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High-rank multipole degrees of freedom of
f electrons have been investigated in the
context of phase transitions and transport
properties owing to coupling with conduc-
tion electrons.
One of the typical issues of multipole
phenomena is based on a non-Kramers
crystalline-field (CF) doublet state with
Gamma3 symmetry of fˆ2 electron config-
uration under cubic symmetry. This dou-
blet state does not carry magnetic dipole
moments, but quadrupoles and octuples.
The multipole fluctuation that couples
with conduction electrons induce the two-
channel Kondo effect (D. L. Cox and M.
Jarell, J. Phys., Condens. Matter 8, 9825
(1996)). Such phenomena have been inves-
tigated for Pr-based metallic alloy com-
pounds. For example, PrInAg2 shows an
extremely enhanced electron mass with
the Sommerfeld coefficient of 6.5 J/(mol K
2) without any ordering phase transition
down to 50 mK (A. Yatskar et al., PRL 77,
3637 (1996), T. M. Kelley et al., PRB 61, 1831
(2000)).

Recently, several phenomena expected to
be relevant to the two-channel Kondo ef-
fect are found in a compound series of
PrT2Zn20 (T = Ru, Rh, Os and Ir) (T. Oni-
maru et al., JPSJ 79 (2010) 033704). In par-
ticular, PrIr2Zn20, which is investigated
in this study, exhibits superconductivity
below 0.05 K and a phase transition at
0.11 K (T. Onimaru et al., PRL 94, 197201
(2005)). The latter transition is a signature
of the multipole ordering associated with
the Gamma3 CF ground state. The evi-
dences of the Gamma3 ground state in
PrT2Zn20 were obtained by inelastic neu-

tron scattering from powdered samples us-
ing the triple-axis thermal neutron scatter-
ing instrument TOPAN installed at JRR-3
and the cold-neutron disk-chopper spec-
trometer AMATERAS at BL14 of MLF, J-
PARC (K. Iwasa et al., J. Phys. Soc. Jpn. 82,
043707 (2013)). In contrast to such localized
f-electron behavior, the magnetic entropy at
0.11 K is only 20% of the expected doublet
ground state. The most striking features are
non-Fermi-liquid (NFL) behaviors in the
temperature range just above the ordering
point: Tˆ0.5 dependence of electrical resis-
tivity and -lnT dependence of specific heat
divided by temperature. These experimen-
tal results can be explained by strong inter-
action between the f electrons and the con-
duction electrons. The ordered structure is
a key issue to understand the unconven-
tional electronic state.

We carried out neutron diffraction mea-
surements for co-aligned single-crystalline
samples of PrIr2Zn20 under magnetic
fields up to 5 T applied along the cubic [1
-1 0] and [0 0 1] axes. Sample temperatures
were controlled down to 40 mK. These con-
ditions were provided by a dilution in-
sert equipped with a cryomagnet installed
on the neuron diffractometer 6T2 at Or-
phee reactor of Laboratoire Leon Brillouin,
France. The measurement with magnetic
fields along the [1 -1 0] axis was performed
in 2015, and the subsequent measurement
under magnetic fields direction along the
[0 0 1] axis was attempted this time in 2016,
in order to observe anisotropic response of
the ordered f-electron state against applied
magnetic fields.
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The upper panel of Fig.1 shows a rocking-
curve scan profiles through the scattering
vector Q = (0.5, 0.5, 1.5) measured at 40
mK under the magnetic fields along the [1
-1 0] axis. The data at 5 T shows a dis-
tinct peak, in contrast to that suppressed
at zero magnetic field. Similar magnetic-
field-induced reflections were observed at
several reciprocal lattice points character-
ized by the common reduced wave vector
Q = (1/2, 1/2, 1/2). The result indicates
a long-period ordering of non-magnetic
multipole associated with the non-Kramers
doublet Gamma3. We also measured tem-
perature dependence of the induced peak.
The transition temperature of 0.12 K was
determined under the magnetic field of 5
T, which is consistent with that reported in
the specific-heat measurement (T. Onimaru
et al., PRL 94, 197201 (2005)) and the ul-
trasonic studies (I. Ishii et al., J. Phys. Soc.
Jpn. 80, 093601 (2011)). On the other hand,
measurement results for the same scatter-
ing vector, Q = (0.5, -0.5, -1.5), under mag-
netic fields applied along the [0 0 1] axis
did not show any induced superlattice re-
flection, as shown in the lower panel of Fig.
1. This fact indicates that the ordered state
does not have any induced magnetic dipole
symmetrically inherent in the ordered mul-
tipole under the [0 0 1] magnetic fields, so
that no staggered configuration of dipole
moments appear in spite of the long-period
ordered phase. Considering the symme-
try classification of quadrupoles within the
f-electron CF ground state, we conclude
that the long-range antiferro-type order in
PrIr2Zn20 is dominated by a Gamma3-type
quadruple. It is a further subject how the
ordered multipole plays a role in the char-
acteristic low-temperature properties like
the NFL behaviors, which are caused by the
two-channel Kondo effect.
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Fig. 1. The scan profiles of the superlattice reflec-
tions in the ordered phase at various mgnetic fields.


