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ABSTRACT

General relativity predicts that the spin axes of the pulsars in the double-pulsar system PSR3IBEZVB
will precess rapidly, in general leading to a change in the observed pulse profiles. We have observed this system
over a 1 yr interval using the Parkes 64 m radio telescope at three frequencies: 680, 1390, and 3030 MHz. These
data, combined with the short survey observation made 2 years earlier, show no evidence for significant changes
in the pulse profile of PSR JO73B039A, the 22 ms pulsar. The limit on variations of the profile 10% width is
about 050 yr*. These results imply an angiédbetween the pulsar spin axis and the orbit norma$6€°, consistent
with recent evolutionary studies of the system. Although a wide range of system parameters remain consistent with
the data, the model recently proposed by F. A. Jenet & S. M. Ransom can be ruled out. A nonzero ellipticity for
the radiation beam gives slightly but not significantly improved fits to the data, so that a circular beam describes
the data equally well within the uncertainties.

Subject headings. pulsars: general — pulsars: individual (PSR J073039A)

1. INTRODUCTION ~71 yr for PSR J07373039A and PSR J07373039B, re-

spectively (Lyne et al. 2004). These are about a factor of 4 shorter

The double-pulsar system PSR JOZZD39A/B (Burgay et than the value for PSR B19#36, the HuIse—Tay!or bl_nary
al. 2003; Lyne et al. 2004) provides a wonderful laboratory for Pulsar (Weisberg et al. 1989). In general, precession will result
investigations of relativistic gravity (Kramer et al. 2005) as well in @ change of the width and shape of the observed profile as
as the physics of pulsar magnetospheres (e.g., McLaughIinthe angle of the_llne of sight WI'Fh respect to the pulsar spin axis
et al. 2004). The system consists of a 22 ms pulsar, PSR(¢) changes during the precessional period. Long-term evolution
J0737-3039A, in a 2.4 hr binary orbit with PSR J0733039B,  Of the mean pulse profile has been observed in PSR Bd 963
ayounger pulsar with a spin period of 2.7 s. The system is mildly (Weisberg etal. 1989; Kramer 1998) and PSR B1582 (Stairs
eccentric é ~ 0.088) and is viewed nearly edge-on (orbit incli- €t @l- 2004) and interpreted as evidence for geodetic precession.
nationi ~ 88 ). With mean orbital speeds- 0.00k , the system This gives the three-dimensional geometry (within a°18@®-
is highly relativistic, allowing the detection of four “post- Piguity) of the system and, in the case of PSR B1918, a
Keplerian” parameters in just 6 months of observation (Lyne et prediction that the pulsar will no longer be visible after the year
al. 2004). The post-Keplerian parameters, together with the mas£025. Weisberg & Taylor (2002) have used the precessional
ratio, uniquely measurable in this double-pulsar system, give Motion to produce a two-dimensional image of the part of the
accurate values for the masses of the two stars as well as stringerffSR B1913-16 emission beam traversed so far, suggesting that
tests of general relativity (Kramer et al. 2005). the beam is elongated in the latitudinal _dlrectlon.

Within the framework of general relativity, the spin vectors _ If the magnetic-pole model (Radhakrishnan & Cooke 1969)
of the two pulsars are expected to exhibit geodetic precession'S assumed{ and the inclination angle of the magnetic axis with
about the total angular momentum of the system (Damour & '€SPect to the spin axisy) can be deduced from a fit of the
Ruffini 1974; Barker & O’Connell 1975). Since the total angular model to the_observgd variations of polarization position angle,
momentum is dominated by the orbital motion, the pulsar spin at least for wide profiles (e.g., Lyne & Manchester 1988). Dem-
vectors effectively precess about the orbit normal. The precessiorPrest et al. (2004) used such an analysis to conclude that PSR
rate @ depends on the Keplerian parameters and the masses 0f0737-3039A is a nearly aligned system with~ 4° , but the

both pulsars, with predicted precessional periods-8% and fit to the observed position angle variations is poor. The observer
angle ¢ is unconstrained by this fit. Jenet & Ransom (2004)

determined possible geometries of the J073@39A/B system
based on a model for the orbital modulation of the PSR
J07373039B pulse intensity. Two solutions were obtained with
(o, 6) Of (1°6 = 123, 167 = 10°) and (14° + 2°, 9C° = 10°),
respectively. The first of these is consistent with the Demorest
et al. (2004) solution. Both solutions predict a rapid evolution
of the observed profile width of PSR JO733039A, with ex-
pected changes ef42° and~96° yr~* for the two models. Here
we report on observations of the mean pulse profile of PSR
JO07373039A over a 3 yrinterval, 2001 August to 2004 August.
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2. OBSERVATIONS AND ANALYSIS

We have used the Parkes 64 m radio telescope to observe the
PSR J07373039A/B system since 2003 May 1 (MJD 52,670),
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shortly after its confirmation, to 2004 August 8 (MJD 53,225). §

Observations were made in three frequency bands centered at|

680, 1390, and 3030 MHz, with the 680 MHz (50 cm) and

3030 MHz (10 cm) observations commencing in 2003 December.

Before 2003 October, the 1390 MHz observations were made

using the center beam of the multibeam receiver, which has an ———

equivalent system noise of approximately 29 Jy. In addition, we

have the original survey pointing, a 4 minute observation made Pulse Longitude (deg.)

at 1390 MHz on 2001 AUQUSt 22 (Burgay et al. 2003) Alter Fic. 2.—Difference profiles for PSR JO73B039A at 1390 MHz relativi

2003 October, the H-OH receiver with a system noise of about to the grand-average ppulsg pr%flle shown at the top of the figure for eelght

42 Jy was used. Both the multibeam and H-OH systems wereepochs, together with the difference profile corresponding to the grand-average

dual polarization and used a filter-bank system consisting of profile stretched by 0.4%. The vertical scale of the difference profiles is a

2 x 512 x 0.5 MHz channels. After detection, the two polar- factor of 10 larger than that of the grand-average profile.

izations for each channel were summed, sampled at either 80 or

125us intervals and recorded to tape for subsequent processingbaselines subtracted, taking the longitude range°-3®

The other two bands were observed using the dual-polarization(Fig. 1) as the baseline region. Each profile was scaled to have

coaxial 10 cm/50 cm receiver, with system noises-d8 and the same area as the grand-average profile, which was then sub-

~64 Jy at 10 and 50 cm, respectively. A filter-bank system with tracted from it to form the difference profiles shown in Fig-

2 x 256 x 0.25 MHz channels was used with the 50 cm re- ure 2. Also shown at the bottom of the figure is the difference

ceiver, and at 10 cm the filter-bank system hac 292 x profile corresponding to a stretched version of the grand-average

3 MHz channels. profile, demonstrating the signature of a change in profile width.
Over the 15 month interval, we obtained 59 observations at The adopted stretch factor (1.004) corresponds to an increase of

1390 MHz, 17 observations at 680 MHz, and 27 observations about 2 in profile width, where the width is defined to be the

at 3030 MHz, all with durations ranging from 10 minutes to separation of the steep outer edges of the profile (at rougfily 60

5 hr. Data from each observation were folded at the apparentand 300 in Figs. 1 and 2) at 10% of the amplitude of the second

topocentric period of PSR J073B039A to form mean pulse  (stronger) component.

profiles with 256 phase bins, which were then summed in fre-  Significant differences are seen, especially between MJDs

guency and time to form a single profile using the PSRCHIVE of 53,000 and 53,103. In general, these differences do not have

data analysis system (Hotan et al. 2004). All observations for the signature of an increase or decrease in profile width but

each frequency band were then summed to form grand-averageather appear to result from changes in the relative amplitude

profiles containing 116, 27, and 34 hr of data, respectively. of the various pulse components, especially at the leading and

These profiles are shown in Figure 1. trailing components of the profile. Polarization observations
The 1390 MHz observations over the 15 months from 2003 (e.g., Demorest et al. 2004) show that these components have

May were divided into eight chronologically ordered groups, and high linear polarization. It is likely that the observed changes

average profiles were formed for each of these eight groups.are an instrumental effect resulting from differences in receiver

Integration times ranged between 5 hr (MJD 53,068) and 20 hrgain between the two polarization channels combined with par-

(MJD 53,000). Examination of these average profiles showedallactic angle variations.

little or no evidence for evolution of the mean pulse profile over  These difference profiles confirm the lack of significant secular

the 15 month interval. The eight profiles were each aligned with profile evolution. There is no evidence for a systematic change

the grand-average profile using a cross-correlation analysis andn the overall profile width to a level of much less thath and
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Fic. 3.—Profile widths at 10% of the peak amplitude for PSR JO73039A So60 1960 2000 2020 2040 T80 1880 2000 2020 2040 F960 1980 2000 2020 2040
at 1390 MHz as a function of MJD relative to 53,000. Error bars atko. Year Year Year
‘cli'ggdashed line is a formal weighted least-squares fit of a linear trend to these Fi. 4—Results of fits to the observed profile widths of a model for geodetic

precession of the pulsar spin axis, inclined by an adgte the orbit normal,
. . L . . with a circular beam of radiug inclined at an angle to the pulsar spin axis.
there is no evidence for any intrinsic changes in the width or The upper part shows contoursgf  at ntervals, relative to the minimum

shape of the leading and trailing pulse components consideredalue, with the darker regions having lowgr . The lower cutoff to the allowed
separately. We have also reprocessed the original 4 minute surve{£dions represents the locus of points where the beam radiu90® - These

- . . - - . LA . ontours are mirrored foR(®® <6< 18C , withaf &) corresponding to
pointing to give a profile with a signal-to-naise ratio of about (180 — «, 180 — 6). In the lower part of the figure, the variation of profile

25. Again, this shows no evidence for any significant change in width is shown as a function of time for three case§(point near the global
profile shape or width. minimum fory?, ©) a smalle, smalls case, andd) a solution with intermediate

In order to quantify the profile stability, widths at 10% of « andé. The angles is the minimum value of the inclination of the line of
the pulse peak were measured for each of the eight 1390 MHzZSight to the pulsar spin axis, which occurs at precessional phase zero (or 180

' . . . when the pulsar spin axis is in the plane defined by the orbit normal and the

profiles and the 2001 observation using a cross-correlation techyne of sight.
nigue. The leading (5813C in Figs. 1 and 2) and trailing
(240-310) pulse components were separately cross-correlated ) . )
with a standard profile derived from the grand-average profile fiod of 75 yr. Provided the angle between the spin axis of the
containing just the relevant component, determining the phasePulsar and the orbital angular momentus) is nonzero, we
of each component relative to a reference phase. The differencavould expect to see a variation in profile width as a function
of these phases was then added to the 10% width of the grand®f time. In particular, the system geometries proposed by Jenet
average profile to give the 10% width at each epoch. Errors & Ransom (2004) predict changes of many tens of degrees per
from the cross-correlation analysis were increased in quadrature/€@r in the observed profile width. Clearly, these are not ob-
by 10 s to allow for systematic effects. The derived 10% Served, ruling out this model in its present form. o
widths are plotted in Figure 3 along with the fitted trend line. = One possible explanation for the observed lack of variation
Clearly, there is no significant trend, with the fitted slope being in profile width is that the spin axis of PSR JO73J039A is
—0°2 + 0°3yr*. The 10% profile width at MJD 53,000 (2003 allgn_ed with the_ orbital angular momentum, .85+~ 0 . Since
December 27) from the fit 83845 + 0°12 . Quoted errors are We View the orbit nearly edge-on, even for an orthogonal mag-

+2 ¢ for both the width and slope. netic axis & ~ 90° ), this would require an effective beam radius
o > 90, which seems unlikely. Furthermore, given that PSR
3. DISCUSSION AND CONCLUSIONS JO07373039B probably suffered a significant natal kick, an

) ] ) aligned rotation axis for PSR J073B039A is possible but un-
Figure 1 confirms the overall bilateral symmetry of the PSR |ikely (Willems et al. 2004).
JO0737-3039A pulse profile, consistent with its origin from  we have investigated the limits that can be placed on the
magnetic field lines associated with a single magnetic pole geometry of the system by modeling the observed profile width
(Burgay et al. 2003; Demorest et al. 2004). There are significantas a function of time (see Kramer 1998). An inclination angle
differences in the spectral indices of the various pulse com-j = 88 is assumed For a circular emission beam, four pa-
ponents. The most striking of these is the relatively flat spec- rameters are sufficient to model the expected profile changes:
trum of the component at the extreme leading edge of theq, §, o, and an epoc, describing the precession phase. We
profile, which is relatively much stronger at 3030 MHz. The fitted a circular beam model wigh< 90°  to the data and derive
3030 MHz profile also shows a matching flat-spectrum com- a y2-sphere plot forr andé as shown in Figure 4. This figure
ponent at the extreme trailing edge of the profile, reinforcing shows that solutions with misalignment angles 60°  are pre-
the idea that both components of the observed profile originateferred, consistent with the conclusions of Willems et al. (2004)
on field lines associated with a single magnetic pole. We assumepased on the observed velocity of the system.
this in the following discussion. _ N The formal best-fit solution (reduced = 2.88 ) is located at
The main result of this Letter is the extraordinary stability
of the PSR J07373039A pulse profile over more than 3 yr, 1 Since onlysini is determined at present, equivalent solutions are possible
a significant fraction of the expected geodetic precessional pe-with i = 92° anda — 180 — o, etc.
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a~19 andé ~ 14° (and at a corresponding mirror solution of different to those shown in Figure 4. We then took the beam
a~ 161 and 6 ~ 166’ ). The predicted time variation for the ellipticity as a free parameter, first doing a grid search in el-
observed profile width for this configuration is shown in Fig- lipticity at each point on theqd( 6)-plane and then searching
ure 4a; pulses would be detected over the whole precessionalfor a globalx® minimum in 4., ,T, €)-space, wherg,, is the
period with an approximately sinusodal variation in the profile beam major axis[, is the time of precessional phase zero, and
width. However, thex? -sphere is rather flat, and a statistically e is the beam ellipticity. Latitudinally compressed beams with
satisfactory solution is possible over a wide range of angles.axial ratiop,/o,,, = 0.5 are restricted to a fairly small range
Figure 4 shows a solution with smalk and é, which is con- of o andé around 48, On the other hand, fanlike beams with
sistent with the preferred solution of Demorest et al. (2004) baseda large axial ratio allow a much larger rangecofind s, with
on the observed position angle variations. Both of these solutionsvalues<30° preferred. However, in none of these cases was
have a beam radius of very close td®96rresponding to afan  thex?-value significantly better than those found in the circular
beam. In casb, however, the pulse is visible for a limited period beam case.
only, roughly 1984-2023. Figurecghows a solution with in- In conclusion, we find that the pulse-width variations (or
termediatex andé for which the beam radius is smaller, about lack of them) observed so far allow a wide range of config-
65°. In all solutions, the observed pulse is emitted from field urations for the PSR J073B039A/B system. Models with
lines associated with a single magnetic pole, as indicated by thenoncircular beams give somewhat better fits to the data but are
observed profile symmetry. statistically indistinguishable from fits with a circular beam.
Unlesss ~ 0, the essentially constant profile width observed Misalignment angled < 60° are generally preferred, consistent
so far implies that the system is at or close to precessionalwith the conclusions of Willems et al. (2004), and the config-
phase zero (or 18D At these times igdW/dt ~ 0 ** This is urations discussed by Jenet & Ransom (2004) can be ruled out.
possible—a similar situation evidently applies for PSR Solutions in which the pulse never disappears from view are
B1913+16 (Kramer 1998)—but statistically unlikely. A pos- possible, as are solutions where it does, in the most extreme
sible way of relaxing this constraint is to allow a noncircular cases about 15 years from now. Clearly, a longer time baseline,
beam. Biggs (1990) and Kapoor & Shukre (1998) have shown even one more year, will help to constrain the models, as will
that, under certain assumptions, the polar emission beam isa more realistic interpretation of the observed position angle
compressed in the latitudinal direction 8> 0° . On the other variations.
hand, polarization observations of young and millisecond pul-
sars (e.g., Narayan & Vivekanand 1983; Manchester & Han The Parkes radio telescope is part of the Australia Telescope,
2004) suggest beams effectively elongated in the latitude di-which is funded by the Commonwealth Government for op-
rection. First, we took the model of Kapoor & Shukre (1998), eration as a National Facility managed by CSIRO. I. H. S.
in which the beam compression is a functioncbnly and holds an NSERC University Faculty Award and is supported
recomputed thec? -sphere. The results were only marginally by a Discovery Grant. D. R. L. is a University Research Fellow
funded by the Royal Society. F. C. acknowledges support from
" There is a special case wittbsp siné cos® = cosa , wheteis the NSF grant AST-02-05853. N. D., A. P., and M. B. received

precessional phase, which resultsit/dt = 0, but this requires an improbable SUPpOrt from the Italian Ministry of University and Research

fine-tuning of the system parameters. under the national program Cofin 2003.
REFERENCES
Barker, B. M., & O'Connell, R. F. 1975, ApJ, 199, L25 Lyne, A. G., & Manchester, R. N. 1988, MNRAS, 234, 477
Biggs, J. D. 1990, MNRAS, 245, 514 Lyne, A. G., et al. 2004, Science, 303, 1153
Burgay, M., et al. 2003, Nature, 426, 531 Manchester, R. N., & Han, J. L. 2004, ApJ, 609, 354
Damour, T., & Ruffini, R. 1974, CR Acad. Sci. Paris, 279, 971 McLaughlin, M. A., et al. 2004, ApJ, 613, L57
Demorest, P., Ramachandran, R., Backer, D. C., Ransom, S. M., Kaspi, V.,Narayan, R., & Vivekanand, M. 1983, A&A, 122, 45
Arons, J., & Spitkovsky, A. 2004, ApJ, 615, L137 Radhakrishnan, V., & Cooke, D. J. 1969, Astrophys. Lett., 3, 225
Hotan, A. W.,, van Straten, W., & Manchester, R. N. 2004, Publ. Astron. Soc. Stairs, I. H., Thorsett, S. E., & Arzoumanian, Z. 2004, Phys. Rev. Lett., 93,
Australia, 21, 302 141101
Jenet, F. A., & Ransom, S. M. 2004, Nature, 428, 919 Weisberg, J. M., Romani, R. W,, & Taylor, J. H. 1989, ApJ, 347, 1030
Kapoor, R. C., & Shukre, C. S. 1998, ApJ, 501, 228 Weisberg, J. M., & Taylor, J. H. 2002, ApJ, 576, 942
Kramer, M. 1998, ApJ, 509, 856 Willems, B., Kalogera, V., & Henninger, M. 2004, ApJ, 616, 414

Kramer, M., et al. 2005, in ASP Conf. Ser. 328, Binary Radio Pulsars, ed. F. A.
Rasio & I. H. Stairs (San Francisco: ASP), in press (astro-ph/0405179)



