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What I will talk about

• Setting up the scene.
★ What are OB stars and OB associations?
★ Other projects: GOSSS, LiLiMaRlin, and ALS.

• EDR3 results.
★ The Villafranca project: OB stellar groups.
★ The ALS project: OB stars and associations.
★ Other results.

• DR3 results from survey papers.
★ Extinction, Teff, and spectral classification.
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What are OB stars?
• Three alternative (quasi-equivalent) definitions:

★ Massive stars (> 8 MSol) of spectral types O and B.

★ Hot (> 10 kK) massive stars (if we include WR stars).

★ O-B2 V + O-B5 III + O-B9 I.

• Ages up to ~30 Ma.

• Great Galactic influencers: 

★ UV radiation + winds + SNe + stellar ejections. 

• They are not stars of spectral types O and B.

★ Sample dominated by mid and late-type B dwarfs.

★ Ages up to several hundreds of Ma.
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What are OB associations?

• Two types of stellar groups:

★ Clusters: born together and bound at the present time.

★ Associations: born together and unbound at the present time

• Difficult to distinguish between them:

★ Distances, proper motions, and radial velocities.

★ Membership and ejections (runaway and walkaway stars).

• Two hypothesis for how associations are formed:

★ Nature: born that way, slowly dispersing.

★ Nurture: dissolved clusters currently expanding.
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Other projects: GOSSS

• GOSSS: Galactic O-Star Spectroscopic Survey.

• Blue-violet R~2500 spectroscopy of ~5000 stars.

• 2077-2022, private data from multiple telescopes.

• Data available at https://gosc.cab-inta.csic.es.

• Three major papers published, fourth in preparation.

• Most complete O-star spectroscopic survey:     
~1000 O stars with high S/N spectra and accurate 
and homogeneous spectral types.

• Most of the rest are B stars.
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Other projects: LiLiMaRlin

• LiLiMaRlin: a Library of Libraries of Massive-Star high-
Resolution spectra. 

• High-resolution R≥25 000 spectroscopy of 1000+ 
O+B stars with 65 000+ epochs.

• 1994-2022, private+public data from multiple 
telescopes.

• Largest collection of high-resolution ground-based 
massive-star spectroscopy.

• Used for binary orbits, stellar-parameter 
determination, and ISM studies.
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Other projects: ALS

• ALS: Alma Luminous Star catalog. 

• Reed (2003): compilation of 18 693 luminous hot 
stars (“OB stars”) from the literature.

• Some with spectral types, many without them.

• Coordinate errors and duplicates.

• Pantaleoni González et al. (2021): cross-match with 
Gaia DR2, 18 300 entries after eliminating duplicates 
but some of them are likely not massive stars.
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EDR3: The Villafranca catalog of OB groups

A third paper is being written
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EDR3: The Villafranca catalog of OB groups
• Long-term project to catalog all stellar groups, clusters or 

(sub-)associations, with massive stars in the solar neighborhood (26 so 
far) based on Gaia complemented with:
★ GALANTE: Images and photometry from T-80 Javalambre telescope.
★ GOSSS, LiLiMaRlin, WEAVE: Spectroscopy.

• Distances, membership, structure, IMF…
★ Currently (EDR3), 1% distances at 1 kpc, 3% distances at 3 kpc.
★ Limited by angular covariance term in uncertainty estimation.

• …and surprises: Runaway/walkaway stars and orphan clusters.
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The North America and Pelican nebulae

Bajamar star

GALANTE image

Bermuda
cluster
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Three ejection events
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• Orphan clusters, a new phenomenon: 12+ ejected stars, including the three most massive.

• The observed MFs may not be the IMFs even for 1-2 Ma old clusters.

• The population of runaway/walkaway neutron stars and black holes.

• The cluster mass lost is so high that the Bermuda cluster has become unbound.
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Bow shocks 
from the 
ejected 
stars
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Gaia EDR3 astrometric calibration

Do not apply Gaia EDR3 parallaxes out of the box!!!
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Gaia EDR3 astrometric calibration
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Gaia EDR3 astrometric calibration

Includes cookbook

Includes bias correction improved upon Lindegren’s and an IDL implementation
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Gaia EDR3 astrometric calibration
• There is a correctable parallax bias.

• There is an uncorrectable parallax bias whose effects need to be accounted for.

• Catalog parallax uncertainties are underestimated.

• Parallaxes are spatially correlated: main limitation for cluster distances.

• Stars with 1.4 < RUWE < 8.0 are valid but with worse uncertainties.

• 6-parameter solutions are valid but with worse uncertainties.
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EDR3: the ALS catalog

ALS II (DR2, Pantaleoni González et al. 2021) ALS III (EDR3 + new sources from GOSSS+)

Initial entries 18 693 Initial entries 20 498

-300 duplicates 18 300 -421 duplicates 20 077

-211 unmatched 18 089 -408 unmatched 19 669

-2336 bad astrometry 15 753 -1847 bad astrometry 17 822

-91 bad photometry 15 662 -202 bad photometry 17 620
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EDR3: The ALS III H-R diagram
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EDR3: the spiral arms with ALS III

Sagittarius arm
Orion/Local arm
Perseus arm

Scutum-Centaurus arm



OB stars and associations with Gaia                      Jesús Maíz Apellániz                                  Centro de Astrobiología-CSIC                    Napoli, Italy, Tuesday 22 September 2022

DR2: ALS II
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EDR3: ALS III
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EDR3: OB associations from ALS III

Cep OB1
Cas OB2

Cas OB7
Cas OB4

Cas OB8
Per OB1

Cas OB6
Cam OB3

Aur OB2
Aur OB1

Gem OB1

CMa OB1
Mon OB2

Pup OB1
Vela OB1

Cyg OB2
Cyg OB1
Cyg OB8
Cyg OB3
Vul OB1

Car OB1
Car OB2
Cru OB1
Cen OB1
Nor OB1
Ara OB1
Sco OB1
Sgr OB7
Sgr OB5
Ser OB6
Ser OB1
Ser OB2
Sct OB2

Cep OB2
Cam OB1
Cep OB4

Cyg OB4

Collinder 121
Ori OB1

Mon OB1
Per OB2

Lac OB1

Vela OB2

Sco-Cen

OB associations defined by Wright (2020)
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EDR3: the Cepheus spur

Gem OB1

Aur OB1

Cam OB1

Cep OB2

Cyg OB2 Near

The Cepheus 

spur

Orion/Local armPerseus arm
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EDR3: the Cepheus spur

The Cepheus 

spur
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EDR3: 
other 
results

Wright et al. (2022)
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EDR3: 
other 
results

Wright et al. (2022)

OB associations are (mostly) born that way
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Gaia DR3 contents: XP

• Peculiar data presentation:
★ Not as fλ(λ) or equivalent.
★ Expansion in orthogonal bases.
★ All components or selection.
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DR3: General Stellar Parameters (GSP)

• GSP-Phot: 471 M sources.

• Astrometry+photometry+XP spectrophotometry.

• Input isochrones and distances.

• Fitted parameters: age, initial mass, metallicity, and A0. 

• Derived parameters: Teff, log g, R, and MG.

• Two types of fits: 
★ Using general SEDs (different sources, algorithm selects one).
★ Using OB-type SEDs (provided by Y. Frémat).
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DR3: Extended Stellar Parameters (ESP)

• Extended Stellar Parameterizer for Emission-Line Stars (ESP-ELS):
★ Spectral classification: O, B, A, F, G, K, M, C star.
★ Hα EWs for 235 M objects.
★ Emission-Line IDs: PN, WC, WN, Be, Herbig Ae/Be, T Tauri, dMe.

• Extended Stellar Parameterizer for Hot Stars (ESP-HS):
★ Applied to stars identified as O, B, or A by ESP-ELS: 2.4 M.
★ If available, it also uses RVS spectra.
★ Fitted parameters: Teff, log g, v sin i, and A0 (plus AG and E(GBP-GRP)).
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DR3: The comparison samples

• Objects with GOSSS or LiLiMaRlin reliable spectral 
type classifications.

• Includes the GOSSS-IV stars to appear soon.
★ 1046 O stars.
★ 81 WR stars.
★ 959 B0-B1-5 stars.
★ 1245 B2-B9 + Be stars.
★ 3331 of any of the above (O+B+WR).

• The 120 early-type stars from Maíz Apellániz & Barbá 
(2018) and Maíz Apellániz et al. (2021) with accurate 
extinction measurements.
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DR3: Why the extinction parameters have to be (mostly) wrong

• They assume a monochromatic value of R of 3.1.

• They use the extinction law of Fitzpatrick (1999).
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DR3: Why the extinction parameters have to be (mostly) wrong
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DR3: Why the extinction parameters have to be (mostly) wrong

O stars with XP spectroscopy: 947

O stars with confirmed
spectral types from

GOSSS or LiLiMaRlin



OB stars and associations with Gaia                      Jesús Maíz Apellániz                                  Centro de Astrobiología-CSIC                    Napoli, Italy, Tuesday 22 September 2022

DR3: Why the extinction parameters have to be (mostly) wrong

O stars with XP spectroscopy: 947

O stars with confirmed
spectral types from

GOSSS or LiLiMaRlin



OB stars and associations with Gaia                      Jesús Maíz Apellániz                                  Centro de Astrobiología-CSIC                    Napoli, Italy, Tuesday 22 September 2022

DR3: Why the extinction parameters have to be (mostly) wrong

O stars with XP spectroscopy: 947

O stars with confirmed
spectral types from

GOSSS or LiLiMaRlin



OB stars and associations with Gaia                      Jesús Maíz Apellániz                                  Centro de Astrobiología-CSIC                    Napoli, Italy, Tuesday 22 September 2022

DR3: Why the extinction parameters have to be (mostly) wrong

Extinction golden sample
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DR3: Why the extinction parameters have to be (mostly) wrong

Extinction golden sample

θ1 Ori Ca,Cb
AG,CHO   = 1.727
AG,ESP-HS = 0.892

V662 Car
AG,CHO   = 4.693
AG,ESP-HS = 3.274

Cyg OB2-27 A,B
AG,CHO   = 4.752
AG,ESP-HS = 4.838

V747 Cep
AG,CHO   = 4.457
AG,ESP-HS = 4.204
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DR3: Why the extinction parameters have to be (mostly) wrong
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DR3: Why the extinction parameters have to be (mostly) wrong



OB stars and associations with Gaia                      Jesús Maíz Apellániz                                  Centro de Astrobiología-CSIC                    Napoli, Italy, Tuesday 22 September 2022

DR3: Why the extinction parameters have to be (mostly) wrong
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DR3: How reliable are the Teff determinations?

O stars with XP spectroscopy: 947O stars with confirmed
spectral types from

GOSSS or LiLiMaRlin
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DR3: How reliable are the v sini determinations?

O stars with confirmed
spectral types from

GOSSS or LiLiMaRlin
and v sini IACOB 
measurements
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DR3: Statistics for the comparison samples
What? O WR B0-B1.5 B late All ExtGS

All 1046 81 959 1245 3331 120
Gaia DR3 counterpart 1035 80 943 1232 3290 120

G photometry 1033 80 941 1231 3285 120
G+GBP+GRP photometry 1030 80 934 1223 3267 120
XP spectrophotometry 947 79 829 957 2812 109

Radial velocities 81 1 80 247 409 20
GRVS photometry 78 1 71 243 393 20
RVS spectroscopy 8 0 7 170 185 2

DIB equivalent widths 21 0 43 58 122 3
General Teff + AG measurements 502 31 541 644 1718 47

OB Teff + AG measurements 314 20 383 376 1093 23
ESP-HS Teff + AG measurements 371 0 411 429 1211 17

ESP-ELS spectral types 1010 73 900 1124 3107 116
Correct spectral type (O or B) from ESP-ELS 64.6 % - 70.3 % 90.7 % - -

v sini from ESP-HS 302 0 336 254 892 13
Epoch photometry 158 30 241 249 678 20
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Flying through the Galaxy with ALS III


