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Abstract

Disorder affects the coherent state of a superconductor in characteristic ways. In conventional super-
conductors with s-wave pairing symmetry, magnetic defects act as strong pair breakers, whereas non-
magnetic defects have negligible effect. In this review, we will show that nonmagnetic defects promote
the superconductivity mediated by optical phonon in palladium-hydride system. Temperature depen-
dence of the critical current is well fitted by the Ambegaokar-Baratoff relation, suggesting the exis-
tence of Josephson junction between the superconducting(SC) grains. Appearance of the coherent SC
grains through the Josephson coupling may be associated with the interaction between deuterium and
lattice defects such as vacancies and dislocations. In addition, we theoretically investigated whether or
not optical phonon modes formed by the collective motion of a large number of atoms exist in nonstoi-
chiometric PdH,, possessing random or inhomogeneous lattices. We found that individual excitations
compete with collective excitations in controlling the system’s randomness, and that optical phonons
develop from localized phonon modes as the stoichiometry x increases.
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Fig. 1 Crystal structure of PdH, (x=1.0). H (or D) ions occupy
octahedral interstitial sites in the crystal lattice.
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Fig. 2 Variation with time of the resistance of a Pd wire during
electrolysis at room temperature.
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Fig. 3 Temperature dependence of the resistance of a PdD, wire
(Sample A) (after ref. 9).
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Fig. 4 Expanded plots of the resistance of both samples (a) for

the low-temperature range below 25 K and (b) near 80 K.
The solid and dashed lines represent the heating and
cooling process, respectively (after ref. 9).
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Fig. 5 (a) LV characteristics at various temperatures. The dashed
line represents ohmic behavior obtained by the least-
squared fitting of the data at 2.1 K for -30 mA</<+30
mA. Arrows indicate the critical current at 2.1 K. (b) IV,
characteristics at various temperatures, where V, was
obtained by subtracting the ohmic voltage [the dashed line
in Fig. 5 (a)] from the total voltage V. The critical current,
1, is defined as a zero voltage extrapolation (after ref. 9).

BRSO BEAKAFNE I (T) % Fig. 6 (2R Sample A,
Sample B\ b LSO A — 7%, 22T, I &k
DTVLERIIOWTERT 5, b L, [ AHIZT —/5—
SEIC L2 D% HI1E, 0L X OWMBERSNE,

I(T)e<[1-(T /T,)**? (3)

ThHzoNb [13]le L LA S, ZoRidFig 6 1IRT
LIHETIMOBE B THY, 74 v T4 7Th
LV, IV E oL LT, MENICAY
—IHARLIBEE R AL V2R, FALVETYak
7V VERPHENTOEEEICOWTERT L, ZOWE,
Ik S BRI O Tk AR AR 1L,

TAT) 1y AT (4)

I.(T)=
2Ry 2kyT

60 T Ty T T T
Ambegaokar-Baratoff
—— : Sample A

50 —— : Sample B

Cooper pair breaking
""" : Sample A —
""" : Sample B

40

30

T

I, (mA)

| ® :Sample A )
20 B : Sample B

10+ PdD

$0.05 mm, wire

0 | | AN
0 2 4 6 8 10

Temperature (K)

Fig. 6 Temperature dependence of critical current I, (7) for both
samples. Solid lines present the fitting results of the
Ambegaokar-Baratoff relation given by eq. (4). Dashed
lines show the critical current determined by Cooper pair
breaking induced by an excessive supercurrent, it follows
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equation gives poor results for both samples (after ref. 9).
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Fig. 7 The three upper panels present the development of
superconductivity, where three islands, each limited to four
grains for simplicity, are shown. Each black arrow in the SC
grain means the SC order parameter. In the bottom panel,
two characteristic temperatures, 7} and 7, are defined
(after ref. 9).
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The FOM solutions in Fig. (a) and (f) are in good
agreement with the analytical solutions (after ref. 10).
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