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Interplay between vortex dynamics and superconducting gap structure
in quasi-two-dimensional organic superconductors
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Abstract

Over the past three decades, unconventional superconductivity with anisotropic gap structure has
been found in strongly correlated electron systems such as heavy fermion compounds, high 7c
cuprates, and organic conductors. Unconventional superconductivity is characterized by anisotropic
superconducting gap, which may have zeros (nodes) along certain directions in the Brillouin zone. The
nodal structure is closely related to the pairing interaction, and it is widely believed that the presence
of nodes is a signature of magnetic or some other exotic, rather than conventional phonon mediated,
pairing mechanism. Thus, experimental determination of the gap function is of fundamental impor-
tance. However, the detailed gap structure is an unresolved issue for many unconventional supercon-
ductors. In this context, we have demonstrated for layered organic superconductors that flux-flow
resistance under a magnetic field rotated within conducting layers provide a clue for determining the
nodal directions. Here we present the experimental results for the angular variation of the flux-flow
resistance in d-wave organic superconductors g”-(ET),SF;CH,CF,SO, and 4-(BETS),GaCl,. Nodal struc-
tures for these superconductors are briefly discussed.

Key Words: organic superconductor, gap structure, pairing symmetry, flux-flow resistance, Doppler
energy shift
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Fig. 1 Cooper pair (wave function) for s-wave and d-wave orbital
symmetries.
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Fig. 2 Energy shift of density of states (DOS) by Doppler effect
for s-wave and d-wave cases. Doppler shift is not important
for sswave but significant for d-wave because DOS is induced
at Fermi level &.
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Fig. 3 Doppler shift for a magnetic field parallel to the node and
the antinode directions. When the field is applied along a
nodal direction, only two nodes contribute to the DOS. On
the other hand, when a field is applied in the antinodal
direction, all four nodes contribute to the DOS.
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Fig. 4 Fermi surface of B™-(ET),SF;CH,CF,SO; derived from
double zeta band-structure calculations. The area of the hole
pockets is about 14.8% of the first Brillioun zone.
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Fig. 5 Interlayer resistance as a function of the magnetic field H at
1.8 K for various values of ¢ in the Ohmic regime. The
curves are measured in intervals of A¢ =10° from ¢ =100°
(top curve) to —100° (bottom). The curves are vertically
shifted for clarity (after ref. 9).
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Fig. 6 In-plane angular dependence of H, derived from the
resistive transition. The H, values are the fields at which
the resistance of the sample has reached 90% , 70% , and
50% of its normal-state value (after ref. 9).
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Fig. 7 The dependence of the flux-flow resistance on in-plane field-
orientation in the non-Ohmic regime for several values of
current (a) and of magnetic field (b) (after ref. 9).
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Fig. 8 Angular dependence of the interlayer resistance of
A-(BETS) ,GaCl, at various currents at ugH=9.0 T (after
ref. 8).
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