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Artist illustration of a

rned 10 mainly neutron star and its
:,pemO"a contain dipolar magnetic field.
xp\os'\ons neutrons

Credit: ESO, L. Calcada



NEUTRON STARS IN A NUTSHELL

Artist illustration of a
neutron star and its
dipolar magnetic field.

e i

ad [o] ot
~1.4 km ragi; s
solar
masses

Credit: ESO, L. Calcada



NEUTRON STARS IN A NUTSHELL

Artist illustration of a
neutron star and its
dipolar magnetic field.

rotate up
to ~700

times per
second

Credit: ESO, L. Calcada



NEUTRON STAR INTERIORS
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SUPERFLUID COMPONENTS

Although neutron stars are hot
compared to laboratory
experiments, they are very cold
in terms of their densities.

Large numbers of particles
condense into the same quantum
state, which is characteristic for
macroscopic quantum phenomena.
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QUANTUM VORTICES

Superfluids can be characterised
by a QM wave function, which
satisfies the Schrodinger equation.
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quantised
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Imagine vortices like tiny,
rapidly rotating tornadoes.
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by a QM wave function, which
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HVBK-TYPE EQUATIONS

Ideal superfluids often coexist with

a second component, leading to Secony
distinct two-fluid behaviour. ; °Mponep,
t: Pends on

Hydrodynamical / macroscopic
description of both components:

inertial terms + pressure /

temperature gradients =
VISCous terms + vortex tension +
mutual friction + magnetic forces



HVBK-TYPE EQUATIONS

Ideal superfluids often coexist with
a second component, leading to
distinct two-fluid behaviour.

Hydrodynamical / macroscopic
description of both components:

vortices . .
contribute inertial terms + pressure /

directly via temperature gradients =

tension and : t N tex t : N
mutual VISCOUs terms + vortex tension
friction mutual friction + magnetic forces



CRUSTAL NEUTRON STAR SHELL
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CRUSTAL SHELL

Example: Peralta et al. (2005)
evolved the NS HVBK equations
for a rotating, spherical shell.

Streamlines for normal (left) and superfluid (right):

I
Credit: see Fig.1in Peralta et al. (2005) n both



PULSAR TIMING

Because rotation and
magnetic field axes are .
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radiation like a lighthouse. ' axis
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PULSAR GLITCHES

. \
The regular spin-down na:‘f“f;} n
. a
of NSs can be interrupted P o-com”
by sudden spin-ups. pong“;‘;




PULSAR GLITCHES

The regular spin-down
of NSs can be interrupted
by sudden spin-ups.



https://docs.google.com/file/d/1_AfPRsR4EPdET7un7MuF_Y0SdvU2Ceal/preview
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Spin frequency

MANIFESTATION OF SUPERFLUIDITY

Superfluid spin-down can be Ll
provides
prevented by vortex pinning. angular
momentum
reservoir

Superfluid

C : :
- : Y47 7

Time



MANIFESTATION OF SUPERFLUIDITY

Superfluid spin-down can be
prevented by vortex pinning.
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model pulsar
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SFs
rotate by
forming
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pulsar
glitches are a
macroscopic
manifestation
of quantum
vortices




LABORATORY ANALOGUES

In the 1970s, Tsakadze and
Tsakadze performed a systematic
analysis of Helium Il spin-up.
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