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Orthogonal Mode Polarization of Pulsar Radio Emission
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Abstract. We discuss a model for polarization of pulsar radio emission,
based on the assumption that waves propagate in two elliptically polarized
natural modes. Some results from numerical simulation of single pulses
are discussed with emphasis on circular polarization, microstructures and
single pulse statistics.

1. Introduction

The rotating vector model (RVM) is successful in explaining observed position
angle (PA) variation. Despite the success of the RVM for some pulsars, the
usual RVM gives no direct predication of circular polarization (CP). The RVM
predicts a smooth PA variation, while a spread in PA and switch between two
orthogonal modes (OMs) are often observed.

We consider a model for polarization of pulsar radio emission, based on the
conventional RVM but with two OM polarization ellipses derived from the local
plasma dispersion with a nonzero charge imbalance 1] f o. The radio emission
is simulated numerically by assuming a random distribution of many subsources
within a confined radial range with emission beamed in a narrow cone.

2. Numerical Modeling of Single Pulses

Single pulses are modeled as superposition of emission from a random distribu-
tion of 100% polarized point sources that are not phase connected and can be
in either mode. Averaging over the random phases, the Stokes parameters can
be obtained as a sum of emission from individual subsources.

The two OM polarization ellipses strongly depend on the plasma parameters
such as the propagation angle (). As the waves propagate away from the source
these ellipses vary in both their orientation and ellipticity as the direction of
B and the local plasma parameters change. The polarization of the radiation
follows that of the natural modes up to a polarization limiting radius (PLR)
beyond which the plasma can no longer significantly change the polarization.

In the cold plasma approximation, the handedness of the ellipses can change
when the waves propagate across the critical angle () r-.J l/fs to the magnetic field
line (where I', is the bulk Lorentz factor of the emitting plasma), or cross the
local cyclotron frequency Oe which varies along the ray path. A self-consistent
derivation of the conditions for change of handedness requires inclusion of a
relativistic distribution (Melrose & Luo 2004).

381

https://doi.org/10.1017/S0074180900181434 Published online by Cambridge University Press

https://doi.org/10.1017/S0074180900181434


382 Luo & Melrose

c

oL---...J;~----'----'-~..L...--...J--'----L-~

1.8 l.i 2 2.1 22 2J 2.4 25 2.6 2.7 2J

Log Intensity

b.

---
-0.5 0 0.5

Pulse phase (in Tad)

~O

a

-0.2 0 0.2

Pulse phase (in Tad)

051--~---~.----i

~-0~~.L..-4---'"""""~----~

>
::jl00

Figure 1. Simulated single pulses (a, b) and intensity distribution (c).

3. Results

Simulated single pulses are shown in Figure 1 for a pulsar with inclination angle
a = tt/6 and period P = 0.1 s. Figure 1a is obtained with r s = 200, the viewing
angle (relative to the rotation axis) i = 1r/4 + 0.6, and the emission location
RE = 30Ro - 30.2Ro (where Ro is the star's radius). In Figure 1b we assume
rs = 800, i = 1r/6+0.1 and RE = 20Ro-22Ro. In both cases, one assumes that
'fJ = 0.1, f'le/wp = 104 and w/wp = 5, where wp is the plasma frequency and w is
the wave frequency (the values apply in the plasma rest frame). The finite beam
width of subsources leads to depolarization and scattering in PA. The smaller
the decoupling distance (!:1s) the broader the scattering in PA. The broad spread
in PA observed for some pulsars (e.g., PSRs B0329+54 and Bl133+16) can be
interpreted as the combination of small !:1s and a wider beam width.

A relatively large CP can be obtained for a moderately large propagation
angle (Ors > 1). A large CP in the small propagation angle regime (Ors « 1)
requires emission to be in a very narrow cone. The CP in these two regimes has
opposite handedness. Single pulses in Figures 1a and 1b have one sign of CP;
this is because only the first regime and only one mode are considered.

The simulated pulses show substructures that are similar to the microstruc-
tures seen in observations, with a typical time scale of 'TJ.L ~ P /21rr s- Substruc-
tures on a much shorter time scale, 'TJ.L = Rc/r~c, can be produced by a distri-
bution of subsources along the field line coupled with the effect of the field line
curvature (where Rc is the radius of curvature). A still much shorter time scale
is possible if subsources radiate with a finite life time < Rc/rsc.

Single pulse statistics for pulse phase 0.1 rad are shown in Figure 1c as a
histogram of probability against log intensity (in relative scale). The solid curve
is a lognormal fit. The lognormal fit is in good agreement with observations
(e.g., Cairns, Johnston & Das 2001; Kramer, Johnston & van Straten 2002).
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