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Abstract The well known drifter PSR B003407 is known to exhibit drifting sub-pulses
where the spacing between the drift bans) Ghows three distinct modes A, B and C corre-
sponding to 13, 7 and 4 times the pulsar period, respectiWdyhave investigated periodici-
ties and polarisation properties of PSR B0OBYT for a sequence of 2700 single pulses taken
simultaneously at 328 MHz and 4.85 GHz. We found that mode Aicsimultaneously at
these frequencies, while modes B and C only occur at 328 Midweher, when the pulsar is
emitting in mode B at the lower frequency there is still enoisst the higher frequency, hint-
ing towards the presence of mode B emission at a weaker lewgher, we have established
that modes A and B are associated with two orthogonal modpslafisation, respectively.
Based on these observations, we suggest a geometrical mvbdet modes A and B at a
given frequency are emitted in two concentric rings aroumredrhagnetic axis with mode B
being nested inside mode A.
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1 INTRODUCTION

The single pulses of a pulsar are known to be composed ofalesmaller units of emission called sub-
pulses. These sub-pulses are often seen to drift in phasssagrsequence of single pulses giving rise to
the well-known phenomenon of ‘drifting sub-pulses’, digered in 1968 (Drake & Craft 1968). The drift
pattern is seen to repeat itself after a given time which islg denoted byPs. The phenomenon has since
been detected in many pulsars (e.g. Rankin 1986) and thessdg believed to carry information on the
mechanism leading to coherent radio emission from pulsars.

PSR B003107 shows three distinct drift modes withfiiirentP3, which are all very stable. They are
named mode A, B and C and correspond #saf 13, 7 and 4 times the pulsar period, respectively. These
values are approximations and from 40 000 pulses obseng2raflHz Vivekanand & Joshi (1997) found
that they may not be harmonically related. They also fouatldh 327 MHz the relative occurrence rate of
these modes are 15.6%, 81.8% and 2.6%, respectively. Fombine, the pulses occur in clusters containing
30 to 100 pulses which follow each other with intervals raggrom fifty to several hundred pulse periods.
This pulsar also shows a clear presence of OrthogonallyiBethModes (OPM) in the integrated position
angle sweep (Manchester et al. 1975).

In this paper we study the behaviour of thé&elient modes of drift in PSR BO0307 in radio obser-
vations at both low and high observing frequencies simalasly and present a geometrical model which
describes many of the observed characteristics of thigpuls
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2 DATA ANALYSIS

The observations of PSR B003Q7, were obtained on 3 February 2002 with both the WesterBpnkhesis
Radio Telescope (WSRT) and thdf&lsberg Radio Telescope simultaneously. These obsengatiere
obtained as part of the ME@rogram. The WSRT observations were made at a frequency8d¥B& and a
bandwidth of 10 MHz. The Eelsberg observations were made at a frequency of 4.85 GHa baddwidth
of 500 MHz. The time resolutions are 2048 and 50Q:s for the 328 MHz and 4.85 GHz observations,
respectively.

We have also used an observation of PSR BeM@F1 obtained on 9 August 1999 with thé&f&sberg
Radio Telescope at a frequency of 1.41 GHz and a bandwidt@ bfiHz. The time resolution is 256s.

2.1 Calculation of P3

To search for periodicities, we considered sequences sEpudtom the observations. For each pulse in a
sequence, we took the flux at a fixed pulse phase, and caldtitet@bsolute values of the Fourier transform
of this flux distribution. This was done for each phase of thisar window. The resulting transforms were
then averaged over phase, giving a phase-averaged powernspgPAPS) from 0 up to 0.5 cycles per
rotation period (hereafterl%;l), with a frequency resolution given by the reciprocal of thial length of
the sequence.

Initially, all pulses from the observations were dividedoirsequences of 100 pulses, which were
searched for peaks in the PAPS. When a peak was found, thenimgiand end of the sequence was
adjusted to get the highest signal-to-noise ratio for trekp€he signal-to-noise ratio was calculated as the
peak value of the PAPS divided by the rms of the rest of the PARS result was checked by visual in-
spection of the sequences to see whether they did indeeti thatbeginning and ending of a drift barki.
was then calculated as the reciprocal of the centre of thieipghe PAPS. When a peak would spread over
multiple bins, a cubic spline interpolation was used to dvbee the location of the peak. The frequency
resolution, given by the number of pulses in the sequencetakan as the error on the position of the peak.

Furthermore, we have calculated the PAPS of all pulses of #ht- and of the 4.85-GHz observations
in order to find signs of 6 second periodicity. For comparjsemalso calculated the PAPS of the 328-MHz
observation.

2.2 Average Profiles and Polarisation Properties

To further study these distinct periodicities, we lookedhat average-pulse profiles from all pulses that
show mode-A and mode-B drift, respectively. Since the putgel.85 GHz do not show a mode-B drift, we
averaged pulses that showed mode-B drift in the 328-MHzrehsen to produce the mode-B profile at
4.85GHz. In the same way, we calculated the average lindarigation, circular polarisation and position
angle as a function of pulse phase.

3 RESULTS AND DISCUSSION

The values ofP; for each sequence and for both frequencies are shown ind-lgurhe mode-A drift is
clearly present at both frequencies, however, the modefBgionly visible at 328 MHz. It should be noted
that whenever mode B is active at 328 MHz there is always tiadi@resent at 4.85 GHz. The same is true
for mode C, but there is only one case of a mode C drift. Figuabsd suggests that the transition between
modes can happen within one or a few pulses.

The PAPS of all three observations, are shown in Figure 2o0Wtftequencies a signal is present due
to the nulling. To make the figure clearer we have set thistto.28e see here that the 6-second periodicity
is clearly present at 328-MHz and is just visible in the 1@Hz observation. At 4.85GHz the PAPS
does not show the 6-second periodicity. Thus, the mode-B gkets weaker with increasing observing
frequency. However, we did find small sequences in the 4.83-Gbservation where there is a weak 6-
second periodicity. This would suggest that towards hidheguency we are seeing less of the drifting
sub-pulses and begin to see &uke component that is also subject to drift.

Figure 3 shows the average-polarisation properties ofegukhich show the same modes of drift: the
top panels for mode-A drift, the middle panels for mode-Btdmd the lower panels for all pulses. Each

1 The MFO collaboration undertakes simultaneous multideeay observations with up to seven telescopes at any ore tim
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Fig. 1 Sequences which show a periodicity of magnitigdet fixed pulse phase (the gray areas). The lower
panel shows the 328 MHz observation, while the upper parmisithe 4.85 GHz observation. The black
band indicate pulses which show a null at both frequencies.
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Fig.2 Phase averaged power spectra of three observations aefreiga of 4.85GHz, 1.41GHz and
328 MHz. There are clear signs of 6-seconds periodicity énlt1-GHz and 328-MHz observations. The
dotted line is placed at/8.3 s.

panel shows the total intensity (solid line), linear pdaation (dashed line), circular polarisation (dotted
line) and position angle (lower half of each panel). The pefhels show the 328-MHz profiles, the right
panels show the 4.85-GHz profiles. There is a cledrj@Mp in the position angles of all pulses in both
the 328-MHz and 4.85-GHz profiles at a phase of. 2his jump can also be seen in the pulses that only
show a mode-B drift. At 328 MHz, the A-profile seems to have bemponents. This can correspond to the
line of sight cutting the edge of the sub-pulses in the ceofttee profile, thereby bifurcating the average
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Fig.3 Average intensity and polarisation of pulses in mode A (tapgls), pulses in mode B (middle

panels) and all pulses (lower panels). The profiles have beemalised to set the peak in the average
intensity of all pulses to 1. The left panels show the avefgaulses at 328 MHz, the right panels show
the average of the same pulses at 4.85 GHz. Since the pulde85dHz do not show a mode-B drift, the
right middle panel contains the average of pulses at 4.85tBalzshow a mode-B drift at 328 MHz. The
solid, dashed and dotted lines in each panel represent tifleiritensity, linear polarisation and circular
polarisation, respectively. The lower part of the panetsasthe polarisation position angle. The 328 MHz
profiles have been re-binned to 5@9per bin, to make the profiles comparable.



28 J. M. Smits, D. Mitra & J. Kuijpers

_.-- Line of Sight

L.F. F{adioWéves

Magnetic Axis _.- Line of Sight

Inner Field Line”

H.F, Radiowaves

Outer Field Line

) 4 Rotation Axis
Line of sight Line of sight

intersection intersection
at 4.85 GHz at 0.328 GHz

(a) (b)

Fig.4 (a) Schematic overview of the proposed geometrical modelxpain the absence of one mode
at high frequency. The two large discs are centered aroundntignetic axis and represent the emission
regions at two dterent frequencies, corresponding to twéietient altitudes above the pulsar surface. The
smaller circles in the emission region represent the mositof the drifting sub-pulses, which rotate around
the magnetic axis. The true number of sub-pulses is unkn@We.diferent drift modes are illustrated by
different gray-scales. Note that only one drift mode is assuméx tactive at a time. (b) Schematics of
two field lines from which radio waves of twoftirent frequencies are observed. L is the line that connects
the locations where the field lines are directed towards Hsemwer. Due to radius-to-frequency mapping,
low-frequency radio waves are emitted from inner field linéth respect to those where the high-frequency
radiation is emitted for the same line of sight.

profile. Figure 3 also shows that the average polarisatial gfulses from the 328-MHz observation has
two components and a clear minimum around a pulse phase€ of &¥m the average polarisation of pulses
at 328 MHz in drift mode A and of those in drift mode B, it is apgat that the pulses in drift mode A
contribute only to the component on the left and the pulsésifimode B contribute only to the component
on the right. The average position angle of all pulses sha®@& gump at both frequencies at a pulse phase
of 24°. This can be interpreted as two orthogonally polarised rmotianging dominance at this pulse phase.
This jump is also visible in the average position angle o§paithat are in mode-B drift. The pulses in mode-
A drift only show some degree of linear polarisation in thie part of the profile, just before the mode jump
occurs in the average position angle of all pulses. Thusdfigéart of the A-profile is dominated by one
of the two orthogonal polarisation modes, while the lack olapisation in the right part of the A-profile
suggests that here both polarisation modes are of equab#treThe lack of polarisation in the left part
of the B-profile suggests that here both polarisation modesiao of equal strength, while the right part
of the B-profile is dominated by the other polarisation mdd#s means that there is a strong relationship
between the drift modes A and B and the two orthogonal modpslafisation.

3.1 Modelling the Observations

Since the limited length of our observations does not enabl® study mode C, we shall only attempt to
model the behaviour of modes A and B, which are the most premidrift modes. We have found that
of these two drift modes only mode A is visible at high freqoemwhile at low frequency both modes are
visible and are seen to havdf@rent orthogonal polarisation. At low frequency, the psiisemode A have
less intensity than the pulses in mode B, while at high frequehe pulses show the opposite behaviour.
Furthermore, even though the mode B drift is not clearlyblésat 4.85 GHz, we do see a hint of 6 seconds
periodicity at this frequency. In the context of the potahiap model, the dierent rates of drift seem
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to suggest that the potential gap can take dfedént stable values. Each stable value can be associated
with a particular drift rate and a particular magnetic scefaf emission if we assume that the radiation is
emitted tangential to the magnetic field lines. An increasthée value of the potential gap is expected to
give rise to a faster drift and emission (pair productiomnirmagnetic field-lines closer to the magnetic
axis. This leads to the picture of an emission region with ¢ancentric radiating rings. At high frequency,
the line of sight intersects with magnetic field lines which turther away from the magnetic axis than at
low frequency. Therefore, the drifting component of theenring is not seen at high frequency. This is
graphically illustrated in Figure 4. Note that when the lofesight is closest to the magnetic axis, mode A

is not visible, thus causing a dip in the centre of the A-peddil low frequency.

4 CONCLUSIONS

From an analysis of 2700 pulses from PSR B0O31 taken simultaneously at 328 MHz and 4.85 GHz we
found that from the three known drift modes A, B and C of PSR BB®7 only mode A is visible at
high frequencies. We have constructed a geometrical mbdeékplains how one drift mode can disappear
at high frequency while another drift mode remains visiltlarther, we have shown that the two most
prominent drift modes A and B are associated with two ortimaganodes of polarisation, respectively. To
continue the study presented here, one would require moltéfraguency single pulse observations from
this pulsar containing full Stokes parameters.
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