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Chiral Magnetic Effect
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e RHIC/LHCIZ & T % quark-gluon plasma
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o HEZXRDFYIE | Weyl semimetal (“3D graphene”)

Neutron Star

Mass ~ 1.5 times the Sun
~12 miles in diameter

Solid crust
~1 mile thick

Heavy liquid interior
Mostly neutrons,
with other particles




Dirac semimetal (Na3Bi)
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Polarization tensor with w5
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Collective modes
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Non-Abelian Chiral Instability
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Synopsis: Internal Magnetic Field Causes Neutron Star to Go Wobbly

Possible Evidence for Free Precession of a Strongly Magnetized Neutron Star in the Magnetar 4U 0142+61
K. Makishima, T. Enoto, J. S. Hiraga, T. Nakano, K. Nakazawa, S. Sakurai, M. Sasano, and H. Murakami
Phys. Rev. Lett. 112, 171102 (2014)
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Magnetars are a special type of neutron stars, considered to have extreme dipole magnetic fields
reaching ~ 10'" T. The magnetar 4U 0142461, one of prototypes of this class, was studied in
broadband X-rays (0.5-70 keV) with the Suzaku observatory. In hard X-rays (1540 keV), its 8.69
sec pulsations suffered slow phase modulations by +0.7 sec, with a period of ~ 15 hours. When
this effect is interpreted as free precession of the neutron star, the object is inferred to deviate from
spherical symmetry by ~ 1.6 x 10~% in its moments of inertia. This deformation, when ascribed to
magnetic pressure, suggests a strong toroidal magnetic field, ~ 10'? T, residing inside the object.
This provides one of the first observational approaches towards toroidal magnetic fields of magnetars.
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Grabowska-Kaplan-Reddy

The Role of the Electron Mass in Damping Chiral Magnetic Instability in Supernova and
Neutron Stars

Dorota Grabowska,'* David B. Kaplan," and Sanjay Rcddyl'
' Institute for Nuclear Theory, University of Washington, Seattle, WA

We show that the nonzero electron mass plays a critical role in determining the magnetic properties
of neutron stars, making it impossible to generate the chiral charge density needed to trigger a strong
chiral magnetic instability during the core collapse of supernovae. This instability has been proposed
as a plausible mechanism for generating extremely large helical magnetic fields in neutron stars at
their birth; the mechanism relies on the generation of a large non-equilibrium chiral charge density
via electron capture reactions that selectively deplete left-handed electrons during core-collapse and
the early evolution of the protoneutron star. Our calculation shows that the electron chirality
violation rate induced by Rutherford scattering, despite being suppressed by the smallness of the
electron mass relative to the electron chemical potential, is still fast compared to the weak interaction
electron capture rate. The resulting asymmetry between right and left-handed electron densities is
therefore never able to attain an astrophysically relevant magnitude.
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We show that the nonzero electron mass plays a critical role in determining the magnetic properties
of neutron stars, making it impossible to generate the chiral charge density needed to trigger a strong
chiral magnetic instability during the core collapse of supernovae. This instability has been proposed
as a plausible mechanism for generating extremely large helical magnetic fields in neutron stars at
their birth; the mechanism relies on the generation of a large non-equilibrium chiral charge density
via electron capture reactions that selectively deplete left-handed electrons during core-collapse and
the early evolution of the protoneutron star. Our calculation shows that the electron chirality
violation rate induced by Rutherford scattering, despite being suppressed by the smallness of the
electron mass relative to the electron chemical potential, is still fast compared to the weak interaction
electron capture rate. The resulting asymmetry between right and left-handed electron densities is
therefore never able to attain an astrophysically relevant magnitude.
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