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Axions - motivation

• solve the strong CP problem 

      


• possible candidates for dark matter


• explain astrophysical anomalies:

• Stellar cooling 

• TeV gamma-ray transparency

• Hard X-ray from neutron stars


• naturally arise in string theory
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Axion searches
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Stimulated decay of axion

Boltzmann equation





In the rest frame of axion, 


generated flux could be observed by telescopes (SKA, FAST, CHORD…)
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axion production from two photonsstimulated decay of axion 
(Bose enhancement)
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NFW (cuspy) / Burkert (cored)

Signal

Stimulated decay of axion in the Milky Way

Background radio photons 
stimulate axion decays
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Telescopes
SKA Observatory
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Flux from stimulated axion decays

•  or  
produce the radio photon flux detectable at the SKA Observatory


• Strongest constraints by Galactic Center and S147 (NFW profile)  
or anti-Galactic Center and S147 (Burkert profile)

gaγ ≳ 2 × 10−11 GeV−1 (ma ≃ 10−6 eV) gaγ ≳ 10−10 GeV−1 (ma ≳ 10−5 eV)

Burkert profileNFW profile



Dilute axion stars

• Clumps of axions bounded by  
quantum pressure


• Solution to the Gross-Pitaevskii-Poisson  
equations:
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Dynamical friction

More massive component tends to be distributed closer to the center as  
a consequence of gravitational interactions


 

Assume the effect of mass segregation is spherically 

symmetric and the virial theorem holds. 


The evolution of a radial shell is given by:
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Expected axion density profile

• The mass density of axions drops by at around  pc

• Mass segregation results in of difference in constraints on 

≲ 10 % r = 101∼2

≲ 1 % gaγ

Mass deficit  δρ/ρ



Summary

Stimulated decays of axions

• Decays of axions stimulated by background radio waves  

(Galactic+Extragalactic+CMB) could produce the flux detectable 
at SKA Observatory


• Galactic Center, anti-Galactic Center, and S147 give the strongest 
constraints of the axion-photon coupling  


Axion stars & mass segregation

• Formation of axion stars and their interaction with normal stars result in  

the mass density deficit of 


• In terms of constraints on , only of difference

gaγ ≳ 2 × 10−11 GeV−1

≲ 10 %

gaγ ≲ 1 %



Backup slides

Stimulated decays of axions

• a


Axion stars & mass segregation

• a



Occupation numbers of photons
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Distribution of ALP 

The NFW profile:


 
  kpc : the scale radius 

 

 kpc : the virial radius  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Noise

Four contributions to the noise temperature 

• atmospheric radio wave 

• CMB 

• noise of receiver  

• Synchrotron radiation from the Galactic or extragalactic system 

                                          


T
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Axion stars

Physics of a scalar field coupled to gravity is described by the action





Trick to solve a resulting EoM: 

    Assuming axion is non-relativistic





    and taking an average over scales larger than 


Gross-Pitaevskii-Poisson equations are obtained
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