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Abstract. The low-frequency profiles of some pulsars manifest temporal broadening due to scattering, usually accompanied
by flat polarization position angle (PA) curves. Assuming that the scattering works on the 4 Stokes parameters in the same way,
we have simulated thefect of scattering on polarization profiles and find that the scattering can indeed flatten the PA curves.
Since the higher-frequency profilesffar less from scattering, they are convolved with scattering models to fit the observed
low-frequency profiles. The calculated flat PA curves exactly reproduce the corresponding observations.
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1. Introduction profiles and then checked the observational data of several pul-

L ) sars. Using the observed high frequency mean pulse profiles
The polarization properties of more and more pulsars hgygy,,t obvious scatter broadening as the intrinsic profiles,

been observed. They are important for our understanding,of -4 recover the low frequency observed profiles, including
the pulsar emission process. TBetype PA curves of most y,q 151 pA curves, very well by convolving them with scat-
pulsars are related to the rotation of the magnetic field plafé‘?ing models. We note that Komesret al. (1972) had also
where emission is generated, as described by the rotatigge n that the broadened polarization profiles of the Vela pul-

vector model. Recently, we noticed that if good quality me@y, (psr B0g3345) are consistent with the scattering model.
surements are available, almost all scatter broadened profiles

have a flat PA curve in the trailing part without exception.

Most previous work on scattering has concentrated on the &-Scattering model and simulation
tal intensity profile (e.g. Rickett 1977; Lyne & Graham-Smit
1998; Kuz’'min & lzvekova 1993; Bhat et al. 2003). Only
few just mention the possibldtect of scattering on PA curves

I1‘he scattered pulsgt) can be derived by convolving the in-
rinsic pulsex(t) with the response scattering functigft):

(Gil 1985; Wang et al. 2002) except for the early work by

Komesard et al. (1972) on the Vela pulsar. In this researcﬂt) - fx(g)g(t — )z 1)
note, we discuss the scattering models and ffextof scatter- ] ) )

ing on both total and polarized intensity profiles. The thin screen of interstellar medium between the pulsar and

c%n? observer can be modeled by a response funetfn=

K pEt/Tse) fort > 0 (Kuz'min & lzvekova 1993; Williamson
ﬂa 72). The scattering time scatg. can be related to the dis-
persion measuredM) and the observation wavelength) by
an empirical relation

Scatter broadening is related to the geometry of the s
tering disk (see Lyne & Graham-Smith 1998). Compar
to the radiation coming from the center of the disk, the ext
delayr of the scattered rays from a radiusn a disk at dis-
tanceL should ber = r?/2cL. Considering the probability of
a scat.tered ray from to r + dr, one finds an intensity varia- Tec = 4.5% 10°DMY® x (1 + 3.1 x 10°°DM3) %4, )
tion with delayt: I1(t) o« exp(2cL/r? t). Whenever the polar-
ized radiation passes through the interstellar medium, as shawith 7. in millisecond,DM in pccnt® and A in meter (see
by Macquart & Melrose (2000), all Stokes parameters shoulitra & Ramachandran 2001).
scintillate like the total intensity. Therefore, it is natural to as- The total intensity I() profile of the simulated pulse has
sume that the scattering process works similarly on all Stokessaussian shape, with linear polarizatia) egree of 70%
parameters. We simulated the scatterifige on pulsar Stokes and a PA §) following the rotating-vector model; the Stokes
parameterQ and U can be written afQ) = 0.71 cos(2)),
Send gfprint requests toJ. L. Han, e-mailhjl@bao.ac.cn U = 0.71 sin(2¥). The circular polarization\) is assumed to
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Fig. 1. The scattering féect of a thin screen on simulated Stokes polarization profiles. The simulated intidkit), V, L and PA are shown
in the left panels, and the scattered ones in the right panels. The dotted line in the right-lower panel is the original PA. Obviously the PA cL
of scattered profile is very flattened in the long pulse tail.

Table 1. Parameters of pulsar polarization profiles with obvious scattering at the lower frequency. Columns are pulsar name, period, dispel
measureDM), the higher and lower observation frequencies, sampling time at the lower frequency, the scattering time scale calculated by
empirical relation given in Eq. (2){ny), the time-scale of exponentially decaying taits,), the scattering time scale estimated from real data
deconvolution £s;) and the corresponding scattering model used to fit the low frequency profiles.

PSR P DM Freq. Freq. Ts Tem Tex Tsc Scattering model
B-name S pcc? GHz GHz ms ms ms ms

1831-03 0.6867 235.8 0.610 0.408 3.60 29.54 19.43 18.65 thin screen
1838-04 0.1861 324.0 1.408 0.606 3.02 22.32 20.45 124834 extendethin
1841-05 0.2557 411.0 1.408 0.610 3.84 57.13 53.74 61.28 thin screen
1859+03 0.6554 402.9 0.925 0.606 3.75 60.79 14.77 13.74 thin screen
1946+35 0.7173 129.1 0.610 0.408 1.97 1.87 16.00 12.74 thin screen

have a sense reversal (see the left panels in Fig. 1). If the séaguency and the profiles convolved from high frequency pro-
tering acts on all the Stokes parameters as described by Eq.f{lEs (Table 1) with a thin screen model (Col. 9). In fact, it can
we can convolvé, Q, U, V with the thin scattering model to getalso be estimated directly from the exponential tails (Col. 8).
all scattered quantities. Simulation results are shown in Fig.Using the scattering time scale from the cross-correlation (with
We can see in the right panels that the PA curve of the scattesgduncertainty of about 20%), we then calculated each Stokes
profile is flattened and the circular polarization almost vanishpsofile of 4 pulsars using the thin screen model. The con-
in the trailing part. volved and observed profiles as shown in Fig. 2 and Figs. 46
are very consistent. We noticed that the convolved profiles of
PSR B183804 at 0.606 GHz using a thin screen model do not
fit the observed ones (Fig. 3), so we tried a thick screen and an
To check the fiect of scattering on polarization profiles, weextended medium (Williamson 1972) for response functions.
downloaded high quality multifrequency polarization data dfhe extended medium model

5 pulsars (Gould & Lyne 1998) available from EPN database

3. Scattering effect on observed pulsar profiles

(Lorimer et al. 1998), for which scatter broadening is very(t) (nSTgc)l/z exp(— 7'[2‘1'50) 3)
obvious in low frequency profiles (see Figs. 2—6). 8t° 4t
The high frequency profiles without obvious scatter broagbes work very wel

ening were considered to be the intrinsic emitted pulse pro- h L | q ved f | ;
files for reference. The scattering time scales (Cols. 7-9 in € scattering time-scales we deconvolved from lower ire-

Table 1) at lower frequencies can be either estimated us?‘éency datf':l are consistent vv_ith earlier estimates if scaled with
Eq. (2) in Col. 7 or derived by maximizing the correlation colreguency, i.e. PSR B183D3 in Ramachandran et al. (1997)

efficients between the total intensity profile observed at low@fd Others in Taylor et al. (1993). While the estimate given
by the empirical relation in Eq. (2) is a good description of the

general tendency againstM, for a givenDM they can difer

! http://www.mpifr-bonn.mpg.de/pulsar/data/
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Fig. 2. Polarization profiles of PSR B18303. Total intensity (T.l.), Fig.4.The same as Fig. 2, but for PSR B1845b.
linearly polarized intensity (L.P.), circular polarization (C.P.) and po-

larization angle (PA) are shown inftérent panels for two frequen- | 0.925GHz | 0.606GHz
cies. All intensity profiles have been normalized to the peak of total R Tl Tl
intensity. The dotted lines are observed data. The errors of PA were D
given byo, = /Q%? +U2s%/(2L%). The solid lines are profiles
convolved by the highest frequency pulse profile with a thin scatterir@ © : : S F°’ : : :
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0 50 100 150 200 O 50 100 150 200 pletely flattened irrespective of the original PA curve shape.
Longitude (Deg) Longitude (Deg) In this case, the maximum gradient of the PA curve has

Fig. 3. The same as Fig. 2, but for PSR B1888 and convolved with been diminished and cannot be directly used to determine
an extended scattering medium (thick lines) and a thin model (ﬂtﬁ%eog)ec,)a\t?,tg r?;}giezl:;ariﬁ;n;ﬁao-n r_egljlon (e'.%'l Wang et al.
lines). . : , principle possible to recover

all Stokes profiles from the scattered ones as long as the a

proper scattering model is used. However, one cannot be sure

by more than one magnitude (Mitra & Ramachandran 20Qhat the scattering material is of the thin-screen type, or ex-
Ramachandran et al. 1997). tended, or in multi-thin-screen form. Consequently, the merit of
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T °.61$?Hz - \ °-4°5TGIHZ From simulations, we also noticed that when the sense re-
- R - versal appears in the intrinsic circular polarization profile, the
scattering can largely weaken the circular polarization in the

2> , trailing part, as shown by PSR B18833 (Fig. 5). If there is

g Lp. ~ no sense reversal, as in the other 4 pulsars shown, the single-
2 gt o[ hand circular polarization profiles are simply stretched.

& 4. Conclusion

E o 1 [ 1 1 o 1 1 . . . . .

Sot C.P. C.P. We investigated the scatteringfect on polarization pro-

files, especially position angle. The scattering can flatten the
PA curves. Taking the high frequency profiles of 5 pulsars as
intrinsic pulses, the observed low frequency scattered polar-

0
-

ization profiles can be reproduced by convolving the high fre-
gl gl quency observations with the scattering models.
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