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Introduction

Introduction

VOSA (VO Sed Analyzer)

@ a web tool: http://svo.laeff.inta.es/theory/vosa

@ designed to automatically determine physical parameters.
of stellar objects from comparison with collections of
theoretical models.

@ for several objects at the same time.

@ ~200 registered users.
e ~100 active in the last 15 days.

@ A difficult task without using the VO.
° using VO tools.
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Introduction

Workflow

o Read user photometry-tables.
Query VO photometry catalogs to improve/complete the
observed SED.

Fit observed data with theoretical spectra models from the
VO and estimate physical parameters for the objects. (Chi-
square test)

mated parameters and obtaining isochrones and evolution-

e Generate a Hertzsprung-Russel diagram using the esti-
ary tracks from the VO.

Save results as VOTable, ASCII, png...
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Introduction

A science case: Collinder 69

The case of the young cluster Collinder 69
(Bayo et al, 2008 A&A 429,277B)

@ |IRAC photometry for 167 candidate members of C69.
@ VO archival data research (multi-wavelength range).

@ Four different collections of theoretical models (with TSAP
and S3).

@ Determination of the best physical parameters for the
objects and the association (T, gravity, mass and age)
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User and VO data

User and VO data.

o User and VO photometry data.

@ Upload user photometry data.

@ Query several photometry catalogs accessible
through VO services
(increases the wavelength coverage of the data
to be analyzed).
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Results

Upload your own data file (max size=500Kb)
It must comply with the required data format
Please, include a description for your file, it is compulsory

|

File to upload:

Description: |

File type:

@ruxes Owagnitudes

Uploaded files

Filename Descrip  Action
07110 17557:13  ejemplo.dat example 1 Show | Retrieve | Delete |
07/10 18:34:03 _ fichero_VOSA_no_OMixt  C69 Show | Retrieve | Delete |

Loriool

Position: (83.446583,9.9273611) Distance: 400. pc A,: 0.36209598

2MASS_ H  2MASS Ks _IRAC_IL

16504 1539 35634
1447193e-14

45110 57593
5502778e-16 2.128458e-16 8.649135e-17

3.113689e-19 1.017595€-19

0.000000e+00

LOrioo2

Position: (84.043167,10.148583) Distance: 400. pc A,: 0.36209598
CFHT_| 2MASS_)  2MASS_H

2MASS_Ks IRAC_I1
Amed: 6582 8228

IRAC_I2 IRAC_I3 IRAC_I4.
12518 16504 21539 35634 45110 57593 79594

Flux: 1170918e-14 1204422e-14 1114762e-14 9.663020e-15 4.178920e-15 7.207456e-16 2589793e-16 1123499-16 3.434906e-17

AF: _ 0.000000e+00 0.000000e+00 1070191e-16 8.889979-17 3.17597%-17 8.648947e-19 3.107752e-19 4.044596e-19 1099170e-19

LOrioo3

Position: (83.981000,9.9420833) Distance: 400. pc A,: 0.36209598
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VOSA

Help and documentation

Introduction

Upload file format.

Filters

Coordinates

VO phot.

Model Fit

HR diag.

Sessions

Use Case

Quality.

Helpdesk

About

Available filters

These are the filters that are available for this application. If you would like to fit fotometric data corresponding to other

filters, please, contact us and we will try to make them available too.

Label
2MASS_H
2MASS_J
2MASS _Ks

GAIA_G
GAIA_GRVS
GAIA_RP
HPPARCOS
INGRID_H
INGRID_J
INGRID_Ks

MPS_M1

410158
5506.53
238442

Fo (3y)
111571
1636.77
67153
4270.11
4764.38
488193
37037
3952
2550
3080
2640
2180
2550
0

7.7

AdAy
019 2MASS H
03 2MASS J
013 2MASS K
123 BUSCAb
159 BUSCA U
139 BUSCA v
1 BUSCAY
117 CFHTG
058 CFHT |
08 CFHTR
15 CFHTU
052 CFHT Z
06 Denis |
102 GAIA BP
078 GAIAG
054 GAIA GRVS
061 GAIA RP
106 HIPPARCOS
019 INGRID H
03 INGRID J
012 INGRID K
064 IPHAS Gunn||
087 IPHAS Gunn R
081 IPHAS Halpha
007 IRAC Channel 1
0.05 IRAC Channel 2
004 IRAC Channel 3
004 IRAC Channel 4
121 KPNO b
161 KPNO u
14 KPNO v
1 KPNO y

0.02 MIPS 24um

Reference
Cohen 2003
Cohen 2003
Cohen 2003

Bessel 1979
Bessel 1979
Bessel 1979
Bessel 1979
Bessel 1979

The HIPPARCOS and TYCHO catalogues.
INGRID

INGRID

INGRID

Gonzalez-Solares et al 2008
Gonzélez-Solares et al 2008
Gonzélez-Solares et al 2008
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Virtual OF ory - Theoretical models

VOSA
ovairs | oo | G | v ||
VO photometry

First select the VO services that you want to use

2MASS All-Sky Point Source Catalog
2MASS has uniformly scanned the entire sky in three near-infrared bands to detect and characterize point
sources brighter than about 1 mJy in each band, with signal-to-noise ratio (SNR) greater than 1. More Info

Search radius:|S arcsec

Fiters: M2mass_) @awmass H  Mamass ks

Tycho-2 Catalogue
The Tycho-2 Catalogue is an astrometric reference catalogue containing positions and proper motions as well
as wo-colour photometric data for the 2.5 million brightest stars in the sky.. More Info

arcsec

Fiters: M TycHo B ®TYCHO_V

Stromgren uvby-beta Catalogue (Hauck+ 1997)
This catalogue is an updated version of the one published in 1990 (Hauck and Mermilliod, 1990) and contains
data for more than 63,300 stars in the Galaxy and Magellanic Clouds.. More Info

arcsec

Fiters: MISTROMGREN_u I STROMGREN_v  MISTROMGREN_b (¥ STROMGREN_y

SDSS Catalogue
The present cata/ng is @ subset of the data release 6 of the Sloan Digital Sky Survey (SDSS), restricted to
primary and s hoto objects and some of the columns. More Info.

Search radius:

arcsec

Fiters: Mispss_U Mspss.c Mspss R Wspss Mspss_z

IPHAS Catalogue
IPHAS Initial data rel
Search radius:

Fiters: MiPHAS ol MiPHAS R WIIPHAS Ha

.. More Info.

arcsec




9 Fit observed data with theoretical models.

@ Query VO-compliant theoretical models (spectra)
and calculate their synthetic photometry.

@ Determine which model reproduces best the
observed data.

@ Use the best-fit model to estimate, for each object:

e Values for T, Logg, metallicity
e Bolometric luminosity, using the model as a
correction to the observed data

C. Rodrigo Blanco VOSA
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VO Phot. Model Fit HR

“

Model fit

Choose the parameter ranges that you want to use for the fit

. ,— . (Min/Max value for the effective temperature for the model.
teff: R0 - Temperatures are given in K)

Iogg: 35 v|-|a5 ¥ (Min/Max value for Log(G) for the model.)

DUSTY00

v . (Min/Max value for the effective temperature for the model.
teff: 1800 =] - [2500 = Tormperatures are given in K)

logg: [35 =] -[25 +] (Min/Max value for Log(G) for the model.)

CONDOO

v ,— _ ,— (Min/Max value for the effective temperature for the model.
teff: IR~ |- JEEE ~{ Temperatures are given in K)

logg: [35 =] -[45 =]  (Min/Max value for Log(G) for the model.)

h ~ (Min/Max value for the effective temperature for the model.
teff: = B B Temperatures are given in K)

logg: [F50 =] -[250 =]  (Min/Max value for Log(G) for the model )
meta: [T00 ] -[000 ~]  (Min/Max value for the Metallicity for the model.)
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4.09-1
196e-20
388e-1
461e-1
401e-1
3.42e-1
323e-1
1.26e-20
231e-1
196e-1
129e-20
27481
363e-1
2.26e-1
231e-1
2568e-1
155e-1
2.76e-1
258e-1
3.75e-1
184e-1
2.35e-1
209e-1
2.25e-1
1.11e-20
2566e-1
156e-1
158e-1
179-19
670821
190e-1
6.35e-21
6.91e-21
7.89e-20
567e-21
554e-21
5.99e-21
150e-1
48921
577e21
6.73e-21
130e-1

VOSA

Upload files VO Phot. Model Fit HR Diag R;:‘I’; “

Model fit

193e-10 18le-12
184e-10 198e-12
178e-10  166e-12
166e-10 157e-12
185e-10 174e-12
157e-10 166e-12
124e-10  161e-12
126e-10 173e-12
115e-10 126e-12
118e-10 130e-12
123e-10 148e-12
127e-10  133e-12
129%e-10 119e-12
108e-10 123e-12
112e-10 117e-12
9.96e-11  1.13e-12
9.26e-11 9.37e-13
9.90e-11  9.66e-13
9.35e-11  9.89%-13
100e-10 11le-12
B43e-11  9.15e-13
858e-11 8.18e-13
78le-11 8.75e-13
8.24e-11 10le-12
B.49-11 171e-12
9.20e-11  9.69e-13
7.20e-11  756e-13
5.87e-11  6.00e-13
6.04e-11  7.95e-13
597e-11  6.99e-13
6.69e-11 7.21e-13
571e-11 6.85e-13
5.96e-11  9.80e-13
595e-11 651e-13
504e-11 5.71e-13
484e-11 495e-13
5.34e-11 595e-13
5.25e-11 6.27e-13
442e-11 55%e-13
499e-11  5.06e-13
5.09-11 5.37e-13
457e-11 4.88e-13

4.00e+2
4.00e+2
4.00e+2
4.00e+2
4.00e+2
4.00e+2
4.00e+2
4.00e+2
4.00e+2
4.00e+2
4.00e+2
4.00e+2
4.00e+2
4.00e+2
4.00e+2
4.00e+2
4.00e+2
4.00e+2
4.00e+2
4.00e+2
4.00e+2
4.00e+2
4.00e+2
4.00e+2
4.00e+2
4.00e+2
4.00e+2
4.00e+2
4.00e+2
4.00e+2
4.00e+2
4.00e+2
4.00e+2
4.00e+2
4.00e+2
4.00e+2
4.00e+2
4.00e+2
4.00e+2
4.00e+2
4.00e+2
4.00e+2

9.61e-1
9.16e-1
8.86e-1
8.26e-1
9.24e-1
7.82e-1
6.21e-1
6.30e-1
5.75e-1
5.87e-1
6.15e-1
6.32e-1
6.43e-1
5.38e-1
5.60e-1
497e-1
462e-1
4.93e-1
4.66e-1
5.01e-1
4.20e-1
4.28e-1
3.90e-1
4.11e-1
423e-1
459e-1
359-1
293e-1
3.01e-1
298e-1
333e-1
2.85e-1
297e-1
297e-1
251e-1
241e-1
2.66e-1
262e-1
2.20e-1
249e-1
254e-1
228e-1

9.02e-3
9.86e-3
8.29e-3
781e-3
8.67e-3
8.27e-3
8.03e-3
8.62e-3
6.29e-3
6.48e-3
7.39%-3
6.66e-3
591e-3
6.14e-3
5.83e-3
5.63e-3
467e-3
4.82e-3
4.93e-3
552e-3
456e-3
4.08e-3
4.36e-3
5.05e-3
851e-3
483e-3
3.77e-3
299e-3
3.96e-3
3493
3.60e-3
3.42e-3
4.89-3
3.25¢-3
285e-3
247e-3
297e-3
3.13e-3
2.76e-3
252e-3
268e-3
243e-3

919

Synth.Spectrum
Synth Spectrum
Synth Spectrum

Synth.Spectrum
Synth.Spectrum
Synth.Spectrum
Synth.Spectrum
Synth.Spectrum

Synth Spectrum
Synth Spectrum
Synth.Spectrum
Synth.Spectrum
Synth Spectrum
Synth Spectrum
Synith Spectrum

Synth.Spectrum
Synth.Spectrum
Synth.Spectrum

Synth.Spectrum
Synth.Spectrum
Synth.Spectrum
Synth.Spectrum
Synth.Spectrum
Synth.Spectrum
Synth.Spectrum

Synth.Spectrum
Synth.Spectrum
Synth.Spectrum




A(A)

LOriB47
NextGen, Teff:3300, logg=4.5, Meta=o

A(A)

LOri84s
NextGen, Teff:3400, logg=

.5, Meta=o

I

1e-15

1e-15

g 3 2 1eted
g ] g
B set6q ) 2
5 El 5
T = o .
% 3 %
] e
119
T T e e T L e e e N
P W W%
A(A) A(A)
LOriB49 LOriese
Kurucz, Teff:3750, logg=3.50, Meta=0.00 NextGen, Teff:3300, logg=4.5, Meta=0
7 1e-15.
1154
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116 g 3
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] =~
le-174 1e-13
T T — T T — T
P W i
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NextGen, Teff:3500, logg=4.5, Meta=0 NextGen, Teff:3500, logg=4.5, Meta=0
1e-15 115
S S
2 2
8 tets B e




VOSA/Data servers VO (S3) interactions

VOSA 0 Give me model description, search params, values... Synthetlc
—
photometry
VOTable, VOTable... server

C. Rodrigo Blanco VOSA



VOSA/Data servers VO (S3) interactions

VOSA o Give me model description, search params, values... Synthetlc
—
photometry
VOTable, VOTable... server

@ VOSA builds a form for each model

@ The user selects ranges for the model
parameters

C. Rodrigo Blanco VOSA



VOSA/Data servers VO (S3) interactions

VOSA o Give me model description, search params, values... Synthetlc
— phOtometry

VOTable, VOTable... server

9 Give me the best model to fit these data

—
—

VOTable, VOTable...

C. Rodrigo Blanco VOSA



VOSA/Data servers VO (S3) interactions

Give me model description, search params, values...

VOSA o ——— Synthetic
—— photometry

VOTable, VOTable... server

9 Give me the best model to fit these data

—
—

VOTable, VOTable...

@ VOSA builds the table with the best fit
results

C. Rodrigo Blanco VOSA



VOSA/Data servers VO (S3) interactions

VOSA o Give me model description, search params, values... Synthetlc
—
photometry
VOTable, VOTable... server

9 Give me the best model to fit these data

—
—

VOTable, VOTable...
e Give me all the data for the best fit model

VOTable, VOTable...

C. Rodrigo Blanco VOSA



VOSA/Data servers VO (S3) interactions

VOSA o Give me model description, search params, values... Synthetlc
— phOtometry

VOTable, VOTable... server

9 Give me the best model to fit these data

—
—

VOTable, VOTable...

e Give me all the data for the best fit model
VOTable, VOTable...

@ VOSA builds the fit graphs with observed
and synthetic photometry

C. Rodrigo Blanco VOSA



HR diagram

HR diagram

e Hertzsprung-Russel diagram.

@ Use the Luminosity and T estimated in the fit.

@ Obtain isochrones and evolutionary tracks from
the VO.

@ Interpolate them to estimate values for the Mass
and Age of each object.

C. Rodrigo Blanco VOSA



Virtual O atory - Theoretical models

nded by

VOSA e
Sessions | Upload files | Coordinates | VO Phof Model F HR Di SEvY ogout
P ag. Results 9
HR Diagram

Choose the parameter ranges that you want to use for the diagram

NextGen Isochrones
Theoretical Evolutionary Tracks from Baraffe, Chabrier, Allard, Hauschild, 1998, A%A, 337, 403 “Evolutionary
madels for solar metallicity low-mass stars: and diagrams" and
Barafte, Chabrier, Allard, Hauschildt, 2001, A&A, accepted "Evolutionary models o low-ass stars and brown
dwarfs: uncertainties and limits at very young ages”

t: [ooow00 v[ - [7.54328 ¥| (Min/Max value for the age of the star. Ages are given in Gyr)

NextGen Evolutionary Tracks
Theoretical Evolutionary Tracks from Barafte, Chabrier, Allard, Hauschild, 1998, AkA, 337, 403 “Evolutionary
models for solar metallicity low-mass stars: and diagrams” and
Baraffe, Chabrier, Allard, Hauschildt, 2001, AkA, accepted "Evolutionary models o low-mass stars and brown
dwarfs: uncertainties and limits at very young ages”

/I f 5 i
m: 5o =] - [Ta0 = m:nl;/lax value for the mass of the star. Masses are given in I

DUSTY99 Isochrones
Theoretical Evolutionary Tracks from Chabrier, Barafte, Allard, Hauschildt, 2000, ApJ,542, 464 “Evolutionary
madels for very-low-mass stars and brown dwarfs with dusty atmospheres” and Baraffe, Chabrier, Allard,
Hauschildy, 2002, A%A, 382, 563 "Evolutionary models for low-mass stars and brown dwarfs: uncertainties and
limits at very young ages”

t: [oo01 | -[10000 ¥[ (Min/Max value for the age of the star. Ages are given in Gyr)

DUSTY99 Evolutionary Tracks
Theoretical Evolutionary Tracks from Chabrier, Barafte, Allard, Hauschildt, 2000, ApJ,542, 464 "Evolutionary
madels for very-low-mass stars and brown dwarfs with dusty atmospheres” and Baraffe, Chabrier, Allard,
Hauschildy, 2002, A%A, 382, 563 "Evolutionary models for low-mass stars and brown dwarfs: uncertainties and
limits at very young ages”

m: m - m %E;Tax value for the mass of the star. Masses are given in

COND99 Isochrones
Theoretical Isochrones from Baraffe, Chabrier, Barman, Allard, Hauschildt, 2003A%A..402..7018 \n
“Evalutionary models for cool brown dwarfs and extrasolar aiant nlanets The case of HD 209458




Spanish Virtual Of

VOSA
f Save
i VO Fhot Model Fit e “
HR Diagram
Models Objects
Plot Mark All Unmark All Show ShWAH Show None X € |13625 -[4394.375 Flip: M _Plot
W NextGen t:0.00100 el Ueed) G GeL G m Y € [3msassasiforieanie mp. O
] e W LOri001 siess 4000 00171 00017 06983
B NextGent0.00158 @ LOri002 NextGen 3500 -00379 -~  [4] - )}
B NextGent000199 [ LOri003 siess 4000 -00526 00018 06993
2l 00
B NexGent0.00251 [ LOri004 siess 3750 00828 00010 04987
B NextGent000316 W LOri005 siess 4000 -00341 00017 06988
B NextGent0.0038 g LOri006 siess 4000 -0.1066 0.0019 07000 et s . .
y LOri007 siess 3750 -02071 00011  0.4993 N
B NextGent0.00501 ! }.\Qs
R [ LOri00B NextGen 3500 -0.2009 00010 05700600 [3] “&’
. N \o
B NextGent0.00754 [ LOri009 siess 4000 -02407 0.0020 [1] 0.7026 e 1\\%‘&.\.& & .
n 1010 si IR 28
y W LOri010 siess 4250 02315 00045 10005 N &
| tenGen000998 LOri011 NextGen 3500 -02113 0.0010 05766 \\“\\“\:“?\“
B NexiGent001258 |1 W e ! 2 \%%}a;\& .
B NextGent001584 M LOrio12 siess 4000 -0.1990 00020  0.7005 A 1504 \\W&‘Q » . .
I < y
B NextGent001995 M LOri013 siess 3750 -0.1919 00011 04993 % \\§§§Sg
0. o A
] (e M LOri014 siess 4000 02692 00020 07044 - [ﬁ
y LOri015 siess 4000 -02522 00020 07032 2,40 \
B NextGent:0.03162
& W NeGent003981 M LOri016 siess 3750 -03039 00013 0499
[ s LOri017 siess 4250 -03355 0.0050  0.9932
W NextGen t:0.06309 M LOri018 siess 3750 -0.3067 0.0013 0.4996 =3.00
B NextGent007343 LOri019 siess 3750 -03312 00014 04999
B NextGent0.10000 W LOri020 siess 3500 -0.3003 00010 03702
(] [T M LOri021 siess 4000 -03765 00024 07255 360 \\
y W LOri022 siess 3750 -0.3689 00016 0499
[ WerEzaf e U a0 300 2200 2800 2400 2000 1600
B NextGent0.19852 M LOri023 siess 3750 -04093 00017 04997 Test (R
[ e LOri024 siess 3750 -03864 00016  0.4997
o - @ LOri025 NextGen 3400 -03732 00012  0.400:0.450 [3]




HR diagram

VOSA/Data servers VO (S3) interactions

VOSA o Give me model descriptions, search params, values... ISOChrOneS
’ tracks
VOTable, VOTable... servers

C. Rodrigo Blanco VOSA



HR diagram

VOSA/Data servers VO (S3) interactions

VOSA o Give me model descriptions, search params, values... ISOChroneS
' tracks
VOTable, VOTable... servers

@ VOSA builds a form for each model

@ The user selects ranges for the model parameters

C. Rodrigo Blanco VOSA



HR diagram

VOSA/Data servers VO (S3) interactions

VOSA o Give me model descriptions, search params, values... ISOChroneS
— tracks
VOTable, VOTable... servers

9 Give me a list of the isochrones/tracks matching user choices

|

VOTable, VOTable...

C. Rodrigo Blanco VOSA



HR diagram

VOSA/Data servers VO (S3) interactions

VOSA 0 Give me model descriptions, search params, values... ISOChroneS

s
e tracks

VOTable, VOTable... servers
9 Give me a list of the isochrones/tracks matching user choices

VOTable, VOTable...

e Give me all the data for those isochrones/tracks

VOTable, VOTable...

C. Rodrigo Blanco VOSA



HR diagram

VOSA/Data servers VO (S3) interactions

VOSA 0 Give me model descriptions, search params, values... ISOChroneS
' tracks
VOTable, VOTable... servers
9 Give me a list of the isochrones/tracks matching user choices

VOTable, VOTable...
e Give me all the data for those isochrones/tracks
VOTable, VOTable...
@ VOSA interpolates the obtained curves and
estimates physical properties

@ VOSA builds the HR graph with theoretical data and
points coming from the previous fit

C. Rodrigo Blanco VOSA



Save results

Save results

o Save results.

@ VOTable, ASCII
@ PNG for the images available.

@ Download as tar file.

C. Rodrigo Blanco VOSA
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’ Funded by "7/,
Y h rnsTERO

- W 3 Criomaon
VOSA "

Upload s VO Phot. | Model Fit | R biag. [TV PSN " help | Cogout |

Save Results

Please, select what you want to do.

Descrip  Action
07/10 17:57:13  ejemplo.dat example 1 Available Resuits
07/10 18:34:03 _ fichero_VOSA_no_OM.txt C69 Avallable Resutts

Please, select what you want to retrieve.

BestFit Results

Best Fit Results 8 O
Photometry (Observed) & [ -
Photometry (Obs+hiod) & [ &
HR diagram 8 O &

Retrieve

Acknowledging VOSA in publications:
Please include the following in any published material that makes use of VOSA:

This publication makes use of VOSA, developed under the Spanish Virtual Observatory
Pproject supported from the Spanish MICINN through grant AyA2008-02156.

Referencing VOSA in publications:
If your research benefits from the use of VOSA, we waold appreciate if you could include the following
reference in your publication:

Bayo, A, Rodrigo, ., Barrado y Navascués, D., Solano, E, Gutiérrez, R, Morales-Calderdn,

M, Allard, F. 2008, A&A (in press).
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

VOSA, version 1.0.1, September 5, 2008
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Save results

Future improvements

o The tool is done so that it is easy to

@ Accept other filters
@ Access more photometry catalogues in the VO.

@ Use other theoretical model servers (spectra,
isochrones and evolutionary tracks).

C. Rodrigo Blanco VOSA



Save results

Future improvements?

@ VOSA compares observed photometry with synthetic
photometry

@ To calculate synthetic photometry we need:

@ Accurate filter identification
o Filter transmission curve

@ We would need:

o Filter identification in catalogues
“this column corresponds to the H filter of 2MASS”
e A way to obtain that filter properties: Filter Profile Service.

@ This would improve the VO posibilities for this kind of tools.

C. Rodrigo Blanco VOSA



Save results

THANK YOU!

C. Rodrigo Blanco VOSA
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