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Observational studies of free precession
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Abstract: X-ray observations of two magnetars, using
the Suzaku and NuSTAR satellites, revealed that their
hard X-ray pulses are subject to slow phase modula-
tion, at a period some 10* times longer than their
pulse periods. The modulation amplitude reaches typ-
ically 10% of the pulse period. The most likely inter-
pretation of this effect is that these objects harbor ul-
tra-strong toroidal magnetic fields reaching 10" G,
and the associated magnetic stress deforms them into
slightly prolate shapes. As a result, the objects under-
goe free precession, and the beat between their preces-
sion and rotation periods produces the slow pulse-
phase modulation. This phenomenon will provide
valuable information on the toroidal fields of magne-
tars, which are otherwise difficult to observe directly.
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