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Birefringence in Pulsar 
Magnetosphere

• Natural modes are linearly polarized

– X-mode travels along straight ray path

– O-mode “ducted” along magnetic field lines

• separated by many beam widths

– modes are mutually exclusive (disjoint)

• beams overlap (superposed)

– “generalized Faraday rotation”

– “Cotton–Mouton birefringence”





OPM histogram

Stinebring et al. (1984)



Disjoint or Superposed?

Cordes, Rankin & Backer (1978)



Statistical Models

• McKinnon & Stinebring (1998)

– Disjoint or superposed?

• McKinnon & Stinebring (2000)

– Covariant?  Mode-separated profiles

• McKinnon (2002)

– Model circular polarization of modes

• McKinnon (2003)

– directional statistics (spherical)

• McKinnon (2004)

– 3D covariance analysis (Cartesian)







0 = S0 > 1

No excess polarization dispersion



Covariances between
Stokes Parameters

Cij = n-1 (Si Sj – ½ ηij S
2)

S2 = S0
2 - |S|2

Brosseau & Barakat (1992)

van Straten (2009)
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2 + |S|2
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2 - |S|2



S = [S0, |S|, 0, 0]

||S||2 = S0
2 + |S|2

S2 = S0
2 - |S|2



Covariant Mode Intensities

McKinnon & Stinebring (1998)

van Straten (2009)



Two Problems

1. 0 > 1 even when no OPM

2. Incomplete statistical model
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Disjoint or Superposed?

Cordes, Rankin & Backer (1978)



Valid only for instantaneous
Stokes parameters

Cordes, Rankin & Backer (1978)



Three Regimes

• Disjoint

• Composite

• Superposed

Tint

tsamp (Nyquist)
Stokes Sample



van Straten & Tiburzi (submitted)



Composite samples

A. Satisfy previously proposed arguments in 
favour of superposed modes:

•Depolarization (Stinebring et al. 1984)

•Eq. 5 of Cordes, Rankin & Backer (1978)

B. Depend on instrumental resolution

i.e. distinction between “superposed” and 
disjoint modes is blurred by resolution



Gangadhara et al. (1999)



Two Problems

1. 0 > 1 even when no OPM

2. Incomplete statistical model

Therefore, cannot be explained
by covariant mode intensities
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Brosseau & Barakat (1992)
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Valid only for normally 
distributed electric field



Oslowski et al. (2014)



Amplitude Modulation

Valid only for instantaneous Stokes parameters.



Cordes & Hankins (1977)



Conclusions

• The sample mean Stokes parameters 

admit three idealized regimes:

– disjoint (mutually exclusive and resolved)

– composite (unresolved mutual exclusivity)

– superposed (classical wave superposition)



Conclusions

• The 4x4 matrix of covariances between the 

Stokes parameters provides new insight

– “modal broadening” explained by self noise

– no need for additional randomly polarized 

component

– potential to differentiate between regimes



Conclusions

• Amplitude modulation must be considered

– including temporal correlations / structure of 

amplitude modulating function



Conclusions

• Ekers & Moffet (1969) discussion

– observed emission may originate

in different regions of pulsar magnetosphere

– observed polarisation variations could be due

to emission mechanism or propagation



Conclusions

• Statistical approach

– e.g. McKinnon (2004); Edwards (2004)

– can be applied to weaker pulsars

– may enable broader studies of population

– more than one process involved




