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Single-ion scaling and unconventional Kondo behavior in the electrical resistivity
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We report measurements of the temperatdredependence of the electrical resistivify of the
U, _Th,PdAl; system for thorium concentrations &&=1.0 in the temperature range 0.0ZK <300 K.
These measurements reveal an unconventional Kondo effect with an effective Kondo temp@&ature
~ 20K, which is independent of thorium concentration. &) data belowTy scale with U concentration
(1—x) and T in agreement with the scaling @&(T) and x(T) at low temperature that was previously
established. Analysis of the data below 20 K indicates that the electrical resistivity in the non-Fermi-liquid
regime saturates as a power law at the lowest temperatures with thepf@m1—a(T/Ty)" with n~1.5.

I. INTRODUCTION increase with decreasing temperature below 10 K with no
evidence of saturation down to the lowest measured tempera-
The last several years have seen increasing interest intare of 1.2 K. This linear increase is anomalous when com-
new class of materials that exhibit non-Fermi-liqUMFL) pared to the resistivity of systems that exhibit a conventional
behavior The NFL characteristics observed at low tempera-single-ion Kondo effect and saturate quadratically at the low-
tures include a logarithmic or weak power-law divergence inest temperature€-18This quadratic saturation is due to qua-
the magnetic contribution to the specific heat and magnetisiparticle scattering that can be described within a Fermi-
susceptibility and a nearly linear temperature dependence difjuid picture. The unconventional Kondo-like behavior
the magnetic contribution to the electrical resistivity. Newfound in the Y _,Th,Pd,Al; system, among others, does not
materials continue to be found whose physical properties dezonform to Fermi-liquid theory and is thought to arise from a
viate from the behavior predicted by conventional Fermi-more complicated Kondo scenario.
liguid (FL) theory. However, there is still much to be learned ~ Additional electrical resistivity measurements on the
from studying some of the first known materials in which U; _,Th,Pd,Al; system were made for temperatures down to
NFL characteristics were found. A number of theoretical250 mK for samples witkk=0.6, 0.8, and 0.9 and down to 1
models have been develop&d! but a conclusive picture K for a sample withx=0.95%° These data were found to
has yet to emerge that describes all of the experimentallgeviate from a linear temperature dependence below roughly
observed anomalous physical properties. In particular, it has K, and suggested that perhaps the NFL behavior is in the
been difficult to reconcile the available theoretical models ofprocess of crossing over to Fermi-liquid behavior at low tem-
NFL behavior with the approximately linear temperature dejperatures. A similar departure from linear behavior at low
pendence of the electrical resistivity at low temperatufes ( temperatures was found in recent measureri®ofsamples
<20K).*27 One criticism of the studies on materials that with x=0.4, 0.5, 0.6, and 0.7. However, both specific heat
display NFL behavior has been the limited temperature rangand magnetic susceptibility measuremé&ntd?! show that
over which the NFL behavior has been characterized. ManyFL behavior persists down to the lowest temperatures mea-
of the measurements of the physical properties of materialsured(in some cases as low as 100 mKhis discrepancy
that exhibit NFL behavior have been performed only in thebetween the bulk thermodynamic and magnetic measure-
liguid-He regime above 1 K. Since NFL behavior typically ments and the transport measurements has not been resolved.
occurs at temperaturéb<10-20K, the NFL behavior ob- The work reported herein was motivated by two objec-
served in these experiments extends over one decade in tetives. The first objective was to analyze the high-temperature
perature at most. Recent experimental effort in our labora¢T>10K) electrical resistivity in order to obtain a better
tory has been concentrated on extending the measuremeniaderstanding of the Kondo behavior in this system. In par-
down to temperatures of the order of 100 mK and lower. ticular, we wanted to determine whether the resistivity scaled
The U,_,Th,PdAl; system was first shown to exhibit with uranium concentration (4x) as has been observed in
NFL behavior several years agbElectrical resistivityp(T) the specific heaC(T) and magnetic susceptibility(T) in
measurements made at temperatures between 1.2 K and 3ffevious measurements of thg Th,PdAl; system:>1921
K reveal an evolution from metallic behavior for a sampleWe were also interested in understanding the unusual ura-
with no uranium &=1), through single-ion Kondo-like be- nium concentration dependence of the Kondo temperature
havior for samples with 0.95x>0.4, to a coherent heavy- determined from previous measuremefitShe second ob-
fermion state fox=<0.4, concomitant with antiferromagnetic jective was to measure the temperature dependence of the
ordering and superconductivity fox<0.2. In particular, electrical resistivity at low temperature§ €2 K) over a
p(T) of samples withk=0.6 andx= 0.8 show a nearly linear wider range of thorium concentrations and a larger tempera-
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ture range than was done previously. Here, we were inter- 240
ested in determining the temperature and thorium concentra:

tion x ranges over which the resistivity exhibits a NFL Uy ThePdoAlg
temperature dependence and identifying possible crossover 0.6

to FL behavior at very low temperatures. We were especially
interested to see if NFL behavior persists to larger thorium 180}
concentrations than previously observed, which would imply ]
that single-ion physics can account for the interesting NFL

behavior observed. 150 IRl .
0.8 *e
Il. EXPERIMENTAL DETAILS 110k
Details of the procedures used to prepare the polycrystal-g L T L XX I
line U, _,Th,Pd,Al; compounds studied in this work are de- & f
scribed elsewher®. The samples were cut into rectangular = 651

parallelepipeds with typical dimensions1Xx 1X3 mn? us- ~NUCS
ing an electrostatic discharge cutter. Low-resistance electri- 45}

cal contact to the samples was made by first sanding the !
surface of each sample to remove any oxide layer, and ther

evaporating gold through a mechanical mask covering eact 60

; i 0.95 oo
sample to create contact pads. 2 mil gold wires were then 4 \—/..«

attached to the gold pads with silver epofe/g, EPOTEK !

H2OE). This technique gives contact resistances typically of 1ol 0.99 IUURRRURTT L L LA
the order of 200 2. After the leads were attached, the of veesse®”®
sample dimensions were measured using a Nikon MM-11 10: x=1 .,....-o.......
measurescope. o e .

The electrical resistivity measurements were made in a 0 100 200 300

transverse geometry using two cryostats, an Oxfiste-*He

dilution refrigerator in the temperature interval 0.02K FIG. 1. Electrical resistivity of U;_, Th,PdbAl; vs temperature
=<2K, and a Quantum Design PPMS in the interval 1.7 Ky petween 1.7 K and 300 K for thorium concentrations<0x6
<T<300K. A Linear Research LR 700 low-dissipation <1 Note that the curves have been shifted vertically for clarity, but
four-wire ac resistance bridge operating at a frequency of 1ghe relative scale for each curve is the same.
Hz was used for all of the low-temperatu@ilution refrig-
erato) measurements. Resistance versus temperature sweapsich larger than that of an impurity. For this reason, we
were made by stabilizing the temperature against either gerefer to the magnetic contribution as a synonym for the con-
manium or Ru@ thermometers, and then averaging thetribution due to the uranium ions. The magnetic contribution
sample resistance for60 sec. The sample resistance wasto the resistivity was calculated by scaling the slope of the
measured using excitation currents between 3 mA at theesistivity at high temperature3 200 K) for samples with
highest temperatures and 108\ at the lowest temperatures. x=0.9, 0.95, and 0.99, to match the slope of the resistivity at
A superconducting magnet was used to apply a 500 Oe fieldigh temperatures in the=1 compound. The resistivity data
for the low-temperature measurements of samples with 0.fbr samples withx=0.6 and 0.8 were not scaled due to the
<x=1 in order to quench the apparent filamentary superfack of a significant region of positive slope in these data at
conductivity present in these materials. A future publicationhigh temperatures. This scaling procedure normalizes the
will discuss the superconductivity in this system in greatergeometrical factor of each sample to the geometrical factor
detail. of the sample withx=1 so that the contribution to the resis-
tivity from phonon scattering is more accurately eliminated.
A numerical fit of the resistivity of th&=1 compound was
then subtracted from the resistivity data for each uranium
Displayed in Fig. 1 are electrical resistivipyvs tempera- concentration to extract the magnetic contribution. It is evi-
ture T data for 0.6sx<1. The sample dimensions were useddent from Fig. 2 that fox=0.6, the samples exhibit a Kondo
to calculate the geometrical factdx/l, whereA is the cross- effect as determined by the logarithmic increase in the resis-
sectional area antlis the distance between voltage leads,tivity with decreasing temperature. An increase in the ura-
which was used to convert the resistance data into resistivitpium concentration (+x), and hence an increase in the
data. Due to the large=10%) uncertainty in the geometrical number of Kondo scattering centers produces an anticipated
factor caused by the deviation of the sample shape from &ncrease in scatteringeflected in the increasing magnitude
right parallelepiped, the uncertainty in the magnitude of theof Ap at low temperaturgs It is apparent that the Kondo
resistivity is~10% for all samples. In Fig. 2, the magnetic energy scale is roughly the same for all of the concentrations
contribution to the electrical resistivity vs temperatdrés  shown, since the deviation away from theln T behavior
plotted on a logarithmic temperature scale. Throughout thi®ccurs in the same temperature region for all of the samples.
paper, we treat the uranium ions as magnetic “impurities” In order to analyze the(T) data in the NFL regime 0.6
even though the uranium concentration is, in some sampless x< 1, the magnetic contributioAp(T) shown in Fig. 2 is

Ill. RESULTS
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FIG. 3. Magnetic contribution to the electrical resistivityy vs
temperatureTl for 0.6<x=<0.99, scaled by subtracting a potential
scattering termA p. and then dividing through by the extrapolated
zero temperature value of the Kondo scattering térpp(0). The
inset shows the uranium concentration—%) dependence of the

constant offset\p, and the zero temperature value of the Kondo
contributionA p(0).

the p(T) curves forx=1, the constanta\p. and Apx(0)

. . were chosen to give the best collapse of the data.

101 102 As an example of the low-temperature results, Fig. 4

T shows the temperature-dependent Kondo scattering contribu-

FIG. 2. Magnetic contribution of the electrical resistivity of 10N t0 the electrical resistivity for the sample with=0.8 in

U, Th,PdbAl, vs temperaturd on a logarithmic scale between the temperature range 0.02K'<30K. Assuming the

1.7 K and 300 K for thorium concentrations &&<0.99. Note Kondo scattering contribution to the resistivity follows the

that the curves have been shifted vertically for clarity and the relaform

tive scale for each curve is quite different.

45

Ap(T)=Apk(0)[1—-a(T/Ty)" 2
assumed to be composed of two parts, Pr(T)=Apk(O1~a(T/Tw)"] @

60

Ap(T)=Ap.+Apk(T), (1) U{.xThyPdoAl3
. . . A Apy(0) = 143.7 pQ cm
where Ap. is a temperature-independent term associated 101L o Bp0)=1438p2cm
with potential scattering and\py(T) is a temperature- 50| o o0 -14302pn0m

Ap(0) = 143.89 pa.cm 4F

dependent Kondo scattering term. The offdgt, was first
subtracted from data for the magnetic contributidp(T)
shown in Fig. 2 to extrach px(T). The Apk(T) data were
then normalized by dividing by the extrapolated zero tem-
perature valueAp,(0). The scaledApk(T)/Apk(0) vs T
data are shown in Fig. 3. Displayed in the inset of Fig. 3 are
plots of the potential scattering contributidxp., and the 10
zero temperature value of the Kondo contributidpy(0),
both of which initially increase linearly with the uranium = pp 100 o
concentration (+x). The overlap of the px(T)/Apk(0) T(K

vs T data for Th concentrations from 6:6¢<0.99 is indica- FIG. 4. Magnetic contribution to the electrical resistivityy vs

tive of single-ion scaling with a Kondo temperafuréy§ temperatureT for x=0.8 in the temperature range 0.0ZK

that is constant over this range of Th concentrations. Here, o4« the solid line is a power-law fit of Eq2) to the low-

Tk is defined as th_e temperature at which the res_,isti\_/ity haf;emperature data between 0.02 K and 8 K. The inset shows the
dropped to 80% of its zero temperatu_re value, Wh|ch is €los€,me data plotted as—1A p(T)/Apk(0) vs temperaturd on a

to the temperature at whiahip(T) begins to deviate from a  goyple logarithmic scale for several values of the residual resistivity
—InT behavior. From Fig. 3 we estimaiig to be roughly  Ap, (0) indicated in the legend. All of the data overlap f®r

20 K for each of theA px(T)/Apk(0) vsT curves shown in =3 K. The solid line is the same power-law fit as the main figure
the figure. For thex=0.6 and 0.8 samples, where it was notand its slope yields the value=1.6. The two dashed lines are
possible to scale the slopes ofT) at high temperatures to power-law fits withn=2 andn=1 as indicated.

Apk( pQ cm)
1-Ap(T)/Apk{0)
>
2

40
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FIG. 6. Temperaturd vs thorium concentratiox phase dia-
gram. The solid line illustrates the approximately constant Kondo
102} temperaturel ¢« and the shaded region denotes the low-temperature
NFL regime where the resistivity scales pgT)~1—a(T/T,)"
3 with n~1.5. The solid diamonds denote the high- and low-
107 temperature limits of the fits shown in Fig. 5. The high-temperature
U1« ThxPdzAly limit of each fit is the temperature where the data begin to deviate
104k . from the fit shown in Fig. 5, whereas the low-temperature limit is
102 T T T T e the lowest temperature achieved in the measurement on the particu-
lar sample. Data from Ref. 19 fary and T, are illustrated on the
T(K) dilute thorium side of the phase diagram.

FIG. 5. Magnetic contribution to the electrical resistivityy vs . . Lo . . .
temperaturd plotted as £ Apy(T)/Apk(0) on a double logarith-  the uncertainty in the resistivity. Again, the logarithmjc
mic scale for 0.6x<0.99. Note that each curve has been shifted@XiS causes error bars for these points to look anomalously
vertically by one decade above the curve below it for the purpose ofarge. However, it is quite clear that fo=240 mK the solid
clarity, but the relative scale for each curve is the same. Values ofin€ provides a good description of the data. The dashed lines
Tk in the legend were calculated as described in the text. correspond to values af=1 andn=2 as indicated in the

inset. Although it is possible to fit the dashed curve with

at low temperatures, the solid line in the figure is a fit of this=2 to the data represented by open circles that has a slightly
expression to the low-temperature data between 0.02 K and$naller value ofApy(0) than was chosen above, the data
K. Because of the difficulty in resolving the quality of the fit systematically deviate from this dashed curve beldw
at the lowest temperatures in this type of plot, the inset=0.5K and the fit is satisfactory only up te2 K. There-
shows the same data plotted as Apx(T)/Apk(0) vsTon  fore, the solid line representing= 1.6 provides the best de-
a double logarithmic scale for several values of the residuascription of the data over the largest temperature range.
resistivity Apx(0). Thebest value ofA p(0) is determined The low-temperature data for samples with<9)6<0.99
by plotting the data for several values®p«(0) and choos- are shown in Fig. 5. The solid lines are fits of E8) to the
ing the one that gives the best approximation to a straightlata, and illustrate that the slope, and hencearies only
line at low temperatures. For the=0.8 sample, the solid slightly over this wide range of thorium concentration. The
circles represent the best value &p,(0) using this crite- slope of each fit is indicated in the figure and varies between
rion. The slope of a tangent to the data in the inset can bé&.4 and 1.6. For the largest thorium concentratios,0.99,
shown to equal the exponent The solid line is the same fit the fit provides a reasonable description of the data between
of Eq.(2) to the data as seen in the main figure, which result85 mK and 17 K. It is interesting to note that the high-
in a value ofn=1.6. The increased scatter in the data at lowtemperature limit of the fit gradually decreases as the tho-
temperatures is a result of the lower measuring currents usgéim concentration decreases downxts 0.8, and then in-
at low temperatures to reduce self-heating during the expericreases to almost 16 K far=0.6. The low-temperature limit
ment. In fact, not all of the experimental data at low tem-of each fit was taken to be the lowest temperature for which
peratures are shown in the inset. The scatter of the data re-data point was measured. To calculate valueofrom
sults in some points that lie above the extrapolated value ahe low-temperature fits, we arbitrarily fixetk=20K for
Apk(0), which are transformed into negative numbers in thethe x=0.95 sample, which seems appropriate in light of the
calculation of - Apy(T)/Apk(0). Due to thdogarithmicy  high-temperature data in Fig. 3, which allowed us to deter-
axis of the inset, these negative values are not plotted. Thenine the value ofi=0.3. Using this value fog, the values
error bars in the inset reflect the standard deviation of thef Ty for the other thorium concentrations were calculated
measurement of the resistance. Although the magnitude &fnd are displayed in the legend of Fig. 5.
the error bars does not increase very much at low tempera- The main results of this work are summarized in the tem-
tures, as the temperature gets smaller, the calculated value pérature vs thorium concentratiarphase diagram shown in
1—-Apk(T)/Apk(0) becomes smaller until it is smaller than Fig. 6. Non-Fermi-liquid behavior is found for temperatures
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below T on the dilute uranium side of the phase diagram. 2m*c

The shaded region indicates the temperature interval over pru=(21+1) ——r N(E.)’ (©)
which the resistivity scales g&(T)~1—a(T/Tg)" with n F

~1.5. The high- and low-temperature limits of the fits in Fig. wherel is thef-electron angular momentum quantum number
5 are indicated by solid diamonds on the perimeter of thel =3 in this casg m* is the effective mass of the conduc-
shaded region. The high-temperature limit of each fit is thdion electronsc is the impurity concentratiom is the con-
temperature where the data began to deviate from the filuction electron density; is Planck’s constant divided by
shown in Fig. 5, whereas, the low-temperature limit is the2m, € is the charge of the electron, aN{E) is the density
lowest temperature achieved in the measurement of the pa@f states in the host material at the Fermi energy. A simple
ticular sample. The Kondo temperature is denoted by thé&alculation for the Y_,ThPdAl; system based on an esti-
solid line above the NFL regime, and is fixed in temperaturemated value of the Fermi wave vector and the experimental
across the phase diagram. On the dilute thorium side of th@lectronic specific heat coefficiey) gives, for instance, for

phase diagram, antiferromagnetic ordering occurs sor *=0.9, & value of 23uQ)cm. This value is in good agree-
<0.2 and superconductivity for<0.1. ment with the experimental results shown in the inset to Fig.

3 where we estimate\ p(0)=~25u) cm for the x=0.9
sample. This agreement reinforces the idea that the low-
temperature properties are the result of single-ion Kondo-like
physics.

Single-ion scaling has been observed in several NFL sys- Another piece of evidence pointing towards a single-ion
tems to daté? If a single-ion mechanism, like a multichan- mechanism would be a sensible energy scale that character-
nel Kondo effect, is responsible for the NFL behavior ob-izes the single-ion behavior. In conventional systémisich
served in the Y_,Th,PdAl; system, then there are a exhibit Fermi-liquid behavigrthat show Kondo phenomena,
number of clues that one expects to find in experimentathis energy scale is the Kondo temperatlife. The Kondo
measurements. The most important evidence would be scalemperature depends exponentially on the exchange interac-
ing of all of the physical properties with the concentration oftion parameted as
the magnetic specieg.e., uranium over a wide range of
concentrations, including very low concentrations. This evi- Tk~Teexd —1/N(Eg)J], 4
dence would suggest that NFL behavior persists in the ) ) . .
single-ion limit, and since this behavior is independent ofhereTg is the Fermi temperatur®(E) is the density of
concentration, intersite correlations do not play an apprestates at the Fermi level, ard-—(V;)/es¢, whereVyy is
ciable role in the physics of these systems. Based on thihe hybridization matrix element between the conduction
expectation, the scaling of the data in Fig. 3 implies that eelectrons and thefbelectrons, anes; is the binding energy
single-ion picture is the appropriate way to think about theof the 5f electrons. Our result, as seen in Fig. 6, suggests
scattering processes that lead to the logarithmic increase that Ty is constant across the dilute side of the phase dia-
the resistivity with decreasing temperature. This conclusiorgram. A change infk is not expected since in this system
is in agreement with the strong evidence for scaling fromtetravalent thorium is replaced with tetravalent uranium and,
previous low-temperature specific h&dt"?! and magnetic hence, the electron concentration anél Binding energy
susceptibility measuremenfs® in the concentration range should remain the same. This is a modification of the pre-
0.4<x=0.95. Above roughly 50 K, the quality of the scaling liminary phase diagraf that suggested thak, increased
in Fig. 3 worsens. This is not altogether unanticipated, sincavith increasing x. Strong evidence that uranium in
changes in the phonon spectrum are expected to beconé _,ThPdAl; is tetravalent was provided by the work of
more important at higher uranium concentrations at highGeibel et al,?> who found that tetravalent substitutions in
temperatures. The deviations seen might also be a result &PdAl; (including TH") suppress the N& temperaturd
departures from Matthiessen'’s rule that historically has madand superconducting transition temperatligewith increas-
the saturating Kondo scattering contribution at temperatureg substituent concentration at a much lower rate than triva-
far aboveT difficult to observe?® In addition, there is more lent substitutions such as®Y. This contrast was confirmed
noise in the data for the=0.99 sample because of its com- in recent work* on the Y, _,U,Pd,Al ; system. On the other
paratively smaller resistance. The fact that the data fohand, a rapid increase @fx with decreasing uranium con-
samples withk=0.6 andx= 0.8 do not saturate to a constant centration has been observed in the YU,Pd; system'? In
at high temperature§.e., at 300 K may indicate that at Y,_,U,Pd;, the substitution of trivalent uranium for trivalent
these concentrations, intersite correlations are beginning tgitrium increases the Fermi level and, in tueg;, which
be significant. causesT to decrease with increasing uranium concentra-

The offsetAp., which is presumed to be associated withtion, assuming that the host density of states in y&wl the
potential scattering, is expected to be proportional to théwybridization are approximately constant.
number of scattering centers, and hence the uranium concen- Finally, one of the most interesting aspects of this work
tration (1-x). The extrapolated zero temperature value ofconcerns the temperature dependence of the electrical resis-
the Kondo scattering contributioApk(0) is equivalent to tivity at very low temperatures. Our experiments indicate
the unitarity scattering limit in a material that exhibits a con-that the NFL behavior in the J,Th,PdAl ; system does, in
ventional Kondo effect and should also increase in proporfact, persist down to the lowest temperatures measured, but
tion to the uranium concentration {Ax). The unitarity scat- has a different temperature dependence than previously re-
tering limit for 5f electrons is given &/ ported. The electrical resistivity is best described by a power

IV. DISCUSSION
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law [Eq. (2)] with n~1.5 over a range that extends more Ty of these antiferromagnetic compounds vanishes and su-
than two decades in temperature and persists to the highgsérconductivity appeard.in that work, power-law behavior
thorium concentrationx= 0.99) measured to date. Previous of p(T) with n~1.5 is attributed to antiferromagnetic spin
measurements suggested that the resistivity increases lineaflyctuations in a three-dimensional antiferromagnet within
with decreasing temperature below 10 K and then levels ofthe framework of spin-fluctuation theory, originally devel-
below roughly 5 K. This apparent crossover to Fermi-liquidoped for itinerant-electron systems. However, it is difficult
behavior was taken at face value despite the persistence td see how such a spin fluctuation theory would be appli-
NFL behavior in the magnetic susceptibility and specific heatable to the Y_,Th,PdAl; system in view of the difficulty
measurements to much lower temperatdfed/e now be- in identifying a critical concentration whefig, vanishegan-
lieve that the low-temperature saturation of the resistivitytiferromagnetic quantum critical poinand the scaling of
previously observed is an artifact due to filamentary superp(T) with (1—x) and Tk over such a large range of U con-
conductivity. Application of a 500 Oe magnetic field centration (1 x).
guenched the superconductivity, allowing the resistivity to

be traced to lower temperatures. The absence of magnetore-

sistance was established by increasing the value of the ap-

plied field to 1 kOe and observing no change in the resistiv- We have made a detailed investigation of the low-
ity trace. temperature electrical resistivity in the; U Th,PdAl; sys-

The power-law behavior op(T) with an exponentn tem over the range of thorium concentrations<Ox6=1. We
=1.5 observed for Y ,Th,PdAl; is quite different from observed an unconventional Kondo effect with a character-
that expected for the two-channel spin-1/2 Kondo m&del istic scaling temperatur&,~20 K. The electrical resistivity
wherep(T) is predicted to saturate with a power-law expo-data were found to scale with uranium concentration, rein-
nentn=_0.5, as well as the linedr dependence that has been forcing the idea that a single-ion picture best describes the
observed in many NFL materiat§?|t is interesting to note  physics of this system. The temperature vs thorium concen-
that the n~1.5 power-law behavior forp(T) of trationx phase diagram exhibits a large region at low tem-
U,_,Th,Pd,Al; observed here is intermediate between theperatures where the temperature dependence of the electrical
valuen~1 found for other NFL materials, and the value of resistivity exhibits power-law behavior with an exponent
n=2 expected for ari-electron Fermi-liquid material. It is ~1.5. Although it is currently not clear how this power-law
not clear whether this implies that the UTh,PdAl; sys-  behavior arises, it is evident that this behavior persists to low
tem is somehow ‘“closer” to being a Fermi liquid than a uranium concentrations, and hence is most likely the result
system like ¥ _,U,Pd. of single-ion physics.

In a recent papéf it has been suggested that the NFL
behavior of the Y_,Th,Pd,Al; system, among others, can
be described within the context of a Griffiths phase model
based on low-temperature specific heat and magnetic suscep- We acknowledge illuminating discussions with D. L. Cox
tibility measurements. Since there are no predictions for theand D. A. Gajewski. The research was supported by the Na-
T dependence of the electrical resistivity in the Griffiths tional Science Foundation under Grant No. DMR-97-05454,
phase model, we are unable to compare this model to ouhe U.S. Department of Energy under Grant No. DE-FGO03-
experimental results at this time. It is interesting that power86ER-45230, and by the UC CLC LA 95-0519-BM. In ad-
law behavior ofp(T) with n~1.5 is similar to that observed dition, equipment used in the research at UCSD was pro-
in the stoichiometric compounds CefS@ and Celg at pres-  vided by the National Science Foundation under Grant No.
sures near the critical pressure at which thelNemperature DMR-94-03836.

V. CONCLUSION
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