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Abstract: A method is proposed to extend the zero-temperature Hall-Klemm microscopic theory
of the Knight shift K in an anisotropic and correlated, multi-band metal to calculate K ( T ) at
finite temperatures T both above and into its superconducting state. The transverse part of the
magnetic induction B(t) = B0 + B1 (t) causes adiabatic changes suitable for treatment with the
Keldysh contour formalism and analytic continuation onto the real axis. We propose that the
Keldysh-modified version of the Gor’kov method can be used to evaluate K ( T ) at high B0 both in
the normal state, and by quantizing the conduction electrons or holes with Landau orbits arising
from B0 , also in the entire superconducting regime for an anisotropic, multiband Type-II BCS
superconductor. Although the details have not yet been calculated in detail, it appears that this
approach could lead to the simple result KS ( T ) ≈ a(B0 ) − b(B0 )|∆(B0 , T )|2 , where 2|∆(B0 , T )| is the
effective superconducting gap. More generally, this approach can lead to analytic expressions for
KS ( T ) for anisotropic, multiband Type-II superconductors of various orbital symmetries that could
aid in the interpretation of experimental data on unconventional superconductors.
Keywords: Knight shift, Type-II superconductor, nuclear magnetic resonance, anisotropy, electron
correlations
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1. Introduction
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In nuclear magnetic resonance (NMR) measurements of a nucleus, there is a difference between
the resonance frequency of the nucleus when it is in a metal from when it is vacuum or in an insulator.
This is known as the Knight shift [1]. Although the temperature T dependence of the Knight shift in a
superconductor has long been considered to be a probe of the spin state of the paired electrons [2–4],
the only theoretical basis for the experiments was the 1958 assumption of Yosida that the probed
nuclear spins could be entirely neglected [5], and the only quantity of interest was the temperature T
dependence of the zero-field limit of the electron spin susceptibility of an isotropic and uncorrelated
Type-I superconductor [5]. This led for a BCS singlet-pair-spin superconductor to a T dependence of
the Knight shift KS ( T ) proportional to x/(1 + x ), where x = ( β/∆) d∆
dβ , β = 1/T, where we set k B = 1,
and ∆ is one-half the BCS energy gap, for which KS ( T ) → 0 as T → 0, unlike most experimental
results [5].
For isotropic Type-I superconductors in the Meissner state, crushing the sample to a powder of
crystallites the cross-sections of which were less than the magnetic penetration depth was usually
found to provide a reasonable method for that conventional theory to be applicable [2–4]. In the first
years following the BCS theory, the transition metal superconductors were found to behave somewhat
differently, as the Knight shift did not vanish as T → 0 [6], and it was thought that surface spin-orbit
scattering could explain the near-cancelation of the Knight shift in transition metals [6,7]. But surface
impurity spin-orbit scattering could not explain the observed non-vanishing K (0) results observed
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