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Introduction1.1

ü Motivation

ü Photon propagation in a magnetized Vacuum. Dispersion equation. 

Phase velocity and Photon time delay

ü Photon propagation in a magnetized and charged medium . 

Dispersion equation. Phase velocity and Photon time delay

ü Final Remarks



Motivation1.2

ü Study pulsar magnetospheres and the radiation coming from this 

compact objects

ü How is affected the phase velocity of photons in a magnetic field in 

vacuum or medium

ü Propose a model to calculate the photon time 

delay and Faraday rotation

ü The exact composition of the magnetosphere 

plasma in pulsar is not yet known.*

*Pétri, J., J. Plasma Phys. 82, 635820502 (2016)



Main Problem

Magnetized vacuum Magnetized and charged medium

Uniform and constant magnetic field

Perpendicular 
propagation
to the field

Parallel propagation

to the field
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Photon propagation in a magnetized Vacuum
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ü 4-momentum

2.1
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ü Sturm-Lioville problem to the polarization Tensor

ü Propagation Modes
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Dispersion equation 
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ü The renormalized eigenvalues of the polarization 

operator, calculated in one -loop approximation

ü Units
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ü Transparence region  
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2.3
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ü Series expansion

Å Small deviations from the light cone

Dispersion equation 

ü We can express then ‖
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ü For j=3 conduces to a cubic 

equation in Ὧ
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2.4
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ü We solve the cubic equation using 

Hypergeometric functions

B. Sturmfels, Discrete Mathematics 210, 171 (1998)

Dispersion equation 
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ü We are interest in perpendicular 

propagation to the magnetic field

ü Dispersion equation reads like:
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ü Now we can compute velocity of phase
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ü… factors
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Velocity of Phase of photons in a magnetized 

vacuum
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Different modes of propagation
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Non -physical mode

Transverse mode
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Velocity of Phase of photons in a magnetized 

vacuum ü -ÏÄÅς

Velocity of phase Light Cone



2.8
Photon time delay in a magnetized vacuum
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Velocity of phase Photon time delay

ü Including a more realistic model for the magnetics field of a 

rotating neutron star, dipolar approximation
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Velocity of Phase of photons in a magnetized 

vacuum ü -ÏÄÅσ

ü Transparence region  

π  τά



Photon propagation in a magnetized and 

charged medium3.1

ü The polarization tensor can be expressed as:
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ü Non -neutral electron -positron charged medium
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Cruz Rodriguez , L., Pérez Martínez, A., Pérez Rojas, H., Rodríguez Quertz , E., Phys. Rev. A, 88, 052126  (2013)
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Photon propagation in a magnetized and 

charged medium
3.2
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ü Taking account the contribution of one of the Landau levels 

lead to a cubic equation



Photon propagation in a magnetized and 

charged medium
3.3

ü Taking account the contribution of one of 

the Landau levels lead to a cubic equation
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ü Taking account the contribution of one of 

the Landau levels lead to a cubic 

equation
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3.4
Velocity of Phase of photons in a magnetized 

and charged medium

Velocity of phase
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3.5

Velocity of Phase of photons in a magnetized 

and charged medium
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3.6

Photon  time delay in a magnetized and charged 

medium
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3.7

Photon  time delay in a magnetized and charged 

medium
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Final Remarks
ü We resolved the dispersion equation for perpendicular propagation (vacuum)

and parallel (medium) to the constant and uniform magnetic field .

ü It was possible to develop an analytical and approximate expression for the

phase velocity of photon valid in a wide range of the characteristic parameters .

ü Phase velocity of photons depends of the magnetic field and the photon

energy, which implicates that we can attribute an anomalous magnetic

moment to the photon due to his indirect interaction with the field .

ü It was also, obtained the photon time delay including a simple model for the

magnetics field of a rotating neutron star. In the vacuum of the order of ρπ‘ί

and in the medium of ρπ‘ίfor gamma radiation .

4.1



Future Perspectives
ü Apply this results to calculate the Faraday rotation of light in a this asymmetric 

distribution of charge.

ü Include a more realistic model to describe pulsar magnetospheres using 

spherical coordinates*

ü Compute the phase velocity and PTD in the medium when the photons  are 

travel perpendicular to the magnetic field direction.

ü Compare the photon time delay of gamma rays with experimental data 

measure on Earth** 

4.2

**Bharat Bhushan Singh, An Observational Study of Gamma Ray Pulsars, Thesis, High Energy 

Gamma Ray Observatory, Pachmarhi Tata Institute of Fundamental Research, Mumbai, 2008

*Pétri, J., J. Plasma Phys. 82, 635820502 (2016)




