# i __ Mathematical properties 17000 15000 upleading them £a VOSA
16620.0  16620.0 14787 18231  2509.4  1024.0 2Mf ’ Property  Calculated Spectied
21590.0  21590.0 19544 23552  2618.9 666.8 2M/ n Amean (7)1 12410.57

More info about this filter in the Filter Profile Service

e Properties of nearly 3000 filters: Transmission Curve, full characterization, zero points, etc.

e According to IVOA Photometry data model.

e Used by VOSA to identity photometry values unambiguously, convert magnitudes into fluxes,
transform spectral information to photometry, get effective A, etc.

W BT-Settl model,teff:400, logg: 3.5, meta:0, alpha: (spectrum)
W BT-Settl model,teff:400, logg: 3.5, meta:0, alpha:(photom)
M 2MASS/2MASS.H

2MASS/2MASS.]

2MASS/2MASS.Ks

DENIS/DENIS.I

DENIS/DENIS.]
Il DENIS/DENIS.Ks
M Generic/Bessell.B
M Generic/Bessell.I

Filter Plots

Transmission curve Calibration properties

Flux Cerg/cm2/s/A)

Vega System Generic/Bessell.R
Property Specified  Cakulated Unit M Generic/Johnson.B
e int (?) : 3.129e-10 3.143e-10 ( /s/A) W Generic/Johnson.)
M Generic/Johnson.R
zp Type (2) M Generic/Johnson.V
Boal B (7) = ASYAMASS VY Spitzer/IRAC.11
Spitzer/IRAC.12
AB System Spitzer/IRAC.I3
Spitzer/IRAC.14
W Spitzer/MIPS.160mu
W Spitzer/MIPS.24mu
M Spitzer/MIPS.70mu
WISE/WISE.W1
Il WISE/WISE.W2
W WISE/WISE.W3
W WISE/WISE.W4

e Used to calculate synthetic photometry for more than 30 collections of theoretical models.

e http://svo2.cab.inta-csic.es/theory /fps3/

zP Type (
photcal ID (2)

ST System
Property

wavelength (A
X: log scale: range: 2000

pocaR ) : sy Y: log scale: @ range: [1e-33

or calibration:



