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Fig. 5. (Left) The pinning energy Epinning is obtained taking the difference between the energy of the pinned con-
figuration (1), in which the vortex axis passes through the center of the nucleus, and the energy of the interstitial
configuration (2), in which the vortex is far from the nucleus. (Right) We rearrange the configurations on the left, in-
dicating that the pinning energy is equivalent to the difference between the energy cost to build the vortex on a nucleus
(Evor

nuc) and in uniform matter (Evor
unif), so that Epinning = Evor

nuc − Evor
unif.

(Fig. 6(b)), yielding Enucleus; one with Z = 0, ν = 1 (Fig. 6(c)), yielding Evortex; and finally,
one with Z = 0, ν = 0 (Fig. 6(d)), yielding Euniform. To obtain the correct pinning energy it is
essential that the calculations refer to the same asymptotic neutron density. In the calculations
(b) and (d), without the vortex, we use the same value of the neutron chemical potential λn,
yielding respectively an average number of neutrons Nnucleus and Nuniform in the cylindrical cell.
The presence of the vortex in calculations (a) and (c) leads in each case to a small decrease of
the number of particles. We compensate this reduction by a slight increase in the value of λn.
In practice, rather than attempting a very fine tuning of λn we prefer to account for the residual
difference in the number of particles adding the term

#Epinned = λn(Nnucleus − Npinned); #Evortex = λn(Nuniform − Nvortex) (10)

respectively to Epinned and to Evortex (cf. Table 3). We remark that a similar correction for protons
is not needed, because their number is exactly fixed, and equal either to 0 or to 40. Even if the pin-
ning energies represent only a small fraction of the total energy, of the order of 10−3–10−4, the
subtraction scheme we have just outlined produces numerically reliable results (cf. Appendix B),
which will be presented in the next section. One should notice that the size of the cylindrical
cell does not have to coincide with that of the physical Wigner–Seitz cell; it must only be large
enough, so as to lead to convergent results for Epinning. It is clear, however, that neglecting neigh-
bouring nuclei can be inconsistent, if the radius of the box becomes of the order of the lattice
constant. This point will be further discussed below in Section 4.3.

4. Results

We have performed calculations at different densities in the inner crust, ranging from n ≈
0.001 fm−3 to n ≈ 0.04 fm−3. Our discussion will be mostly based on the results obtained at


