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Outline

• Non-topological solitons & superradiance

• Superradiance of Non-topological solitons

• Coupling to other fields

 scalar field: Friedberg-Lee-Sirlin solitons

 gravitational field: boson stars
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Non-topological solitons / Q-balls

Localized, extended, and stationary

 Topological solitons: t'Hooft-Polyakov monopoles, domain walls, etc.

 Non-topological solitons: boundaries are in the same vacuum

Q-balls

    Attractive interactions in the potential
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see Bowen Fu’s talk next

,    Noether charge Q:

Minimal of the energy functional with fixed Q

Rosen 1968

Friedberg, Lee, and Sirlin 1976

Coleman 1985

𝑅𝑒(Φ𝑄)

𝐼𝑚(Φ𝑄)
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Black hole superradiance

Radiation enhancement effect

Kerr BHs

Superradiant instability

 bosonic clouds and GWs

 cosmic particle detectors

Observational results of supermassive BHs

4

arXiv:1501.06570

Dicke 1954

Priyanka Sarmah’s 

talk on Monday
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Do solitons superradiate?



Perturbations on a Q-ball

Fixed background perturbations

Two coupled perturbative modes

        

        

Energy can be transferred between modes

6

Saffin, QXX, and Zhou, PRL 131 (2023) 11 11

coherent internal rotation



Scattering and particle number conservation

        Scattering states: 

Effective Lagrangian

        

        U(1) symmetry 

Particle number conservation
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Energy amplification: one in-going mode

Amplification factor 
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Elastic and non-elastic scattering

                        energy attenuation       energy extraction

For                                           , low energy states 

are raised to high energy states

Superradiant scattering if the in-going wave has opposite charges to 

the Q-ball

What happened?
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arXiv:2412.13885



Coupling to a real scalar: Friedberg-Lee-Sirlin 
(FLS) solitons

Renormalizable model

Modes coupling

Particle number conservation
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Friedberg, Lee, and Sirlin 1976

Zhang, Li, QXX, and Zhou, PRD 111 (2025) 10, 103027



Coupling to the gravitational field: 
Boson stars

Gravitational regular solution

Modes coupling

Particle number conservation
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D. J. Kaup 1968

Gao, Saffin, Wang, QXX, and Zhou, SCPMA 67 260413 (2024)



Summary and outlook

Internal field space rotation can induce superradiance, except for 

real space rotation.

Generalization to various types of non-topological solitons: FLS 

solitons, boson stars, and more.

Future research: instability mechanism, potential application in 

particle cosmology (compact objects, new particles, etc.)
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Thank You !
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Backup



Superradiance in quantum optics

For want of a better term, a gas which is radiating strongly because 

of coherence will be called "super-radiant".

—Robert H. Dicke, Phys. Rev. 93 99 (1954).
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Superradiance: history
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Energy amplification: two in-going modes

𝐴+
in = 1, varying 𝐴−

in
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Real-time results

𝑡 = 0:                                          .

17arXiv:2412.01894
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