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EXOTIC COMPACT OBJECTS
▸ To what extent are all astrophysical, dark, compact objects 

both black holes and described by the Kerr geometry? 

▸ ECOs: Involve strong gravitational fields and may be the 
key to understand open questions in fundamental physics. 

▸ From dark matter to quantum gravity: Wormholes, dark 
stars, gravastars, fuzzballs, quark stars, boson stars…. 

▸ In this talk I will focus on boson stars.
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WHAT ARE BOSON STARS?

▸ Scalar boson stars and its vector “cousins”, known as Proca 
stars, are macroscopic self-gravitating Bose-Einstein 
condensates described by ultralight bosons. 

▸ At the lowest energy level state can be classically described 
by a wavefunction, characterized by the particle mass � . 

▸ Considering a complex scalar field with harmonic 
dependence:

μ
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�(r, t) ⌘ �Re(r, t) + i�Im(r, t) = �0 e
�i!t
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MOTIVATION
▸ Dark matter up to 27% of the energy content of the Universe. 

▸ In a cosmological context, scalar fields have been proposed as 
constituents of dark matter halos in galaxies. 

▸ Compton wavelength: 

▸ Astrophysical BHs could have scalar or Proca hair (Herdeiro & Radu 
2014). 

▸ Axiverse: �  this implies masses 
�

from 10−33 to 10−10 eV
from 1 to 1023 M⊙
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� = h/(mc)

~µ ⇠ 10�22 � 10�24 eV
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ON THE STABILITY OF BOSON 
AND PROCA STARS
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BOSON AND PROCA STARS

Mmax ⇠ 0.633 M2
Planck/µ
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Dynamical boson stars. Living Reviews in 
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SPINNING BOSONIC STARS

▸ The Proca field ansatz: 

▸ and the scalar field ansatz:

A = ( H1

r
dr + H2dθ + iH3 sin θdφ + iVdt) ei(mφ−ωt)

ϕ(t, r, θ, φ) = R(r)Y11(θ, φ) ei(mφ−ωt)
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NR GW CATALOGUE OF BOSONIC 
STAR MERGERS
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Equal-mass collisions
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Unequal-mass collisions
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CONCLUSIONS

▸ Gravitational waves from BS binaries could be used to 
detect ultra-light boson particles (GW190521 and 
others). 

▸ GW190521 has brought us in the realm of ¿what are 
we observing. 

▸ The wave-like nature of the BSs has an important 
impact. 

▸ Is there (ultra-)light in the dark?  
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