Superfluid fraction in the inner crust of neutron stars
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® |ntroduction: inner crust of neutron stars and its superfluid fraction
® Formalism: HFB with Bloch boundary conditions and Two-Fluid model

® Results: fully self-consistent HFB and linear response in BCS approximation
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Inner crust of neutron
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What about the superfluid fraction?
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the HFB equations in this form allow to compute the ground state properties of our system,
moreover a flow is introduced performing a Galilean boost of the mean-field
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Hartree-Fock-Bogoliubov in a lattice

Periodicity can be imposed trough the Bloch's theorem,
in momentum space this introduces a decomposition in integer multiples of 27 /L and
a continuos momentum known as Bloch momentum

21 . T T
k—Tn+kb with nEZ,kbE[L,L)

as a consequence the HFB matrix has only integer indices, and it is diagonal in the Bloch
and (if any) parallel momenta
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Hartree-Fock-Bogoliubov in a lattice, a taste

Solving the HFB equations with Bloch boundary conditions means computing
the band structure of the inner crust
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Two-Fluid model

Our setup gives us access to densities p, currents fand other relevant quantities.
Then with the so-called two-fluid model we can compute the superfluid fraction

-

Jn= (pn - pS)‘7+ psvs Jp= Pp‘7
This relation has to be understood in an average sense (¢ = phase of the gap: A = |A]e’?)

d3x h o=
LV amY?

Vs =

Since our quantities are periodic the average superfluid velocity Vs is zero,
thus we are working in the reference frame in which the superfluid component is at rest
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Bands effects VS pairing gap

Normal band theory should be valid in the weak-coupling limit (pairing gap < Fermi energy)
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Geometric contribution in BCS approximation
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Geometric contribution in neutron stars and condensed matter
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Constraint from glitch activity

The superfluid density ps is related to the superfluid moment of inertia of the crust /s,
then the ratio Is// can be used as a constraint thanks to its relation with the glitch activity G
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Conclusions

The self-consistent HFB calculations performed here accounted
for both band structure and superfluidity

e 1D: ps/{pn) ~97% No surprise.
® 2D: ps/{pn) ~95% Normal band theory underestimates the superfluid fraction !
® 3D: ps/{pn) ~92% Entrainment is very small because of the geometric contribution !!

The superfluid reservoir in the inner crust of neutron stars is big enough to explain
pulsar glitches with the crust only !!!

The geometric contribution could be non-zero also in the shallowest layers of the inner crust,
and it is expected to appear in all the superfluid response functions
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Thanks for your attention!
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