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Superradiance is a Generic Phenomenon

Ω

𝜌 ∼ 𝐸𝑀	𝑙𝑜𝑠𝑠𝑒𝑠	

Don’t need horizons/ergoregions (black holes, fluid vortices):
Y. B. Zel’dovich Pis’ma Zh. Eksp. Teor. Fiz. 14 (1971) 270 [JETP Lett. 14, 180 (1971)]. 
Y. B. Zel’dovich Zh. Eksp. Teor. Fiz 62 (1972) 2076 [Sov.Phys. JETP 35, 1085 (1972)]. 



Neutron Stars are 
Incredible Objects!
Extremely Compact
 𝑀!" ≃ 𝑀⊙, 𝑅 ≃ 10𝑘𝑚

Spin 100s of times a second 
Superradiance in stars: 
JCAP 12 (2022) 008 Chadha-Day, Garbrecht, JM 
Cardoso, Brito, Rosa Phys. Rev. D 91 (2015) 12, 124026

Strongest magnetic fields in Universe 𝑩 ≃ 𝟏𝟎𝟏𝟒	𝑮
Great axion labs in radio and X-ray (e.g. DM detection)

Accurate clocks (spin known very well)
Ultra-light dark matter tests 
Khmelnitskya, Rubakovb JCAP 02 (2014) 019

Very Dense (good dissipation)
Large scattering cross sections/short mean free path





Superradiance in Stars
Superradiance in Stars: Non-equilibrium approach to damping of fields in stellar media
Chadha-Day, Garbrecht, JM 
JCAP 12 (2022) 008 

Superradiance in Stars
Cardoso, Brito, Rosa 
Phys. Rev. D 91 (2015) 12, 124026

Superradiance  in rotating stars and pulsar-timing constraints on dark photons
Cardoso, Pani, Yu
Phys. Rev. D 95, 124056 (2017)

Axion Superradiance in Rotating Neutron Stars 
Day, JM
JCAP 10 (2019) 051

Particle Probes with Superradiance Pulsars
Kaplan, Rajendran, Riggins 
[hep-ph1908.10440]



Cardoso, Brito, Rosa Phys. Rev. D 91 (2015) 12, 124026
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Path Integral 

Dynamical Equation for 𝜙

Non-Eq QFT
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Inverse mean free path

Interesting NS 
timescales
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Stellar Cooling
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What abouts (CP-even) Scalars ?

𝑭%

5th Forces
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𝑔#$$ = 10&'

𝐿%$$ = 𝑚$ 4𝜋	𝐺 !/"𝑑)! 	𝜙	 ;𝑛	𝑛 = 𝐺%$$𝜙	;𝑛	𝑛

Scalar
𝐺%$$ = 10&"* 

Pseudoscalar 

𝜏()*- ≃ 10+,	yr 

𝜏()*
& ≃ 10.,	yr 



A “no-go” theorem for stellar superradiance ?

Stellar Cooling 

𝑭%

5th Forces

𝑄	 ∝ ∫ 𝑑𝜔	𝜔"	 1/𝜆,-.(𝜔)

(Schematically )



Backup: What about dark photons ?
P + P -> P + P + A’

(1201.2683)

Some VERY rough estimates by comparing matrix elt
for axions to dark photons:  

√𝐶/= 𝜖	𝑒	
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Reionisation
(Caputo et al.) (Witte et al.)

Dent, Ferrer, Krauss

k ~ 𝑘-~100 MeV     m0 = 10&!" eV   𝜖	~	10&!1

𝜏()*
/! ≃ 10. 	− 100 year (ish)

More analysis needed: proper calculation + spin in rate
(I’m confused why we can evade 5th force/cooling
what’s special about dark photons?) See also Cardoso, Pani, Yu Phys. Rev. D 95, 124056 (2017)



Conclusions 

1. Can compute stellar superradiance rates from first 
principles  in terms of  micro + macrophysics

2. Stellar cooling and firth forces limit rates 
“no-go theorem” ?

3. However: stellar superradiance clearly worth pursuing
(stars observed,  spin/spindown known, EM counterparts)

4. Can these constraints be overcome ? 

- Dark photons/tensor fields?

- Macroscopic perturbations of the whole star?


