|||||l|"||§

\ORY.

A VO Spectral Energy Distribution Analyzer
New features.

Carlos Rodrigo Blanco'2
Amelia Bayo Aran®
Enrique Solano'?

1CAB,INTA-CSIC
2Spanish Virtual Observatory
SInstituto de Fisica y Astronomia, Universidad de Valparaiso

IVOA Interoperability Meeting
Trieste, October 2016




VOSA (VO Sed Analyzer)

@ A web tool: http://svo2.cab.inta-csic.es/theory/vosa/

@ Designed to automatically determine physical parameters
from comparison of observed photometry with collections
of theoretical models.

@ For several objects at the same time. (~ 10.000 objects)

@ Using VO services.

o Coordinates, distances, extinction,
e Photometry,
e Theoretical spectra, isochrones, evolutionary tracks.

@ Since 2007.

e v5.1: October 2016
e v5.0: September 2015
o ...
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VOSA Workflow

€ Build object SEDs.
@ User photometry + data from VO catalogues.
@ Object properties (from VO catalogues).

@ Infrared excess estimation.

9 Analyze object SEDs.

@ Model fit (Chi-square + Bayes analysis)

@ Hertzsprung-Russel diagram.

9 Save results as VOTable, ASCII, png, eps...
Or send them to other VO tools with SAMP.
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Object properties

@ Distance.

e Important to calculate Luminosities, radius, masses.
e 3 VO catalogues.

e New: Gaia TGAS

Object Final User Gala TGAS
Dis  ADis ‘aDis RA DEC Pix ‘apix D s
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(deg) (deg) v ) | PP (pc) == (deg) (deg) (mas) (mas) (pc) __(pc)

TYC 1121821 7oaz0752123 47353347435 (TR g R 2200418639441 45366 0596 (s
TYC_116-1316-1 86645469064 +1.168193250 [T AT YU R R

o aew | L [ W ; o Tad
o o Srasser i R
s 1em
i

TYC oes021 73028792 +eaveseer [EREREINNTETS e = =

o. . 2 129648 4829 (s

. 191085 8981 (s

C. Rodrigo Blanco VOSA



Object properties

@ Distance.

e Important to calculate Luminosities, radius, masses.
e 3 VO catalogues.

e New: Gaia TGAS

Gala TGAS Hipparcos Kharchenko
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Object properties

@ Distance.

e Important to calculate Luminosities, radius, masses.
e 3 VO catalogues.

e New: Gaia TGAS

@ Extinction.

e Important to deredden observed SED.
e 15 VO catalogues / extincion maps.

e New: Footprints (using MOCs)
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First select what VO services you want to search for extinction properties.

i Mark All| | Unmark All

|/ UBV Photometry of O & B Stars in Vela (Denoyelle 1977)

The Spatial Distribution of Young Stars in Vela
Info in catalogue: E(B-V)
More info

Search radius:5 | arcsec

|/ SAI Open C

Catalog ( , 2009)

Automated search for star clusters in large
multiband surveys. II. Discovery and
investigation of open clusters in the Galactic
plane

Info in catalogue: E(B-V)

More info

Search radius:5 arcsec

\z Stellar Spectrophotometric Atlas
Stellar Spectrophotometric Atlas
Info in catalogue: Ay
More info

Search radius:5 | arcsec
Ph Catalog of North Bright
(Kodaira+ 1992)
ic Catalog of Bright
Info in catalogue: Ay
More info
Search radius:|s arcsec

¥/ RR Lyrae Metallicities (Layden 1994)

Pa—— DD 1 rrmes rdmbm 1T The Mobmlliritioe nrmd

4

Q

Optically visible open clusters and Candidates (Dias+
2002-2010)

New catalog of optically visible open clusters
and candidates (V3.0)

Info in catalogue: E(B-V)

More info
Search radius:/5

| arcsec

Guarinos, 1992
Interstellar matter in the Galactic Disk (Guarinos
J, 1992)

Info in catalogue: Ay

More info
Search radius:|s

3

| arcsec

6dF galaxy survey final redshift release (Jones+, 2009)
6dF galaxy survey final redshift release (Jones+,
2009)

Info in catalogue: Ay

More info

Search radius:|5 arcsec

latitude

at high
(Larson+, 2005)

Reddening and the extinction law at high
galactic latitude.

Info in catalogue: E(B-V)

More info
Search radius:|S

arcsec

STELIB: A library of stellar spectra at R~2000 (Le
Borgne+, 2003)



Build SED’s: VO Photometry

/
. < .
/' / O -—//4 VO SED'Analyzer
/ N

vo phet.
Stars Test (Change)

File: OTS44 but part of the spec (info) (Change)

VO photometry

This option allows you to increase the wavelength coverage of the SED:
catalogues.

@ 33 VO catalogues.
@ |Infrared, optical and ultraviolet.

@ New: Gaia, Stromgren, IPHAS
DR2, APASS DR9

Take a look to the corresponding Help Section and Credits Page for mor

First select the VO services that yc

Mark ANl [Unmark All

Query selected services

Infrared

2MASS All-Sky Point Source Catalog

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

Filters: (Y]2MASS/2MASS.)
MASS/2MASS.Ks Filters:
Search radius:5 | arcsec

You can apply limits so that magnitudes out of the specified
range are not shown

Min mag Max mag

DENIS Catalogue

This catalogue is the latest incremental release of the DENIS
project. It consists of a set of 355,220,325 point sources
detected by the DENIS survey in 3662 strips (covering each 30
degrees in declination and 12 arcmin in right ascension). More
Info.

ENIS/DENIS.I
ENIS/DENIS.Ks
Search radius:s | arcsec
Show magnitude limits

< 2MASS/2MASS.) <
< 2MASS/2MASS.H <

< 2MASS/2MASS.Ks <

Hide magnitude limits

IRAS Catalog of Point Sources, Version 2.0
This is a catalog of some 250,000 well-confirmed infrared point
cources observed bv the Infrared Astronomical Satellite ie.

MSX6C Infrared Point Source Catalog
Version 2.3 of the Midcourse Space Experiment (MSX) Point
Source Cataloa (PSC) which supersedes the version (1.2) that



Build SED’s: visualize, edit, improve

Handle multiple data for the same filter.

Observation date, quality, etc.
Stas and brown dwarts (change)

See the origin of each SED point.

Object data
See object {15 pesssp— Exclude points with infrared or ultraviolet
Lorioss excess.

Position: (83.458167,0.8436944) Distance: 400. px

Data for this object: Excess detection/modification.

Observed Dereddened Point Opts. Actions Upper limits.

E Aews | ool GRsFux| Fx  AFix | g% Nori Upim Bod lgmore Deee| Sours FAVO) DEQ

Misc/APASS B 420717 | 5581616 0000+00 | 8703616 00000800 v 083457990 +09.843840 _ 0.0002271856218816

ECIEERRXY o | steeets 0000es00 | 1487615 00o0esd0 | v G 457eR0 SR BHRAD G G0GEzT 858218818
[T 5520 | 14615 0000es00 | 202615 00o0esd0 | v e ds7en0 samakindo 0 ouuzzr a2

P 612233 | 1919615 _ 0.0000400 | 25806.15 00008500 | 083457900 409843840 0.0002271886218815

CFHTICFHTR 651587 | 1910615 879516 | 2507615 1155615 | v

WiscAPASS aa
Tisss | 263015 63btei7 | 3305015 8218617 | v 345700 SaRaiiaia 0o adRTiBete
$05045 | 2723015 1305e15 | 3323615 1836615 | v
1235000 | dteis 77 | 2627615 86se1T ) s
owassaAss)  TES000 | 2eHiets  Trmei7 | 2557ats 806setr

1662000 | 1873015 500417 | 1999015 5330017 e Somasn 0o

2MASSZMASSH 1662000 | 1873015  5.004e-17 | 199915 5399817
2159000 | 8530016 00000400 | 88956-16  0,0000400 B 083458023 +09.843550 2000.01-10
3362600 | 2122016 4.4%50.18 | 2174616 4605818 T 083438001 +09.843567 0.00019035697739082
3507511 | 1769616 6145613 | 18096.16  83320.19

4436578 | 8.0850.17 4468019 | 8228617 4547619

4602600 | 7757617  1.500e-18 | 7690617 15268-18 108843597 0.00019035897739082

5628102 | 4410017 5686019 | 4469617 576319

7589159 | 3681617 2713019 | 3721617 2742618

11860800 | 1944617 5.1936.19 | 1962617 5.2936.19 083438001 +09.843567 _0.00019035897739082

22008300 | 1423617 6255019 | 1432617 8311618 | v 083458001 +09.843667 0.00019035897739082
oo changes

Excess Help

Be careful. If you mark any ‘Delete’ checkbax and dlick the ‘Apply Changes’ button, that point will be deleted
Infrared excess detected from Spitzer/IRAC.I2. Points with larger wavelength will not be considered in model without asking for confirmation).
fit.

Take into account that:
You can manually specify where excess applies (please remember to cick the ‘Change excess' button to apply
these changes). Every point marked as ‘Ignore’ will not be considered for anything. It is as if these points were deleted
(but they aren't).
Every point marked as "Nofit" willnot be used for the fit
Every point marked as 'Bad" or ‘Uplim’ will be automatically marked as ‘Nofit' and thus not used for the
fi

Apply infrared excess from [Sasrimicis =
Apply UV/blue excess up to Angstroms.

If there exist two or more photometric values corresponding to the same filter (not marked as ‘Ignore’),
VOSA will calculate an average of the values and this will be the one included in the final SED.




Build SED’s: visualize, edit, improve
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Analyze SED’s

@ Chi-square fit and Bayes analysis.

27 collections of theoretical models and templates.
Choose ranges of parameters.

Extinction as an additional fit parameter.

Get best fit values: Teff, logg, metal., Lum., R, etc.

@ HR diagram: age and mass.

New :

@ Upper limits in the fit.
@ 7 new collections of models.

@ Partial “Refit”.

@ Radius and mass estimations in chi-square fit.
@ Statistical information on parameter values.

@ Normality test.
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Analyze SED’s: upper limits
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Analyze SED’s: chi-2

Best fit results

Click in the object name to see the best fits for that object.
Hide graphs| [ Delete this fit|[Refine excess
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Analyze SED’s: chi-2, statistics

Tefft

Statistics value distribution

.42
Average 3870 T, AT.g  min max  prob 0.36—

0.3

0.2¢ —

prob

0.18—

0.12—
0,06 —

T T T T
3700 3500 3900 4000
Teff
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Analyze SED’s: bayes, statistics

Ay

Statistics Value distribution

Average 0.676404

C. Rodrigo Blanco VOSA



Analyze SED'’s: partial “refit”

Stars and brown dwarfs (Change) File: enrique_fobs.vosa (info) (Change)
g i
Model fit

The SED for 4 objects has changed after this fit was completed.
You could consider repeating the fit process (with the same options) only for these 4 objects.

(The fit results for the other objects will remain unchanged).

Repeat the fit process

Best fit results

Click in the object name to see the best fits for that object.
Show graphs| | Delete this fit | [Refine excess

Object RA DEC D(pc) Model Ay AAy Tetf ATerf logg Alogg Meta. AMeta. more x2 My
LCRIEIECEY) 77.943534950 +4.403536732 10 Kuruz 045 0127 6250

79.420752123 +7.353347435 10
%
13755833356
e

C
LA ER VR I 1337816542  +1.5490111 Not enough points to make a fit
C

+0.789556089 10

TYC_32-383-1 2
TYC_90-645-1 67.856063916 +4.575297622 10 Kurucz 1.275 0.202
I RA RS PR 73.0238792 +6.4765667 10 Kurucz 0.825 0.165

0.175

3500 0.00




Analyze SED’s: HR diagram

Test: Stars and brown dwarfs (Change) File: lori1-23, brt (info) (Change)
HR Diagram
Delete this HR Diagram
Objects

Object Model Te LogL Age Mass

LOri001  siess 4000 (38754125) -0.0258 (-0.0281,-0.0235) = 0.0018 ..(0.0011,0.0021) (0.5946,0.8119)

3750

(3625,3875)

siess

020

7

Object closer to click point:
LOrio04

Teff:3500
logL:-0.110283

Age:0.00095049
Mass:0.368658

close




Save results: SAMP

VO SED Analyzer

[ _vorbec | oo JENECIUNENN  sevesasise | moies | ewemmests | e | mee | | uwe= |

Stars and brown dwars (Change) File: LOri1-10av.0xt (info) (Change)

L] rempiate fit
Model fit+ .

Best fit results

Click in the object name to see the best fits for bt object
e graphs | [Dekte the e efine
Send ableto 5AMP Hb

(3 D (pc) _ Model more X2 M, Fix OFiq  FowFix Lboflsm Alboflsm Amax Ay OTen Alogg AMeta. BA,
99273611 400 BT-SeCIFIST 3900 45 0 aphal 017540 138020 17430 2773%-12 059  86%det 13832 115608 01 2375 00865 0 00448
o 10148563400, BT-SeCIFIST 3900 25 0 aphaQ 1952e+i 1837620 24i7e0_4958e12 061 1205640 2471e2 11508 095 3571 0 [ 00347 1718 SynSpec
99420833 400~ BT-SeiCIFIST 4300 55 0~ apha0 1200es1 120620 2223610 062 11080 287%2 _ 115608 0955 4673 0162 O 0055 1718 SynSpec
97640278 400, BT-SeHiCIFIST 3700 55 0 aphaQ 4849es0 1557620 1702610 060 Bagoer 12652 1508 064 0 0204 O 00518 17118 Sym.Spec. 9
97168869 400, BT-SefiCIFIST 4000 25 0 apha0 1110+l 1359620 1898610 060 9dsle1 inise2 220883 055 995 0 [ 00369 18118 Syn.Spec.
99216111 400, BT-SeMiCIFIST 4100 557 0" abha0  4541es0 1100620 1734610 038 dedeet i06e2 13608 073 2629 00853 0 0056 14115 SynSpec
R 33623175 98163056 400, BT-SefiCIFIST 4000 55 0 apha0 518160 9578621 14i6e-i0 28312 063 70676 1dfSe2 720883 0685 3317 0 [ 0084518t Smspec |
b 757361 143062 115608 0415 199 00853 0 0058 'i7i18  SynSpec
el e 677161 7954e3 115608 0685 1706 0312 O 00276 17118 Syn.Spec
| Sigeet 97443 720883 0145 449 0188 O 00405 __18i18_ SynSpec

Eile Views Grapl

[almly ElwEle ] wiedo [w@ &

s loins Windows VO Interop Help .

Lorige2
BT-Sett1-CIFIST, Teff:3900, 10gg:2.5, Meta. 0, Aui0.595

Table List ———————— [-Current Table Properties —
1: bestfitp.xml Label: [bestitpmi ot
Location: samp:bestfitp.xml s
Name: bestfitp.xml - et
. LLE TOPCAT(1): Table Browser -8 ox
Columns: 3.
Sort order: { window Subsets Help
Row Subset: |A x
Activation Action:

SAMI Table Browser for 1: bestfitp.xml
[l 27173554 M Message: Object RA DEC D (pc) Model mfid Teff logg Meta. more CcH
. 1 |LOri001 | 83.4466 9.92736 400 bt-settl-cifist 227 3900. 4.5 0. alpha:0 9.17
2 | LOri002 84.0432 10.1486 400 bt-settl-cifist 223 3900. 2.5 0. alpha:0 19.5)
1 3 | LOri003 | 83.981 9.94208 400 bt-settl-cifist 257 4300, 5.5 0. alpha:0_| 11.99
4|10ri004 | 83.9481 9.76403 | 400 bt-settl-cifist 215 | 3700 5.5 0. alpha:0 | 4.84
S | LOri00S | 83.4735 9.71889 400, bt-settl-cifist 230 4000, 2.5 0. alpha:0_| 11.1¢
6 |L0ri006 | 83.8177 9.92161 | 400 bt-settl-cifist 243 | 4100 5.5 0. alpha:0 | 4.54
BT-Sett1-CIFIST, Teff 4300 7 | LOri007 83.6231 9.81631 400 bt-settl-cifist 236 4000, 5.5 0. alpha:0 5.18
8 | LOri008 | 83.9915 9.90911 400. bt-settl-cifist 236 4000. 5.5 0 alpha:0 8.61
* 9 | LOri009 83.6931 10.1099 400 bt-settl-cifist 256 4300. S 0. alpha:0 1.72
10 | LOri010 | 83.6373 10.1447 400, bt-settl-cifist 235 4000, S. 0. alpha:0_| 14.18
< >

7 < T T e T




@ Available since 2007.

@ Being used

@ More than 800 users analysing data.
e More than 1.000.000 objects studied.

@ Useful for science

e More than 90 papers published using VOSA.
e For different science cases.
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THANK YOU!




