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- I will skip all the details about axion  
   -> see Obata-san’s talk

Axion
QCD axion, string axion, … etc
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- axion cloud may grow by the superradiant instability.

axion cloud
= quasi bound state of axion around a rotating BH

- axion may efficiently extract the angular momentum of a BH  
  ⇒ no rotating black holes  
         in our universe ? 
  ⇒ constraints on axion  
        (its mass & coupling) 
        from the existence of  
        spinning BHs 

Stott [arXiv: 2009.07206] 



- axion around a Kerr BH :

　superradiant instability

from Wronskian

ΩH

for the modes ω - m ΩH > 0

!
superradiance



- the basic eq. ~ that for a hydrogen atom in the far region :

 Gravitational atom
similarity to a hydrogen atom

hydrogen atom

BH axion

⇔ electro-magnetic force
gravitational atom

⇔ gravitational force
α = e2/4π α = G MBH m
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- Since the axion-BH system can be a GW source (cf. bosenova), 
   the stability of the axion cloud draw much attention recently. 
   → self-interaction of axion, gravitational back reaction, 
         effect from the third body etc 
 

- Although axion (massive particle) cannot escape from a BH,  
    photon (massless particle) can escape from a BH !! 

- Magnetic fields are ubiquitous in the universe… any effect ??

stability of the axion cloud
magnetic fields in the universe could affect the axion cloud ??

cf. 2012.03473



Gravitational atom
✓ In the far region, eq. reduces to that for the hydrogen atom

α = G MBH μ : gravitational fine structure constant

✓ The (complex) frequency of each eigenstate (ω = E + i Γ):



[2009.11106]

[2106.13484]



 add a companion
✓ A binary companion (BH or pulsar)  

  exert periodic gravitational perturbation on the cloud.  
→ induce resonances = Landau-Zener transitions 

✓ diabatic (not adiabatic) transition b/w the two energy states 
(no such transition will take place through an adiabatic process)


✓ The transitions are accompanied by energy exchanges  
  b/w the cloud and the binary companion. 


✓ floating : the cloud releases its energy → sink slower 
 sinking : the cloud drains energy → sink faster   
⇒ distinctive deviations from the orbital period derivative in GR



Resonances
✓ The changing rate of the orbital period

q = Mpulsar/MBH

Sc,0 : initial angular momentum of the cloud 
∆t : original resonance duration  
∆tc : the extra resonance duration

+ for floating & - for sinking



Radio sensitivity
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- We consider two types of configuration of BG M-fields 
   A, monopole magnetic field around a Sch. BH 
   B, uniform magnetic field along z axes 
          around a Sch. BH  (Wald’s solution)

set-up
axion cloud around a BH with background magnetic fields

coupling b/w EM & axion ~ φ E・B



1, At BG, axion cloud form due to the effect of gravity of a BH 

2, Axion could generate EM waves through the coupling 

3, Generated EM waves could backreact to axion cloud 
       through the same coupling -> axion cloud could decay

laugh sketch of the analysis
EOM :  &



1, BG axion : φ = φnlm Ylm  (一番 grow する) [n,l]=[2,1] に注目　

A, モノポール磁場 around a Sch. BH

2, BG Axion → EM : axion が同じ lm (l=1) の EM を励起

3, EM → Axion :
→ axion decay

 &



1, BG axion : [n,l,m] = [2,1,1(-1)] に注目　

B, z 方向一様磁場 around a Sch. BH 
 &

2, odd EM : 
even EM :

l=1 が励起
l=2 が励起

3, EM → Axion :
→ axion decay



- Superradiant instability (growth of axion cloud) 

- axion decay with a monopole magnetic field 

- axion decay with a uniform magnetic field

results
axion cloud decay around a BH with BG magnetic fields

a0 : Bohr radius 
          ~ 1/(GMμ2)



- We have considered axion cloud decay due to the axion-
photon conversion with background magnetic fields 

- Axion cloud may decay at the time scale same as that for the 
superradiant instability around a BH for the uniform M-field 
while the time scale is extremely large for the monopole M-field  
   -> need to consider a realistic configuration of M-fields 

- In reality, due to the presence of plasma, photons cannot 
propagate from a BH -> other decay process ? Alfven wave ??

summary & discussion
Axion Cloud Decay with background magnetic fields



Thank you  
for your attention


