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1. Introduction

The origin and evolution of neutron star magnetic fields has been hotly debated
for a long time. Spontaneous field decay was originally proposed with timescales
of (5—10) x 108 years, while another possible model which associates field decay
with mass accretion in the evolution of binary systems has been suggested (see
Bhattacharya & van den Heuvel 1991 for a review). The aim of this paper is
to examine whether accretion-induced field decay can reproduce the observed
properties of the wide binary radio pulsars in quantitative calculations.

2. The model

In a binary system consisting of a neutron star and a low-mass giant companion,
if the initial orbital period is longer than 1 day, mass transfer, taking the form
of Roche-Jobe overflow, is driven by the nuclear evolution of the giant through
radius expansion (Webbink et al. 1983). We assume the mass accretion rate M
of the neutron star is limited to the Eddington accretion rate Mg ~ 10~8M,
yr~L1. If the mass transfer rate is in excess of Mg, the rest mass is blown from
the system in the forms of jets or beams.

Instead of spontaneous field decay, we study the assumption of accretion-
induced field decay to parametrize the magnetic field evolution. We adopt the
following formula for field decay with mass accretion:

B=B;/(1+ AM/mp)", (1)

where AM is the accreted mass and mp and n are positive constants.

The spin period P of the accreting neutron star will change due to the
torque exerted on the neutron star by the accretion matter. An accretion disk
is conventionally assumed to form around the neutron star. The spin evolution
of the neutron star is calculated by use of the accretion torque models of Ghosh
& Lamb (1995), Yi (1995) and Li & Wang (1995) respectively.

3. Results

We consider a binary consisting of a 1.3Mg neutron star and a 0.8 M, low-mass
giant companion with heavy element abundance Z = 0.02. We take the following
initial values B; = 3 x 1012 G, P = 5 sec, and Py, = 1 — 500 days.
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Figure 1. (a) The B vs. Py (b) P vs. P,y relations for wide,
circular binary radio pulsars.

The calculated magnetic fields of the neutron star are plotted in Fig. la
versus Forp. The solid, dotted and dashed lines represent the parameters (n,
mp/Mg) being (4, 0.07), (2, 7x 1073) and (1, 10~%), respectively. The observed
binary radio pulsars with wide, circular orbits (PSRs 0820402, 1620-26, J1643-
1224, J17134-0747, 1800-27, 1855409, 1953+29 and J2019+2425) are plotted
with crosses. It is seen that only for n > 3 can the observations be fitted.

The spin period is also calculated and plotted in Fig. 1b, versus P, with
the observed binary radio pulsars shown for comparison. The parameters n and
mp are taken to be 4 and 0.07 M respectively. The solid, dotted and dashed
lines are the results calculated from the models of Ghosh & Lamb (1979), Yi
(1995) and Li & Wang (1995) respectively.

4. Conclusions

The predicted results with a possible formula of accretion-induced field decay -
seem to be consistent with the observed B vs. P,y and P vs. P, relations of
wide binary radio pulsars. However, to account for the observations, a strong
dependence of the magnetic field strength on mass accretion is required.
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