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Abstract

Polarization observations of radio pulsars, such as linear and circular polarization, polar-
ization position angle jumps of individual and integrated pulses, can be used to get abundant
information, which is very important to understanding the physical processes in the emission re-
gions. In this paper, some basic properties of polarization observations of radio pulsars and their

theoretical explanation in the Inverse Compton Scattering (ICS) model are briefly reviewed.
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1 Basic Observational Facts

Generally, pulsar radio emission is found to be highly linearly polarized over all longitudes
of profiles, sometimes as high as up to 100%. The position angle sweep is in an “S” shape, which
can be well understood within the rotating vector modellll. However, depolarization and position
angle jumps are often found in the integrated profiles of some pulsars. One of the difficulties to
understanding pulsar polarization observations is the polarization position angle jumps in mean
(or integrated) pulses as well as in individual pulses(?l. For mean pulses, it is generally found
that position angles would have discontinuities about 90° at some longitudes, where the linear
polarization intensities are almost zero (totally depolarized). For individual pulses, the position
angles would be dispersed or have two 90° separated distributions at some observational longitude
bins, where the linear polarization fraction is remarkably small.

Pulsar radio emission has also significant part of circular polarization, the percentage of
which could sometimes be as high as 60%. Radhakrishnan and Rankin[® identified two types
of circular polarization: “anti-symmetric”, for which there is a sense change near the center of
the pulse profile, and “symmetric”, for which the same hand of circular polarization is observed
across the profile. However, based on all the available polarization data published, Han et all4l,
present a systematic study of the circular polarization in the integrated pulses, and find no
general correlation between the sense-change of circular polarization and the sense of the linear
polarization sweep, but only that the sense of circular polarization is correlated with the sense
of the linear polarization variation in conal double profiles. They also point out that circular
polarization is not restricted to the core components.

It is a common conception that the individual pulses have higher linear and circular polariza-
tion fraction than the integrated ones, since the superposition of single pulsars tends to decrease
the total polarization of mean pulses. The position angles of individual pulses are generally not
the same as those of integrated ones, and the adding of such individual pulses should thus con-
duce to linear depolarization in the integrated pulses. It is found that there are some position
angles “jumps” in individual pulses, but not in integrated pulses. Also the senses of the circular

polarization of individual pulses could not be the same as those of integrated ones.

2 Theoretical Aspects in the ICS Model

The basic idea of the model can be found in Qiao & Lin(% and Xu et all¢]. In the model,
low frequency electromagnetic waves are supposed to be produced near the star surface due to

the violent breakdown of RS type vacuum gap!”l. The waves are assumed to propagate freely in
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pulsar magnetospheres and are inverse-Compton-scattered by the secondary particles produced in
gap sparking processes. The up-scattered photons are in the radio band, i.e., the observed radio
emission. With the simple dipole field, the incident angle of the ICS decreases first, and then
starts to increase above a critical height. The Lorentz factor of the secondary particles, however,
keeps decreasing due to various energy loss mechanisms (mainly the ICS with the thermal photons
near the surface). The combination of the above two effects naturally results in the feature that
on a given field line, the emission has the same frequency at three heights, corresponding to one

core and two conal emission components.

The polarization features of scattered

emission by a single relativistic electron in the

strong magnetic field were calculated from the

Position Angle

Stokes parameters of scattering emissionl®.
For the radio band in the ICS model, the scat-
tered photons are completely linearly polar-
ized, and its polarization position angle is in
the co-plane of the out-going photon direction
and the magnetic field. However the inverse

Compton scattering of a bunch of particles

Flux (arbitrary unit)

out-flowing in pulsar magnetosphere should

be coherent. Such coherence can produce sig-

nificant circular polarization in beamed radio -20 -10 0 10 20
emission(®]. Longitude/(°)

The coherent inverse Compton Scatter- Fig.l A simulated integrated pulse profile in the
ing process in pulsar magnetosphere has been ICS modell®l

simulated. An observer can only see a small The normalized impact angle is chosen to be 0.3
part of an emission beam radiated by a particle bunch, which is called as “transient beam”. (1)

In the ICS model, at a given frequency the transient beam consists of three parts (core, inner
and outer cones), each of them is called “mini-beam”, and their polarization feature is quite
different. (2) Circular polarization is very strong (even up to 100%) in the core mini-beam and
on the other hand it is much less in the inner cone mini-beam. (3) If the line of sight sweeps
across the center of a core (or inner conal) mini-beam, the circular polarization will experience a
central sense reversal, or else it will be dominated by one sense, either the left hand or the right
hand according to its traversing line relative to the mini-beam. (4) There are diverse values of
the position angles at a given longitude of transient “sub-pulses” around the projection of the
magnetic field. The variation range of position angles is larger for core emission, but smaller for
conal beam. (5) Stronger circular polarization should be observed in sub-pulses with higher time

resolution according to our model.

Fig.1 shows a typical integrated polarization profile calculated by summing up incoherently
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the Stokes parameters of the scattered waves from the particle bunches, the scattered emission
of which can be seen at a given observational longitude. It is found that the integrated profiles
are highly linear polarized in general, and their polarization angles follow nice S-shape, which
well represents the rotating vector model. One important result is the anti-symmetric circular
polarization in the central or core components. As we mentioned above, circular polarization
can be up to 100% on some parts of core mini-beam (sub-pulses), but depolarization occurs
in the process of incoherent summation of circular polarization of opposite senses. This also
produces a substantial amount of un-polarized emission. For the linearly polarized emission,
position angles of transient sub-pulses should vary, causing further depolarization. However, in
the conal components, circular polarization is insignificant, mainly because it is originally weak in
the mini-beam. Since there is negligible variation of position angles of sub-pulse, almost no linear
depolarization presents, and therefore, the conal components are always highly linearly polarized.

Considering the retardation effect due to relative phase shift between pulsar beam compo-
nents, we find that such shift could cause further depolarization and may result in position angle
jump(s) in integrated profiles!®l. Further study of this kind of shift in the ICS model indicates
that the emission beams of pulsars with small rotation periods do not have circular cross sections
even if the emission regions are symmetric with respect to the magnetic axes, if we take into

account the toroidal velocity due to rotation!®).
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