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Thesis Summary

Neutron stars are compact objects with both a high-density environment and strong
magnetic fields, and elucidating their internal structure remains an important problem
spanning particle physics, nuclear physics, and astrophysics. In recent years, motivated
by detections of gravitational waves from binary neutron star mergers, asteroseismology
has attracted attention as a probe of neutron star interiors. In asteroseismology, seismic
oscillations and gravitational waves are classified according to their physical origins.
Meanwhile, in the context of particle and nuclear physics, it is known that the chirality of
relativistic fermions leads to chiral transport phenomena. One of the prototypical
examples is the chiral magnetic effect, in which electric currents are generated along a
magnetic field. This further induces a density wave propagating along the field called the
chiral magnetic wave.

In this Ph.D. thesis, noting that quark matter inside strongly magnetized neutron stars
and neutrino matter inside rotating supernova cores are many-body systems of
relativistic fermions, we introduce chiral transport into asteroseismology for the first time
and analyze its implications. From this, we theoretically predict the emergence of new
types of seismic oscillations and gravitational waves in each system. In particular, the
frequency of the gravitational wave from quark matter reflects the information on internal
magnetic fields of neutron stars, providing an important probe of the poorly constrained
internal field. Also, finite quark masses cause the chirality flipping, which suppresses the
chiral transport. Using kinetic theory, we derive the damping rate of the seismic
oscillations and evaluate the observationally possible range of the frequency.

Second, we study the response of a magnetized relativistic collisionless plasma to
dynamical electromagnetic fields. To properly incorporate the chiral anomaly, we derive
the dispersion relation of the collective mode using the chiral kinetic theory in the weak
magnetic field limit and employing the lowest Landau level approximation in the strong
magnetic field limit. As a result, we find that a dynamical screening distinct from the
conventional Landau damping appears. Furthermore, we show that the relaxation time
parametrically varies with the magnetic field strength and that dynamical magnetic fields
are partially screened. The former modifies the temperature and magnetic field
dependence of the shear viscosity. We then suggest that in the intermediate magnetic
field region, the r-mode instability driven by gravitational wave emission from neutron

star seismic oscillations may be more likely to occur.




