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Fig. 1. The two vortex–nucleus configurations used in our calculation: interstitial pinning (IP, left) and nuclear
pinning (NP, right). The cubes indicate the WS-cells, the spheres represent the nuclei in the middle of the cell and
the cylinders picture the position of the vortex core.

The pressure in the normal phase is then equal to
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while that in the superfluid phase is given by
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We can now describe the vortex–nucleus configurations in our model. We start by con-
sidering two cubic WS-cells, over which we will integrate the energies, and we put them
adjacent along a direction labeled as the x-axis. The vortex axis is aligned along the z di-
rection. At the center of each cell we have a nucleus and in the leftmost one we put the
origin of our Cartesian system of reference, so that the other nucleus lies on the x-axis.
The nuclear pinning (NP) configuration has the vortex passing through the nucleus at the
origin. The interstitial pinning (IP) configuration has the vortex equidistant between the
two nuclei (see Fig. 1).
So far, when discussing the neutrons in the WS-cell we have implicitly assumed that

they were all either in the normal phase (and thus without any vortex) or in the superfluid
phase (with one vortex-line singularity in the NP or IP configuration). However, the usual
hybrid state used in all previous calculations of pinning is also possible in the Thomas–
Fermi approach, namely the neutrons in the cell can be superfluid everywhere except in
the so-called vortex core, an axially symmetric region around the vortex axis where they
are normal. In order to fulfill the condition of hydrostatic equilibrium of the model, the
pressure of the normal phase must be equal to that of the superfluid one all along the
boundary of the vortex core. The thermodynamical equilibrium is already guaranteed by
taking the same µ for both phases.
More precisely, in the present semi-classical picture there are only two possible struc-

tures for a vortex which are consistent with mechanical equilibrium. The ‘mixed’ phase,
in which an axially symmetric surface coaxial with the vortex, SM(z), is determined by
the condition Ps(x) = Pn(x); in this phase matter is normal inside SM(z) and superfluid
outside (normal core). The ‘pure’ phase, in which matter is always superfluid, but with its
density going smoothly to zero along some other axially symmetric surface coaxial with the
vortex, SP (z), determined by the condition ns(x) = 0; in this phase there are no neutrons
inside SP (z) (empty core). We point out that the surfaces SM(z) and SP (z) unambiguously


