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Abstract

It is shown that circular polarization occurs in the region of cyclotron resonance because the group
velocities of right-hand and left-hand polarized waves are different with respect to the direction of the
magnetic field. Due to the dependence of the intensity of radio emission on the coordinates across
the polar cap, this difference in group velocities leads to noncompensated circular polarization pro-
portional to the derivative of the total intensity as a function of longitude. The indicated dependence
corresponds to observations of the so-called core component of pulsar radio emission.

In the frequency band w <« wg, (wp is the cy-
clotron frequency) the eigen electromagnetic modes
in the magnetized plasma have linear polarization.
Only in the band w > wp do the modes have a
marked.circularly polarized component. However,
in an electron-positron plasma the polarization vec-
tor rotation is absent because of the opposite signs
and similar masses of the charges. This is valid
for a nonrelativistic plasma. In the relativistic case
circularly polarized waves can exist owing to the
different values of the energies of the electrons and
positrons. This situation takes place in the pulsar
magnetosphere in the region of open magnetic field
lines. The electron-positron plasma, moving along
the magnetic field, consists of a beam of fast par-
ticles (electrons if the angle x between the stellar
rotation axis and magnetic dipole is less than 90°,
i.e. x < /2, and positrons for the case x > 7/2),
and this secondary plasma has a considerable den-
sity. The distribution functions of the relativistic
electrons and positrons are different although they
have the similar shapes.

Figure 1 shows this difference for the case x <
7/2 when the electrons possess less energy than
the positrons. The minimum value of the Lorentz-
factor 7$m for the positronsis of the order of 4x 102,
just as for the electrons v ; = A'/2 ~ 102 (Beskin,
Gurevich, and Istomin 1988b). The parameter A
is the multiplicity of the secondary plasma. It is
the ratio of the plasma density n to the Goldreich-
Julian (1969) density ng = —§2 x B/2rec

n = Ang A=10%-10°.

The radio emission is generated in the polar re-
gions of the pulsar magnetosphere at distances not
so far above the neutron-star surface z/R < 10%-
10° (Beskin, Gurevich, and Istomin 1988b). The
polarization of the radiation is linear. The direc-
tion of the electric field vector in the wave depends
on the eigen mode. For the extraordinary wave the
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electric field is orthogonal to the plane in which the
magnetic field line lies. This mode propagates along
a straight line, and the radiation has a narrow beam
pattern. The extraordinary mode is identified with
the core component of pulsar radio emission.

While propagating into the external regions
of the magnctosphere where the magnetic field
strength decreases, the extraordinary linearly po-
larized waves become circularly polarized.

One kind of wave, in which the wave vectors lie
in the plane of the magnetic field line, becomes the
left-hand polarized mode. The other kind, in which
the wave vector is orthogonal to this plane, becomes
the right-hand polarized mode. By this the UKB
approximation is not violated. The quasi-classical
parameter is less than unity

dk/dz ~ _Jmin
K(n; —n;) — AyKR

1.

Here K is the polarization, A~y is the width of the
distribution function at ¥ ~ Ymin, AY/Ymin > 107},
R is the neutron-star radius = 10% cm, k is the wave
vector, and n; ; are the refractive indices of the two
circularly polarized modes.

Now we calculate the effect of the appearance
of the circularly polarized component of the core
emission intensity.

The refractive indices and polarization of the
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two modes are
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The quantities 611, 0€.2, €2y, €2z, €y, are the com-
ponents of the dielectric permitivity tensor
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In eq.(1) we consider that the wave vector k
lies in the plane ZX, and the angle § between k
and B is small enough. The quantity w = w —
k:Vy = (w/2)(6% + v7%) and the angle brackets im-
ply integration over the distribution functions of the
particles—that is, the electrons and positrons. As
the distribution functions are different, the compo-
nents €y and €y are not equal to zero.
The region of cyclotron resonance is defined by
the condition
|ws]

w -
- F (0 +77).

(2)

Because of magnetic field-line deflection (due to cur-
vature) the value § becomes greater than v~(<
10~2). Changes in the angle § through a distance z
near the pulsar surface are described by the follow-
ing expression

R

g 1 ( 2)—1/2

dz Po ’

where pg is the radius of the curvature of magnetic
field line near the surface pg = 9 x 107PYV/2f-1/2,
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Eq.(2) is valid for a dipole magnetic field. The di-
mensionless coordinate f enumerates the magnetic
field tube (0 < f < f.(x), f. = 1.6), and P is the
period of the pulsar. Thus

2R /
== ()"

Substituting this value in eq.(2) we get the distance
z, where the cyclotron resonance occurs.

ZP _ WRo 1/2 Po 1/2 ~-1/4
R (Zw) (.ﬁ) v
1/4
~ 580 (__1212_1’__) ,
vGHzf"Y100
where
Bz = Bx1072G,
veu: = vx107°GHz™!,
Y100 = "y‘XlO—z.

In the region of cyclotron resonance the polarization
of the eigen modes becomes circular

(Ei> = +i.
EV 1,2

The refractive indices for the left- and right-hand
polarized modes are not equal

&1302
=1 —_—).
™2 * dw(wp F Y0)

This difference results in the Faraday effect—the
rotation of the polarization vector after leaving the
resonance region. However, we are interested in the
appearance of circular polarization due to nonuni-
form profile emission intensity. Indeed, the group
velocities of the two modes are different also
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(b is the unit vector along the direction of the mag-
netic field line). Because of this the left and right-
hand polarized waves come to the observer from
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Circularly polarized component of pulsar radio emission
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different regions of the magnetosphere where their
intensities are different. If we designate the inten-
sity of the circularly polarized wave as Iv, then
dI
N(z)=1I(z1) = I(z2) = (21 - 72).  (4)
The z coordinate lies in the plane of the page (see
figure 2).
From eq.(3) it follows that
d(z; —z;) [ wiwsbs (5)
dz T\ w(wd —y2a?) [

Integrating over dz and dy we find from egs.(4) and
(5) the formula

4 _ dI
Nv(e) = 5, |cos xeetin/ Vominl i (6)
Figure 3 shows the profiles of several pul-
sars with core component emission PSR 2002431,
1907402, and 1933416 (Rankin 1983a). The be-
havior of the circularly polarized component is in

agreement with eq.(6). From eq.(6) it is possible to
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Figure 3¢ PSR1933+16

determine the quantity A

AA I
M ln (-;‘—1%) ~ 22 P vghz Agro (T") :

For the pulsars 2002431, 1907402, and 1933+16,
shown above, the multiplicity parameter A4 is equal
to 25, 20, and 15, respectively. These correspond to
the expected values, which follow from the theory
of particle reproduction A ~ 10*-10° (Gurevich and
Istomin 1985a).

Let us note that we do not take into ac-
count the cyclotron absorption. As was shown by
(Mikhailovskii et al. 1982b) and (Beskin, Gurevich,
and Istomin 1988b), the absorption is small for the
actual parameters of pulsars and it can be negligi-
ble.

We have discussed the possibility of explaining
the circular component of pulsar radio emission as
a result of propagation effects. This model does
not depend on a concrete theory of radio pulsar
emission; only the presence of a dense plasma in
the pulsar magnetosphere is necessary.
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