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Introducing boson stars. 
How do fields self-gravitate?

Fundamental fieldsGravity +

???????

 



Introducing boson stars: Some highlights

•1955 - Wheeler: Geon

•1964 - Derrick’s Theorem. Why does this 
work?

•1968 - Kaup: Klein-Gordon Geons

•1969 - Ruffini&Bonazzola.

    Quantum version

•1986 - Colpi et al.: Self-interactions

•1989 - Jetzer: Charged scalar fields

•1991 - Seidel&Suen: Oscillatons

•2015 - Brito et al.: Vector fields



Introducing boson stars: What is it good for?
Black hole alternatives
(Vincent et al. 2015)



Introducing boson stars: What is it good for?
As compact objects themselves 

• Neutron stars and 
microphysics

• Problems in collisions

• Everything is well-posed

xtreme.as.arizona.edu/NeutronStars/



Introducing boson stars: What is it good for?
For DM modelling
Hui, (2021) 2101.11735; Guerra et. al (2019)

• QCD-axion and fuzzy dark matter.



Reviews on boson stars

• Jetzer (1992) 

• Lee and Pang (1992) 

• Schunk and Mielke (2003)

• Liebling and Palenzuela (2017)

•Visinelli (2021)



PART II. 
Presenting the equations: Spherically symmetric case



Action and equations of motion

Action

EH EM Vector scalar

Self-interactions

(Add whatever you want)

Now we proceed the usual way...



Action and equations of motion



Currents and conserved quantities



Taxonomy for scalar boson stars



Spherically symmetric ansatz

For the metric

For the fields

 



Boundary conditions

Regularity

Asymptotically 
flat

r

Two point boundary value 
problem



How to solve a two point BVP
(Press et al. numerical recipes)

Shooting Relaxation

“Until you have enough experience to make your own judgment between the 
two methods, you might wish to follow the advice of your authors, who are 
notorious computer gunslingers: We always shoot first, and only then relax.”



For boson stars
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Boson stars do not have a hard surface!
How to compute the radius?



Fundamental and excited solutions

 

Excitated solutions Fundamental



Solutions and stability properties
Scalar boson stars

Stable solutions

Marginally  stable



Other fields 
Many faces of boson stars



PART III. 
Hands-on: Integrating the equations


