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Introduction
⚫ Bosonic stars: solitonic solutions of Einstein’s gravity 

minimally coupled to a massive field of integer spin.

⚫ Theoretical Significance of Bosonic Stars:
• Appear in robust, self-consistent physical theories
• Have a unique formation mechanism via gravitational 

cooling

⚫ Astrophysical Applications of Bosonic Stars:
• Hypothetical dark matter components
• Axions
• Black hole mimickers
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The models

Einstein-Klein-Gordon equations

Einstein’s gravity minimally coupled to a complex massive spin-s field

Einstein-Proca equations

Spin-0 Spin-1
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The ansatz
We consider a general axially symmetric line element:

Spherical case Axisymmetric case

The matter fields
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Numerical results

ADM masses 𝑣𝑠. frequency
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Numerical results

The matter field profiles at bifurcation points

Axially 
symmetric 

perturbation
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Numerical results

The profiles of perturbation functions
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Numerical results

Scalar

Proca

Surfaces of constant energy density for the ABSs
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Numerical results

Quadrupole moment 𝑀2 𝑣𝑠. frequency 𝜔
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Numerical results

ADM mass 𝑀 𝑣𝑠. frequency 𝜔
The profiles of perturbation 

functions
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Numerical results

Quadrupole moment 𝑀2 𝑣𝑠. frequency 𝜔

Surfaces of constant energy density for the ABSs
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Conclusions

⚫ Analyzed the bifurcation phenomena between spherical 

and axisymmetric bosonic stars using perturbation theory.

⚫ Discussed the bifurcations of SBSs under 𝑙 = 2 and 𝑙 = 4 

axisymmetric perturbations.

⚫ For the first time, constructed ABSs with 7 constituents 

and gyroscope-like bosonic stars.



Thank you!
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