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Outline

Pulsar kicks.
Strange quark matter stars.
Anisotropic neutrino emission in a magnetic field.
Chirality flip
Calculation of the kick velocity.
Total reaction rate for chirality flip.
Estimate of the neutrino magnetic moment.
Summary and Conclusions.
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Galactic pulsar kicks

A large portion of young
pulsar kicks are located in
the galactic plane.
1974: Pulsars move with
velocities larger than the
those of the star from
which they were born.
Kick velocities are in the
range 12� 1645 km/s.
These velocities follow a
Maxwell distribution with
an average of 400 km/s.
The escape velocity in the
Milky Way is 400 km/s.
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Existing models

Hydrodynamical
perturbations (SN1987A?)

Breaking of a binary
system (Crab pulsar?)

Electromagnetic rocket:
radiation from a spinning
magnetic dipole (Crab
pulsar and Vela?)

Anisotropic neutrino
emission
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Magnetic �eld in NS

Neutron Stars are compact
objects with a large magnetic
�eld ( B > 1012 G).

At a macroscopic (global) level,
the magnetic �eld is of a dipole
or toroidal shape.

At the microscopic (local) level,
the magnetic �eld can be
considered constant and
uniform.
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Strange QM stars

We consider a hybrid NS
with the core as a plasma
made out of magnetized
strange quark matter
(SQM), a gas composed
of quarksu, d, and s and
e in a magnetic �eld.

Core temperature about
50 MeV.

Neutrino mean free path
much smaller than NS
radius.

Fast and slow neutrino
production processes at
work.
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Neutrino anisotropic emission

Di�erent neutrino production
mechanisms in the Neutron Star:
DURCA, MURCA,
bremsstrahlung, pair anihilation,
etc.

Weak interaction violates Parity:
preferred direction for neutrino
emission opposite to the
magnetic �eld. Neutrino
emission is anisotropic for weak
decay processes (DURCA).

Number of emitted neutrinos in
one and the other direction
(with respect to the magnetic
�eld) is obtained from the spin
asymmetry.

Kick velocity naturally
aligned with direction of
magnetic �eld.
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Chirality �ip

If neutrinos possess a
magnetic dipole
moment � � , they can �ip
their chirality due to
interactions within the NS
core mediated by photons.

The interaction can be
modelled by a magnetic
dipole interaction term.

� � � �� K �

whereK � is the photon
four-momentum and� ��

the neutrino spin operator.

A fraction of the emitted
left-handed neutrinos can
escape from the NS as
right-handed ones
producing the kick.
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