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Magnetic ordering in YbBiPt
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* Los Alamos National Laboratory, Los Alamos, NM 87545, USA
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4 Institute for Intermediate Energy Physics, ETH Zurich. 5232 Villigen PSI, Switzerland
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Abstract

The field dependence of the SR relaxation function in YbBiPt, together with an anisotropic resistive anomaly recently
discovered by Movshovich et al., indicate that both the Yb ions and the conduction electrons undergo magnetic vrdering.

New evidence is also presented for a change in Yb spin-ordering or spin-dynamics below about 0.1 K.

The properties of YbBiPt [1, 2] have attracted atten-
tion primarily because of the very large linear coefficient
of specific heat y (8 J/mol Yb K?2) at low temperatures and
a partially characterized phase transition at 7¢ = 04K,
which has been shown to be magnetic by zero-field uSR
experiments [3,4]. Recent resistivity measurements [5]
show an anisotropic resistance anomaly at 0.4 K sugges-
ting a Fermi surface which is gapped in one or more
directions. This behavior disappears near 0.3 T applied
field, where the resistive transition is apparently de-
stroyed.

Previously reported zero-field pSR measurements
[3.4] on crystailine and crushed-powder samples of
(Yb,Y, ,)BiPt can be parameterized by a relaxation
function displaying both fast and slowly relaxing compo-
nents. In zero applied field the fast component is Gaus-
sian below T and exponential above, whereas the slow
component remains exponential at all temperatures. The
Gaussian relaxation rate (about 8 ps ~ ') is consistent with
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an ordered Yb moment = (.1 yg. in accordance with the
lack of a nuclear Schotiky anomaly in the low-temper-
ature specific heat [2]. One interpretation [3, 4] of these
results is in terms of different magnetic regions with
different characteristic relaxation rates. Below we present
new data on the field dependence of the relaxation func-
tion above and below T¢ in crystalline YbBiPt and dis-
cuss a related physical model which is consistent with
several aspects of the resistivity, specific heat and uSR
data. We also present evidence for a change in spin
structure below about 0.1 K.

The experiments were carried ot at the Low Temper-
ature Facility of the Paul Scherrer Institute in Villigen,
Switzerland. The samples were prepared at Los Alamos
by the flux-growth technique and several pieces of cry-
stalline material were glued to the cryostat cold finger.

Fig. 1 shows the longitudinal-field relaxation functions
at 7= 008 K taken in applied field of 0.01, 0.03 and
0.5 T. The fast component has a reduced amplitude at
higher fields, characteristic of a quasi-static field distribu-
tion [6]. The observed early-time Gaussian character
may be due to fields random in direction and magnitude
as meniioned previously [3, 4] or, alternatively. to an
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Fig. 1. Decay of the muon polarization versus time in YbBiPt at
T = 0.08 K for applied fields of 0.01 T (bottom), 0.03 T (middle)
and 0.5 T (top). The vertical scale is in arbitrary units.

ordered magnetic state if the damping is sufficiently
rapid. We will show elsewhere that an incommensurate
modulation of the antiferromagnetic (AFM) spin density
can produce such behavior. For this case one can model
a single-component relaxation function with a two com-
ponent fit, where the fast and slow components are pro-
duced by quasi-static fields below T¢ and a broad distri-
buuon of fluctuation rates above 7. Alternatively, the
muon may sense regions of high and low spin density,
each giving rise to different magnetic behavior. A two-
component relaxation function has been observed in
CrgsMo;s, which possesses an incommensurate spin
density wave (SDW) [7].

Fig. 2 shows a plot of the field dependence of the rates
of the fast Gaussian and slow exponential relaxation
componenis as a function of applied field for 7= 0.1 K.
The fast quasi-static iat s independen: of field upto 2 T,
whereas the Ferm' surface instability respousible for the
anisotropic resistivity anomaly disappears above 0.3 T
applied field. " his can be understood by assuming that
the muons primarily sense the Yb quasi-static field distri-
bution, whereas the resistive transport is affected by the
conduction electron density of states which is gapped by
a SDW. The uSR and resistivity data taken together
therefore imply that both the Yb local moments and the
conduction electrons undergo ordering near the charac-
teristic temperature 0.4 K. The applied field of 0.3 T is
sufficient to destroy the SDW ordering, but not the Yb
ordering, assuming the ordered Yb moment is quite small
( = 0.1 yg). Note that the Zeeman splitting produced by
0.3 T is about equal to the characteristic temperature of
0.4 K for 1 pug but not for 0.1 i The reduction in the
exponential relaxation rate at low field reflects the local

12 _J
10 4
ol T L3 I ]
~ ¢ x X -
I3 4 ]
% 2 ® Gaussian Rate -
) T e Exponential Rate ?
=
£ oos | A
2 .
& oo4f I -_{ L) .
ooz | i
0.00 2l deod o aaaal " N ..,,,I ¥
oM 0.1 1
Applied Field (T)

Fig. 2. Field dependence of the quasi-static (top) and dynamical
(bottom) uSR relaxation rates in YbBiPt at 7= 0.1 K.

field dynamics and may be associated wiih the destruc-
tion of the SDW.

Rare earth metals are known to exhibit super-zone
gaps in which a magnetic periodicity of finite @ in the
rare earth ions modifies the conduction band structure to
produce a spin density wave which gaps the Fermi sur-
face [8]. An applied magnetic field can destroy this AFM
by direct coupling to the SDW, or by inducing a fer-
romagnetic structure in the rare earth ordering. If the
latter occurred in YbBiPt, one would expect that the fast
uSR linewidth would change both shape and magnitude
as the Yb ions reorient in the field. Fig. 2 shows, however,
that the magnitude of the linewidth remains unchanged
up to 2 T. The shape of the line at high fields is difficult
to determine because of the reduced amplitude. One

should also consider possible effects of the muon’s
electric field gradient on the local spin system at these
low temperatures.

We have also measured the spin-lattice relaxation rate
above T in applied fields of 0.6 T. The data are well
described by a stretched exponential exp( — Dt)%, where
both D and k are functions of temperature. At 60 K, k is
near 1, whereas near 1 K, k approaches 1/2. This stret-
ched-exponential behavior indicates a broad distribution
of local-field correlation times as the material cools

to low temperatures. Alo, the field dependence of the
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Fig. 3. Decay of the zero-field muon polarization versus time in
YbBiPt at 7= 0.125 K (lower curve) and 7= 0.06 K (upper
curve). The best fit for the fast component changes from Gaus-
sian to exponential as the temperature is lowered. The vertical
scale is in arbitrary units.

spin-lattice relaxation rate is relatively weak; a power-
law behavior close to 1 /\/ H is seen above T, as found in
systems possessing a high degree of frustration [9].
Fig. 3 shows two high-statistics spectra in zero field
taken at T = 0.125 K and T = 0.06 K. Another high stat-
istics spectrum taken at T = 0.25 K is almost identical to
the spectrum at T = 0.125 K. Two points are important.
First, the Gaussian linewidihs from these samples are
about one-half those reported above in different crystal-
line samples. indicating sample-dependent differences

in magnetic structure or muon position. possibly straimn
induced. Second. the lowest temperature data give
evidence for a change in either the spin dynamics or spin
structure as the temperature is lowered somewhere below
0.125 K. Evidence for a possible phase transition below
0.1 K has also been seen in susceptibility and specific heat
data [2]. Additional uSR experiments are planned to
investigate this phenomenon.

This work was supported in part by the US Depart-
ment of Energy, Office of Basic Encrgy Sciences and by
the National Science Foundation. Grant No. DMR-
9114911.
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