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The existence of S-wave neutron superfluidity in the inner crust of neutron stars is well established and it
affects the thermal properties and the cooling of the stars. In this talk, I will present a detailed ab initio study
of the S-wave pairing gap and the equation of state of superfluid neutron matter. These calculations were
carried out using the auxiliary field diffusion Monte Carlo method for finite systems and the results were
extrapolated to the thermodynamic limit. I will also discuss how we quantify the error of this extrapolation
using phenomenology, such as the symmetry-restored BCS theory of superconductivity. These results can be
used in calculations of thermal properties of neutron stars and they can be probed in cold atom experiments
utilizing the universality of the unitary Fermi gas.
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