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Table 1 Various physical parameters of pulsars with relatively reliable braking indices

PSR Supernova remnant P /s P*/(107%5-57) T [yr nd Refs.
B0531+21 Crab 0.0331 4.23 1240 2.51 2]
J1640-4631 G338.3-0.0 0.206 9.758 3350 3.15 [11-12]
B0833-45 Vela 0.0893 1.25 11300 1.4 [13]
B0540-69 0540-69.3 0.0505 4.79 1670 2.14 [14]
B1509-58 G320.4-1.2 0.151 15.4 1550 2.839 [14]
J1846-0258 Kesteven 75 0.325 70.8 729 2.65 [14]
J1119-6127 G292.2-0.5 0.408 40.2 1610 2.684 [15]
J1734-3333 G354.8-0.8 1.17 22.8 8120 0.9 [16]
J1833-1034 G21.50-0.89 0.0619 2.0 9700 1.86 [17]

*P: the spin period.

b P: the first derivative of the spin period.
°7.: the characteristic age.

9n: the braking index.
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The Evolution of Pulsar PSR J1640-4631 with High Braking Index
(7>3) in the Magnetic Dipole and Gravitational
Wave Radiation Models

MA Shu WANG De-hua YANG Zhi-yao ZHOU Yun-gang

(School of Physics and Electronic Science, Guizhou Normal University, Guiyang 550025)

AsstracT The study of pulsar spin period evolution provides insights into the braking mechanisms of
neutron stars. The braking index of pulsars, which is closely related to their radiation, reflects the
process of kinetic energy loss in pulsars. Traditionally, based on the magnetic dipole radiation model,
the expected braking index is n = 3. However, actual observations have found that the braking indices
of most pulsars are less than 3. There are also pulsars whose braking indices exceed the predictions of
the magnetic dipole model, such as PSR J1640-4631, which has a braking index of n = 3.15 £ 0.03. It is
currently known to be a pulsar with a relatively high confidence level and a braking index greater than
3, indicating that in addition to magnetic dipole radiation, there may be other mechanisms for
rotational energy loss in neutron stars. The combined influence of two kinetic energy loss mechanisms is
considered on pulsar braking: magnetic dipole radiation and gravitational wave radiation. On this basis,
we have successfully reproduced the high braking index of PSR J1640-4631. Furthermore, we have
delved into the evolution of this pulsar’s braking index, which falls within a specific range of 3 < n < 5.
Assuming an initial spin period of 20 ms for the pulsar, we have computed its long-term evolution of the
spin period, illustrating that it is a pulsar of a unique type.

Key words pulsars: general, pulsars: individual: PSR J1640-4631, stars: neutron, electromagnetic
radiation, gravitational waves
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