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1 INTRODUCTION

Pulsar B12374-25 has been widely studied and represents the clas-
sic example of a pulsar with five emission components, apparently cycle™
produced by a sightline traverse which passes almost through the
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ABSTRACT

This paper provides a new analysis of this famous five-component (M) pulsar. In addition to
the core-active ‘abnormal’ mode of the star, we find two distinct behaviours within its ‘normal’
mode, a ‘quiet-normal’ mode with regular 2.8-period subpulse modulation and little or no core
activity, and a ‘flare-normal’ mode, where the core is regularly bright and a nearly four-period
modulation is maintained. The flare-normal mode appears to be an intermediate state be-
tween the quiet-normal and abnormal behaviours. Short 5—15-pulse flare-normal-mode ‘bursts’
and quiet-normal intervals alternate with each other quasi-periodically, making a cycle some
60-80 pulses in duration. Abnormal-mode intervals are interspersed within this overall cy-
cle, usually persisting for only a few pulses, but occasionally lasting for scores or even many
hundreds of pulses.

Within subsequences where the core is exceptionally quiet, the pulsar provides a nearly ‘text-
book’ example of a central sightline traverse — with a polarization-angle sweep rate measured
to be at least some 180° deg™'. On this basis it is shown that the sightline impact angle 8 must
be ~ 0225 or some 5 per cent of the outer conal beam radius.

The core component of the star is found to be incomplete, despite the fact that the full
antisymmetric circularly polarized signature of the core is present. The visible core component
aligns with the trailing right-hand (RH) portion of the circular signature. Measures either of
the circular signature or of the trailing half of the core, however, reiterate the roughly 2.6°
angular diameter of the polar cap of the star.

We find that the PA traverse of the star is disrupted through the action of orthogonally
polarized linear power in the longitude range of the core component. This circumstance can be
seen in the ‘hook’ under the core component which usually entails four sense reversals of the
PA, with its centre falling at the same PA as the extrema of the overall traverse. This behaviour
is modelled to show its effect.

Finally, the star provides two well-defined fiducial points from which emission-height es-
timates can be computed, the respective centres of both the linear PA traverse and the zero-
crossing point of the circular polarization signature. We thus find that the outer and inner cones
are emitted at heights of some 340 & 79 and 278 & 76 km, respectively, such that their field-line
‘feet’ are some 78 &= 7 and 53 £ 5 per cent of the polar cap radius. We also find evidence that
the core emission occurs at a height of some 60 km.

Key words: polarization — radiation mechanisms: non-thermal — pulsars: individual:
B1237425.

centre of two concentric emission cones and a central core beam
(e.g.Rankin 1993). Itis also known to exhibit a ‘normal’ and ‘abnor-
mal’” emission mode, frequent ‘null’ pulses, and regular 2.8-period
! subpulse modulation (Backer 1970a,b,c, 1973) in its nor-
mal mode. Each of these properties has been well investigated, but
little is known concerning possible linkages between them. We
have carried out a new study of the polarized pulse sequences of
B12374-25 (hereafter PSs) with the purpose of investigating (a) the
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characteristics and activity of its intermittently active core compo-
nent and (b) the recent claim that the star exhibits a third weak inner
cone (Gupta & Gangadhara 2003). The individual-pulse behaviour
of the pulsar is so complex and varied, particularly with the bene-
fit of excellent new Arecibo 327-MHz observations, that we have
had to question again what interpretation should be made of its five
profile features.! PS polarization has provided the foundation for
our analyses. Following the published studies of total sequences at
430 MHz (Backer & Rankin 1980) and 1400 MHz (Stinebring et al.
1984), Bartel et al. (1982) investigated the specific characteristics
of the two modes of the star. Of particular significance in our cur-
rent context was the discovery that the normal and abnormal emis-
sion (or profile) modes represented differing proportions of primary-
and secondary-polarization-mode (hereafter PPM and SPM) power.
We also draw on the studies of Oster & Sieber (1977), Prészynski
& Wolszczan (1986), Psaltis & Seiradakis (1996) and Rankin &
Ramachandran (2003).

While the relatively weak core component (IIT) of B12374-25 has
influenced beaming models (e.g. Backer 1976), its actual character-
istics remain somewhat obscure. Its steeper spectrum renders it ever
weaker at higher frequencies, and even around 400 MHz its close
proximity to the stronger trailing component (IV) makes it diffi-
cult to isolate for study. We therefore began our study by focusing
on the population of single pulses where the core was active. We
quickly relearned that the core is active episodically, continuously
so in abnormal-mode sequences, but also strongly at fairly regular
intervals within normal-mode sequences. We thus now conclude that
the classical normal mode is actually an alternation of two modes,
a ‘quiet-normal’ and a ‘flare-normal’ mode.

Section 2 then describes our observations. Sections 3 and 4 in-
troduce the characteristics of the three modes. In Section 5 we
present the results of our search for a third cone following Gupta &
Gangadhara (2003). Section 6 gives an analysis of the nulling be-
haviour of the star and Section 7 explores how the three modes
interact. In Sections 8 and 9 we discuss our results regarding the
geometry and polarization of the core component of B12374-25.
Section 10 gives an analysis of the emission height of the star, and
Section 11 provides a summary and gives our overall conclusions.

2 OBSERVATIONS

The observations used in our analyses were made using the 305-m
Arecibo Telescope in Puerto Rico. The primary 327-MHz polarized
PSs were acquired using the upgraded instrument together with the
Wideband Arecibo Pulsar Processor (WAPP?) on 2003 July 13, 14
and 21, comprising 2340, 5094 and 4542 pulses, respectively. The
auto- and cross-correlation functions of the channel voltages pro-
duced by receivers connected to orthogonal linearly polarized feeds
were three-level sampled. Upon Fourier transforming, 64 channels
were synthesized across a 25-MHz bandpass with a 512-us sam-
pling time, providing a resolution of 02133 longitude. The Stokes
parameters have been corrected for dispersion, interstellar Faraday
rotation and various instrumental polarization effects. Similar ob-
servations in four 21-cm bands on 2003 August 4 used 100-MHz
widths, recorded 2062 pulses and were sampled at the same reso-

!'Indeed, some early profiles suggest six components, ostensibly due to use
of one circular or linear feed. This understanding has persisted, though, even
with better observations (e.g. Bartel et al. 1982; Qiao et al. 2000) and we
will develop some basis for understanding why below.

2 http://www.naic.edu/~wapp

lution. Older Arecibo observations at 430 and 111.5 MHz are used
for comparison as noted below.

3 INTEGRATED PROFILE ANALYSIS

Fig. 1 reiterates for ease of comparison the familiar total profile of
B12374-25, created by averaging a set of pulses without distinguish-
ing its modes. We see the five classical components (I-V), which
have usually been interpreted as a central sightline traverse through
two concentric emission cones and a core beam. The validity of
this inference, based on simple average profiles such as this one,
must be questioned for many reasons. The profile form is far from
symmetric in either total power (solid curve) or linear polarization
(dashed curve), and we see neither the full antisymmetric circular
signature (dotted curve) often associated with a core component nor
the expected 180° position-angle (PA) excursion of a central sight-
line traverse. Rather, the core region is depolarized as clearly shown
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Figure 1. Total-average profile of the 327-MHz PS recorded on 2003
July 21. Here, no effort is made to discriminate between the modes or
behaviours of the star. The total-intensity Stokes parameter /, linear po-
larization L [= (Q? 4+ U?)!/2] and circular polarization V (=LH-RH) are
plotted in the upper panel (solid, dashed and dotted curves, respectively),
and the polarization angle (hereafter PA) x [= %tam_1 U/Q] is given in
the lower one. Here, and in the following figures, the longitude origin has
been taken close to the PA-traverse inflection point (see text). We see the
classic five-component average profile with its nearly constant PA apart from
‘jumps’ on the profile outer edges and near the centre. The outside features
result from orthogonal-polarization-mode dominance changes, whereas the
origin of the central ‘hook’ — where we might expect a steep, nearly 180° PA
rotation — remains something of a mystery which we will attempt to explain
below. Note the pronounced linear depolarization at this longitude and the
weak left- to right-hand V signature near the core (component III) longitude.

© 2005 RAS, MNRAS 362, 1121-1133



by the linear minimum. Indeed, one might conclude almost immedi-
ately from such a profile alone that it cannot be composed of a single
orthogonal-polarization-mode (hereafter OPM) population of indi-
vidual pulses. We know from the papers quoted above that both a
normal and abnormal mode have been identified and well studied in
this pulsar — and moreover that they differ considerably in relative
OPM power. We argue below that the classical normal mode in fact
consists of an alternation of two new modes, a flare-normal mode
characterized by intervals of strong core activity and a quiet-normal
mode wherein the core emission is nearly undetectable.

In our attempt to identify populations of individual pulses in
which the core component is particularly active, we found that such
pulses occur either in abnormal-mode intervals or within fairly dis-
crete normal-mode intervals. Further investigation showed us that
these bright-core intervals typically persist for 5—-10 pulses and that
they recur quasi-periodically approximately every 60—80 periods
(hereafter P;). We thus begin by delineating the characteristics of
this flare-normal, bright-core mode in relation to the quiet-normal
and classical abnormal modes.

3.1 Flare-normal mode

Fig. 2 represents the average profile of the flare-normal-mode PSs,
identified by visual inspection of the full observations using colour
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Figure 2. Average profile of flare-normal-mode intervals at 327 MHz on
2003 July 21. Note the brighter, more highly polarized core component
with its antisymmetric circular signature. The trailing component becomes
brighter and less linearly polarized and is seen to partially overlap component
IV. We note also that the deep minimum in emission between components
II and III persists in the flare-normal mode. This profile is composed of
370 pulses, representing some 50 flare-normal-mode PSs of typically 5—
10 pulses duration.
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displays such as that in Fig. 5 (see below). As we will show below,
the boundaries of flare-normal mode subsequences can be distin-
guished from both abnormal- and quiet-normal-mode intervals in
these high-quality observations generally within a pulse or two. As
expected, the flare-normal-mode profile shows a much brighter core
component, and we see the antisymmetric circular polarization often
associated with core components. Note also that the core component
is no longer linearly depolarized as in the total profile or classical
normal mode. Here it exhibits a symmetrical >25 per cent linear
‘component’ just under the total-power core and this is accompanied
by a strong negative excursion of the PA (lower panel).

Components I, Il and IV appear almost unaltered in flare-normal-
mode sequences, but component V increases markedly in inten-
sity and appears to occur slightly earlier, thus partially overlapping
component I'V. This modal component V is also substantially less
linearly polarized, showing the effect (as we will see below) of an
increased level of SPM power. The subtle decrease in the spacing of
components I and II also appears significant and reflects a slightly
narrower overall profile width as compared with the total profile or
the quiet-normal-mode profile below.

3.2 Quiet-normal mode

Fig. 3 gives an average profile for the quiet-normal-mode sequences.
It represents the sum of those intervals exhibiting little or no core
activity and in practice it differs indistinguishably from an aver-
age of the residuum after flare-normal and abnormal-mode inter-
vals have been identified and removed. Apart from the decreased
core presence, this profile differs little from the typical total profile,
because some 85 per cent of normal-mode pulses are quiet-normal
and the abnormal mode is yet rarer.> We again see a sharp mini-
mum of the linear polarization near the longitude origin, and per-
haps (owing to less core influence) a somewhat larger portion of the
mostly unresolved negative PA excursion near the profile centre. It
is also noteworthy that in individual pulses component II is usually
very narrow (a few bins) and is 100 per cent polarized in typically
90 per cent of its occurrences. The quiet-normal-mode PA very of-
ten exhibits a full negative, nearly 180°, excursion under the core
component. We see this behaviour in many individual pulses, but not
always in modal average profiles. Weak core power — often hardly
detectable in individual quiet-normal pulses — at times still accrues
to form a distinct profile component; and when present, this residual
core emission is often sufficient to disrupt the ‘conal’ PA traverse.
The effect is most pronounced at the linear power minimum in the
profile centre which indeed coincides with the positive-going PA
‘jump’ under it. Thus, in many individual pulses and modal av-
erages, when the core power is low enough, this ‘jump’ connects
negatively and symmetrically.

3.3 Classical abnormal mode

Fig. 4 gives the average profile of a long, abnormal-mode sequence
and, in using the word ‘classical’, we emphasize that our criteria
for identifying pulses belonging to this mode are the same as those
in published studies. Again, the profile alterations exhibited by the
abnormal mode of the pulsar are so dramatic at metre wavelengths
that at first sight we can wonder if we are observing the same pulsar.

3 Occasional abnormal-mode-dominated total profiles do occur, however,
because it can sometimes persist for hundreds, or perhaps even thousands,
of pulses.
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Figure 3. Average profile of quiet-normal-mode sequences at 327 MHz
on 2003 July 21. Core activity in these intervals is weak, indeed virtually
undetectable in many of the constituent single pulses. This profile represents
the behaviour of the star between flare-normal- and rarer abnormal-mode
intervals. Note how there are five peaks, II and IV being approximately the
same height, I being significantly more intense than V, and III very weak.
Note also the slightly different shape of the central PA feature; many of the
individual pulses exhibit a barely resolved, negative, 180° excursion which
is here less affected by core emission at the same longitude. The diagram
represents the average of 2654 pulses which were identified as belonging to
the quiet-normal mode.

Each of the five components assumes a different relative configu-
ration in the abnormal mode, and the emission minimum, usually
seen just before the core component, is now observed to follow it.
The linear-polarization minimum, however, is even more prominent
here, and falls at almost exactly the same longitude as in the quiet-
normal and total profiles. Also, the here positive ‘jump’ associated
with the minimum connects negatively in other such modal profiles,
resulting in an overall PA traverse of more than —210°! Something
of this behaviour can also be seen in Bartel et al.’s (1982) fig. 7
(left).

The core component, of course, predominates in the abnormal
mode and we will see below that it is almost continuously active
in adjacent individual pulses. Note, however, that while the circu-
larly polarized signature of the core component is perhaps strongest
here, the linear polarization properties of the abnormal-mode core
are very different from those of the flare-normal mode. Here, we
see even larger fractional linear polarization and again a long (but
here longer) negative PA traverse associated with it. Both the total
intensity and linear peaks fall slightly later than in the flare-normal
mode, such that the linear polarization appears to trail within the vis-
ible core component. Moreover, this linear is delineated by leading
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Figure 4. Partial-average profile of the abnormal-mode intervals at
327 MHz on 2003 July 21. Note the bright core component with its strongly
linearly polarized trailing edge and antisymmetric circular signature. Note
also the linear polarization minimum at very nearly the same longitude as in
the total and quiet-normal profiles — but here the fractional linear polariza-
tion immediately before and after it is quite high. Here, the core properties
contrast very strongly with those of the flare-normal mode. The abnormal-
mode profile exhibits a dramatic rise in the intensity of the ‘bridge’ region
between components II and III, where the fractional linear polarization is
always large and thus nearly (PPM) unimodal. Finally, the PA traverse un-
der the trailing portion of the core component is especially well defined
here and represents a ~90° negative-going traverse of SPM power (see the
text). Note also that the overall width of the abnormal-mode profile has
decreased slightly and its depolarized edges and accompanying PA features
show the effects of increased levels of SPM power. The profile is composed of
91 pulses.

and trailing minima which coincide closely with the duration of the
negative (RH) part of the circular signature. All this then leaves the
leading part of the visible core component conspicuously linearly
depolarized.

Note also that the overall modal profile width is again narrower,
by nearly 2°, than the total profile. Components IV and V have
merged and highly polarized emission is now found in the ‘empty’
region between components II and the core. Over much of the width
of the profile we see evidence of increased SPM power: the PA of
component V is now SPM-dominated as is a leading-edge region of
component I, but also we see evidence of PPM power on the extreme
outer edges. Only the regions under and following component IT and
just after the core remain PPM-dominated — this in stark contrast
to the normal or total profiles where the PPM dominates ‘conal’
regions of the profile everywhere apart from the extreme leading
and trailing edges. Only component II appears nearly unaltered in

© 2005 RAS, MNRAS 362, 1121-1133



the abnormal mode, but also we note that its leading edge is now
more completely polarized.

4 MODAL INTENSITY AND POLARIZATION
DYNAMICS

We have noted that the three largely distinct modal behaviours de-
scribed above can be distinguished by their polarization signatures
at the individual pulse level — and indeed we find that they can be
most accurately and reliably so identified. Fig. 5 displays the full
polarization state of a 100-pulse sequence of the 327-MHz observa-
tion of 2003 July 21. The particular PS in Fig. 5 was chosen because,
unusually, good examples all three modal behaviours fall within this
short interval.

4.1 Quiet-normal mode

This fundamental and most characteristic mode can be identified
in total power by noting the intervals where the conal components
exhibit their usual 2.8-P; modulation. This is most dramatically
seen in the PA column, where the modal power on the profile outer
edges alternates cyclically between some —10° (purple) and +80°
(chartreuse). This outer-edge OPM modulation is also discussed for
B12374-25 by Rankin & Ramachandran (2003); see their fig. 4 for a
430-MHz example. During these intervals the central core emission
is weak or absent, though there is usually sufficient linear power in
the profile centre to define the PA. Note that this PA behaves just
as one would expect for a nearly central sightline traverse: we see
the —10° (purple-angled) linear polarization first rotate negatively
toward —30° (magenta) and then nearly in the next sample become
+60° (green) and then 430° (cyan) — corresponding to a —120°
excursion — whereafter the PA rotates more gradually around to 0°
(blue). Components II and IV exhibit high levels of fractional linear
power, with II frequently showing nearly complete polarization. Fi-
nally, the fractional circular polarization peaks positively (left-hand,
hereafter LHC) before and within the centre of the profile, reaching
some 60 per cent at approximately the position of the core com-
ponent. Note that the negative (right-hand, hereafter RHC) circular
polarization is much less consistent in this mode; at times there is
weak RHC following the LHC peak, but often not as well. We see
little order to the circular polarization under the conal components
in this mode.

4.2 Flare-normal mode

Primarily, the flare-normal mode differs from the quiet-normal mode
by the presence of bright core emission. Note that this core activ-
ity is not continuous, but fluctuates from pulse to pulse in a man-
ner that at times appears to mimic the conal modulation. Though
these flare-normal-mode apparitions are characteristically of short
(5-15 P;) duration, they suggest (as in Fig. 5) a somewhat longer P,
perhaps of ~4 P /c. Note especially the contrasting PA modulation
as compared with the quiet-normal mode. We see little distinction
between the normal modes in L/I, but there are clear differences in
their PA and V//I properties. Flare-normal-mode intervals exhibit a
strange but consistent single-pulse PA behaviour: at approximately
the longitude of component II we again find a —10° PA (purple-
angled) which now first rotates positively through 0° (blue) to +-30°
(cyan), then reverses to rotate negatively through 0° (blue) to —30°
(magenta) and then finally rotates positively again to 0° (blue). A
transition from ‘quiet’- to flare-normal-mode PA traverse proper-
ties is seen clearly at pulse 1978 and one in the opposite sense

© 2005 RAS, MNRAS 362, 1121-1133
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occurs at pulse 1960. These PA sense reversals cannot be produced
geometrically, so must have some other cause as we will discuss
below. Finally, note that the fractional circular polarization of the
flare-normal mode tends to be somewhat smaller, but more fully
antisymmetric than in the quiet-normal mode. Most of these cir-
cumstances are well demonstrated by modal averages as in Fig. 2,
but we have found it necessary to carefully inspect the individual-
pulse behaviour to assess just how they come about.

Overall, it is instructive to examine the quiet- to flare-normal-
mode transition at approximately pulse 1978. Note the pronounced
narrowing of the emission window, particularly on the trailing side
of the profile. Component V becomes as bright as component I, but
its linear polarization decreases — apparently as a result of mode-
mixing because the individual-pulse fractional-linear distribution
seems to change little across the boundary. The RHC power under
components I and V becomes more orderly, apparently contributing
to the small residual seen in the modal profile.

4.3 Abnormal mode

Abnormal-mode intervals are easily distinguished from the other be-
haviours using only the total power. Not only does the core ‘flare’,
emitting almost continuously in successive pulses, but at metre
wavelengths strong abnormal emission only occurs in the left-hand
portion of the pulse window — and what remains of components IV
and V merge into a single weak ‘hump’. Moreover, all evidence
of the usual modulation ceases and SPM power dominates over
large leading and trailing portions of the modal profile.* In L/I we
see little change in the abnormal mode, except at the longitude of
component IV. The PA and V/I behaviour, however, show that the
flare-normal and abnormal modes share common features, but also
remain distinct. Both the absence of modulation and SPM domi-
nance are well-known characteristics and immediately clear from
the PA column of Fig. 5. Note, however, that we again see the strange
multiple PA reversals, but in the abnormal mode the PA tends to first
rotate negatively (to —30°, magenta) as the core is approached, then
jump positively (to +30°, cyan), rotate negatively at first steeply and
then more gradually (to —60°, full red) and finally jump back to 0°
(blue). It is useful to contrast this abnormal PA traverse with that of
the flare-normal mode: the jump to a +30° angle (cyan) occurs at
just the same longitude in the two modes, but the linear power at this
point in abnormal PSs is very small — note that this point coincides
with the L minimum in Fig. 4. The abnormal PA rotation under the
core rotates further and much of it occurs at later longitudes.

We note that the short abnormal-mode PS of Fig. 5 is not fully
representative of the longer examples in our observations. Compo-
nent II is usually more consistently strong, so that we see a marked
contrast between it and component IV in both the total power and
fractional linear polarization. Additionally, long abnormal mode PSs
are typically more prominently circularly polarized with significant
fractional LHC seen first under component II and rising to at least
60 per cent at the leading half-power point of the visible core. At its
trailing half-power point the RHC is typically only some 30 per cent,
but it is important to emphasize that the LHC and RHC excur-
sions represent approximately equal (antisymmetric) contributions
of power.

4 Psaltis & Seiradakis (1996) find evidence for weak conal modulation in the
abnormal mode at 21 cm; however, this might be explained by the inclusion
of quiet-normal-mode intervals, which could not be easily distinguished at
this frequency.
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Figure 6. Longitude-resolved, 256-point fluctuation spectra for the
5094-pulse, 327-MHz observation of 2003 July 14. We see the usual bright
pair of features near 0.35¢/P representing modulation with a P3 near
2.8 P, and a broad weaker response with a P3 about 4 P;. Note that these
features modulate components I, II and V, but apparently much less so IV.
Also note the low-frequency features peaking near the longitude of the core
component and modulating the broad centre of the profile. The larger peak
here falls at some 0.027¢/ P or about 37P, and the lower-frequency peak
may represent its subharmonic. The spectra have been normalized by the
total power at each longitude and corrected for interstellar scintillation by
removing fluctuations having scales longer than some 1000 P;.

4.4 Normal-mode fluctuation properties

Fig. 6 gives longitude-resolved fluctuation spectra for our longest
observation, the 5094-PS from 2003 July 14. This PS exhibits little
abnormal-mode emission, thus it effectively represents the classical
normal mode. We see strong features near 0.35¢/ P and a broad
weaker one around 0.25¢/ P, corresponding to the usual P; =
2.8P as well perhaps as the nearly 4P, modulation seen in the
flare-normal mode.

Furthermore, we also see the low-frequency feature reported ear-
lier (Taylor & Huguenin 1971; Backer 1973; Taylor, Manchester &
Huguenin 1975; Bartel et al. 1982). The brighter of the two features
implies a P3 of some 37P; and the adjacent response corresponds
to approximately twice this value. One of us (Rankin 1986) had
tended to associate this modulation with the core component, but
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we surely now see here that its effect is more general. The feature
modulates not only the core, but a broad region around it surely
including components II and IV. We therefore conclude that the
low-frequency feature represents the amplitude modulation of the
quasi-periodic flare-normal-mode apparitions. Visual inspection of
the corresponding PS appears consistent with this interpretation.

5 NEW COMPONENTS?

We have investigated whether Gupta & Gangadhara (2003) (here-
after GG) are correct in asserting that B1237-+25 has two additional
minor components, just leading and trailing the core component,
which together constitute a smaller ‘further in” emission cone. Their
analysis is based on a ‘window-threshold’ method (Gangadhara &
Gupta 2001), which itself remains somewhat controversial, because
power is sought only in certain discrete longitude ‘windows’. It is
worth noting that GG give some analytical details only concerning
the leading component of the new pair —at —2°1 as opposed to 4126,
relative to the core component — and our results pertain largely to it
as well.

GG applied their method to a 318-MHz 1915-pulse, total-power
observation having an apparently undetermined mix of modes. A
cursory examination of the total and modal profiles in Figs 1-4 re-
iterates that the region leading the core by a little over 2° generally
represents a minimum in profile power. Only in the abnormal mode
does this region emit at a level comparable to the other bright com-
ponents. We cannot learn, however, from the abnormal average in
Fig. 4 whether this power between components II and III represents
a distinct component or has some other origin. Using a version
of GG’s method, which accumulated only abnormal-mode pulses
having significant power levels in a window some 2°-2°5 before
the core, we computed a partial modal profile. Though it contained
only 13 of some 91 abnormal-mode pulses in our 2003 July 21 ob-
servation, it is almost identical to the full abnormal-mode profile in
Fig. 4. The feature on the leading edge of the core in both profiles
does not resolve into a separate component. Even if we interpret it as
a ‘component’, it falls considerably later than that in GG’s fig. 2(b),
which peaks approximately halfway between components II and I1I.
Similar results were obtained for the flare-normal mode, with only
three pulses qualifying of some 370, and nothing like a distinct new
component appearing.

A different result was obtained when we applied GG’s analysis
to groups of quiet-normal pulses, and this partial profile appears in
Fig. 7. Here, we do see a discrete feature at approximately the same
longitude shown in their fig. 2(b). Fig. 7 averages 31 individual
pulses which exceeded 108 times the off-pulse noise level o — this
out of a total of 2654 quiet-normal pulses in the 2003 July 21 PS. The

Figure 5. Pulse-sequence polarization display showing three distinct behaviours: the normal mode (pulses 1960-1977 and 2015-2050), abnormal (1998 to
2010) and flare-normal mode (1978-1994) of the 2003 July 21 observation. The total power I, fractional linear L/I, PA x and fractional circular polarization
V/I are colour-coded in each of four columns according to their respective scales at the left of the diagram. Core-component emission is virtually absent in
the quiet-normal mode, the conal components exhibit regular modulation with a P3 of 2.8P, marked by a cyclic alternation of PPM (—10°, purple) and SPM
(+80°, chartreuse) power on the outer profile edges. The core component ‘flares’ in the abnormal mode to almost continuous brightness, the conal modulation
ceases and SPM power predominates on the profile edges. The flare-normal mode can be distinguished within the total-power column by the presence of core
activity together with something of the normal conal modulation. It also exhibits distinct linear PA and circular characteristics as compared with abnormal and
quiet-normal intervals. Note the frequent presence of RH circular polarization in both flare-normal and abnormal sequences, but the two modes differ markedly
in their PA signatures, especially around the core longitude. The flare-normal-mode PS here is longer than most and appears to exhibit a longer P3 than in the
proceeding quiet-normal interval. The PS between pulses 1950 and 1958 perhaps falls somewhere between the flare-normal and abnormal modes as it exhibits
both the frequent core activity and conal modulation of the former, but shows a PA traverse more like the latter. Finally, we see numerous individual pulses such
as 1997 and 2012 where very partial emission within the pulse window is none the less polarized at an appropriate PA for that longitude. Both the background
noise level and interference level of these observations is exceptionally low with the latter effectively disappearing into the lowest intensity white portion of
the I colour scale.

© 2005 RAS, MNRAS 362, 1121-1133
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Figure 7. Partial profile of the 31 qualifying pulses generated by applying a
version of GG’s ‘window-threshold’ method to quiet-normal-mode intervals
(2654 pulses total) of the 2003 July 21 observation. The selected single pulses
have power greater than 108 times the off-pulse noise standard deviation in a
‘window’ preceding the core-component peak by between 2°5 and 2°0. Note
the new feature at just this longitude. Note also, however, the surprisingly
strong core component (given that the parent population were quiet-normal
pulses) together with the strong antisymmetric circularly polarized signature
marking both the core and new feature.

feature is not so clearly resolved as in GG’s fig. 2, but its position
and upwardly slanting baseline suggest that we have succeeded in
roughly verifying their published analysis.

Please note that our Fig. 7 differs markedly from GG’s fig. 2. Ours
more resembles a hybrid of the flare-normal-mode and total profiles
of the star, whereas theirs would seem to be dominated by flare-
normal and abnormal-mode power. Perhaps the difference can be
understood in terms of the greater sensitivity of the AO observations,
where more weaker quiet-normal-mode pulses were found to exceed
an appropriate threshold. GG do not tell us how many pulses went
into their partial profile, but both its shape and the narrowness of
the ‘new feature’ might be understood if it were very few.

This said, the partial profile of Fig. 7 is peculiar: we see that the
‘new feature’ is accompanied by a relatively strong core —including
its antisymmetric circular polarization — and that the ‘new feature’ is
as closely marked by the LHC as the core is by the RHC polarization.
Moreover, the relatively strong core and pronounced leading/trailing
asymmetry are reminiscent of abnormal-mode profiles, despite the
fact that the qualifying pulses here were selected from a quiet-normal
population having no clear active-core intervals. We will return to
this finding below.

Perhaps unfortunately, our similar effort to verify GG’s purported
trailing feature has met with failure. The core component (III) has

a broad base in the two normal modes, as can readily be seen in
the last several figures, and thus fills most of the ‘gap’ with com-
ponent I'V. Even in the abnormal mode, where this trailing region is
relatively empty, it proved impossible to define the window so as to
exclude power associated with the ‘tail’ of the core. Indeed, given
the substantial width of the core component, we find it difficult to
understand how these authors could have solved this problem. Their
table 3 gives the position of the new component as +1°56 after the
core peak, where component IV lies at 2298. If the core is present,
its trailing edge will surely overlie the position of the putative new
component. Only when the core is absent — or nearly so as in quiet-
normal-mode PSs — would one seem to have a chance of finding this
new component, and our searches for it in just this situation were
negative as well.

6 NULLING ANALYSIS

As reported previously, some 6 per cent of the pulses of B12374-25
are ‘nulls’ (Ritchings 1976; Rankin 1986). We are able to dis-
criminate these nulls with reasonable accuracy using a threshold
of approximately 10 per cent of the mean pulse intensity, depending
on observation quality. On this basis, null-length histograms show
clearly that one-pulse nulls are approximately five times more fre-
quent than two-pulse nulls, with the frequency declining steadily
to a maximum of approximately 8-10 pulses. The preponderance
of one-pulse nulls suggests that a population of unobserved and
partial nulls also occur; the former could be quite frequent (some
3 per cent), but the small duty cycle of the star makes the latter rare
(perhaps 1 in 1500 for this pulsar) and thus difficult to positively
identify. We have also looked for connections between nulls and
modes, but nulls seem to occur within each of the modes and also
at modal boundaries (e.g. see Fig. 5).

One major hint, however, comes from constructing partial pro-
files composed of the last pulses prior to a null or the first pulses
afterwards. Overall, these partial-profile pairs strongly resemble
each other and the total profile, and the differences (e.g. strong
component I after nulls) inconsistent among our various PSs. One
subtle change, however, is seen in all our 327-MHz observations:
the core component following nulls is elongated in the leading di-
rection and often exhibits a bifurcated shape with the trailing part
falling at the usual core position and the leading at just the longi-
tude of the ‘new component’ discussed in the preceding section.
There is also a tendency for this feature pair to be brighter just after
nulls.

We have thus investigated where the 31 qualifying pulses in Fig. 7
fall and they appear mainly just before or after flare-normal-mode
sequences, as identified from the PA as in Fig. 5. This suggests that
our mode-identification criteria may need to be extended to include
such transitional pulses, given the flare-normal mode total power
and polarization characteristics of Fig. 7.

One other interesting aspect of the emission of B1237+25 is a
population of very weak pulses —surely qualifying as nulls according
to the above noise threshold — which none the less exhibit polarized
emission at angles appropriate for their longitude and position within
the PS. Two examples, seenin Fig. 5, are pulses 1997 and 2012 which
happened to fall within the plotted interval, but other instances of
the same effect are seen in any similar 100-pulse display. This surely
suggests that nulls represent a more complex phenomenon than the
simple bi-state (on/off) received understanding, and we note with
interest the recent paper by Janssen & van Leeuwen (2004) which
attributes a sort of ‘sputtering’ to nulls in pulsar BO818-13.

© 2005 RAS, MNRAS 362, 1121-1133



7 HOW DO THE THREE MODES INTERACT?

We have not been able to see clearly whether transitions between the
three modes exhibit any particular pattern or preferred sequence. It
is tempting to see the flare-normal mode as being intermediate be-
tween the extremes of quiet-normal and abnormal behaviour. Both
the flare-normal and abnormal modes have stronger core emission,
somewhat narrower profiles, and a tendency for components IV and
V to merge. The normal-mode pair share the key property of regular
subpulse modulation in the outer-cone regions (though perhaps the
flare-normal mode has a somewhat longer P3) and enough regular-
ity in their succession to give the low-frequency fluctuation-spectral
feature. One might also see the quiet-normal mode as exhibiting the
least SPM power, the flare-normal somewhat more, and the abnor-
mal dominated by it.

The low-frequency modulation feature associated with flare-
normal-mode apparitions argues that the two normal modes exhibit a
cyclic relationship. This conclusion is strengthened by the fact that
neither mode persists for very long. Flare-normal-mode intervals
rarely last more than a dozen pulses and quiet-normal sequences
hardly 50. The same cannot be said concerning the abnormal mode;
it can switch on for a few pulses (as we see in Fig. 5), and our ob-
servations include a sequence 250 pulses long. It would appear that
the star does not often or easily change from the quiet-normal to the
abnormal mode. As shown in Fig. 5, the more frequent transition
is between flare normal and quiet normal, perhaps indicating that
more drastic geometric or energetic changes are required for abnor-
mal emission. Once in the abnormal mode, however, it can stably
continue much longer than the other modes.

8 CORE-COMPONENT WIDTH AND CONAL
EMISSION GEOMETRY

The width of the core component of B12374-25 is of interest because
of its close connection to the full angular size of the stellar polar
cap, and therefore is an indicator of the emission geometry of the
star (Rankin 1990, 1993). In many profiles the relative weakness of
the core makes its width difficult to determine and, even when not
s0, measurements often give values smaller than the polar-cap size.
Added to this, the core is seen to substantially lag the centre of the
profile — that is, the mid-point between components [ and V. We will
discuss both issues in turn.

Because B12374-25 exhibits a double cone and because we have
presumed it to have a highly central sightline traverse (an issue we
will verify below), its magnetic geometry can be computed reli-
ably on the basis of its conal dimensions alone. This computation
was carried out in Rankin (1993) showing that the magnetic lati-
tude o of the star is some 53°. This value agrees well with Lyne
& Manchester’s (1988) somewhat different analysis giving 48°. On
this basis, we can then compute the 1-GHz core width expected
from the polar-cap angular width as Weoe = 2945 P~/2/sina
(Rankin 1990, equation 5), and this in turn gives a width value
of 2261. This is rather more than is usually measured as can easily
be verified from the foregoing profiles: the total profile of Fig. 1
shows the difficulty of determining the core width, but a generous
estimate here might be 2°5. However, the isolated flare-normal and
abnormal-mode core components in Figs 2 and 4 have widths of
only some 1°55-1°75.

The spectral behaviour of the core width of the pulsar is not fully
known. The relative weakness of its core and the narrower overall
profile above 1 GHz make it increasingly difficult to measure this
width. At low frequencies some observations suggest that the core

© 2005 RAS, MNRAS 362, 1121-1133
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Figure 8. Quiet-normal average profile composed of 52 successive pulses
wherein core activity was particular weak or absent. This sequence was
drawn from the 327-MHz observation on 2003 July 21 and includes pulses
704-755. Note the almost total absence of a core component and the full
negative, ~180° PA traverse. Furthermore, note that the inflection point
of the PA traverse falls within half a sample of the longitude origin; this
convention was also used for each of the foregoing profiles.

width is roughly independent of frequency, but most also suggest
a width somewhat less than 2°6 (e.g. Hankins & Rankin 2005). In-
deed, the several published observations in the 110-150-MHz range
(Backer 1971; Lyne et al. 1971; Hankins & Rankin 2005) all suggest
a ‘narrow’ core with a slow leading and steep trailing edge. More il-
luminating are 112-MHz Pushchino profiles made in 2000, each 153
pulses long and with a resolution of approximately a milliperiod. In
some of these the core is nearly as bright as the other components,
often shows a double form with a stronger following feature, and
has an overall half-power width of barely 2?8 (Suleymanova, private
communication). This surely tends to reiterate that the B1237+25
core is ‘double’ and that its width changes little, at least at metre
wavelengths.

At 327 MHz, the core shows a similar shape; either we see evi-
dence for some leading-edge extension as in Figs 2 and 4, or for a
leading-edge feature as in Fig. 7. We are thus left with a consistent
impression that the core of the star is incomplete (or ‘absorbed’;
e.g. Rankin 1983) on its leading edge. This interpretation is further
supported by the analyses of Qiao et al. (2000, 2003), who through
Gaussian-component fitting to average profiles argue for a sixth
weak component just prior to the visible core.

Additional strong support for this interpretation comes from the
circularly polarized signature of the core. In the modal profiles
above, we see that the visible core component aligns closely with
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the trailing negative (RHC) peak; whereas, the positive (LHC) peak
falls in the ‘extended’ region at approximately the half-power point
on the leading edge of the core. This asymmetry in the total-power
shape of the core component together with the balanced antisym-
metric circular polarization is very unlike the typical core behaviour
in other pulsars. Indeed, were we to take the ‘core width’ not as the
3-dB total power value, but rather as the interval between the respec-
tive leading and trailing half-power points on the circular signature,
a value near 226 can be scaled from the profiles of Figs 2 and 4.
Or, to carry this one step further, we can measure the half-width of
the core in flare-normal and abnormal-mode profiles between the
circular zero-crossing point and the trailing half-power point of the
visible total-power component — and this gives values around 193 as
expected.

Finally, in Fig. 8 we give a modal profile of a quiet-normal-mode
PS in which the core emission was particularly weak. Note that here
we see no core feature at all in either the total intensity or the circular
polarization. What we do see, however, is the full conal PA traverse!
Apart from the OPM dominance ‘jumps’ at the outer edges of the
profile, here finally is the expected PA traverse which is completely
in keeping with the single-vector model (Radhakrishnan & Cooke
1969, hereafter R&C; Komesaroff 1970). We have taken the longi-
tude origin in this and the earlier figures to fall within half a sample
of the PA-traverse symmetry point. Note that the PA traverse accu-
mulates a full 180° in the longitude interval between components
I and V and also that the PA rate near the centre of the traverse is
exceptionally steep as expected. We measure the maximum PA-rate
value to be some —185° & 5° deg™!, which may well be the largest
ever determined — though this may be an underestimate owing to
averaging over pulses which fjitter’ slightly in their longitude cen-
tres (see Fig. 4). Using this value (rather than infinity) to compute
the impact angle B (see Rankin 1993, table 2), we find that f is 0°25
and B8/p 0.051, where p is the outer cone radius to the outside 3-dB
point.

9 CORE-COMPONENT LINEAR
POLARIZATION

An old B1237+425 mystery is why its total profile fails to exhibit
the expected 180° PA ‘swing’ expected for a nearly central sightline
traverse. We have been able to show in Fig. 8 that, indeed, the pulsar
does exhibit such a traverse — but only in partial profiles restricted to
the individual-pulse population having virtually no core emission.
With this clearly established, we are now in a position to begin to
understand what core characteristics are responsible for the distorted
PA traverse we generally observe. Or, said the other way around,
this modal profile shows us how fragile is this full conal R&C PA
traverse, because it is carried by pulses which not only have little
emission at the longitude of the core but are also linearly depolarized
— probably because the confounding core emission is never entirely
absent.

It then follows that when the core is present, both most of the
power and most of the polarization belong to the core component.
This surely explains why the PA ‘disruption’ is confined to a lon-
gitude region just under the core. Note then that in those profiles
above where core power is present, the PA exhibits a ‘hook’ en-
tailing usually four sense reversals. (Only the quiet-normal-mode
profile in Fig. 3 behaves differently — exhibiting two reversals —
because core power is so weak here that the PA almost connects
negatively between the two reversals.) Then, we can observe that
the PA centre-point between the second and third reversals aligns
accurately with the PA value far from the core (the average, for in-

stance, under components Il and IV). Such an unusual PA signature —
which we have seen is encountered in both core-active modes — has
a very natural explanation: the core component must be dominated
by linearly polarized power which is orthogonal to the conal power
so clearly seen in Fig. 8. And if this quiet-normal-mode conal power
represents the primary polarization mode, it follows that the core is
largely composed of ‘secondary’ polarization-mode emission.

This behaviour can also clearly be seen in individual pulses. In
the context of discussing Fig. 5 above, we pointed out the differ-
ent PA behaviours exhibited by the three modes. Quiet-normal-
mode pulses exhibit little evidence of PA reversals; whereas, both
the flare-normal and abnormal modes show the same individual-
pulse PA behaviour as seen in their modal profiles. Returning to
these respective modal profiles in Figs 2 and 4, it is interesting to
ponder the significance of their details. In both cases, the centres
of their PA ‘hooks’ fall ~ 024 later than the zero-crossing points of
their circular polarization signatures — points which nearly coincide
with the centre of the conal PA traverse in Fig. 7. It is interesting
then to see that the flare-normal-mode profile shows no depolarized
OPM-dominance boundary, whereas the abnormal profile exhibits
one on the leading edge of the visible core component and perhaps
one on its trailing edge as well.

Finally, Fig. 9 provides a simulation of the ‘hook’ which we
have found characteristic of the disrupted PA behaviour under the
core component. We have simply added a Gaussian-shaped, lin-
early cross-polarized component to the natural core-absent profile
of Fig. 8 — and this results in the fourfold-reversed PA signature in
the bottom panel. This surely demonstrates that orthogonally polar-
ized power must be a factor in both the depolarization and the nearly
unique PA behaviour seen in B12374-25. It does not, however, fully
delineate what the source of this cross-polarized power might be.
An obvious possibility is the SPM emission seen so prominently at
other longitudes in this pulsar, but strictly SPM power is so far not
known to be a property of core emission. Were this the source, we
might expect to see strongly depolarized mode-dominance bound-
aries, which are apparently seen in the abnormal-mode profile of
Fig. 4, but interestingly not so in the flare-normal-mode profile of
Fig. 2. Emission-height variations such as suggested by Mitra &
Seiradakis (2003) may also provide an explanation for the observed
polarization effects. A detailed study of the depolarization will be
required to distinguish these two alternatives.

10 CORE-COMPONENT SYMMETRY
AND CONAL EMISSION HEIGHT

Blaskiewicz, Cordes & Wassermann (1991) and Malov &
Suleymanova (1998; hereafter MS) have attempted to account for
core/cone asymmetries in pulsar emission profiles in terms of aber-
ration and retardation effects and their analyses have led to useful
methods for estimating the height of the emitting regions. Both ap-
proaches require that the longitude positions of conal component
pairs be measured relative to a fiducial longitude associated with
that of the magnetic axis; and the two methods use, respectively,
the linear PA-traverse and core-component centres, to estimate this
position. Extending their earlier work based on MS (Gangadhara &
Gupta 2001), GG applied their analysis to B12374-25. As mentioned
above, they reported a pair of new conal components comprising a
third ‘further in’ cone. We, however, have only been able to verify
their leading feature, which we find is clearly associated with the
core component. GG thus took the visible core component as indica-
tive of the profile centre, but we have seen above that only a trailing
portion of the B1237+25 core is emitted. For these reasons, their
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Figure9. Simulated, orthogonally polarized core component, together with
the natural quiet-normal profile of Fig. 8. The Gaussian-shaped core compo-
nent, centred at zero longitude was superposed on the natural profile. Note
that the characteristic R&C PA traverse is disrupted here in just the manner
discussed above (see the text) — that is, we see four PA sense reversals. The
simulated core is 20 per cent linearly polarized at a PA orthogonal to that of
the natural profile in Fig. 8, has 20 per cent of the peak intensity and a o of
0?5 — though a broad variety of values produce the same qualitative result.

analysis using MS’s technique is poorly founded for B1237+25 and
thus their height estimates are unreliable.

In fact, our analysis above interestingly provides two possible
fiducial points within the profile, the centre (inflection point) of the
linear PA traverse and the zero-crossing point of the antisymmetric
circular polarization signature. These two respective origins permit
us to apply the methods of Blaskiewicz et al. (1991) and MS in the
same star. However, it is important to note that the two points do
not occur simultaneously as one can be identified in quiet-normal
intervals and the other within flare-normal and abnormal PSs. We
give the measured (total or quiet-normal-mode) conal component

Component analysis of pulsar BI1237+25 1131

positions relative to both the PA- and CP-defined origins in Table 1.
It is configured precisely as was GG’s table 3 and we also use their
definitions for the conal leading and trailing component-pair posi-
tions ¢/ and d)ﬁ, the total aberration-retardation longitude shift v’,
the magnetic azimuth angle I'?, emission height /., and relative
polar cap annulus s} .

We thus also base our computations on Gangadhara & Gupta’s
(2001) equations (1)—(8) and (10)—(15) with one significant excep-
tion: Dyks, Rudak & Harding (2004) have provided a subtle cor-
rection of their equation (9) so we use equation (7) of the latter
paper instead — though in practice this correction results in only
10 per cent smaller emission heights for B1237+4-25. Table 1 then
shows that the outer and inner conal emission heights, relative to
the PA traverse, are roughly the same, ~310 £ 75 km, but that these
cones are emitted on different field lines having their ‘feet’ at some
0.78 £ 0.07 and 0.53 & 0.05 of the polar cap radius, respectively.
[These values are substantially smaller and more external than those
computed by GG (2003) — that is, 600 and 460 km at 59 and 41 per
cent, respectively.] The zero-crossing point of the circular signature
was determined by making modal profiles of short flare-normal or
abnormal intervals, which were then compared with corresponding
quiet-normal intervals such as that shown in Fig. 8. The circular
zero-crossing point generally precedes the centre of the PA traverse
by some 0210 = 0205 (though we occasionally see the opposite
behaviour). Computations based on this second definition of the
profile centre are also given in Table 1 where one can see there that
the emission heights thereby obtained are some 60 km smaller and
the annuli somewhat more exterior.

We give this second calculation as an example, rather than an
attempt to be definitive, as a thorough analysis and interpretation
of the relation between the PA traverse and circular signature is
beyond the scope of this paper. On the scale of a few pulses with the
large signal-to-noise (S/N) ratio and high resolution, the component
shapes and positions fluctuate continuously, though some of the
polarization variation appears to be systematic. Note, for instance,
the apparent ‘drift’ to later longitudes of the positive circular during
the last 50 or so pulses in Fig. 5. Owing to these complexities, for
example, we have not attempted here to interpret the narrowing of
the profile in the core-active modes. We plan to continue this work
in a subsequent paper.

11 DISCUSSION AND CONCLUSIONS

This paper provides new — and we hope somewhat clarifying — anal-
yses of the famous five-component (M) pulsar B1237+25, based
largely on the straightforward method of partial polarization pro-
files. Pulsars with such clear double-conal/core structure remain
unexplained by pulsar theories. Not only has core emission thus
far received little detailed analytical attention, but the properties of

Table 1. Aberration/retardation analysis results for B12374-25.

i

Cone ¢; ¢; v ri riem Sr
) ©) ) ©) (km)
wrt PA
Outer —6.62 £0.19 543 £0.16 —0.59 £0.12 4.83 £0.14 340 £ 79 0.78 £ 0.07
Inner —4.14 £ 0.04 3.18 £0.23 —048 £0.12 2.94 +0.13 278 £ 76 0.53 +£0.05
wrt CP
Outer —6.52 £0.19 5.53 £0.16 —0.49 £0.12 4.83+0.14 283 + 79 0.86 &+ 0.09
Inner —4.04 £0.04 3.28 £0.23 —0.38 £0.12 2.94 +0.13 220 + 75 0.59 4+ 0.07
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double cones also remain understudied. Thus this pulsar still pro-
vides a primary context for such an investigation; not only is it per-
haps the brightest of the M stars, but it also exhibits a nearly precise
central sightline geometry, regular subpulse modulation, modes,
OPM eftects and nulls.

The study began with a re-examination of the modes of the star,
subpulse modulation and nulls. In addition to studying the abnor-
mal mode of the star, we find that its long known normal mode in
fact consists of two distinct behaviours, which we have designated
the quiet-normal mode, where little or no core activity can be dis-
tinguished in individual pulses, and the flare-normal mode, where
the core is nearly as bright as in the abnormal mode, but displays
distinct properties. In many ways this flare-normal mode can be
regarded as an intermediate state between the quiet-normal and ab-
normal behaviours. In this flare-normal mode, the core is bright, but
not so fully dominated by the SPM. The profile narrows and compo-
nents [V and V partially merge, but not as much as in the abnormal
mode. Subpulse modulation in the flare-normal mode is not entirely
quenched (as in the abnormal mode), but exhibits less regularity
and perhaps a P53 value around 4P | /c. One can also view the flare-
normal mode as exhibiting much more SPM than the quiet-normal
mode, but far less than the abnormal mode wherein it is dominant
over most of the profile.

Flare-normal and quiet-normal intervals alternate with each other
quasi-periodically. It is this regular appearance of bright flare-
normal-mode core power in the centre of the profile that produces
the long known ‘core’-associated fluctuation feature (e.g. Rankin
1986). Typically, quiet-normal sequences persist for some 40-
70 pulses and flare-normal intervals for 5-15 pulses, making a com-
plete cycle of some 60-80 pulses in duration. We note that what
appear to be short abnormal-mode intervals are often interspersed
within this overall quiet-normal/flare-normal-mode cycle; gener-
ally, however, these persist for only a few pulses. At unpredictable
times, though, the abnormal mode appears to ‘catch’, and then it can
persist without interruption for a few or many hundreds of pulses.
Abnormal-mode sequences thus appear to reflect a distinct relatively
stable ‘state’ of the magnetospheric emission of the star; whereas, the
normal-mode alternation of ‘quiet’ and ‘flare’ intervals represents a
further cyclic ‘state’.

While it has almost uniformly been assumed that B1237+25 had
a highly central sightline geometry, its average PA traverse does
not at all simply bear this out. Its total profile exhibits neither the
constant PA nor the steep, 180°, central traverse expected for such a
sightline geometry. Some abnormal-mode profiles (e.g. Bartel et al.
1982) exhibited more of the expected PA traverse, but it remained
to be explained why the total profile did not. We have largely been
able to resolve this issue. The most core-quiet intervals of quiet-
normal-mode PSs are found to exhibit an almost textbook-quality
PA behaviour, as shown above in Fig. 8. The centre of this PA traverse
has a sweep rate of at least 180° deg™' and the PA in the ‘wings’ of
the profile becomes almost constant at approximately the same PA
value (apart from OPM dominance effects on the extreme profile
edges). This, in turn, permits us to determine the 8 value of the star
from its PA sweep rate for the first time, confirming that v is 53° &
2° (Rankin 1993) and g 0225 % 0205. In terms of the geometrical
models of the above paper, this implies that 8/ p is hardly 5 per cent.

Another mystery has revolved around the behaviour of the core
component of B12374-25. First, its expected antisymmetric circu-
larly polarized signature is weak at best in the total profile (e.g.
Fig. 1), and secondly, the observed width of its core component
at metre wavelengths is often or usually substantially less than the
expected 2045 P~1/2 / sin o (Rankin 1990). Our 327-MHz abnormal-

(Fig. 4) and flare-normal-mode (Fig. 2) profiles show beautiful anti-
symmetric circular signatures under the core component. However,
it is noteworthy that this circular symmetry is retained despite the
partial character of the total-power core component itself. Thus we
see that the leading portion of the core is at least 50 per cent circularly
polarized, whereas the trailing portion (after the core peak) exhibits
only 25-30 per cent fractional circular polarization. We note also
that the circular signatures in the abnormal- and flare-normal-mode
profiles are nearly identical — that is, the two modal core compo-
nents have approximately the same fractional circular polarization
and both their total intensities and circular zero-crossings nearly
overlie each other. The strong difference in their respective core
linear polarization is then noteworthy: the linear peak falls late in
the abnormal mode and is bounded on both sides by near minima;
whereas, in the flare-normal mode the linear peak lies near the cen-
tre of the component and the linear polarization appears continuous
almost across the entire profile. This difference can also be observed
in the two PA traverses: the abnormal-mode ‘hook’ under the core
component falls later within the component and rotates further neg-
atively, as we have also seen in individual pulses in Fig. 5 above.

We re-emphasize that the B12374-25 core component is domi-
nated by cross-polarized power. The extent and manner in which this
occurs varies from mode to mode. Even in quiet-normal PSs (e.g.
Figs 3 and 5) the pronounced depolarization under the core appears
to corroborate the contribution of orthogonally polarized power.
Also, the relative contribution of SPM power becomes stronger in
the flare-normal and abnormal modes, as can be seen very clearly
in the colour PS polarization display above. Note, in particular, the
manner in which the SPM power can be seen in the PA column on
the outer edges of the emission window. We have been able to model
the PA ‘hook’ by adding cross-polarized power in the form of the
core to the quiet-normal profile. We cannot yet be sure whether the
cross-polarized power in the core is SPM power or, for instance, it
results from differences in emission height as suggested by Mitra &
Seiradakis (2003).

The width of the B1237+25 core component at metre wave-
lengths remains an issue. We find that the visible core in modal
profiles is barely 2°, substantially less than the expected at least 226.
However, this visible core is clearly late, as it aligns with the trail-
ing, RHC peak of the antisymmetric circular signature. This trailing
portion of the core seems to be complete as its width, measured
between the circular zero-crossing and its trailing 3-dB points, is
just half of 226 as expected. We see little which aligns with the
leading LHC peak in the modal profiles. However, this is just the
point where GG found the earlier of their two ‘new components’
using their window-threshold method — and this is the feature which
we have been able to verify as well using their method. GG aside,
we do occasionally see individual pulses which have peaks at the
longitude of the LHC peak, approximately —1°.

We therefore conclude on the basis of the various evidence that
the core component in B12374-25 is asymmetric and incomplete.
However, we find evidence for a complete core — with approxi-
mately the expected 225 — 3 deg width — in both the scale of the two
respective peaks of the circular signature and also by the observed
emission in some single pulses which align with the LHC peak.
Some short PSs at lower frequencies seem to exhibit just this sort
of core more clearly (Suleymanova, private communication). It is
then hardly surprising that when Qiao et al. (2003) fitted Gaussian
functions to the profile of this star, they found it necessary to add
a sixth component at just this ‘leading core’ longitude. They also
concluded that the core is hollow and we find no clear evidence
from our work to contravene this conclusion — though neither can
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we fully verify it. B1237+25 is nearly unique in providing a traverse
so close to the magnetic axis.

Also, we used the unusually clear definition of both the
PA-traverse and circular symmetry points that our analysis provides
to estimate the emission heights of the star using the recent refor-
mulation of Dyks et al. (2004). We find respective outer and inner
emission-cone heights of 340 = 79 and 278 +£ 76 km relative to the
PA-traverse inflection point, such that they lie on polar cap annuli of
78 and 53 per cent. We also determine these heights with respect to
the circular polarization zero-crossing point, giving us values some
60 km smaller. An obvious interpretation of this difference might be
that the core emission is emitted much closer to the stellar surface,
but at a height of some 60 km.

Finally, although our study is focused primarily on core character-
istics. it is interesting to compare our results with those of Psaltis &
Seiradakis (1996). We are not surprised that they found evidence for
three emission rings in total power, and we believe that these should
be associated with the inner cone as well as the PPM and SPM
subrings which comprise the outer cone (Rankin & Ramachandran
2003). Our results further tend to support their conclusion that the
conal modulation feature is comprised of several preferred values
(see Fig. 6), and it is surely true that the low-frequency feature is as-
sociated more with the inner conal components than the outer ones.
Our present analysis has not been aimed at discerning the subbeam
‘carousel’ structure, but it is difficult for us to understand how the
low-frequency ‘modal’ modulation —in which the core participates —
could be commensurate with the well-known 2.8 P; modulation seen
prominently in the outer components.

Surely, our new analyses of B12374-25 above have demonstrated
that this marvellous star still has very much to teach us. For almost no
other pulsar do we have the opportunity to study the characteristics
of the emission so close to the magnetic axis —and the pulsar remains
the paragon of the five-component (M) species. We plan to continue
some of the lines of investigation reported here and, in particular,
expect to report further on the core cross-polarized emission of the
star in a subsequent paper.
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