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Observational data show that many pulsars ex-
hibit a moderate amount of circular polarization
(CP) as well as linearly polarized emission. Gen-
erally, the degree of CP is of the order of sev-
eral percent, but some of pulsars have higher CP—
about 20% (Manchester and Taylor 1977, Taylor
and Stinebring 1986) and PSR1702—19 has 60%
(Biggs et al. 1988). No satisfactory explanation
for the existence of this CP is now known, and we
propose in this paper to outline a possible mecha-
nism for the generation of this CP consistent with
our theory of pulsar radio-wave excitation. In
Kazbegi et al. (1992; hereafter Paper I) we men-
tioned that the distribution functions of electrons
F~ and positrons Ft are shifted with respect to
each other due to the presence of the primary elec-
tron beam and the quasi-neutrality of the plasma
as a whole. The value

Ay=vp—7-= /F+7dp—/F'7dp (1)

where [ F*dp = 1, determines the difference in
energies of electrons and positrons. The value of A~y
is small but it has decisive significance in explaining
the polarization properties of the emission.

Let us investigate the problem of the polariza-
tion of waves propagating in the magnetospheric
plasma. From eq.(1) of Paper I, it follows that
the curvature of field lines is not important for the
form of €f;. Thus the Cartesian coordinate sys-
tem can be used. We shall be interested only in
the waves propagating in the observer’s direction.
Because of relativistic compression the angle be-
tween the local magnetic field B and wave vec-
tor k is small, 2 = (lu_/k:,)2 < 1. For 0% « 1,
Av/y < 1 and wg/wi‘; <€ 1, one can obtain from
Shafranov (1963) that

i 2 -
if 0° > (Swg)

(where 4, is the average Lorentz factor of the bulk
of plasma) then two linearly polarized waves in
the relativistic electron-positron plasma can exist,
E./E, € 1or E./E, > 1. The first mode has the
prevailing component E, i.e. the electric field vec-
tor F lies in the plane of k and B. This is a mixed
electrostatic-electromagnetic lt-wave. The electric
vector F, of the second wave is normal to the B-
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k plane. This electromagnetic wave is called the
transverse t-wave.
In the opposite case, when

62 < (wAY)/(8wsY}) 3)

one obtains two CP waves with left-hand (in the
direction of electron rotation) and right-hand (in
the direction of positron rotation) polarization. The
intermediate cases have elliptical polarization since
generally E = E; +:E,. In what follows we will
discuss only waves with 62 « 1 and k v, /wp <€ 1
where vy =p,c/7y.

For energetic particles only the resonance at the
anomalous Doppler-effect (Paper I) can be satisfied.
Therefore for the resonant part of the ¢;; one ob-
tains the following dispersion relation for t-waves

k262
— = P, tie?, — (ef + €2i) (4)
where
k 2
et4ed = Wp res / fE(w = kovp — Z£= F %E)dpw
1 T€2 w? Y(w = kpvyp F kzu +wp /)

The growth rate of the cyclotron instability is given
in Paper I, eqs.(7) and (8).

Below we demonstrate that the main polariza-
tion features observed in pulsar radiation can be
explained within the framework of our theory with-
out any additional assumptions. The condition of
eq.(2) is fulfilled better when the impact parameter
is larger—i.e., for larger 6. In this case the emis-
sion should be characterized by the two linearly po-
larized t and lt-modes (E; - E}) = 0 (Kazbegi et
al. 1988). The transitions between the two modes
are described elsewhere (Kazbegi, Machabeli, and
Melikidze 1989). According to this paper the tran-
sitions are accompanied by changes of dominance
between “core” and “cone”-type emissions. We be-
lieve that our two orthogonal plasma modes can be
identified with the orthogonal modes observed in
pulsar radiation (Stinebring et al. 1984a).

If Ay is so small that the inequality eq.(2) is
fulfilled even for small angles (% « 1), we have
only linearly polarized modes. The electric vector
of the t-waves is directed normal to the plane of
k and B, whereas E}; lies in the k—B plane. For
minimal values of k) (in the center of the pulse
window) k is almost parallel to B. The k-B plane
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then degenerates into a line. Consequently one can-
not distinguish between the t and lt-modes since the
orientation of both E, and FE), is arbitrary. The ob-
served emission is then unpolarized. Single pulses
often demonstrate a minimum of linear polariza-
tion at their intensity maximum e.g., (Ferguson and
Seiradakis 1978).

If the sight line cuts the cone of “core”-type
emission near the center, then in the midpoint of
the pulse window the waves having small 4 (in our
model the smallness of # is identical with the small-
ness of the impact parameter) are observed. In this
case there is a high probability for the condition
of eq.(3) to be fulfilled. Then E./E, = %1, and
there are two waves. Eqs.(7) and (8) in Paper I
lead to the possibility of wave generation involving
both electrons and positrons. Electrons produce the
left-hand (+) and positrons the right-hand (-) po-
larization. However the waves are excited only if
the following resonance condition is satisfied

wWB +_1_(£_t___"_g)2+_1__’%“
kwc'Yres 2 k¢ c 2 k‘ﬁ

6= (5)

Eq.(5) can be met in two cases: First, when

ki \% fun?
26 > max{(—i) ;(—) }
k, c
that is, for both species of particles that excite the

waves with the growth rate given by eq.(7) in Paper
I. Second, when

(4)

ko<
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with the growth rate given by eq.(8) in Paper I.
The drift velocity u is directed perpendicular to the
plane of curvature of field lines. To satisfy eq.(5) the
additional strict condition k;/k, = us/c is neces-
sary.

Let us consider the latter case first. The planes
of the open magnetic field lines are locally almost
parallel to each other (they have the same radius
of curvature). Therefore one can choose the plane
of the field lines as the rfy co-ordinate plane (see
Paper I). In such a case the drift velocity u does
not change its orientation, whereas the wave vector
k does change as the sight line cuts the emission
cone. One observes a succession of orientations of
k along the cone. The condition

k:  uq 2_k3+u2
ke ¢ ) T kL c?

is fulfilled only if kjuqscosy > 0. The sight line
can cut the emission cone in such a way that the
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angle ¢ passes through = /2, and the sign of cosy
reverses. For the value k) u,cosy to remain positive
it is necessary to change the sense of the drift veloc-
ity (the drift caused by the magnetic field curvature
forces electrons and positrons to drift in opposite
directions)—i.e. for angles of —7/2 < ¢ < /2 the
resonance condition eq.(5) is fulfilled for positrons
(right-hand CP), and for /2 < ¢ < 37/2 for
electrons (left-hand CP). Hence, a sight line tra-
verse of the emission cone in a place where 9
changes its sense (near ¢ =~ w/2) is accompanied
by a change of the sense of the CP. Such rever-
sals are observed, e.g. for PSR 1237425, 1839409,
1907403 and others (For details see Radhakrishnan
and Rankin 1990.). If ¢ — /2, cosyy — 0, and
the resonance condition of eq.(5) breaks down be-
cause (kz/k, — uq/c)® > 6. Hence when the sight
line passes through 7 /2 the CP will decrease.

Let us go back to the case of eq.(A). Both
species of particles satisfy the condition expressed in
eq.(5). Thus the intensity of the CP emission must
be considerably reduced because it is proportional
to the difference in number of resonant electrons
and positrons. But we have more positrons in the
resonant region. Hence waves are excited having
right-hand CP with reduced intensity. If the distri-
bution functions coincide (A~ = 0), the two modes
of CP superpose giving two linearly polarized waves
having electric vectors which are orthogonal to each
other. As was shown they can give rise to unpolar-
ized emission in the case when k; — 0.

The spectrum of excited t-waves is given by
eq.(2) of Paper I, and the resonant frequency is
wo = wp/67res- In a dipole magnetic field one can
assume that B = B, (Ro/R)3 and n = ny (Ro/R)3,
where the index ‘0’ denotes the values taken at the
stellar surface. Using these expressions one obtains
wo = const (Ro/R)® . This relationship suggests the
so-called radius-to-frequency mapping phenomenon
in which the lower frequencies are generated at
larger distances from the star. At the same time
§ = 6o(R/Ro)® and (u/c) = (uo/c)(R/Ro)?. Com-
parison of these relations shows that at distances
R < 10%°cm (u/c)? < 6, and for R > 10°cm
§ < (u/c)? (for P =~ 1s). Thus the probability for
the CP to reverse sense (it occurs when § < (u/c)?)
is higher at distances R > 10° cm, and hence at
lower frequencies.

Finally we emphasize that within our theory we
have the possibility for both sense-reversing and sin-
gle sense circular polarization. Sense-reversing CP
requires significant drift velocity u, and single sense
CP will occur even for u = 0, because it is only nec-
essary that Ay > 0 (see Paper I).
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