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Fig. 1. (color online) (a) Schematic description of the magnetic penetration depth in a superconductor; (b)

the I-V curve of a tunnel diodes (model MBD-1057) at different temperatures; (c) schematic setup of our

TDO-based measurements of London penetration depth.
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Fig. 2. Crystal structure of CePt3Si (101,
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Fig. 3. (a) Temperature dependence of the London penetration depth AX(T') for CePt3Si and LaPt3Si [45,51]

the inset expands the low temperature part of CePt3Si; (b) temperature dependence of the spin relaxation

ratio 1/TT for CePt3Si [47],
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Fig. 5. Temperature-pressure phase diagram for (a) Ulr 1] and (b) CelrSiz 121,
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Fig. 6. (a) Temperature dependence of the London penetration depth and (b) the 3 D polar plot of the gap

functionfor A; (k) for LioPd3B and LiaPt3B [30],
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Fig. 7. The normalized superfluid density ps(7") versus
temperature for YoCgs. Inset (a) Temperature depen-
dence of the penetration depth AX(T") at low temper-
atures; (b) the superfluid density ps(7T) in the low-

temperature region (58],
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Fig. 8. The upper critical field versus temperature for
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weak-coupling Werthamer-Helfand-Hohenberg (WHH)

method and the Ginzburg-Landau (GL) theory, respec-

tively (58], The inset shows the magnetic field depen-

dence of the frequency shift Af(B) at various tempera-

tures; the arrows mark the upper critical field.
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Fig. 11. Temperature dependence of the superfluid
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Table 2. Pairing states, band splitting energies and other parameters for non-centrosymmetric superconduc-

tors. (Since the ASOC strength is expected to be proportional to the square of the atomic numbers of the

atoms on the NCS crystalline sites, we assign the band splitting Eagsoc with “large” or “small” by their

atomic numbers in case that their band structure calculations are unavailable) [3°].

Compounds T./K woH(0)(T) Exsoc/meV E; Paring state
CePt3Si 0.75 3.2//c2.71lc 200 3093 s+p
CelrSiz 1.6 45//c, 111lc 4 10 triplet
CeRhSi3 1.05 30,7 10 25 triplet
LioPt3B 2.6 1.9 200 892 triplet
BiPd 3.7 0.8//b 50 157 two-gap
LaNiCy 2.75 1.67 42 177 two-gap
Mgiolri9Bie 5 0.77 large — two-gap
LioPd3B 7.6 6.2 30 46 s-wave
LagCs 13.2 19 30 26 s-wave
Y2Cs 16 29 15 11 two-gap
Nbg.18Rep.82 8.7 23 large — s-wave
ResW 7.8 12.5 large — s-wave
BaPtSi3 2.25 0.05 Large s-wave
MosAl2C 9 1.7,1.6 small — s-wave
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Abstract

The non-centrosymmetric (NCS) superconductors (SCs), a class of novel superconducting materials, have recently
attracted considerable interests. As a result of antisymmetric spin-orbital coupling (ASOC) arising from the absence
of inversion symmetry, the superconducting pairing state of these compounds allows the admixture of spin-singlet and
spin-triplet components. This is in contrast to other previously studied superconductors, which usually possess an
inversion symmetry in their crystal structure, and therefore their pairing state is of either spin-singlet/even parity or the
spin-triplet/odd parity due to the restrictions of the Pauli principles and parity conservation.

Determination of the gap structure is crucial for unveiling the pairing state of NCS SCs. In this article, we first
describe a method of measuring the precise temperature dependence of the changes in the London penetration depth
using the tunnel-diode-oscillator (TDO), which provides an important evidence for the superconducting gap structures.
Then the pairing states of NCS SCs are briefly reviewed, putting the emphasis on a few compounds with different ASOC
strengths. It is proposed that the ASOC may tune the ratio of the spin-triplet to the spin-singlet component and,
therefore, the spin-triplet state may become dominant while the ASOC effect is sufficiently strong in NCS SCs. However,
our investigations demonstrate that the actual case is more complicated and there is no simple correspondence between
the ASOC size and the pairing states. Instead, it is found that the band splitting due to the ASOC effect divided by the

superconducting transition temperature 7, may better characterize of the superconducting pairing states in NCS SCs.

Keywords: non-centrosymmetric superconductor, order parameter, antisymmetric spin-orbit coupling,

London penetration depth
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