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Cooper-pairing properties of odd-frequency Fermi superfluids and effects on nuclear spin-lattice

relaxation rate

Thesis Summary

In this thesis, | theoretically investigated odd-frequency Fermi superfluids. | proposed a model odd-
frequency pairing interaction which can overcome the well-known serious problem in the theory of this
field that the calculated single-particle excitation spectrum unphysically becomes negative. Using this
model, | studied the space-time structure of an odd-frequency Cooper pair, as well as strong-coupling
corrections to the odd-frequency superfluid phase transition temperature. | also examined how the odd-
frequency pairing affects the nuclear spin-lattice relaxation rate T4 in the superfluid state.

After overviewing this field and presenting the motivation of my work in Chap. 1, | explained the path-
integral formalism of the Fermi superfluid theory in Chap.2. | then presented in Chap.3 a model odd-
frequency pairing interaction which can overcome the above-mentioned difficulty for single-particle
excitations. Using this model, | examined the space-time structure of an odd-frequency Cooper-pair
wavefunction in a single-component odd-frequency s-wave Fermi superfluid at T=0, within the framework
of the combined path-integral scheme with the BCS-Eagles-Leggett strong-coupling theory. In the strong-
coupling limit, | clarified that, except for the equal-time pairing component, the magnitude of the odd-
frequency pair wavefunction coincides with that in the ordinary even-frequency s-wave superfluid state.

In Chap. 4, | evaluated the superfluid transition temperature T¢ in a single-component odd-frequency
s-wave Fermi superfluid, within the framework of the strong-coupling theory developed by Noziéres-
Schmitt-Rink. In the strong-coupling regime, the calculated T.was found to be well-described by the
Bose-Einstein condensation temperature of an ideal Bose gas where all fermions form tightly bound
molecular bosons. This indicates that, despite the absence of equal-time pairing, odd-frequency Cooper
pairs exhibit bosonic behavior in the strong-coupling regime.

In Chap. 5, | applied the model interaction presented in Chap.3 to the odd-frequency superconducting
state, to calculate the nuclear spin-lattice relaxation rate 74" below T.. In the case of the odd-frequency
p-wave polar state, in addition to the vanishing coherence peak as in the even-frequency p-wave case,
| found that T1-! exhibits Korringa-law-like behavior far below T.. | also showed that the calculated 71
well-explains the recent experiment on CeRhoslroslns , which is considered as a candidate for odd-
frequency p-wave superconductivity. | also dealt with the odd-frequency s-wave case. Under a certain
condition, | found that the calculated T+ continues to increase with decreasing temperature, which is
quite different from the even-frequency s-wave case, where the coherence peak appears just below T..

| summarized this thesis in Chap. 6.
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