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Axion - Photon Interaction

Model Dependent Parameter

Model Independent Parameter



We are going to consider : 
Axion - Photon Interaction and Scattering processes 



Linear Polarization Angle due to axion cloud  

The photon dispersion relation in a axion background

S. M. Carroll, et al. Phys. Rev. D41 (1990) 1231. 
D. Harari and P. Sikivie, Phys. Lett. B 289 (1992) 67–72. 
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Coherently Oscillating Axion Field & Time Dependent Polarization Angle  
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Axion-photon conversion rate in the presence of a uniform magnetic field





Pierre Sikivie, Rev.Mod.Phys. 93 (2021) 1, 015004 
Maiani et al., 1986; Raffelt and Stodolsky, 1988  

light traveling in the z-direction
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Axion as a Virtual Particle

F. Moulin, D. Bernard, 1, F. Amiranoff, Z. Phys. C72, 607-611 (1996). 
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for  Virtual 
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The scheme of our proposed experiment to probe Virtual Axions 
we propose a novel experiment based on the forward scattering of photons 

via virtual Ahs exchange from an inhomogeneous magnetic field inside a cavity



quantizating the photon field inside the cavity

K. Kakazu and Y.S. Kim, , Phys. Rev. A 50 (1994) 1830 .

Forward Scattering of photons from magnetic field inside the cavity



Axion interaction with a Spatially harmonic magnetic field profile



Resonance Enhancement of Birefringence Signal



In the Presence of a Uniform Magnetic Field



Cavity detection scheme
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Exclusion Region Resonance Birefringence Signal
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Axion - Photon Around  Supermassive Black Holes  (SMBHs)



Axion-Photon  
Interaction
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Photon-Gravition Interaction 
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We consider the Polarization effects of below processes assuming the 
Physical condition around SMBH M87



Axion Density near a SMBH

The emission region

The electron density
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Axion Field around the BH

S. Shakeri and  F. Hajkarim [arXiv:2209.13572]

(1) (2)

(1)

(2)



Y. Chen, Y. Liu, R.-S. Lu, Y. Mizuno, J. Shu, X. Xue et al. Nature Astron. 6 (2022) 592 [2105.04572] 

 Y. Chen, J. Shu, X. Xue, Q. Yuan and Y. Zhao, Phys. Rev. Lett. 124 (2020) 061102 [1905.02213] 

Previous Studies : Linear Polarization & Axion 



Polarization Angle ∆ψ of Linearly Polarized Emission 



Sources of Circular Polarization  



Axion Induced Circular Polarization 



Dominant Contribution of Circular Polarization

From ALMA data we have only a conservative upper bound on the measurement of the circular 
polarization of M87∗ at 230 GHz which is around 0.8% 



Bound Obtain from Circular Polarization of Light from M87 
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