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Observational Estimates of Magnetic Fields inside Neutron Stars
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Using archival data from Japanese cosmic X-ray satellites, such as ASCA and
Suzaku, we performed timing studies of magnetars (a special type of neutron stars). Then, in seven
magnetars, the rotational pulses were found to suffer phase modulation, at a period that is 4 orders
of magnitude longer than the pulse period. This can be explained as a manifestation of free
precession, when the star is axially deformed due to extremely intense toroidal magnetic fields,
reaching 10"{16} Gauss, hidden inside it. When the estimated toroidal field strengths of the 7
object are divided by their dipole magnetic field strengths, the ratio was found to increase toward
older objects. This means that the toroidal magnetic field, invisible from outside, lasts longer
than the dipole field extending outside the stars. The result can naturally explain the presence of
some classes of known neutron stars, which are regarded as aged magnetars.
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