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Abstract
UPt3 exhibits an anomalous form of antiferromagnetic (AF) order, which is thought to be ﬂuctuating in time.
Substitution of Pd for Pt induces conventional AF behavior. In an attempt to further probe the possible existence of an
AF quantum critical point in U(Pt1xPdx)3 at xc B0:006; we have made cantilever magnetometer measurements on
single crystalline U(Pt1xPdx)3 for x ¼ 0:01; 0.02, and 0.05 in magnetic ﬁelds of 6 T. While readily observable for the
samples with x ¼ 0:02 and 0.05, we ﬁnd no evidence for the AF transition at x ¼ 0:01; in contrast to mSR
measurements.
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The unconventional heavy fermion superconductor
(Tc B0:6 K) UPt3 is characterized by antiferromagnetic
(AF) order, observed through neutron scattering, that
develops below T  ¼ 6 K and coexists with (and couples
to) superconductivity (SC). This state is unconventional
in the sense that the square of the ordered moment
m2 ðTÞ grows quasilinearly with decreasing temperature
and that the size of the ordered moment is extremely
small, mB0:02 mB/U-atom. Other bulk and local probe
measurements such as NMR [1] and mSR [2,3] fail to
detect entry into this ‘‘small moment antiferromagnetic’’
(SMAF) phase. It has been suggested that the magnetic
order ﬂuctuates on timescales faster than the characteristic times of mSR and NMR, but slower than that for
neutron scattering, and so T  represents a crossover
temperature rather than a true ordering temperature.
Doping UPt3 with isoelectronic Pd reveals quick
suppression of SC [4] and the emergence of the
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conventional ‘‘large moment antiferromagnetic’’ phase
(LMAF) for which at optimum doping (x ¼ 0:05), the
ordered moment is B0.63 mB/U-atom and TN ¼ 5:8 K.
The LMAF has the same magnetic structure as the
SMAF, and its TN ðxÞ follows a Doniach-type diagram
which extrapolates to TN ¼ 0 K at xc ¼ 0:006 [5].
Between xc and x ¼ 0:05 this phase line separates the
SMAF phase from the LMAF phase. The origin and
nature of the transition from SMAF to LMAF is
unclear. Indeed, while mSR shows that x ¼ 0:01 samples
have an LMAF transition at 1.8 K, bulk probes (e.g.
resistivity, speciﬁc heat) detect no anomaly. The
objective of this work is to investigate whether the
change from SMAF to LMAF is a true phase transition
or whether SMAF gradually evolves into LMAF.
We present measurements for three single crystalline
U(Pt1xPdx)3 samples with x ¼ 0:01; 0.02, and 0.05,
which have TN ¼ 1:8; 3.4, and 5.8 K, respectively, and
ordered moments of 0.11, 0.35 and 0.63 mB/U-atom,
respectively, as determined by neutron diffraction [6].
The samples were attached via Apiezon N-grease to a
silicon cantilever magnetometer [7] (SCM) utilizing force
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Fig. 1. Temperature-dependent magnetization of single crystal
U(Pt1xPdx)3 with BJ to the a-axis with concentrations as
indicated. The x ¼ 0:01 curve has been offset +200 emu/mol-U
for clarity.

mode with B perpendicular to the cantilever plane and
parallel to the sample’s crystalline a-axis, and positioned
in a ﬁeld gradient. The SCM capacitance is monitored
by an ultra-sensitive autobalancing bridge operating at
1 kHz. The SCM was mounted on a thin sapphire plate,
thermally connected to the cold ﬁnger of a 3He
refrigerator and monitored with ﬁeld calibrated thermometers. Magnetization measurements were obtained by
zero ﬁeld cooling the samples from room temperature to
below 10 K, raising the magnetic ﬁeld to 6 T, and then
slowly decreasing the temperature from 8 to o1 K. The
observed N!eel temperatures for x ¼ 0:05 and 0.02 are
shifted from the zero-ﬁeld values by 10%. We assume
that the application of 6 T will not effect the possible
LMAF transition for the x ¼ 0:01 sample, although
earlier work suggests that TN might be more signiﬁcantly depressed [8].
The molar magnetization M for several Pd concentrations at B ¼ 6 T is plotted vs. T in Fig. 1. The
absolute values for M are roughly within a factor of 2 of
the accepted values, [9] with the accuracy being limited
by the variations in the demagnetization factors,
misalignment of the crystals, and mixing of the force
and torque contributions from the SCM. The zero-ﬁeld
N!eel temperatures from neutron scattering for these
samples [6] are marked by arrows, and correspond to
abrupt changes in the slope in MðTÞ for x ¼ 0:05 and
0.02. No break of slope occurs in the x ¼ 0:01 sample.
To highlight the transitions, in Fig. 2 we plot dM=dT vs.
T=TN ðB ¼ 0Þ: The curves are offset for clarity. Prominent transitions are evident for the x ¼ 0:05 and 0.02
samples. In contrast, no transition is evident for the
x ¼ 0:01 sample.
Experimentally we ﬁnd the decrease of M below TN
for x ¼ 0:05 and 0.02 scales approximately as m2 ; and
extrapolating this behavior to x ¼ 0:01 we estimate that
the anomaly should be readily observable by our SCM.
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Fig. 2. dM=dT vs. T=TN ðB ¼ 0Þ for x ¼ 0:01; 0.02 and 0.05 in
a ﬁeld of 6 T. The curves are offset for clarity, and the x ¼ 0:01
curve is multiplied by 4 to highlight the lack of an anomaly
near TN :

We have also looked at the BJc-axis for x ¼ 0:01 and
ﬁnd no evidence for the transition. This result is
consistent with less sensitive speciﬁc heat measurements,
which also clearly show a transition for x ¼ 0:02 but not
for x ¼ 0:01:
In conclusion, we could not detect the transition to
the LMAF phase at x ¼ 0:01; despite what appears to be
sufﬁcient sensitivity and a clear indication of magnetic
ordering at TN B1:8 K as determined by mSR [2] and
neutron diffraction [6]. Thus we cannot rule out the
possibility that the SMAF evolves gradually from the
LMAF, e.g., at x ¼ 0:01 the SMAF temporal ﬂuctuations have been slowed sufﬁciently by Pd ‘‘impurities’’ to
appear static on mSR timescales, but still undetectable by
our DC magnetization measurements. We are expanding
these studies to include a more systematic variation of
the transition with x; as well as extending the measurement to include frequency dependence of the magnetic
response.
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