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Abstract:

The remnant of the supernova SN1054 is the Crab Nebula, which contains the
neutron star at its center. Giant radio pulses from the Crab neutron star were first
detected in 1968. High-resolution observations in 2003 revealed that these giant
pulses consist of sub-pulses with durations shorter than 1 nanosecond, and these
sub-pulses exhibit strong circular polarization. Recently, | discovered that a giant
pulse is composed of pairs of equally-spaced sub-pulses, with one sub-pulse being
left-circularly polarized and the other right-circularly polarized [Wu, ApJL 974, L21
(2024)]. To explain this phenomenon, | propose that the electron-positron plasma in
the neutron star’'s magnetosphere is highly asymmetric, for instance, not fully
neutralized. In such an asymmetric plasma, the nonlinear Faraday effect can split a
linearly polarized wave into two circularly polarized modes, each with different
propagation speeds. This model also naturally accounts for the anomalous
dispersion and random polarization angles observed in Crab giant pulses.
Furthermore, the same mechanism can explain the high-degree circular polarization
observed in some fast radio bursts from magnetars. A reliable understanding of the
circular polarization in both giant pulses and fast radio bursts is crucial for
unraveling their radiation mechanisms, which remain an open question.
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