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YbBiPt is a heavy-fermion compound possessing significant short-range antiferromagnetic correlations below
a temperature of T * = 0.7 K, fragile antiferromagnetic order below TN = 0.4 K, a Kondo temperature of TK ≈
1 K, and crystalline-electric-field splitting on the order of E/kB = 1 – 10 K. Whereas the compound has a face-
centered-cubic lattice at ambient temperature, certain experimental data, particularly those from studies aimed
at determining its crystalline-electric-field scheme, suggest that the lattice distorts at lower temperature. Here,
we present results from high-resolution, high-energy x-ray diffraction experiments which show that, within our
experimental resolution of ≈ 6 – 10×10−5 Å, no structural phase transition occurs between T = 1.5 and 50 K.
In combination with results from dilatometry measurements, we further show that the compound’s thermal
expansion has a minimum at ≈ 18 K and a region of negative thermal expansion for 9 . T . 18 K. Despite
diffraction patterns taken at 1.6 K which indicate that the lattice is face-centered cubic and that the Yb resides
on a crystallographic site with cubic point symmetry, we demonstrate that the linear thermal expansion may be
modeled using crystalline-electric-field level schemes appropriate for Yb3+ residing on a site with either cubic
or less than cubic point symmetry.

PACS numbers: 61.05.cp, 71.27.+a, 65.40.De, 71.70.Ch

I. INTRODUCTION

YbBiPt is a heavy-fermion compound which manifests an
extraordinary Sommerfeld coefficient of ≈ 8 J/mol-K2 and
spin-density-wave type antiferromagnetic (AFM) order below
a Néel temperature of TN = 0.4 K.1–6 The low value of TN re-
flects the fact that the dominant magnetic energy scales are all
small and comparable — the Kondo temperature TK ≈ 1 K,2

the Weiss temperature θW ≈ −2 K,5 and the crystalline-
electric-field (CEF) splitting is on the order of 1 – 10 K.7 As
a consequence, the compound’s electronic states are very re-
sponsive to small applied magnetic fields and pressures,5,8 and
recent neutron diffraction measurements have shown that the
AFM order is quite fragile.6 The magnetic phase diagram in-
dicates that, as T → 0 K, AFM order persists up to a critical
applied magnetic field of µ0Hc ≈ 0.4 T, followed by a re-
gion of non-Fermi liquid behavior up to≈ 0.8 T, above which
Fermi-liquid behavior occurs up to at least 6 T.5 It has been
proposed that a magnetic-field-induced quantum-critical point
occurs at µ0Hc.5

YbBiPt crystallizes in the face-centered-cubic half-Heusler
structure (space group F43m) with a room temperature lattice
parameter of a = 6.5953(1) Å.9 The Yb ions are located at
the 4d Wyckoff position, forming a face-centered-cubic mag-
netic sublattice, and the Bi and Pt are located at the 4c and
4a Wyckoff positions, respectively.9 All three sites possess
43m tetrahedral (i.e. cubic) point-group symmetry. Neutron
scattering experiments have shown that the ambient field mag-
netic order is characterized by an AFM propagation vector of
τ = (1

2 ,
1
2 ,

1
2 ) with the magnetic moments directed paral-

lel to τ .6 Surprisingly, the scattering at the magnetic Bragg
positions was found to consist of two coincident peaks: a
broad peak corresponding to a magnetic correlation length of
ξb ≈ 20 Å and a narrower peak corresponding to AFM cor-

relations extending over ξn ≈ 80 Å. The broad peak appears
upon cooling through T * = 0.7 K, while the narrower peak
appears below TN. The total integrated intensity under both
peaks corresponds to a magnetic moment of ≈ 0.8 µB. How-
ever, the ratio of the integrated intensity of the broad peak to
that of the narrower peak is ≈ 12 : 1, and previous experi-
ments have estimated that the static ordered moment is 0.1 to
0.25 µB.9,10

Many questions regarding the nature of the low-temperature
magnetism and the proposed quantum-critical point remain to
be answered. For example, several previous studies have sug-
gested that a lattice distortion occurs at T ≈ 6 K which results
in a lowering of the cubic symmetry.7,11,12 Specifically, inelas-
tic neutron scattering data suggest that the J = 7/2 ground-
state magnetic multiplet of the Yb is split by the CEF further
than allowed for by cubic point symmetry,7 and specific heat
data show a feature at 6 K that cannot be described only by a
simple Schottky-term.12 In addition, electron spin resonance
experiments on Er-doped YbBiPt suggest that slight distor-
tions away from cubic symmetry occur in the vicinity of the
rare-earth sites,11 and measurements of the thermal expansion
have shown that the thermal expansion coefficient changes
sign close to 6 K.5

In this paper, we present results from high-resolution, high-
energy x-ray diffraction experiments on single-crystal sam-
ples of YbBiPt. Our data show that, within the experimen-
tal resolution, no bulk distortion of the lattice or the forma-
tion of a superstructure occur down to T = 1.5 K. In com-
bination with data from dilatometry measurements, we fur-
ther show that a minimum in the thermal expansion occurs
at ≈ 18 K, followed by a region of negative thermal expan-
sion for 9 . T . 18 K, and that both features may be mod-
eled using either the CEF level scheme appropriate for cubic
symmetry or a CEF level scheme appropriate for lower than
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FIG. 1. Diffraction patterns taken at T = 1.6 K using the MAR345 image plate with the x-ray beam parallel to the [0 0 1] (a), [1 1 1] (b),
and [1 1 0] (c) crystal axes. The center of the detector and two spurious points located above and below the center due to ghost images from a
previously measured sample have been masked by white circles. r.l.u. = reciprocal lattice units.

cubic point symmetry. We suggest that further measurements
are necessary, in particular, inelastic neutron scattering experi-
ments on single-crystal samples, in order to elucidate the CEF
level scheme, and we discuss the importance of understanding
the CEF level scheme in relation to the compound’s complex
low-temperature magnetism.

II. EXPERIMENT

High-quality single crystals of YbBiPt were grown using a
Bi flux, as described previously.1,5 A sample approximately
1.5 mm thick with smooth surfaces was chosen for the mea-
surements, and excess flux was carefully removed from the
surfaces prior to the experiments. High-energy x-ray diffrac-
tion measurements were made at station 6-ID-D at the Ad-
vanced Photon Source using an x-ray wavelength of λ =
0.09407 Å and a beam size of 60 × 60 µm. The sample was
cooled down to T = 1.5 K using a He closed-cycle cryostat
with a Joule-Thompson stage. Two Be domes were placed
over the sample and evacuated, and a small amount of He gas
was subsequently added to the inner dome to facilitate thermal
equilibrium. A cylindrical aluminized-Kapton heat shield also
surrounded the sample and inner Be dome. Using MUCAL13 to
determine the absorption coefficients of YbBiPt’s constituents
for λ = 0.09407 Å, and using the thickness of the sample and
the beam size given above, we calculated that the transmission
of the sample was 71%. We therefore did not expect any sig-
nificant heating of the sample by the x-ray beam. We also did
not observe any rise in temperature upon exposing the sample
to the beam at T = 1.5 K, and believe that the sample was in
thermal equilibrium during the measurements.

The cryostat was mounted to the sample stage of a 6-circle
diffractometer, and a MAR345 image plate and Pixirad-1 area
detector were used to measure the diffracted x-rays transmit-
ted through the sample. The MAR345 image plate was posi-
tioned with its center aligned to the beamstop and was set back
2.411 m from the sample (as determined from measurement

of a Si standard from the National Institute of Standards and
Technology) to record a diffraction pattern spanning a scat-
tering angle of |2θ| . 4.1◦. The detector was operated with
a pixel size of 100 × 100 µm2, which resulted in an angular
resolution of ∆2θ ≈ 0.0024◦. The value for the resolution
corresponds to changes in lattice plane spacings (d-spacings)
of 1.3× 10−2Å for 2θ = 1◦ and 7.7× 10−4Å for 2θ = 4.1◦.
Data were taken by recording an image while tilting the sam-
ple along two rocking angles.

The Pixirad detector is comprised of a hexagonal array of
pixels with a spacing of 60 µm. The detector was oriented
such that it covered a 1.075◦ range in 2θ across its horizontal
axis, and its center was initially aligned to the direct beam.
Hence, the horizontal axis of the detector was lying approxi-
mately along the direction of the scattering vector Q. Diffrac-
tion data for various Bragg peaks were recorded by rocking
the sample around its vertical axis in step sizes ranging from
0.5 – 1× 10−3◦. A frame was recorded for each rocking step
and divided by the corresponding number of monitor counts.
The frames were added together to produce a 2-D image of a
Bragg peak.

III. RESULTS

Figure 1 shows diffraction patterns recorded at T = 1.6 K
using the MAR345 image plate for the incident beam along
the three characteristic directions of cubic symmetry. For
space group F43m, there are no special reflection conditions
for the sites occupied by Yb, Bi, and Pt. Therefore, the
space-group symmetry does not exclude each element from
contributing to each Bragg peak, and the general reflection
conditions are such that all (H K L) must be either even
or odd. The rings in the patterns are due to the Be domes
attached to the displex and residual Bi flux on the sample.
Using the integrated intensities and structure factors for the
the Bi (1 1 0) and the YbBiPt (2 2 0) Bragg peaks, we esti-
mate that the residual Bi accounts for less than 3% of the vol-
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ume of the sample illuminated by the beam. The plane-group
symmetries observable in Figs. 1 (a) – (c) are consistent with
the F43m space group, namely: p4mm for Fig. 1(a), p31m
for Fig. 1(b), and c1m1 for Fig. 1(c).14 The angles between
the Bragg peaks and the horizontal axis passing through the
origin were examined for each figure and were found to be
consistent with the values for a cubic lattice within an uncer-
tainty of≈ ±0.01◦. There is also no observable broadening or
splitting of the diffraction peaks that would suggest a distor-
tion away from cubic symmetry. Finally, no additional Bragg
peaks were observed, which rules out the formation of a su-
perstructure or breaking of the face-centered-cubic symmetry.
The dynamic range of our measurements was 2.3× 104:1 and
was limited by the thickness and absorption of the sample. Mo
filters were used to attenuate the direct beam, and the trans-
mission of the filters was 0.0313 for Fig. 1(a), and 0.1769 for
Figs. 1(b) and 1(c).

Figure 2 shows cuts through the (16 0 0), (8 8 8), and
(0 12 12) Bragg peaks, at various temperatures, from data
taken with the Pixirad area detector. The curves were con-
structed by summing the detector’s pixels along either the
horizontal or vertical direction to generate cuts along direc-
tions perpendicular to (Q⊥) and parallel to (Q‖) the scatter-
ing vector Q, respectively. By rotating 2θ with the sample
aligned at the (16 0 0) Bragg-peak position (2θ = 13.134◦),
we determined that the spacing between pixels along the hor-
izontal direction corresponds to 2.1 × 10−3 ◦ (2θ) per pixel.
Using this value, we determined the sample to detector dis-
tance and also the spacing between pixels along the vertical
direction, which is 3.6 × 10−3 ◦ (2θ) per pixel. These val-
ues correspond to changes in Q of ∆Q⊥ = 4.2 × 10−3 Å−1

and ∆Q‖ = 2.4 × 10−3 Å−1. ∆Q‖ = 2.4 × 10−3 Å−1

corresponds to a change in spacing between lattice planes of
d = 6 × 10−5 Å, which may be compared to the precision
for a of 1 × 10−4 Å reported for previous neutron scattering
experiments.9

Since the size of the incident x-ray beam was comparable
to the spacing between pixels and the thickness of the illu-
minated region of the sample was ≈ 1.5 mm, the shapes of
the Bragg peaks are primarily governed by the sample’s ab-
sorption and slight variations in the thickness of the sample
as it is rotated. This interpretation is supported by the fact
that the diffraction patterns taken with the MAR345 image
plate showed single peaks at each expected Bragg position
at 1.6 K. We fit the peaks in the Q‖ cuts to a Gaussian line
shape, which only approximates the shape of the peak, but is
sufficient for determining the center and estimating the full
width at half maximum (FWHM). The line in Fig. 2(b) shows
the fit to the (16 0 0) Bragg peak at 1.5 K. Its center is at
15.2774(1)Å−1. At 1.5 K, the FWHMs of the Bragg peaks
are 0.0089(1), 0.0112(2), and 0.0102(2) Å−1 for Figs. 2(a),
2(c), and 2(e), respectively, and 0.0170(2), 0.0156(3), and
0.0162(2) Å−1 for Figs. 2(b), 2(d), and 2(f), respectively. The
FWHMs and peaks shapes did not change over the tempera-
ture ranges measured. The change in the center position of the
(16 0 0) peak with increasing temperature is discussed below.

Measurements of the (16 0 0) Bragg peak were made upon
warming up to T = 50 K. The centers determined from fits
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FIG. 2. Cuts through the (16 0 0) [(a) and (b)], (8 8 8) [(c) and (d)]
and (0 12 12) [(e) and (f)] Bragg peaks taken either perpendicular to
(Q⊥) or parallel to (Q‖) the scattering vector Q, at various temper-
atures. The construction of the curves is described in the text, and
the scattering intensities have been multiplied by an average monitor
rate of 6658 counts/s. The line in (b) shows a fit of a Gaussian line
shape to the T = 1.5 K data.

to the cuts made along Q‖ to a Gaussian line shape were
used to determine the temperature dependence of a and the
linear thermal expansion α∆T = L−L0

L0
, where L0 corre-

sponds to the measurement made at 1.5 K. α is the linear
thermal expansion coefficient. These data are shown by the
diamonds in Fig. 3. a is constant (within the uncertainty) from
1.5 K up to ≈ 9 K, then decreases with increasing tempera-
ture (which corresponds to a region of negative thermal ex-



4

0 10 20 30 40 50

6.5802

6.5804

6.5806

6.5808

6.5810

T (K)

a
(Å
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FIG. 3. Temperature dependence of the linear thermal expansion
α∆T = L−L0

L0
(left axis) with L0 taken at T = 1.5 K, and the lat-

tice parameter a (right axis) determined by fitting cuts of the (16 0 0)
Bragg peak along Q‖ to Gaussian line shapes (diamonds). The
circles show linear thermal expansion data taken with a capacitive
dilatometer between 0.35 and 25 K. The errorbars indicate the un-
certainty in the diffraction data, while the uncertainty is within the
symbol size for the dilatometry data. The lines are simultaneous
fits to the x-ray and dilatometry data, as described in the text. The
dashed red line corresponds to the doublet-quartet-doublet CEF level
scheme predicted for the Yb3+ site possessing cubic point symme-
try. The solid blue line corresponds to a CEF scheme consisting of
4 doublets, which would correspond to the Yb3+ site having lower
than cubic point symmetry. The inset shows a blow-up of the low
temperature region.

pansion), reaches a minimum at ≈ 18 K, and then increases
with increasing temperature up to 50 K. The circles show data
from linear thermal expansion measurements5 made along the
[1 0 0] crystalline direction between 0.35 and 25 K using a ca-
pacitive dilatometer.15 Here, L0 also has been taken at 1.5 K,
and the data likewise show a minimum at ≈ 18 K followed
by a region of negative thermal expansion at lower tempera-
ture. One notable difference with the diffraction data is that
the trend in the dilatometry data suggests that a weak maxi-
mum may occur at≈ 4 K. The lines in Fig. 3 are fits to models
described below.

IV. DISCUSSION

A. Symmetry of the lattice at low temperature

The diffraction patterns in Fig. 1 are consistent with the
lattice being described by a face-centered-cubic space group,
which is the symmetry possessed by the lattice at T = 300 K.9

There are also no indications of the formation of a superstruc-
ture, such as the occurrence of additional Bragg peaks upon
cooling. In addition to the data shown in Fig. 1, data were
taken using different amounts of attenuation, and include pat-

terns with over-illuminated Bragg peaks. No peaks indicative
of a superstructure or of lowering of the face-centered-cubic
symmetry were found in such over-illuminated patterns either.
Data taken with the Pixirad detector also show no evidence
for a temperature at which splitting or anomalous broadening
of the Bragg peaks occurs. Nevertheless, we have made two
thorough analyses of the possible structures consistent with
the observed low-temperature diffraction patterns, paying par-
ticular attention to the point-symmetry of the Yb site at low
temperature.

First, an examination of the Wyckoff positions for all of the
face-centered-cubic space groups listed in Ref. 14 shows that
the minimum multiplicity of the positions for such groups is
either 4 or 6. For those face-centered-cubic groups containing
positions with a multiplicity of 4, which is the number of Yb
ions in a unit cell, the positions all possess cubic point symme-
try. Hence, based on the diffraction patterns, which indicate
that the lattice is face-centered cubic at T = 1.6 K, the Yb
ions are located at positions with cubic point symmetry.

Next, since the signature of a structural phase transition in
experimental data for thermodynamic quantities may be weak,
we also consider the consequences of a second-order struc-
tural phase transition occurring at some temperature between
T = 300 and 1.5 K. This analysis is performed in accor-
dance with Landau’s theory for a second-order phase transi-
tion; in particular, if a second-order structural phase transi-
tion occurs, then the structures on either sides of the transi-
tion should be related through a group-subgroup relation.16

The pertinent subgroups for F43m are the cubic groups F23,
and P43m, the tetragonal group I4m2, and the trigonal group
R3m. Since the symmetry of the diffraction patterns in Fig. 1
corresponds to cubic symmetry, we rule out that the lattice is
described best by a tetragonal or trigonal space group at 1.6 K.
The peaks in the diffraction pattern fit the reflection conditions
for a face-centered cell, namely, h+ k, h+ l, and k + l = 2n
or h, k, l all even or all odd. This rules out the P43m sub-
group. The remaining subgroup, F23, may not be ruled out.
However, following the argument given above, the 4 Yb ions
would still reside on a site with cubic point symmetry, since
F23 is a face-centered-cubic space group. Finally, the iso-
morphic subgroups F43m possessing enlarged unit cells can
be ruled out due to the lack of additional Bragg peaks that
would correspond to such enlarged unit cells.

Summarizing, our analyses of the diffraction patterns show
that YbBiPt has a face-centered-cubic lattice down to at least
T = 1.5 K, and that the Yb are located at a site with cubic
point symmetry. However, since our diffraction data are sen-
sitive to the average, or global, symmetry of the compound,
they may average over localized, uncorrelated lattice distor-
tions that could potentially lower the cubic point symmetry of
the Yb site. In the next section, we describe how the point-
symmetry of the Yb site relates to the energy levels formed by
the CEF, and how the CEF level scheme affects the thermal
expansion.
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B. Thermal expansion and the crystalline-electric-field scheme

The degeneracy of the ground-state magnetic multiplet of
the Yb ions should be at least partially lifted by the CEF
formed by their neighbors. For YbBiPt, the Yb site nomi-
nally possesses cubic point symmetry, and analysis of high-
temperature magnetization data shows that the effective mo-
ment per Yb is peff = 4.3 µB,5 which is close to the value of
4.5 µB expected for Yb3+ (J = 7/2). Using these facts, the
point-charge model predicts that the cubic CEF should split
the J = 7/2 magnetic multiplet of the Yb3+ into Γ6 and Γ7

doublets and a Γ8 quartet.17,18 Next, specific heat data show
that an entropy of S = R ln 2 is recovered by T ≈ 1 K, which
indicates that the CEF ground state is likely a doublet,2 and
data from specific heat and electron spin resonance experi-
ments point to the first and second excited levels occurring at
E ≈ 0.5 to 1.1 meV and E & 7.6 meV, respectively.5,19 Fi-
nally, from magnetic susceptibility data, the ground state was
determined to likely be a Γ7 doublet,2 and, from inelastic neu-
tron scattering data, the first excited level was predicted to be
a Γ8 quartet.20

On the other hand, inelastic neutron scattering experiments
found a scattering peak at E = 5.7 meV, which was identi-
fied as a CEF level transition to an excited doublet, and two
inelastic peaks centered at ≈ 1 and 2 meV, which become
resolved at T . 10 K and lie on top of two broad quasielas-
tic signals.7 Experiments have not yet detected any dispersion
associated with the peaks at ≈ 1 and 2 meV, which suggests
that they may correspond to CEF level transitions. As for the
broad quasielastic signals, they are also seen above 10 K, and
it has been proposed that they arise from transitions occurring
within the Γ7 doublet and Γ8 quartet.7 Broad quasielastic scat-
tering in other heavy-fermion compounds has been associated
with the hybridization between the localized 4f electrons and
itinerant charges and has been related to the value of TK.21,22

If the two inelastic peaks at E ≈ 1 and 2 meV correspond
to CEF level transitions, then the point symmetry of the Yb3+

sites would be lower than cubic, since for the cubic CEF level
scheme only the Γ7 ↔ Γ8 and Γ8 ↔ Γ6 transitions have
nonzero transition probabilities.23 Based on the inelastic neu-
tron scattering data, two scenarios for the CEF level scheme
were proposed:7 (1) a Γ7 ground-state doublet lying close to
an excited-state Γ8 quartet, followed by a Γ6 doublet located
≈ 6 meV above the nearly degenerate Γ7 and Γ8 levels; or
(2) a ground-state doublet followed by 3 excited doublets lo-
cated at ≈ 1, 2, and 6 meV. The latter scenario corresponds
to the case of the Yb site possessing lower than cubic point
symmetry.

The effect of the CEF level scheme on the thermal expan-
sion may be modeled, and, here, we follow the derivations
given in Refs. 24 and 25. First, the partition function for an
ion with CEF levels at energies Ei is:

Z =
∑
i

gie
−Ei
kBT , (1)

where kB is the Boltzmann constant, i labels each CEF en-
ergy level, and gi is the degeneracy of each level. The free

energy density for N non-interacting ions in a volume V is
F = −kBTN lnZ, and may be used to solve for the volume
thermal expansion, which is given by:

β = −κ ∂2F

∂V ∂T
, (2)

Here, p is the applied pressure and κ is the isothermal com-
pressibility. For a cubic crystal, β = 3α. Next, by defining a
Grüneisen parameter γi for a CEF level with an energy Ei as:

γi = −∂ lnEi
∂ lnV

, (3)

one can show that:

β =
κN

kBT 2
[〈E2γ〉 − 〈Eγ〉〈E〉], (4)

where the brackets denote the thermodynamic average. As an
example, thermal expansion data for TmSb show a minimum
at T = 8 K, which a fit using Eq. 4 has shown is due to a CEF
level transition with E/kB = 25 K.24

The lines in Fig. 3 show simultaneous least-square fits to
both the x-ray diffraction and dilatometry data for T ≥ 0.5 K
using the sum of Eq. 4 and an AT 3 term. The latter term ac-
counts for the phonon contribution to the thermal expansion
and A is a constant. The dashed red line corresponds to the
doublet-quartet-doublet level scheme expected for a CEF with
cubic symmetry acting on the Yb3+ ions within YbBiPt. For
this fit, γi, A, and the energy of the excited doublet were al-
lowed to vary, and the location of the quartet was taken as
E = 0.52 meV, which corresponds to the value obtained from
electron spin resonance experiments on Y0.9Yb0.1BiPt.19 The
solid blue line corresponds to the CEF level scheme given in
Ref. 7, which is appropriate for a CEF with lower than cubic
symmetry acting on the Yb3+ ions. It consists of 4 doublets
located at 0, 1, 2, and 6 meV. For this fit, only γi and A were
allowed to vary. Both of the fits appear adequate, reproducing
the minimum at≈ 18 K and the region of negative thermal ex-
pansion, however,the solid blue line shows a more pronounced
maximum at ≈ 4 K. Nevertheless, since TK and θW are on the
order of 1 K, and TN = 0.4 K and T * = 0.7 K, magnetic
correlations may obfuscate the effect of the CEF level scheme
on α∆T at 4 K.

Table I reports the parameters determined from the fits. To
the best of our knowledge, the compressibility of YbBiPt has
not been reported, so we have used the relation κ = 1/B0 and
a bulk modulus of B0 = 99 GPa, which was calculated for
LaBiPt.26 The values for γi differ, which, contrary to the usual
invocation of the Grüneisen parameter of γ = β

κC , suggests
that the specific heat C and β are not proportional to each
other over the whole temperature range of the experiment. On
the other hand, the large error in γi for the Γ8 level of the cu-
bic CEF level scheme and for the second excited doublet of
the 4-doublet level scheme illustrates the shortcomings of our
fits. Specifically, γi and the energy of the CEF levels are cor-
related, and either fitting both simultaneously or having only
weak features in the linear thermal expansion leads to large
uncertainty in the fitted values. Ideally, the energy of each
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TABLE I. Parameters from the fits to the linear thermal expansion
data using either the CEF level scheme expected for cubic symme-
try or the CEF level scheme consisting of 4 doublets. The values
N = 1.4038 × 1028 Yb/m3 and κ = 1.0101 × 10−11 m2/N were
used. The value of A is 7.0(2)× 10−10 K−3 for the cubic CEF level
scheme and 7.4(2)×10−10 K−3 for the CEF level scheme consisting
of 4 doublets.

Cubic 4 doublets
Level E (meV) γi Level E (meV) γi
Γ7 0 — doublet 0 —
Γ8 0.52 0.1(2) doublet 1.0 1.5(6)
Γ6 4.3(2) −14.8(7) doublet 2.0 −8(2)

doublet 6.0 −14.1(7)

CEF level should first be accurately determined through other
methods (e.g. through specific heat, electron spin resonance,
or inelastic neutron scattering measurements). However, as
mentioned above, the multiple competing low-energy interac-
tions in YbBiPt have made determining the CEF level scheme
problematic.

While the fits to the data in Fig. 3 cannot distinguish be-
tween the presence of a cubic or non-cubic CEF, it is appar-
ent from our diffraction data that no splitting of the Bragg
peaks occurs and that no peaks corresponding to a superstruc-
ture form upon cooling. As noted above, this means that
the global symmetry of the compound remains face-centered-
cubic down to T = 1.5 K, at least within our experimental
resolution. Nevertheless, our diffraction data do not rule out
the possibility of localized distortions of the crystal lattice that
would lower the cubic point symmetry of the Yb sites. In fact,
170Yb Mössbauer spectroscopy measurements on YbBiPd and
YbSbPb, which both have cubic lattices similar to that for Yb-
BiPt, have shown that the local point symmetry of the Yb site
is lowered away from cubic symmetry,27 and results from sim-
ilar measurements on a polycrystalline sample of YbBiPt have
been interpreted as indicating that only ≈ 85% of the Yb ions
are located at a site with cubic point symmetry.28

Our results suggest that new measurements, in particular
inelastic neutron scattering measurements, on single-crystal
samples are necessary to solve the CEF level-scheme for
the following reasons: (1) The peaks in the previously re-
ported inelastic neutron scattering data located at E ≈ 1
and 2 meV apparently showed no dispersion,7 however, the
measurements were performed on polycrystalline samples,
which means that any weak dispersion may not have been dis-
cernible. (2) The previously reported low-temperature spe-
cific heat data for single-crystal samples show broad fea-
tures above TN,5 which makes a quantitative determination
of the CEF-level scheme difficult. (3) The previous electron
spin resonance measurements were made on a small single-
crystal sample of Y0.9Yb0.1BiPt,19 and the effects of spin-
spin correlations on the CEF level scheme may not have been
fully realized. In addition, further measurements employing
probes more sensitive to local distortions of the lattice, such
as x-ray spectroscopy (in particular extended x-ray absorption

fine structure), atomic-pair-distribution-function analysis, and
Mössbauer spectroscopy, should be made on single-crystal
samples.

V. CONCLUSION

Using high-energy x-ray diffraction, we have shown that
the global symmetry of YbBiPt’s lattice remains face-centered
cubic between T = 1.5 – 50 K, within the resolution of our ex-
periments of≈ 6 – 10× 10−5 Å, and that we find no evidence
for the formation of a superstructure. By considering the
possible space groups consistent with our diffraction patterns
taken at 1.6 K, we have demonstrated that the patterns imply
that the Yb ions reside on a site with cubic point symmetry.
In addition, we have shown that the linear thermal expansion
possesses a minimum at≈ 18 K and a region of negative ther-
mal expansion for 9 . T . 18 K, and that the data may be
satisfactorily modeled using either a CEF level scheme appro-
priate for cubic symmetry or a CEF level scheme appropriate
for lower than cubic symmetry. We suggest that new inelas-
tic neutron scattering measurements on single-crystal samples
are necessary to fully solve the CEF level scheme, and that
further measurements sensitive to localized distortions of the
crystal lattice are necessary. Finally, we note that while in-
elastic neutron scattering is particularly sensitive to magnetic
dipole transitions, interactions involving higher-order multi-
pole terms may be important to the low-temperature mag-
netism and the heavy-fermion type behavior of YbBiPt.29,30

While we do not address the issue of higher-order multipole
ordering or transitions here, our results that the global sym-
metry of the lattice and that the site-symmetry of the Yb site
remains cubic down to 1.5 K may offer some constraints for
models considered in future works. In light of the multiple
competing low-energy interactions present in YbBiPt, which
are reflected in the broad features in the specific heat and the
broad quasielastic scattering, as well as the significant AFM
correlations evident below 0.7 K, determining the CEF level
scheme appears to be vital to understanding the compound’s
complex magnetism.
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riger, D. K. Pratt, D. K. Singh, T. W. Heitmann, S. Sauerbrei, S.
M. Saunders, E. D. Mun, S. L. Bud’ko, R. J. McQueeney, P. C.
Canfield, and A. I. Goldman, Phys. Rev. B 89 180403 (2014).

7 R. A. Robinson, M. Kohgi, T. Osakabe, F. Trouw, J. W. Lynn, P.
C. Canfield, J. D. Thompson, Z. Fisk, and W. P. Beyermann, Phys.
Rev. Lett. 75, 1194 (1995) and references therein.

8 R. Movshovich, A. Lacerda, P. C. Canfield, J. D. Thompson, and
Z. Fisk, J. Appl. Phys. 76 6121 (1994).

9 R. A. Robinson, A. Purwanto, M. Kohgi, P. C. Canfield, T.
Kamiyama, T. Ishigaki, J. W. Lynn, R. Erwin, E. Peterson, and
R. Movshovich, Phys. Rev. B 50, 9595 (1994).

10 A. Amato, P. C. Canfield, R. Feyerherm, Z. Fisk, F. N. Gygax, R.
H. Heffner, D. E. MacLaughlin, H. R. Ott, A. Schenck, and J. D.
Thompson, Phys. Rev. B 46, 3151 (1992).

11 G. B. Martins, D. Rao, G. E. Barberis, C. Rettori, R. J. Duro, J.
Sarrao, Z. Fisk, S. Oseroff, and J. D. Thompson, Phys. Rev. B 52,
15062 (1995).

12 R. A. Robinson, A. Christianson, H. Nakotte, W. P. Beyermann,
and P. C. Canfield, Physica B 259-261, 138 (1999).

13 P. Bandyopadhyay and C. U. Segre,
http://www.csrri.iit.edu/mucal.html.

14 International Tables for Crystallography, edited by Th. Hahn
(International Union of Crystallography, Chester, England,
2006),Vol. A, Chap. 7.1.

15 G. M. Schmiedeshoff, A. W. Lounsbury, D. J. Luna, S. J. Tracy,
A. J. Schramm, S. W. Tozer, V. F. Correa, S. T. Hannahs, T. P.
Murphy, E. C. Palm, A. H. Lacerda, S. L. Budko, P. C. Canfield,
J. L. Smith, J. C. Lashley, and J. C. Cooley, Rev. Sci. Instrum. 77,
123907 (2006).

16 International Tables for Crystallography, edited by Th. Hahn
(International Union of Crystallography, Chester, England,
2006),Vol. A1.

17 K. R. Lea, M. J. M. Leask, and W. P. Wolf, J. Phys. Chem. Solids
23, 1381 (1962).

18 G. H. Dieke, Spectra and Energy Levels of Rare Earth Ions in
Crystals (Wiley Interscience, New York, 1968) p. 116.

19 P. G. Pagliuso, C. Rettori, M. E. Torelli, G. B. Martins, Z. Fisk,
J. L. Sarrao, M. F. Hundley, and S. B. Oseroff, Phys. Rev. B 60,
4176 (1999).

20 R. A. Robinson, M. Kohgi, T. Osakabe, P. C. Canfield, T.
Kamiyama, T. Nakane, Z. Fisk, and J. D. Thompson, Physica B
186-188, 550 (1993).

21 G. R. Stewart, Rev. Mod. Phys. 56, 755 (1984).
22 U. Walter, M. Loewenhaupt, E. Holland-Moritz, and W. Schlabitz

Phys. Rev. B 36, 1981 (1987).
23 R. J. Birgeneau, J. Phys. Chem. Solids 33, 59 (1973).
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