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FFLO-wave-vector Lock-in Effect in Quasi-1D Superconductors

M. D. Croitoru · A. I. Buzdin

Abstract We study the phase transition into the Fulde-
Ferrell-Larkin-Ovchinnikov state in high magnetic field in
quasi-one dimensional superconductors within the quasi-
classical formalism, taking into account the interchain
Josephson coupling and the paramagnetic spin splitting. We
show that anomalies in the field-direction dependence of the
upper critical field when the magnetic field length equals to
the FFLO period, previously described in [29], are charac-
terized by the lock-in effect of the FFLO modulation wave
vector, which is governed by the magnetic length.

1 Introduction

The effect of high magnetic fields on the superconducting
state in compounds with reduced dimensionality has stirred
up one of the main research interests in the field of super-
conductivity in the last few decades [1, 2]. This has been
motivated, in particular by discoveries of superconduct-
ing high crystallographic quasi-one dimensional structures
with unique properties in magnetic field, e.g., the quasi-
1D organic Bechgaard salts (TMTSF)2X, where anion X
is PF6, ClO4, etc. [1–8] polysulfur nitride (SNx) [9], the
metal-chalcogenide-based compounds [10–15], transition
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metal carbides [16], the quasi-1D M2Mo6Se6 compounds
[17–19], lithium purple bronze [20], and arrays of 4
Ångstrom superconducting carbon nanotubes embedded in
the linear pores channels of AFI zeolite single crystals
[21, 22]. A very large upper critical fields, exceeding the
Pauli paramagnetic limit, for a magnetic field aligned par-
allel to their most conducting layers in the these materials
as well as the NMR measurements and the anomalous
in-plane anisotropy of the upper critical field [3, 23] for
field parallel to the conducting chains, e.g., in the organic
compound (TMTSF)2 ClO4 favor the existence of Fulde-
Ferrell-Larkin-Ovchinnikov (FFLO) superconducting phase
with a spin singlet pairing [24, 25].

In [23, 26], it has been demonstrated that the FFLO
modulation strongly interferes with the orbital effect and
provides the main source of the critical field anisotropy.
Our subsequent analysis of the properties of the quasi-
low dimensional superconductors revealed that in some
of them the resonance between the period of the FFLO
modulation and the period of the interlayer coupling modu-
lation induced by the external field is possible [27–29]. The
obtained results predict the anomalous cusps in the temper-
ature and angular dependencies of the in-plane critical field.
Their experimental observation may serve as a direct evi-
dence for the appearance of the FFLO phase in quasi-1D and
quasi-2D superconductors [26–29]. This peculiar behavior
of the in-plane anisotropy of the FFLO phase completes the
anomalous oscillatory out-of-plane angular dependence of
the critical field in FFLO state [30–34].

In the studies of the orbital corrections to the upper crit-
ical field in the FFLO phase, we assumed that the absolute
value of the FFLO wave vector is determined in the pure
Pauli limit. However, the orbital contribution also influences
the absolute value of the FFLO modulation vector. One can
expect that the orbital correction can modify the absolute
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We clearly see that the orbital contribution influences the
absolute value of the FFLO modulation vector. The influ-
ence of the orbital effect on the modulation vector is rather
for tz = 1.30 K except for the region in the close proxim-
ity to the resonance. In the vicinity of the resonance, where
the unperturb q and Q curves intersect, appears an interest-
ing lock-in effect: while sweeping the TcP /Tc0 across the
resonance the FFLO vector jumps from its almost unper-
turb value q0, determined without the orbital contribution,
to the magnetic field vector Q, crosses the resonance and
then jumps back on the original q0 curve. For the case tz =
2.25 K, the contribution of the orbital effect is seen already
near the tricritical point, which is shifted to the lower value
due to the orbital contributions even for �±2 = 0.

In conclusion, we have described the behavior of the
FFLO modulation wave vector in quasi-1D superconductors
in high magnetic field with different hopping parameters.
We demonstrated that at the resonance the interplay between
the orbital and paramagnetic effects may result in a lock-
in effect between modulation wave vector and the magnetic
wave vector. This effect may become an additional tool to
evidence the FFLO state. In our study, we have assumed s-
wave pairing; however, the model can be easily extended
to the d-wave pairing [28]. We expect that all the obtained
results will remain qualitatively similar.
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André, R. Pöttgen, and W. Scherer, Z. Anorg. Allg. Chem. 639,
1985, 2013

17. Brusetti, R., Briggs, A., Laborde, O., Potel, M., Gougeon, P.:
Phys. Rev. B 49, 8931 (1994)
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