
  

Exploring Axions through the Photon
Ring of a Spherically Symmetric Black Hole

Indian Association for the Cultivation of Science, Kolkata

 
     Sourov Roy, Subhadip Sau and Soumitra SenGupta

 18 Dec - 20 Dec, 2023  

Pratick  Sarkar

IIT Hyderabad



  

                                        
 What is Axion ?

A hypothetical elementary particle.

 QCD Axions     Introduced to solve strong CP problem of QCD.

  Axion like particles(ALPs)     Light pseudoscalar fields
                                                                         predicted by many  extensions of standard model.

 In the presence of magnetic field axions
 interact with photons through the coupling term,

Objectives 

Photon-axion conversion in black hole(BH) spacetime

Generalizing to spherically symmetric non rotating BH

Relevant  ALP parameter space.

Observation prospects .
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mass and coupling
are proportional

Introduction

Peccei and Quinn, Phys. Rev. Lett. 38(1977) 1440
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Center for Astrophysics, Harvard & Smithsonian
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 The Event Horizon Telescope observations of supermassive blackhole M87* centered in 

Messier galaxy discovered the potential existence of magnetic field of the order (1-30) gauss.

Akiyama et al. EHT collaboration Astrophys.J.Lett 875(2019)

X B

  The Event Horizon Telescope achieved to get an image of the black hole photon sphere

 through radio observation.

    Photons can be converted to axion in presence of  the magnetic field.

     The propagation length of photon-axion conversion is of the order of milli-parsec, 

comparable to the Schwarzschild radius of a  supermassive black hole with a mass of  

Motivation and Outline of the problem



  

The Photon-Axion Conversion

We consider the following photon-axion system, 

The solutions of the fields are expressed as,

After few simplifications the equations of motion reduces to, 
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With QED correction term to Maxwell equations,

and also taking the effect of plasma as photon acquire effective mass in plasma,
                                  the equations of motion are,

Raffelt and Stodolsky , PRD 37(1988)1237



  

The Photon-Axion Conversion

Where,
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It is convenient to rewrite the equations as, 

Z



  

Photon Pathlength
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Z

Gralla, Holz and Wald,
 PRD 100(2019) 024018

PS,Roy, Sau & Sengupta
      Arxiv 2310.05908

M87*



  

Photon number calculation :
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Nomura, Saito and Soda, PRD 107(2023)123505
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The maximal photon-axion dimming rate 

Special case : β=0 which corresponds to a Schwarzchild Black Hole
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M87*

PS,Roy, Sau & Sengupta
      Arxiv 2310.05908



  

                                     Expected normalized spectral luminosities 

In the unit of 

the spectras for different values of β in the metric
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β=0 case
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In case of Schwarzchild black hole, the resolution

The resolution for non zero β  parameter

➢Greater dimming
➢Lesser resolution 
➢Signature of extra dimension

The axion mass window of 
expected photon-ring dimming: 
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Upper bound
from M87*
photon ring
dimming

Axion mass independent region of

photon axion conversion probability
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Why interested with negative β ?

Required resolution :

Axion limits
Ciaran O'Hare
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  Photon-ring dimming is possible due to photon-axion oscillation with axion mass      100 neV

 and axion-photon coupling      

Conclusion

     The dimming is expected to be observed in X-ray - Gamma ray band 

     The maximum possible dimming from our analysis of spherically symmetric black hole is
     about 25%.

          The expected resolution required for M87* to be a Schwarzchild BH is 

   The extra dimensional signature can also be explored if the dimming rate and required
   resolution matches with observation.

  A similar approach can be used for a more massive black hole, along with stronger 
 magnetic fields,resulting in increased dimming and subsequently higher flux levels.



  

https://chandra.cfa.harvard.edu/blackhole/



  

Thank You
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Observationaly plasmatic electron number density has a range n
e
 ~  10 4-7 cm-3

From the above region plots , we have set n
e
 ~  10 4 cm-3  and the frequency band of finite

Photon-axion conversion falls in ~ (104 -106 ) eV 
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The dimming rate with the change of coupling, mass of axion and the β parameter :
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