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Abstract

We discuss the cross-correlation analysis of single pulses in the emission of PSR 0329+ 54 observed
simultaneously at 102.5 and 1700 MHz. We have found that the observed correlations between the
two frequencies are consistent with the model in which the subpulses in single pulses correspond
to plasma excitations flowing from the neutron-star surface along dipolar magnetic field lines. The
peaks of strongly correlated subpulses at the two frequencies correspond to the same field line at two
different emission radii. We have found that the core (central) and the conal (outer) components of
the pulse profile of PSR 0329454 originate at the same distance from the neutron star.

Introduction

PSR 0329+54 is probably one of the best exam-
ples of a pulsar with both core (central) and conal
(outer) components (Rankin 1983a). The subpulses
in single pulses occur at different longitudes across
the profile but most frequently under the profile
components. Kardashev et al. (1986) observed sin-
gle pulses of this pulsar simultaneously at 102.5 and
1700 MHz. They found significant correlations be-
tween the two frequencies at some longitude inter-
vals. Strong subpulses at 102.5 MHz were highly
correlated with strong subpulses at 1700 MHz. The
times of arrival (TOA) of correlated subpulses at
the two frequencies were associated according to a

linear relationship (cf. figure 5 in Kardashev et al.
1986)

t(r1) = At(r2) + B, (1)
where v; = 1700MHz and v; = 102.5MHz, A =
0.77, and B = 30.5ms. This relationship was ex-
actly the same for both core (central) and conal
(outer) components. We will discuss this impor-
tant observational fact in the light of the standard
magnetic-pole model of pulsar emission. We repro-
duce figure 5 of Kardashev et al. (1986) in our figure
1.

A standard model

Let us consider a standard magnetic-pole model
of pulsar emission. The relativistic particles emit
radiation which is beamed tangent to the dipolar
magnetic field lines. The emission is narrowband
and the lower frequencies are emitted farther from
the star than the higher ones. The subpulses cor-
respond to plasma excitations which flow from the
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Figure 1 Correlations between the TOAs of strong sub-

pulses at 102.5 and 1700 MHz of PSR 0329+ 54 (after Kar-
dashev et al. 1986). The TOAs are corrected for dispersion
time delays by profile alignment according to the known
value of DM (to within an accuracy of about 0.1%). The
two separate sets of data points correspond to the core (cen-
tral) and conal (outer) components. The upper time axis
for 102.5 MHz is scaled in such a way that t;(12) = 0 cor-
responds to the center of the core component (profile mid-
point). The dashed line describes a linear correlation be-
tween the two frequencies t;(v1) = 0.77t;(12) + 11.25ms.
This relationship is exactly the same for both the core and
conal components.

stellar surface along the magnetic field lines. There-
fore the peaks of strongly correlated subpulses ob-
served at frequencies v, and 1, < v; correspond to
the same field line at two different emission radii
r(»1) and r(v2) > r(v1). The subpulses observed
at a single frequency at different pulse longitudes
correspond to different field lines which will be la-
belled by the parameter s; = d; /rp, where d; is the
distance from the magnetic axis to the base of the
i-th field line at the polar cap surface, and r;, is the

san
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Figure 2 Geometry of the emission regions for
PSR 0329+54. At a given frequency an observer sees dif-
ferent field lines as the pulsar rotates. This means that the
pulse profile of this pulsar represents a central cut through
the polar cap, with core emission originating near the mag-
netic axis and conal emission originating near the polar cap
edge. Therefore, we assume that the angle between the ro-
tation and the magnetic axes and the angle between the
rotation axis and observer’s direction are almost the same
in PSR 0329+54.

Goldreich-Julian (1969) polar cap radius (figure 2).

In what follows we will assume that in
PSR 0329+54 the pulse profile represents the cen-
tral cut of the sight line through the polar cap, i.e.
an observer passes very near the magnetic axis at
the fiducial phase (profile center). This assumption
is well justified by the presence of a strong core com-
ponent in the pulse profile of this pulsar (see also
Lyne and Manchester 1988).

The above model is illustrated in figure 2. Let
us consider the i-th subpulse associated with the
t-th field line originating at a distance d; = s;7,
from the magnetic axis. The opening angle between
the magnetic axis and the tangent to this line at
different radii r(v) is

ai(v) = gsg (%) . rt2(v),

where 2 = 27 /P is the pulsar angular frequency,
P is the pulsar period, and c is the speed of light.
Let t;(v2) be a TOA at frequency v, of the subpulse
associated with i-th field line. In general, the corre-
sponding TOA of the subpulse associated with the

(2)
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same field line at frequency v, can be expressed by
the TOA at frequency v

t,'(lll) = t,‘(Vz) - Ata + Atr - AtDMa (3)

where

AaP
Ate = 27 sin 0

+ to. (4)
to is the arbitrary time corresponding to the fiducial
phase in which s = 0 and a(v2) = a(1,) =0, At, is
a time difference corresponding to different opening
angles a;(v;) and a;(v2) as pulsar rotates, Aa =
a;(vy)—a;(v1) (figure 2), and 8 is the angle between
the rotation and magnetic axes.

ate = (FE220) () - r(on)]

is the retardation-aberration time delay between
the two emission radii, and

(%)

Atpu = 4.15 x 10°DM (v;2 = v2) ps

is the dispersion time delay between the two fre-

quencies, where DM is the dispersion measure.
According to eq.(2), the angular difference in

eq.(4) for a dipolar magnetic field has the form

-2, (Eﬁ)/ [/3m) = 2 (w)], ()

and, after correcting for interstellar dispersion by
profile alignment, eq.(3) can be written in the form

Aa;

ti(r) = ti(re) -

mc) /% 1, )

to+ (S22 (o) - v ()

If one scales the t(v;) time axis in such a way that
to = 0, which means that ¢;(v;) = 0 at the fiducial
phase in which a(v;) = 0 then

ti(va) = (9P/3mc) /25;r /2 (vy)/ sin 8

and

ti(n)

o 3]
(u) [r(w2) = r(m)l, (8)

C

which explains the linear relationship between the
TOAs at 102.5 and 1700 MHz presented in figure 1
(corrected for interstellar dispersion by profile align-
ment according to the known value of DM) and
expressed in eq.(1). Moreover, as can be seen from
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figure 1 the linear relationship between TOAs at
102.5MHz and 1700 MHz in PSR0329+54 is the
same for core and conal subpulses. This means that
the coefficients A and B in eq.(1) are the same for
both the core and conal components. According to
eq.(8) this, in turn, means that

r(n)
r(v2)

_ ()
r(v2)

core cone

and

T(V2)core - T(Vl )core = T(”Z)cone - 7'(Vl )cone'

The above conditions have a very important in-
terpretation: core and conal emission originate
at the same altitude r(V)core = 7T(V)cone in
PSR 0329+54. The core emission originates closer
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to the magnetic axis and the conal emission closer
to the polar cap edge, t.e., Score < Scone = 1,
[ti(v) x ai(v) o s; r1/2(v)].

Conclusions

The important conclusion of this paper is that
the emission associated with the central component
(core) and outer components (conal) of the mean
profile of PSR 0329454 originates at the same dis-
tance from the neutron star. This is in strong con-
tradiction to Rankin (1990) who argues that the
core emission originates essentially at the neutron-
star -surface and occupies the entire polar cap.
Within this interpretation conal components would
originate further from the polar cap, in contradic-
tion to results of this paper.
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