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The Queen 
scenario

• Lada & Lada (2003).

• Most stars are formed in 
clusters.

• Most clusters dissolve 
when their natal gas is 
dispersed. 

• OB associations are 
coeval disolved clusters.
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The Oasis 
scenario

• Elmegreen (2010).

• Star formation is hierarchical

• Some stars are formed in 
clusters and some are born 
isolated. 

• Molecular complexes are 
collections of bound clouds 
of different masses and sizes.

• OB associations are (mostly) 
born that way and not coeval. 
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The Bruce 
Springsteen  

scenario

• Oh & Kroupa (2016).

• Complementary to 
other scenarios.

• Dynamical interactions 
eject preferentially 
massive stars. 

• It only happens on very 
dense clusters and at a 
very early age.
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Testing the scenarios

• Possible for the first time thanks to Gaia and ground-
based spectroscopic surveys.

★ PMS and dynamical (expansion) ages.

★ How do OB associations really behave? Expanding or 
not? Coeval or not?

★ Do expanding clusters have runaways or walkaways?
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PMS vs. dynamical ages

• PMS ages are ~5.5 Ma older than 
dynamical (expansion) ages ⟹ 
Queen rules!…

• … but all are low-mass clusters 
and still relatively compact.



Why are some massive stars found in clusters and others in OB associations?            Jesús Maíz Apellániz       Centro de Astrobiología-CSIC       Siena, Thursday 31 October 2024

Real OB 
associations

• OB associations have complex 
kinematic substructures and 
are not coeval.

• They cannot be traced back 
to one or several dissolving 
clusters.

• But large-scale expansions 
with texp ~ age of stars can be 
detected.

• Due to initial molecular 
complex turbulence, never 
bound. 

• Oasis rules!
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Real OB 
associations

• Overall expansion of the 
different regions of the 
association (clusters or 
subassociations).

• (Most) clusters/subassociations 
are not expanding.

• Oasis rules!



Why are some massive stars found in clusters and others in OB associations?            Jesús Maíz Apellániz       Centro de Astrobiología-CSIC       Siena, Thursday 31 October 2024

The conveyor 
belt model

• Usually applied to pc scales 
to explain massive-star and 
cluster formation.

• Can also be applied to tens 
of pc scales to explain OB 
associations.
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Bajamar star

GALANTE image

Bermuda 
cluster
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Three ejection events
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• 1.5, 1.6 and 1.9 million years ago… and the cluster age is likely ~2 Ma.

• Orphan clusters: 12+ ejected stars, including the most massive three.

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

• 400-500 M⦿, IMF from top heavy to Kroupa.

• Too much mass lost: the Bermuda cluster has become unbound.
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Bow shocks 
from the 

ejected stars

• The Boss also rules!
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• Very young: ~1.0 Ma.
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Now

1’ = 0.85 pc

• Very young: ~1.0 Ma.

• Stars with M ≥ 5 M⦿.
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0.61 Ma ago, direct proper motions

1’ = 0.85 pc

• Very young: ~1.0 Ma.

• Stars with M ≥ 5 M⦿.

• Stars with M < 5 M⦿ currently 
have a similar radial 
distribution.
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0.88 Ma ago, Monte Carlo proper motions

1’ = 0.85 pc

• Very young: ~1.0 Ma.

• Stars with M ≥ 5 M⦿.

• All massive stars within 0.1 pc 
of another one 0.8-1.1 Ma ago.

• Differentially expanding.

• IMF from top heavy to Kroupa.

• The Boss also rules!
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Any more examples?

Haffner 19 = Villafranca O-012 N

Haffner 18 = Villafranca O-012 S

2MASS J + H + K
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Any more examples?

Haffner 19 = Villafranca O-012 N

Haffner 18 = Villafranca O-012 S

2MASS J + H + KHD 64 568: O3 V((f*))z

HD 64 315: O6 V + O6 V + O9.5 V + O9.5 V



Why are some massive stars found in clusters and others in OB associations?            Jesús Maíz Apellániz       Centro de Astrobiología-CSIC       Siena, Thursday 31 October 2024

Any more examples?

Haffner 19 = Villafranca O-012 N

Haffner 18 = Villafranca O-012 S

2MASS J + H + KHD 64 568: O3 V((f*))z

HD 64 315: O6 V + O6 V + O9.5 V + O9.5 V

390 000 a ago



Why are some massive stars found in clusters and others in OB associations?            Jesús Maíz Apellániz       Centro de Astrobiología-CSIC       Siena, Thursday 31 October 2024

Any more examples?

Haffner 19 = Villafranca O-012 N

Haffner 18 = Villafranca O-012 S

2MASS J + H + KHD 64 568: O3 V((f*))z

HD 64 315: O6 V + O6 V + O9.5 V + O9.5 V

390 000 a ago

Mass ratio ~2.3
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Any more examples?

2.5 Ma ago
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Summary

• Oasis (Born in a different cloud) is the dominant effect.
★ Star formation is hierarchical and forms from large bound clusters to 

isolated stars depending on the initial conditions.
★ OB associations are mostly born that way.

• Bruce Springsteen (Born to run) plays a significant role in some cases.
★ Compact clusters can eject a significant number of stars just after 

formation.
★ The real IMF there is top heavy but becomes Kroupa-like after the 

ejections.
★ More compact objects are flying through the Galaxy than expected. 

• Queen (I want to break free) is a second order effect.
★ Cluster expansion due to gas loss affects clusters but is not the 

dominant reason for the dispersion of young stars.


