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OB associationsOB associations
OB associations are groups of young stars with a stellar density lower than that
of the Galactic field and that are not strongly associated with interstellar matter 
(Wright et al. 2023) 

● Highly complex, with a high degree of spatial, kinematic and temporal 
substructure. 

● Presence of subgroups with different ages and kinematics, young or 
open clusters, or bright central concentrations

● They originate as highly substructured systems without a linear star 
formation history, but with multiple clumps of stars that have since expanded 
and begun to overlap, producing the complex systems we observe today.

● Globally unbound and expanding: evidence for clear expansion patterns in 
the association subgroups, suggesting the subgroups were more compact 
in the past.
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OB associationsOB associations

N. Wright 2020

Well studied OB associations



410/31/2024 –  S.R. Berlanas

OB associationsOB associations
High-confidence OB associations

N. Wright 2020
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OB associationsOB associations

N. Wright 2020

OB associations pending deeper exploration
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Two of the youngest Galactic OB associationsTwo of the youngest Galactic OB associations

Cygnus OB2Cygnus OB2 Car OB1Car OB1

● They are home to clusters and groups with a large variety of massive stars, and are massive enough 
to contain O3 stars

● They are relatively nearby (at ~1.4-1.7 kpc Cyg OB2; ~3.2 kpc Car OB1) and contains hundreds of OB 
stars

● They are very young: age spread of 1 to 6 Myr in Cyg OB2; Car OB1 even younger 

● In addition, Gaia DR3 is providing accurate parallaxes to derive precise values of luminosity and 
also proper motions: Redefine associations; Runaways after SNe explosions; Runaways vs rotational 
velocities
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Cygnus OB2Cygnus OB2

Berlanas et al. 2018a Berlanas et al. 2018b
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Cygnus OB2Cygnus OB2

Berlanas et al. 2019 Berlanas et al. 2020
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Cygnus OB2Cygnus OB2

J20395358+4222506 is an excellent anchor object for stellar evolution and 
atmospheric modelling

It has a mass of ~ 46 M⊙  but it orbits around a companion with P~12.4 days and K ~ 
90 km/s (semi-amplitude)

There is a high probability that the companion was the initial primary (and it may be a 
compact object) (Herrero et al. 2024, in prep)

J20395358+4222506 is a very luminous, highly extincted B1 Supergiant. It is one of the most luminous stars in the Milky Way 
(Herrero et al. 2022)

5. IDENTIFICATION OF EXTREME LUMINOUS OBJECTS

It has a very high
●  mass-los rate
●  terminal wind velocity
●  rotational velocity
for its spectral type

It is in an advanced stage of 
evolution, probably close to 
become an early hypergiant 
(if not already so). It shows 
strong wind variability
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Car OB1Car OB1
The updated census contains a total of 316 stars, being 18 of them in the background and four in the 
foreground. Of the 294 stellar systems in Car OB1, 74 are of O type (54 apparently single or SB1), 214 are of 
non-supergiant B type and 6 are of WR or non-O supergiant (II to Ia) spectral class. 

Within the sample, we identified 20 spectroscopic binary systems with an O-star primary and another 18 with a 
B-star primary.

1. CENSUS

Berlanas et al. 2023

O and B stars are separated in the CMD,with the O 
stars mostly above the average age 30 kK extinction 
track for R5495= 4.5 and the B stars below it. 

This is an indirect confirmation of the quality of the 
spectral classifications. 

We estimate that our sample is around 90% 
complete for low to moderate extinction O and 
early B systems. 

The location of the 19 green stars, all of them 
below the 30 kK extinction track, suggests that 
those missing objects are likely early-B stars.
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Car OB1Car OB1
2. VSINI DISTRIBUTION

Berlanas et al. 2024 (imminent submission)

High-resolution spectroscopy for the maximum number of O stars in the census is required to reach low 
rotational velocities and better disentangle the macroturbulence broadening: 38 O stars (from 54). This 
number represents a 70% fraction of the total known population of 54 single O-type stars present in our 
census.

● Low velocity peak at 60 km s−1 and a tail of fast rotators 
above 200 km s−1, as expected from previous results in other 
surveys.

● Evident lack of stars in the 75-100 km s−1 bin, but it is 
highly attenuated when adding the sample of B0 stars.

Similar to other distributions of O stars, 
showing a bimodal structure although a 
shorter tail of fast rotators is found. 
Possible reason: relative small size of our 
sample and the young age of Carina, which may 
imply insufficient time for binary 
interactions to produce such an extended tail 
of fast rotators

Similar trend in Cyg OB2!

GES+OWNGES+OWN
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Car OB1Car OB1
3. STELLAR PARAMETERS AND THE HRD

Berlanas et al. 2024 (imminent submission)

FASTWIND + iacob-gbat  main spectroscopic parameters from their H and He lines. Benefiting from → main spectroscopic parameters from their H and He lines. Benefiting from Gaia (DR3) and 
Molina-Lera et al. (in prep) we used group distances to derive MV for the sample of O stars in Carina  R,L, → main spectroscopic parameters from their H and He lines. Benefiting from 
Msp. Using BONNSAI tool, we also derive Mev and Ages.  

Age distribution peaking at 1 Myr. It confirms 
Car OB1, and specifically Trumpler 14, as one of 
the youngest regions of the Galaxy, as suggested 
by other authors.

GES+OWN+ GOSSSGES+OWN+ GOSSS
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Massive stars and large spectroscopic surveysMassive stars and large spectroscopic surveys
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Massive stars and large spectroscopic surveysMassive stars and large spectroscopic surveys
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But WEAVE and 4MOST are coming to complete (and improve) our view of 
Galactic massive stars!

WEAVE

S. Trager

4MOST

De Jong
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WEAVEWEAVE

WEAVE characteristics

Mounted in June 2022 
on the 4.2-m William 
Herschel Telescope, 
WEAVE is the new wide-
field multi-object 
spectroscopic facility 
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Stellar, Circumstellar and Interstellar PhysicsStellar, Circumstellar and Interstellar Physics

The SCIP program (PI Janet Drew) is divided into three components: 

● a LR survey (J. Drew) covering the northern Galactic plane: 488000 fib/hour - 410 field centres, each 
to be observed once 

● two HR components covering the Anticenter (M. Monguió & Marc del Alcázar) and the Cygnus-X region (A. 
Herrero & S.R. Berlanas): 280000 fib/hour ~213 tiles, covering a much smaller sky areas but with many 
repeats

In addition there are 4 MOS-SV programs associated to SCIP (plus 1 mIFU and 1 LIFU programs)

  

HR-CYG HR-ACHR-AC

LR

● Large stellar samples for young/old extremes 
of stellar evolution

● Interstellar medium

● 3D extinction, law variation

Aims
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SCIP-LR-OBSCIP-LR-OB

Includes different type 
of targets:

➔ BA stars as Galactic probes

➔ OB stars to explore e.g. GAP
close of the ZAMS

➔ Stellar evolution: OB stars
BA, RSG, YSO, WD/IB, Be, CEP

➔ Poor seeing   PNe (LIFU)→ main spectroscopic parameters from their H and He lines. Benefiting from 
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SCIP-HR CYGSCIP-HR CYG

HR Cygnus-X (mainly OB stars)

● Obtain accurate abundances and spatial abundance patterns for OB stars in the region 
(extending the work by Berlanas 2018b)

● Obtain rotational velocities and their distributions, checking that obtained in 
previous works (Berlanas 2020) for Cygnus OB2

● Determine binary fractions and stellar multiplicity (multi-epoch observations!)

● Detect peculiar objects (like possible GW progenitors or extreme BSGs and study them in 
detail)

● Determine accurate stellar parameters, particularly gravity, improving those obtained 
from the LR survey and allowing more precise radii and masses with the help of Gaia DR3 
data (and forthcoming releases)

● Explore the kinematical and dynamical status of the stars in the region (see Quintana et 
al. 2021,2022)

much smaller number of field centres, 
with many repeats
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Yellow points indicate the 
blue massive star candidates 

Circles represent the WEAVE 
tiles or field centres.

7 tiles, 10 pointing:
Each fiber configuration 
will be observed between 10 
and 13 times, allowing for 
high S/N, multi-epoch 
information and a better 
coverage of crowded regions.

Cygnus OB2

SCIP-HR CYGSCIP-HR CYG
OB candidates

We will include BAF stars (age extensión, ZAMS anchor point, kinematics, dynamics, structure), BA stars (TAMS 
characteristics), PMS and YSO (kinematics, star formation activity), ISM (abundances, kinematics), Individual targets 
(Cepheids, WDs, RSGs)

Cygnus OB9

Cygnus OB1

Our selection criteria are based on a 
combination of 2MASS, Gaia and IGAPS 
data. We score the targets depending 
on their location in the color-color, 
color-magnitude diagrams. After adding 
up all the scores, those objects with 
the highest score will represent our 
most reliable candidates.
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● SV program focused on OB stars (1LR+2HR MOS exposures in the same field centre: either 
Cygnus OB2 or the Rosette nebula)

   → main spectroscopic parameters from their H and He lines. Benefiting from OB selection criteria

  → main spectroscopic parameters from their H and He lines. Benefiting from saturation limits

  → main spectroscopic parameters from their H and He lines. Benefiting from LR vs HR (~30% OB candidates in common)

  → main spectroscopic parameters from their H and He lines. Benefiting from Fine-tuning of classification and analysis pipelines

SCIP early scienceSCIP early science
Expected early science

● Early science

 → if Cygnus OB2: vsini distribution (lack of fast 
rotators?)

 → if Rossete: HRD of the complete OB star+YSO 
population

●  Commissioning test data
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4MOST4MOST
4MOST will be a fibre-fed spectroscopic facility on the VISTA telescope with a large field-of-view to 
survey a significant fraction of the southern sky in a few years. 4MOST will have a high multiplex 
being able to simultaneously obtain spectra for ~2400 objects.
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4MIDABLE-LR4MIDABLE-LR
4MOST Milky Way Disk and Bulge Low-Resolution Survey

4MIDABLE-LR will provide the largest spectroscopic follow-up of Gaia (adding key information to 
the Gaia RVS) and thereby allow us to view the Milky Way as a whole stellar system by providing 
a detailed 3D chrono-chemokinematical map of the Milky Way stellar disk and bar-bulge (Project 
PIs Cristina Chiappini & Ivan Minchev)
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4MIDABLE-LR-OB4MIDABLE-LR-OB
OB sample included in 4MIDABLE-LR sub-survey, Co-IPs: S. Simón-Díaz & N. Castro

4MIDABLE-LR-
OBstars 

(co-PIs Castro & Simón-
Díaz)

 20000 OB 
candidates

Carina
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The MEIGAS projectThe MEIGAS project
The MEIGAS project (PI S.R. Berlanas): A multi-wavelength exploration of star-
forming regions, young clusters and associations

Conduct comprehensive studies in the major Galactic (and extragalactic) star-
forming regions, young clusters and OB associations. 

Gaia + spectroscopic data from large spectroscopic surveys (e.g., GES, WEAVE, 
4MOST, XSHOOTU, BLOeM) + dedicated observing proposals at different wavelength 
ranges (IR, UV, gamma and X-ray regimes) 

Achieve crucial and complementary information to adequately characterize these 
regions and their stellar content, something imperative not only to complete 
their stellar census but to improve our understanding of star formation and 
poorly known evolutionary pathways of massive stars.

I. The universality of the vsini distribution of massive OB stars

Optical and IR spectroscopy in the Cygnus-X complex and the Carina Nebula 
(WEAVE, 4MOST + confirmed own IR observations) + SMC and LMC (X-ShootU, BLOeM)
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The MEIGAS projectThe MEIGAS project
MEIGAS is a long-term large program that aims to perform deeper explorations even in 
the less known Galactic OB associations and extend research to extragalactic regions
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SynergiesSynergies

+ O
W

N

Courtesy of Abel de Burgos (IAC)
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Thanks for your attention!Thanks for your attention!

Questions -> Questions -> srberlan@iac.essrberlan@iac.es


