
 

Neutrino rocket model to explain the origin
of high-velocity pulsars
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The spin-down rate of the observed pulsars, , vs. their spin period, P. The dots in
blue, green, and red stand for normal pulsars, pulsars in binary systems, and
magnetars with a magnetic field B > 1013 G, respectively. The observational
data are taken from Hobbs et al. (2004), with a catalog version of 1.65. Credit: 
The Astrophysical Journal (2022). DOI: 10.3847/1538-4357/ac6cdd
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The first pulsar was discovered in 1967. With an increase in pulsar
observations, astronomers have found that some pulsars have a proper
motion velocity greater than 1000 km/s, and the number of such pulsars
is growing each year.

Recently, Dr. Li Zheng and his collaborators from the Xinjiang
Astronomical Observatory (CAS) of the Chinese Academy of Sciences
and Nanjing University proposed a neutrino rocket model inside neutron
stars, which, coupled with Australian National Astronomical
Observatory (ATNF) pulsar data, may explain the origin of pulsars with
proper motion velocity above 1000 km/s.

The study was published in The Astrophysical Journal.

Neutrons in gyrator motion can emit a pair of neutrinos and
antineutrinos. However, the radiative power of the cyclotron motion of a
single neutron is so low that its effect is negligible.

There is a special Einstein condensation phenomenon called superfluid
that might occur within a rotating neutron star (also known as a pulsar)
when the thermal temperature inside the neutron star is lower than the
energy gap of the bound neutrons.

It has been shown that Cooper pairs of neutrons that have been formed
by neutron binding also undergo gyrator motion in the superfluid region
of neutron stars. Based on calculations, the researchers discovered that
these left- and right-handed neutrinos, which are emitted by neutron
Cooper pairs, have high energies.

Furthermore, left-handed neutrinos and right-handed neutrinos emit in
the same direction due to their non-conservation of parity. As a result of
the conservation of momentum, when a neutron star emits a neutrino
stream along its rotation axis, the neutron star itself acquires a recoil
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velocity in the forward direction along its rotation axis.

Due to the continuous emission of neutrino streams inside the neutron
star, it accelerates continuously, resulting in high velocity along the 
rotation axis, a phenomenon also confirmed by the observations of Crab
and Vela pulsars.

In neutron stars, neutrino radiation energy is provided by rotational
energy. Due to this effect, neutron stars are characterized by a spin-down
rotation. "Our model predicts an accelerated rotation spin-down rate for
long-period pulsars," said Dr. Li Zheng.

  More information: Zheng Li et al, Neutrino Rocket Jet Model: An
Explanation of High-velocity Pulsars and Their Spin-down Evolution, 
The Astrophysical Journal (2022). DOI: 10.3847/1538-4357/ac6cdd
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