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Abstract. We investigate the changes in polarization position angle in radiation from pulsar
A around the eclipse in the Double Pulsar system PSR J0737-3039A/B at the 20 cm and 50 cm
wavelengths using the Parkes 64-m radio telescope. The changes are ∼ 2σ during and shortly
after the eclipse at 20 cm but less significant at 50 cm. We show that the changes in position angle
during the eclipse can be modelled by differential synchrotron absorption in the eclipse regions.
Position angle changes after the eclipse are interpreted as Faraday rotation in the magnetotail of
pulsar B. Implied charge densities are consistent with the Goldreich-Julian density, suggesting
that the particle energies in the magnetotail are mildly relativistic.
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1. Introduction
The almost edge-on orbit in the Double Pulsar system, which consists of two pulsars

(pulsar A and pulsar B), results in a 30-second eclipse observable once each orbit when
pulsar A moves behind pulsar B at orbital longitude of ∼ 90◦ measured from the as-
cending node (Lyne et al. 2004). The magnetosphere of pulsar B is truncated because of
the strong relativistic wind from pulsar A (ĖA/ĖB ∼ 3500) forming a magnetotail that
probably reaches a distance of several semi-major axes of pulsar B’s orbit (the semi-major
axis is 4.5×108 m) (Arons et al. 2004). Because of the orbital motion, the magnetotail is
curved behind pulsar B. Across the eclipse regions, pulsar A’s radiation passes through
pulsar B’s truncated magnetosphere and interacts with the plasma during an eclipse,
then, as the two pulsars advance in orbit away from the superior conjunction, pulsar A’s
radiation begins to traverse the magnetotail. In this paper, we investigate the changes in
polarization position angle in radiation from pulsar A during and around the eclipses.

2. Data analysis and Results
The data of interest were taken at 20 cm and 50 cm using the Parkes 64-m radio tele-

scope with sub-integration time of 30 s. The psrchive software suite (Hotan et al. 2004)
was used for data analysis including interference rejection and calibration. Data were
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Figure 1. Plot of polarization position angle in degrees (upper curves) and Stokes I (total
intensity) parameter (lower curves) plotted against orbital phase in degrees for 50 cm (black
curve) and 20 cm (blue curve) at ∼ 18 s time resolution. The curve for position angle at 50 cm
is offset by 3◦ for clarity. The Stokes I curves clearly show the eclipse centred near 90◦. The
horizontal lines represent average baseline values.

summed in frequency using the corrected rotation measure, +112.3 rad m−2 (Manchester
et al. 2010). We obtained 38 files at 20 cm and 13 at 50 cm with good quality data. To
improve the signal-to-noise ratio, we summed the files in each band, binning the results
in orbital phase with phase bins of ∼ 0.7◦ or ∼ 18 s in width. Finally, Stokes parameters
were summed across the main pulse and interpulse to form the average Stokes parameters
for each orbital phase bin.

We consistently detected changes in position angle during and shortly after an eclipse
at both wavelengths (Figure 1). Inspection of the 20 cm curve in the eclipse region shows
that the position angle decreases during the ingress phase then rises to its maximum
value during egress phase with a change of approximately ∼ 6◦ ± 3◦ and ∼ 3◦ ± 2◦

respectively relative to the mean baseline level. It remains high for the following phase
bin, then drops back to the baseline value. There are also changes in polarization angle
in the corresponding regions during the eclipse at 50 cm, but the uncertainties are larger.
Nevertheless, the position angle changes shortly after the eclipse are consistent with those
at 20 cm. We confirmed our results by randomly partitioning the 20 cm files into two, three
or four subsets either randomly or chronologically, which show similar patterns, i.e., a
decrease in position angle during ingress followed by an increase during egress.

3. Mechanisms to change the polarization position angle
Eclipse region: differential synchrotron absorption. With our 18s averaging

time, the direction of the differential synchrotron absorption relative to the incoming
radiation can be approximated by averaging the magnetic field perpendicular to the ro-
tation and magnetic axes to zero leaving a net magnetic field along B’s rotation axis.
The position angle of the transmitted radiation changes with increasing optical depth,
τν = αν L, with the position angle moving toward the angle of the projected magnetic
field. Here L is the effective path length through the absorbing medium and αν is the
polarization-averaged synchrotron absorption coefficient for a relativistic thermal distri-
bution of particles (Lyutikov & Thompson 2005). Denoting χ0 and χν to be the incident
and emergent polarization angles relative to the projected magnetic field direction, and
assuming χ0 = 45◦ gives an order of magnitude change in polarization or position angle,
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Δψ = χν −χ0 , of 10◦ at 20 cm. This is consistent with our measurements suggesting that
differential synchrotron absorption in the closed field-line regions can plausibly account
for the observed position angle changes during the eclipse.

Magnetotail: Faraday rotation. Net magnetic field in the line of sight results from
the large inclination angle in pulsar B and the misalignment between its rotation axis
and the orbital normal, which result in an asymmetric field structure in the magnetotail
as the pulsar rotates within the confining magnetosheath (Spitkovsky and Arons 2004).
Assuming magnetic field scales as r−2 up to L/2 and as r−1 at larger distance in the
magnetotail (L ≈ 1.5 × 10−8 pc is the semi-major axis of pulsar B’s orbit), and with
Δψ50 = 0.81L 〈neB〉λ2 ∼ −5◦, gives ne ∼ 40 cm−3 , which is comparable to the estimated
corotation charge density (Goldreich and Julian 1969) of ne ∼ 20 cm−3 . This suggests
that Faraday rotation may be responsible for the changes in position angle away from
the eclipse region, which also implies that the charged particles are no more than mildly
relativistic. Direct generation of mildly relativistic pairs is favored for magnetic fields
with 0.02Bcr < B < 0.1Bcr , where Bcr ≈ 4.9 × 1013 G is the critical field strength
(Weise & Melrose 2002).

4. Conclusions
We have observed changes in polarization position angle in radiation from pulsar A

during and shortly after the eclipse in the Double Pulsar system at 20 cm and 50 cm
wavelengths. These changes can be accounted for by differential synchrotron absorption
and Faraday rotation respectively with the latter implying that pairs must be created
directly in nonrelativistic regime.
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