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Abstract

We performed ultrasonic measurements for HoNiaBoC and Hog.75 Y0.25 Ni2 B2 C single crystals between 1.7 and 80 K
under various magnetic field. In zero field, Cgs for HoNi2B2C decreases continuously on lowering temperature in
a wide temperature region below 80 K, and showed a discontinuous softening and recovering at 5.5 and 3.8 K,
respectively. In contrast, (C11 — C12)/2 remained almost constant in the whole temperature region. In the field
applied along the b(a)-axis, the softening of Css was largely suppressed, which suggests that the softening is
magnetic in origin. A similar softening of Css was also observed for Hop.75Y0.25Ni2B2C.
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The properties of quaternary intermetallic supercon-
ductors RNi2B2C (R = Y and rear-earth ions) have
attracted a great deal of attention because of the com-
petition between superconductivity and magnetism.
HoNi2B2C appears to be one of the most interesting
members of the system. This material shows rather
complicated magnetic transitions and a reentrant be-
havior in superconductivity. The specific heat C, and
the magnetic susceptibility dxr/dT indicated three
successive magnetic transitions around 5 K in zero
field.[1] Neutron scattering measurements[2] revealed
that two incommensurate ( IC ) and one antiferromag-
netic ( AF ) orders develop at about the same tem-
perature, but only the AF order remains at the lowest
temperature.

Up to the present, a number of studies for HoNizB2C
have been performed by means of the magnetic mea-
surements. However, the investigation of the lattice
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dynamics in this material, which will be related
closely with the magnetic orders and the supercon-
ducting state, is scarce. One of us ( H. T.) succeeded
in growing a large single crystal of RNixB2C, which
enables us to perform the ultrasonic measurements of
HOl_];YxNiQBQC.

Large single crystals of HoNiB2C and
Hoo.75Y0.25Ni2gB2C were grown by a floating zone
method.[3] These crystals were cut for several exper-
iments. For the ultrasonic measurements, cubic sam-
ples of ~3 mm were prepared. Faces of the samples
were polished carefully, and 10 MHz longitudinal or
transverse LiNbOs transducers were bonded to both
ends of the sample with silicone adhesive.

The sound velocity and attenuation were measured
precisely by the phase-sensitive detection of the pulse
echo. The echo signals multiplied by the in-phase and
quadrature phase cw references gave a phase difference
between the echo and the reference. Here, the differ-
ence depends on the sound velocity. In the measure-
ments, the phase of the reference was controlled to keep
the difference constant, and the change of the sound
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Fig. 1. Variation of elastic constants of Cgg for HoNi3yBoC and
Hoo.75Y0.25Ni2 B2 C, together with YNiyB2C.

velocity was obtained from the phase of the reference.
The absolute value of the velocity was determined sep-
arately using the time-of-flight method.

We measured the sound velocity and attenuation of
these samples from 80 K down to 1.7 K. The elastic
constants C' were obtained from the sound velocity v
and the mass density p as C = pv?. Figure 1 shows
the variation of Cse¢ for these samples, together with
YNiaB2C.[4] It was found that Ces of HoNizB2C shows
a remarkable softening from temperatures higher than
80 K and takes a minimum value around 5 K. In con-
trast, (C11—C12)/2 of HoNi2B2 C remained almost con-
stant in the whole temperature region ( not shown ).

The difference in Css between HoNiaB>C and
YNizB2C suggests that the huge softening in the for-
mer arises from the magnetic order of Ho moments.
Kreyssig et al.[5] reported the lattice distortion in
the AF phase based on the neutron-diffraction experi-
ment: Accompanied with the AF order, the tetragonal
to orthorhombic crystallographic phase transition
takes place. Thus, the remarkable softening of Csg is
understood as due to coupling of the mode with the
AF order. Although the AF order was not reported
fOI‘ HOO‘75YO‘25Ni2BQC7[6} the large softening Of the
sample observed in the present study suggests a strong
AF correlation of Ho atoms in this material.

We measured Css for HoNipBoC under the magnetic
field. In zero field, Css showed a discontinuous soft-
ening at 5.5 K and recovered at 3.8 K. As the mag-
netic field along the b—axis increased, this softening was
largely suppressed, as shown in Fig. 2. In contrast, this
softening is little affected by the field along the c—axis (
not shown ). From these measurements, it is concluded
that Cse is strongly coupled with the arrangement of
Ho moments.
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Fig. 2. Constant field, temperature-dependent sweeps of Cgg
for HoNi2B2C ( k || a—axis, p || b—axis, H || b-axis ). The
arrows in (a) denote three peaks of the specific heat Cp.

It is interesting to compare the temperature depen-
dence of Cgss with that of the specific heat Cp. In zero
field, three peaks of C, were clearly observed in this
sample, and correspond to three magnetic transition
temperatures 11, T> and Ty, as indicated in Fig. 2 (a).
Here, T, T> and Tn are thought to be the transition
temperatures for an IC spiral state with the propagat-
ing vector along the c—axis, an IC state with the vec-
tor along the a—axis, and an AF order, respectively. It
should be noted that the discontinuous increase in Csg
at 3.8 K coincides with none of these magnetic transi-
tions, and is close to the reentrant temperature of su-
perconductivity for this sample.

In summary, we performed the ultrasonic measure-
ments for Ho1_, Y, Ni2B2C single crystals. Cge in zero
field showed a remarkable softening, and this softening
depended strongly on the magnetic field and its direc-
tion. Thus, it is concluded that Csg is strongly coupled
with the arrangement of the Ho moments.
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