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Abstract. As part of the Parkes Pulsar Timing Array (PPTA) project, frequent observations of
20 millisecond pulsars are made using the Parkes 64-m radio telescope. Variations in the mean
position angle of the 20 millisecond pulsars can be studied by the PPTA data being recorded in
full-polarization mode. We briefly discuss these results.
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1. Introduction

Pulsar radiation typically has strong linear polarization. The observed radiation from
pulsars can be affected by Faraday rotation occurring in the interstellar medium. Faraday
rotation is quantified by the rotation measure (RM), given by

Y =RM M\, (1.1)

where 1 is the linear polarization position angle (PA) and A = ¢/v is the radio wavelength
corresponding to radio frequency v. The rotation measure is given by

D

RM = 0.810/ neB - dl, (1.2)
0

where n, is the interstellar electron density in units of cm ™2, B is the vector magnetic
field in micro-gauss and the integral is over the path to the pulsar.

Long-term variations in PAs possibly result from changes in the polarization of the
emitted radiation or may be due to changes in the RM along the path (see Eq. 1.1). RM
changes can occur as the path to the pulsar traverses different regions of the interstellar
medium (ISM) or in the Earth’s ionosphere due to the diurnal and other changes in the
ionospheric total electron content (see Eq. 1.2).

2. Ionospheric RM corrections

Because the Earth’s magnetic field is relatively strong (~0.5 G) and the electron density
in the Earth’s ionosphere is relatively high (up to 10° ¢cm™3), the Earth’s ionosphere
makes a significant contribution to the total RM along the path to the pulsar. The
contribution of the Earth’s ionosphere to the total RM should be estimated and then
subtracted so that the measured RM just represents the interstellar contribution. Yan
et al. (2011) used two programs to compute the ionospheric RM in the direction of a
given source at a given time. After comparison, they found that the one based on the
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International Reference Ionosphere gave the best results. Figure 1 shows an example of
the ionospheric correction results using two correction programs.

3. Results and discussion

Yan et al. (2011) reported on temporal variations in the mean position angle and
implied RM variations of the 20 millisecond pulsars. Figure 2 shows an example of their
results. They found that the largest systematic effect was that due to variations in the
Earth’s ionosphere. There are little or no significant long-term variation in RM after
ionospheric correction. The authors point out that the interstellar RM variations are
unlikely to be due to localized magnetized regions crossing the line of sight because
the implied magnetic fields are too high. Most probably they are statistical fluctuations
due to random spatial and temporal variations in the interstellar electron density and
magnetic field along the line of sight.

Some other authors (e.g. Weisberg et al. 2004, Han et al. 2006) also found apparent
time variations in the interstellar RMs of several pulsars. Earlier authors also found
correlated RM and DM variations with time for some other pulsars. Hamilton et al.
(1977) and Hamilton et al. (1985) studied the variations of RM and DM for the Vela
pulsar. They interpret the RM and DM variations as the result of the relative motion of
a magnetized filament of the Vela supernova remnant across the line-of-sight. Van Ommen
et al. (1997) made a similar analysis for PSRs B1556—44 and B1727—47. Rankin et al.
(1988) made a detailed analysis of the RM and DM variations for the Crab pulsar and
found correlated variations between 1972 and 1974.

:D ] + ‘* . ; * + ]

Eof ot LT AR e

< fﬂ‘#{»ﬁw ' *#: ) by ! t* % < ¢+*

<4 L # 1) # ]

~ S ¢ ‘ + B

5 ., LI ++¢: ot é ¢++

z°r “h ™, L X R SRR

5 . "t % + ¢ e s ‘t W 4 ‘g*z

i 24t PR !

Sol athhat LR R I

N *.Wt O e,
Tr J1643-1224 ]

;7‘56”;5‘06‘“72‘50“H(‘>H"25‘)0““550““75‘0“‘

MJD-54550

Figure 1. PA differences variations after ionospheric corrections for J1643—1224. The upper
panel shows the uncorrected differences and the lower two panels show the corrected PA differ-
ences using the two methods, with the IRI-corrected data at the bottom. See Yan et al. (2011)
for details.
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Figure 2. PA and RM variations for PSR for J1643—1224. See Yan et al. (2011) for details.

More recently Yuen et al. (2012) analyzed the changes in the PA of PSR J0737—3039A
in the Double Pulsar system around the time of its eclipse by PSR J0737—3039B observed
using the Parkes 64-m telescope. They found that differential synchrotron absorption in
the closed field-line regions can account for the observed position angle changes during the
eclipse. They interpret PA changes after the eclipse as Faraday rotation in the magneto-
tail of pulsar B. Modeling of the changes in PA after the eclipse with Faraday rotation
gives a charge density that is consistent with the Goldreich-Julian value.
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