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Development of the current-density functional theory for superconductors that
predicts the critical temperature and critical magnetic field
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We construct the current-density functional theory for superconductors
immersed in a magnetic field in order to predict both the critical magnetic field and critical
temperature. The order parameter of the superconducting state, transverse component of the
paramagnetic current-density, and electron density are chosen as basic variables that uniquely
determine the equilibrium properties of the system. We also develop the approximate form of the
exchange-correlation (xc) energy functional that is indispensable to perform actual calculations on
the basis of the present theory. The rigorous expression of the xc-energy functional is derived
using the technique of the coupling-constant integration. Furthermore, the approximate form of the
xc_energy functional is developed by requiring that the energy gap coincides with the BCS one in the

limiting system where the results of the BCS theory are sufficiently satisfactory.
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