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Abstract. Characterizing the shape and evolution of pulsar ramission. The observed pulse profile thus correspond#hio a
dio emission beams is important for understanding the obsergedacross the beam at a fixed rotational latitude. The information
emission. The various attempts by earlier workers investigatiog the beam shape as a function of latitude, although generally
beam shapes have resulted in widely different conclusions. Wst measurable directly, may be forthcoming from observations
ing a carefully selected subset of the recently published mukit widely separated frequencies, as emission at different fre-
frequency polarimetry observations of 300 radio pulsars (Gouddencies is believed to originate at different heights from the
& Lyne, 1998), we attempt to model the shape of pulsar beamstar leading to changes in beam size. For this, the dependence
Assuming that the beam shape is elliptical, in general, and tlodtthe radiation frequency on the height, the so catkdius-
it may depend on the angle between the rotation and the memgfrequency mappinghould be known a priori. Alternatively,
netic axes, we seek a consistent model where we also solveif@ possible to use the data on an ensemble of pulsars sampling
the dependence of the beam size on frequency. From the sixange of impact parameters. However, it is important that all
frequency data on conal triple and multiple component profilahe pulsars in the sample form a homogeneous set in terms of
we show that a) the pulsar emission beams follovested cone the profile types etc. Several attempts to model the pulsar beam
structure with at leashree distinct conesalthough only one have used the latter approach. Based on their study, Narayan
or more of the cones may be active in a given pulsar; b) eaahd Vivekanand (1983) concluded that the beam is elongated in
emission cone is illuminated in the form of an annular ring dhe latitude. Lyne & Manchester (1988), on the other hand, have
width typically about 20% of the cone radius. argued that the beam is essentially circular (see also Gil & Han
Although some slight preference is evident for a modé&R96, Arendt & Eilek 1999). Based on the dipole geometry of
where the beam is circular for an aligned rotator & latitudinallthe cone of open field-lines, Biggs (1990) found that the beam
compressed for an orthogonal rotator, the possibility that tekape is a function of the angle)(between the rotation and
beam shape is circular at all inclinations is found to be equallye magnetic axes. The reasons that all these analyses predict
consistent with the data. While the overall size scaleBa%® different results could be manifold. For example, Narayan &
(whereP is the pulsar period) as expected from the notion dfivekanand used a data set consisting of only 16 pulsars and
dipolar open field lines, we see no evidence in support of taesessed the beam axial ratio on the basis of the total change
beam shape evolution with pulsar period. in the position angle of the linear polarization across the pulse
profile. Apart from poor statistics, their analysis suffered from
Key words: techniques: polarimetric — stars: pulsars: generalhe large uncertainties in the polarization measurements avail-
able then. Lyne & Manchester (1988) used a much larger data
set in comparison and examined the distribution of normalized
impact parametes,, = 390/ pgo, Wherefyy & pgo are the im-
pact angle and the beam radius computedfet 90°. Based
Most widely accepted emission models assume that pulsar ragi-their observation that the distribution 8f is ‘essentially
ation is emitted over a (hollow) cone centered around the maghiform’, they concluded that the beams are circular in shape.
netic dipole axis. The observed emission is generally highly lifthe apparent deficit at larg, is attributed to a luminosity bias.
early polarized with a systematic rotation of the position angigis worth noting that the deficit is seen despite the fact fthat
across the pulse profile. This behaviour, foIIowing Radhakrisgyerestimates theueﬁ/p (gi\/en that they disregarded the Sign
nan & Cooke (1969), is interpreted in terms of the radiatiogs B3), this is particularly so at largé values.
being along the cone of the dipolar open field-lines emerging Biggs (1990) used the same data set as well a8, fubstri-
from the polar cap, and the plane of the linear polarization is thaition as used by Lyne and Manchester (1988), but drew atten-
containing the field line associated with the emission receivgen to a ‘peak’ in the distribution at lové,. The shapes of the
at a given instant. During each rotation of the star, the emissigslar cap defined by the region of open field lines, as derived
beam crosses the observers line-of-sight resulting in a puls&)9fBiggs, show that the beam is circular for an aligned rotator,

1. Introduction
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but undergoes compression along the latitudinal direction wifPTATION AXIS
increasing inclinatiornv.

In this paper, we address this question within the basic
framework advanced by Rankin (1993a) which, at the least, is

. . MAGNETIC AXIS
qualitatively different from that of Lyne & Manchester (1988)!:
The classification scheme (Rankin, 1983a), based on the phe
nomenology of pulse profiles, polarization and other fluctuation LINE OF SIGHT

properties etc., provides a sound basis for explicit distinction
between the core and the conal components, with each of them
following a predictable geometry (see also Oster & Sieber 1976;
Gil & Krawczyk 1996 forconal beampg Lyne & Manchester
(1988), on the other hand, prefer to interpret the observed yp-
riety in pulse shape and other properties as a result of patchy
illumination, rather than any particular pattern within the radi-
ation cone. The observed differences in the properties of pulse
components are then to be understood as gradual changes as
a function of the distance from the center of the basic emis-
sion cone. Their analysis thus naturally disregards the possibig 1. Schematic representation showing the geometry of the pulsar
existance of conal features. emission region.

Assuming the possibly confined ‘conal-component’ geome-
try and by accounting for all the relevant geometrical effects, we
re-examine the shape of pulsar beams and their frequency de-Rankin (1990) has estimated the inclination angleis-
pendence. Recently published multifrequency polarization daigy the relationsin(a) = 2.45°P~%% /Wore, Where Weore
at six frequencies in the range between 234-1642 MHz (Gougdthe half-power width of the core component (at a reference
& Lyne, 1998), has made this investigation possible. frequency 1 GHz) and the perioft is in seconds. The im-
pact angle3 has been estimated based on the rotating vector
model of Radhakrishnan & Cooke (1969), using the relation
sin(8) = (dx/dd)max/ sin(a), where(dy /d¢)max iS the max-
For the present investigation requiring reliable estimates ofimum rate of change of the polarization anglevith respect to
& /3, we use the data set comprised of only those pulsars whi/3e longitudep.
pulse profiles are identified as ‘triplel{) or ‘multiple’ (M), as In the following analysis, we treat the different frequency
classified by Rankin (1993a, 1993b). The reason for the choit@asurements on a given pulsar as ‘independent’ inputs much
is that theT and M pulsars show a core component in addihe same way as the data on different pulsars, since the pul-
tion to the conal components, so that a reliable estimation of ts@ beam size is expected to evolve with frequency. Thus, at
angle () between the rotation axis and the magnetic axis is padifferent frequencies one obtains independent cuts (at different
sible, using Rankin’s (1990) method. In this method, the ratigy p) across the beam, thoughremains constant for a given
of the observed core-width to the limiting widt@.45° P~%5)  pulsar. This increases the number of independent constraints by
is interpreted as the geometric factofsin(«), providing by a usefully large factor. In fact, we would like to contrast this
far the most reliable estimates @f For the conal doubles andapproach with the one where, for each pulsar, one obtains a best
conal singles, devoid of any core component, the estimaies dift frequency dependence of the observed widths and then uses
are less reliable. The core singles are naturally excluded fréne data to obtain the width at a chosen reference frequency. The
this analysis of the conal emission geometry. For each pulsaldtier approach fails to take into account the dependence of the
our selected sample, we define the conal width as the sepafzserved widths ofi/p that is inherent for any non-rectangular
tion between the peaks of the outermost conal components. Bligpe of the beam.
important to note that the nominally ‘central’ core component,
which is argued to originate closer to the stellar surface, may not
necessarily be along the cone axis. Such a possibility is clearhy/ direct test for the shape of beams

reflected in many pulse profiles where the core componentrige Fig[7 is a schematic diagram illustrating the geometry of
displaced from the ‘center’ definable from the conal comp@uisar emission cone. The emission cone, with half-opening an-
nents. Hence, the location of the core component is disregar@%ipw Sweeps across the observers |ine-of-sight with an impact
in our estimation of the conal separation. Columns 1 and 2 ®rameter (distance of closest approach to the magnetic axis)
Table 1 list the name and profile type of these pulsars. ColummsThe spherical triangle PQS (refer to FiY. 1) relates the angles
3 to 8 list the calculated widths of the pulsars at frequencigs 3 and the profile half-widthp, to the beam radius, by the

234, 408, 610, 925, 1400, and 1642 MHz respectively. Colurfdliowing relation (Gil, Gronkowski & Rudnicki 1984),
9 gives the pulsar period in seconds. Columns 10 and 11 list the

o andg values of the pulsars taken from Rankin (1993b).  sin?(p, /2) = sin?(¢,/2) sin(a) sin(a 4 3) + sin?(3/2) (1)

2. Data set
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from circularity and that the spread could be due todhee-
pendence oRk. However, this deviation from circularity is not
very significant. We discuss this in detail later in Sect. 5.

We have also examined the values obtained by Rankin
(1993b) through such a test. However, no significant deviation
from circular beams was evident. We became aware of a
similar study by C.-1. Bjrnsson (1998), also with a similar
conclusion. We note that the only difference between our
estimates of, and those of Rankin is in the definition of the
conal widths. Rankin defines the width as the distance between
the outer half-power points (rather than the peaks) of the two
Fig. 2. Schematic representation of an elliptic pulsar beam of axial rat@nal outriders, and the widths were then ‘interpolated’ to a
Rwith the longitudinal and the latitudinal axisaand b respectively. reference frequency of 1 GHz. Such estimates are prone to
or is the width of the emission beam cone. See text for discussion 8fors due to mode changes, differing component shapes etc.,
the connection between the ‘gap-andlg'anddr /. and to the effects of dispersion & scattering (some of which

she attempted to accommodate). We measure the widths as the

peak-to-peak separations of the outer conal components, which

are less sensitive to the sources of error mentioned above.
8 — T T T ] We have also confirmed (in the PSRs 0301+19, 0525+21,

I ] 0751+32, 1133+16, 1737+13, 2122+13 and 2210+29 using
ol 1 the data from Blaskiewicz et al. 1991) that the ‘peaks’ of the
DT ] conal components are symmetrically placed with respect to the
T ] “zero-longitude” (associated with the maximum rate of change
s 1 of the position angle), which is not always true for the outer
half-power points.

Radius (r)
1
[

i 4. The model of the pulsar beam

0 20 40 60 80 We model the pulsar beam shape as elliptical in general and
9 express it analytically as,

.. 2 . . .2
Fig. 3. The above curves illustrate the normalized variation of r With St (¢v/2) sin(a) sin(a + ) sin”(8/2) 1 @)

(refer to Fig[2) with three different values & sin?(p, /2) sin®(Rp, /2)

While «, 6 and¢,, can be estimated, directly or indirectly, from
observationsRk andp, are the two parameters which in turn
nqlefine the beam shape and size— and the available dateBet of

The subscript in p,, andg, denotes thatthese quantities depe o
. 'pin p ¢ guantt P dM-profiles is expected to sample most of th#/ p,, | range

on frequency. This equation assumes that the cone is circul : . . I Sz
d Y d —1) with reasonable uniformity. The implicit assumption in

in which casep,, becomes independent of his statistical h is that d intion?
In reality, the beam may not be circular, but rather elliptical IS statistical approach 1S that a common description/tor
p, i1s valid for all pulsars. The common description should,

with, say, R the axial ratio and b the longitudinal semi-axis o g
the ellipse as shown in Figl 2. It is easy to see that the len pwever, account for relevant dependences on quantities, such

of the radius vector r depends on the angl@ith the longi- 2° frequency, periody, etc. properly.
tudinal axis) whenR is not equal to 1. The variation of r as a
function ofé for three different? values (namely 1, 1.5 and 0.5)4.1. Frequency dependencemf

are shown as examples in Hig. 3. The determined assuming . . . L .
that the cone shape is circular (as in Rankin 1993b) is indeeyée radio emission at different frequencies is expected to orig-

measure o te s vector 1 once te priod an requef° 1 Aeret atudes above e sl auace, i e
dependences are corrected for. Such data 6hgpanning a d y 9

wide enough range ifi can therefore be examined to seek ]t{yde'Th'S pheno_menon known asms-to-fr_equency mapping
. . P inds overwhelming support from observations. Thorsett (1991)
consistent value of the axial-rati®. However, if R is a func-

. . has suggested an empirical relation for the observed pulse width
S e ot s b, £ AN U1y W SEEITS 0 06Ut G-
the maximum and minimum values & cription of the observed behaviour. We adopt a similar relation

S fgr
Such an examination of the present data suggests a sprea

below the line forkR = 1, indicating that the beam deviateg, = p(1 + Kv~¢), 3)

éhe frequency evolution of the beam radjysas follows
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Table 1. The table lists the pulsar name and the widths measured at 6 different frequencies from the observations of Gould & Lyne (1998). In
several cases the widths could not be estimated due either to poor quality profiles or to absence of datavahes are taken from Rankin
(1990, 1993b)L M indicates that thg value (for PSR 0656+14 and 1914+09) is taken from Lyne & Manchester (1988).

Pulsar Profile Width in deg Period « I}
Bname Class Wazs Wios Weio Woas  Wiseo Wieaz (sec) (deg) (deg)
0329+54 T 254 23.3 21.8 21.8 21.2 20.7 0.714518 30 2.1
0450-18 T 16.6 14.5 13.5 12.9 12.4 11.9 0.548937 24 4
0450+55 T 27.3 20.7 20.7 24.6 22.0 22.0 0.340729 32 3.3
0656+14 T 27.9 21.7 17.8 255 20.1 17.8 0.384885 30 8.2 (LM)
0919+06 T 181 165 146 115 10 84 0430619 48 4.8
1508+55 T - 12.0 8.57 11.6 10.9 10.5 0.739681 45 -2.7
1541+09 T 126.5 107.8 1054 96.0 91.4 84.3 0.748448 5 0.0
1738-08 T - 14.6 13.7 13.6 12.6 12.1 2.043082 26 1.7
1818-04 T - 10.7 8.2 9.20 8.8 8.5 0.598072 65 35
1821+05 T 36.2 32.1 29.4 29.4 26.6 26.6 0.752906 32 1.7
1911+13 T - 12.3 10.7 12.0 11.6 11.0 0.521472 52 1.9
1914+09 T - 10.9 12.6 8.9 8.5 8.1 0.270254 52 7.3 (LM)
1917+00 T - 8.3 8.1 8.0 7.2 6.7 1.272255 81 1.3
1918+19 T - 49.1 42.7 41.3 41.3 38.7 0.821034 12 -4.6
1919+14 T - 22.3 20.7 18.7 19.7 17.1 0.618179 26 -6.4
1919+21 T - 7.17 6.7 8.2 7.6 7.4 1.337301 45 -3.7
1920+21 T - 15.1 10.1 14.4 14.0 13.2 1.077919 44 1.1
1944+17 T - 25.2 23.3 33.0 33.0 31.0 0.440618 19 6.1
2045-16 T - 12.9 12.3 11.6 11.0 10.7 1.961566 36 -1.1
2111+46 T 69.8 63.3 59.4 55.6 53.0 49.1 1.014684 9 1.4
2224+65 T 39.9 35.0 31.1 31.1 31.1 31.1 0.682537 16 3.4
2319+60 T 21.8 18.7 17.1 15.0 13.5 13.5 2.256487 18 2.2
1804-08 M/T - 28.5 12.9 16.2 15.5 14.2 0.163727 63 5.1
1910+20 M/T - 12.8 11.5 11.2 10.8 - 2.232963 29 1.5
1952429 M/T - 22.7 21.6 22.2 21.0 19.2 0.426676 30 -7.2
2020+28 MIT 12.9 10.9 10.1 10.1 9.74 9.3 0.343401 72 3.6
0138+59 M 25.8 20 23.2 20.6 18.7 17.4 1.222948 20 2.2
0402+61 M 14.2 14.6 10.7 10.3 10 9.6 0.594573 83 2.2
0523+11 M - 12.4 10.8 12.0 11.6 10.8 0.354437 78 5.9
0621-04 M 18.5 21.2 18.4 18.0 17.5 - 1.039076 32 0.0
1039-19 M 15.4 - 11.5 10.7 10 9.6 1.386368 31 1.7
1237+25 M 10.0 10.3 10.0 9.3 9.0 10.0 1.382449 53 0.0
1737+13 M - 17.4 17.0 16.1 15.2 13.8 0.803049 41 1.9
1831-04 M 95.3 97.6 95.3 96.2 93.0 93.0 0.290106 10 2.0
1857-26 M - 325 29.4 26.3 25.5 24.8 0.612209 25 2.2
1905+39 M - 15.1 13.7 13.1 12.6 11.7 1.235757 33 2.1
2003-08 M 55.6 40.0 38.7 33.6 32.3 31.0 0.580871 13 3.3

wherep is the value ofp, at infinite frequency( the spectral whichisin excellent agreementwith that expected from a dipole
index, andK a constant. Note that both& K are expected geometry (Gil 1981). E@J3 thus takes the form

to have positive values, so that the minimum value ofs p, 0.5

which should correspond to the angular size of the polar cap?v = Po(1 + Kv=%) P77, (4)

wherep, is the minimum beam radius fd? = 1 sec.
4.2. Period dependence @p

Rankin (1993a) has demonstrated (see also Gil, Kijak €3. Functional dependence Bfon o

Sei'radakis %%)93; Krame.r et al. 1994) that the beam raﬁliu%iggS (1990) has suggested tHatshould be a function of,
varies asP~" (where P is the period of the pulsar), a reSUItsuchthatthe beam shape s circulardfor 0 andisincreasingly
compressed in the latitudinal direction asncreases t®0°.
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ONE QUADRANT OF THE BEAM Distribution of effective g/p
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Fig. 5. Histogram of the distribution of effectivg.
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An optimized grid search was performed for suitable ranges
Fig. 4. Distribution of the (x,y) locations of the conal components ongf the parameter values and in fine enough steps.CFtine
common scale. The three solid lines indicate the three emission cogggrch range allowed for both +ve and -ve values. By definition,

in thle qu?drart‘; SZQOW”-L“@ Ciffﬁ'eds V,Vitlh Cro,stfgs ref‘:rs ttﬁ au;gars With 1 andr, > 1. The best fit was obtained by minimizing the
«a values less tha an e Tilled circles wi greater thal . Standard deViatiOﬁo deﬂned by

We therefore model the functional dependenceRobn o as ,  _ i DE 1807 (©)
R = R,7,whereR, is the axial ratio of the beam at= 0, and Naoy T’
7 is a function ofa. According to Biggs (1990)R, = 1 andr

whereD; is the deviation of the!" data point from the nearest
conal ring in the model and/y,; denotes the degrees of free-
(o) = 1—K; x107%a — Ky x 107%a2, (5) dom. The facto80/x giveso, in units of degrees under the
small-angle approximation. Table 2 lists the parameter values

where K, K, are constants and is in degrees. Biggs finds yhich correspond to the best fit for the entire sample set. With

K, - as free parameters in our model.

is given by

py = 4.8°(1 + 66 vy, ) P02, (7

4.4, The number of hollow cones wherep,, isin degrees. This average description for the ‘middle’

one applies also to the other two cones whgiis scaled by

. C
Based on the study of conal components, Rankin (1993a) hliﬁlt'a5 ratiorl = 0.8 orr2 = 1.3 (for the inner and the outermost

argued for two nested hollow cones of emission— namel_y, théaspectively). Fi@}4 shows the data (plotted to a common scale)
outer and the inner cone. Assuming the beams to be C|rcuflar d fthe b d the th lid
in shape, opening half angles of the two cones at 1 GHz wecr)é one qua rant of t € beaman t e.t ree solid curves corre-

' Sponding to the best fit cones. The points in the figure, though

found to be4.3° and5.7°, respectively. . ; .
) - L corresponding to different pulsars and frequencies, are trans-
During our preliminary examination of the present sampl .
. s ted to a common reference scale appropriatefet 1 sec,
we noticed a need to allow for three cones of emission. To
incorporate this feature in our model, we introduce two ratios, . 0 andy = oo.
. N . . ' We have assumed the period dependence, ais P~
rl < 1 andr2 > 1, to define the size scaling of the inner- P P '

. ; whereas Lyne and Manchester (1988) found a dependence of
most and the outer-most cone, respectively, with reference t%a% We have examined the latter possibility and found that
mldJi;?n C?QZ'n];cz)rdvglhEgr;hgeiﬁtsgeazhnipee dliod:(f)llrc/igf- ¢ the difference in the standard deviation is at the level of 26-3
K I? Ko vl andr2 in this th'ree-conal-rin modeQIr T’heand we cannot rule out the~s law with confidence. We have

» Pos 1, B2y T ! ‘ Ing modet. :ﬁl]so checked for the dependencedn o by using 3 sub-sets,
parameter set thus represents an ‘average’ description of ach of rang80° in a.. The best fit values foR in the different
beam. o segments aret9-3,0.840-3 & 0.5+53 for a rangeg)° — 30°,

30° —60° & 60° —90°, respectively. This dependencel®f on
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Table 2. The best-fit model parameters for the shape of conal beams. The error bars correspandneerthinty.

Model parameters
R, po (deg) K ¢ rl r2 K (deg™!) K (deg™2)
0.91+5% 48403 66+10 14+0.1 0.8=+0.03 1.3+0.03 7.2+£0.2 4.44+0.3

«, even if it were significant, is quite consistent with our valueSomponent separation vs. frequendy:is interesting to note
of K1, K2 (Table 2) as well as with the results of Biggs (1990}hat for certain pulsars the cone associated with the emission
However, given the uncertainties in tReestimates for the three seems to change with frequency. For example, the conal emis-
ranges, it is not possible presently to rule out a dependencesiain in PSR 1920+21 appears to have ‘switched’ at 610 MHz to
R on a. Indeed, this part of the goodness-of-fit is negligiblehe innermost cone while being associated with the central cone
o, (the standard deviation) 518° whenK1 and K2 # 0 and at other frequencies. Rankin (1983b), in a comprehensive study
0.2°whenK1, K2 = 0. Earlier Narayan & Vivekanand (1983)of the dependence of component separation with frequency, in-
had argued thaR is a function of the pulsar period. To assesgkes deep ‘absorption’ features to explain the apparent anoma-
this claim, our sample was divided into three period ranges aods reduction in the component separation in certain frequency
the correspondinge estimates compared. However, no periothnges. We suggest that such anomalous reduction in the separa-
dependence was evident and it was possible to rule out sudioas could be due to switching of the emission to an inner cone
dependence with high confidence. at some frequencies. Observations at finely spaced frequencies
in the relevant ranges would be helpful to study this effect in
etail. The other pulsars which show similar trends are PSRs

. . d
The number and thickness of conal ringas already noted
and can be seen in FIg. 4, we do see evidence for a poss@g‘l'o& 2003-08, 1944+17 and 1831-04. It should be noted

cone outside the two cones discussed by Rankin (1993a). Al ,t such switching is possibly reflected, also, in mode changes.
presence of a ‘further inner’ cone has been suggested by Rankin

& Rathnasree (1997) in the case of PSR 1929+10. The puls@he deficit at low3/p,: The absence of points negr= 0
suggestive of this outer cone (refer Fijj. 4) are PSRs 0656+ii¢learly noticeable in Fi§l4. Such a ‘gap’ is also apparent in
1821+05, 1944+17 and 1952+29 (at frequencies 234 MHz atheé distribution of3/p, plotted in Figlh. The gap was already
higher). We have examined the possibility that these cases realtyed by Lyne & Manchester (1988). They argued that it arises
belong to the central-cone, but are well outside of it due to &ecause the rapid position-angle swings (expected at staall
error in the assumed values a@f We rule out the possibility are difficult to resolve due to intrinsic or instrumental smear-
as the implied error iy turns out to be too high to be likely.ing, leading to underestimation of the sweep-rates. With the
It is important to point out that a noisy sample like the preseimproved quality of data now available, the intrinsic smearing
one would appear increasingly consistent, judging by the beistlikely to be the dominant cause for this circumstance. There
fit criterion, with models that include more cones. The questioare a number of clear instances among the general population
therefore is whether we can constrain the number of conesdfypulsars where the polarization angle traverse near the central
some independent method. In this context, we wish to discusge component is distorted. PSR 1237+25 provides an extreme
the noticeable deficit of points at higly p,. Since the deficit examples of such distortion, and Ramachandran & Deshpande
reflects the absence of conal singles and conal doubles in @897) report promising initial efforts to model its polarization-
data set, the size of the related ‘gap’ at lafgealues, can be angle track as distorted by a loweore-beam. Another possi-
used to estimate the possible thickness of the conal rings. Hility for the low-3/p, gap is that it could simply be a selection
absence of points & > 60° (Fig.[4) suggests that the conakffect caused by less intense emission in the cone center than
rings are rather thin, since a radial thicknéssomparable to at intermediate traverses. If so, the low frequency turn-overs in
the ring radius would imply a wider gap th To quantify this, the energy spectra of pulsars may at least be partly due to this,

we write the following relation, since at lower radio frequencies thép, is relatively smaller.
5 (1 —sinb,) ®)
r=4r .. .
(1+sin6,)’ The sources of uncertainties in the present analydibe stan-

where, is thef at the start of the gap (as illustrated in . 2)(_jard deviatiow, corresponding to the best-fit model amountsto
With 6, ~ 60°, 5 /r would be about 20%. The presence of mo bout 15% of the conal radius. This fractional deviation (compa-

) ’ . . .
than one distinguishable peak in the distribution of beam raffil€ t the thickness of the cone) is too large to allow any more
(shown in the bottom panel of Fig. 4) clearly indicates that tfiftailed description of the beam shape (such as dependence on
conal separation is larger than the cone width. This combingdor example). We find it useful to assess and quantify the
with our cone-width estimate suggests the number of cones f2o3!rces of error, partly to help possible refinement for future in-
(for the present range of radii), providing an independent supp§fstigations. The three data inputs to our analysiswareand

for our model. This picture is consistent with the estimates Ky While the basic observables are the maximum polarization-
Gil & Krawczyk (1997) and Gil & Cheng (1999). angle sweep rate and core width, apart from the conal separation
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measured. It is easy to see that the errors in the core-widths wdimples, thus increasing the number of independent constrains.
affect directly botha and g estimates. Over the range & The main results are summarized below.

spanned by the present data set the errors are likely to 1) our profile sample is consistent with a beam shape that is a
dominate, since thx &y (in Fig.d) are almost linearly propor- fynction ofa, circular ata = 0 and increasingly compressed in
tional tosin(«). Hence, the fractional deviation may be nearlye |atitudinal direction as increases, as suggested by Biggs
equal to (or define the upper limit of) the fractional error ip1990). However, the data is equally consistent with the possi-
sin(a) and therefore in the core-width estimates. bility that the beam is circular for all values of

Rankin (1990, 1993b) notes that in several cases the appar:,, . . - :
ent core-widths might suffer from ‘absorption’ and the Widthp§1 We identify three nested cones of emission based on a nor

might be underestimated if the effect is not properly accountiy lized distribution of outer components. The observed gap

> ANV i AR
for. Also, in some cases, the widths were extrapolated to a refer<- 60%) in the distribution independently suggests three cones

ence frequency of 1 GHz using/a®-2> dependence. There hav In the form of annular rings whose widths are typically about
. . . 0% of the cone radii. We consider this circumstance as an im-
been several suggestions regarding the ‘approp

riate’ frequenc .
X h C 2 ; tant evidence for the nested-cone structure.
dependence which would give significantly different answers L . .
Any further significant progress in such modelling would

when used for width extrapolation. For example, if our best-fit . . ) .
o . necessarily need refined estimates of the observables, particu-

dependence for conal width is used for the core-width extraqo;I the core-widths

lation, the values would differ from Rankin’s estimates (througfrzll y '

extrapolation) by as much as 15%, enough to explain the pres&eknowledgementsdie thank V. Radhakrishnan, Rajaram Nityananda

deviation in some cases. Another possible source of error is #imgl Joanna Rankin for fruitful discussions and for several suggestions

uncertainty in the sign of (important only for [hesin(a + 5) that have helped in improving the manuscript. We acknowledge Ashish

term in Eq[2 and hence for smal). As Rankin points out, it is Asgekar, D. Bhattacharya and R. Ramachandran for useful discussions

difficult to determine the sign unambiguously in most cases afigd thank our referee, J. A. Gil, for critical comments and suggestions.

hence the information is only available for a handful of pulsars.
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