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I. HIGHLIGHTS OF THE YEAR

Magnetic moments and ordered states in pyrochlore iridates
Nd;Ir,O7 and SmyIr,O7 studied by muon-spin relaxation’
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Pyrochlore iridates, RoIroO7 (R227, R = Nd, Sm,
Eu, Gd, Tb, Dy, or Ho), which have the relatively
large spin-orbit coupling (SOC) inherent in Ir 5d elec-
trons and a d-f exchange interaction, have been sug-
gested to show peculiar electronic properties.)) R227
also shows metal-insulator transitions (MITs) at Ty,
which seems to be accompanied by magnetic transi-
tions. Ty gradually decreases from 141 K for R = Ho
to 117 K for R = Sm with the increasing ionic radius
of the trivalent R ion. Ty suddenly drops to 33 K for
Nd227, and no MIT is observed in Pr227, which shows
metallic behavior.?) Owing to difficulties in observing
Ir magnetic ordering by means of neutron studies in
these compounds, muon-spin relaxation (uSR) studies
have been proven to directly confirm the appearance
of long-range magnetic ordering (LRO) in some of the
R227 compounds.? )

In this study, we investigate the magnetic orderings
and structures of Nd227 and Sm227, which are partic-
ularly important as they lie in the boundary of MIT.
In the case of Nd227, we observed the additional LRO
of Nd moments below 10 K and found a saturated in-
ternal field at the muon site (Hj,:) of approximately
530 G at 1.5 K, which confirmed indications suggested
by previous neutron scattering® and uSR studies.”) In
the case of Sm227, spontaneous muon-spin precession
was observed below Ty = 117 K, which indicated the
appearance of LRO of Ir moments below Ty. The
parameters obtained from the fitting to the zero-field
1SR data on Sm227 are shown in Fig. 1. The solid line
in Fig. 1(a) indicates the temperature dependence of
the resistivity, showing a clear transition at Ty;. The
internal field at the muon site, Hi,, rapidly increases
just below Ty and saturates at the temperature region
between 60 K and 20 K. With further decrease in tem-
perature, Hi,; decreases below approximately 10 K. As
shown in Fig. 1(b), the relaxation rate \; is relatively
constant in the paramagnetic region at 1" > Ty and
then increases below Ty, forming a peak at approxi-
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Fig. 1. Temperature dependences of (a) internal field at
the muon sites Hint, (b) slow relaxation rate Ai, and
(¢) damping rate of the muon-spin precession A2. The
broken line indicates Tt = 117 K. The area T > Tt
indicates the paramagnetic region. The temperature
dependence of the resistivity of SmalraOr is displayed
in (a) by the solid line as a reference MIT.

mately 10 K, which indicates a slowing-down behavior
toward an LRO below this temperature. This, there-
fore, suggests the appearance of the additional LRO of
Sm moments below 10 K. Increases in the damping rate
of the muon-spin precession are also observed below
10 K and near the Ty, as indicated in Fig. 1(c¢), which
further indicates a broadening of the distribution of
Hi,. Dipole-field calculations at the possible muon
stopping site show that the all-in all-out spin struc-
ture most convincingly explained the present yuSR re-
sults with the lower limits of the magnetic-ordered mo-
ments determined as 0.12 pup/Ir*" and 0.2 pp/Nd3*T
in Nd227 and 0.3 pp/Ir** and 0.1 pp/Sm3+ in Sm227.
Further analysis indicated that the spin coupling be-
tween Ir and Nd/Sm moments was ferromagnetic for
Nd227 and antiferromagnetic for Sm227.
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