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We present results of the low-temperature specific kkeaf samples of the series (Ua, ,),Zn;7, com-
bined with measurements of the low-temperature magnetic susceptijliand resistivity(p). Forx>0.8 we
find antiferromagnetic order in coexistence with heavy-fermion behavior. An extrapolatijpas a function
of the uranium concentration implies thag vanishes forx=0.8; atx=0.8, no magnetic order is detected
experimentally at temperatures above 0.06 K. The non-Fermi-liduikL) behavior predicted at such a point
in the magnetic phase diagram may be observed, but not as clearly as in other systems; some of the behavior
is more consistent with spin fluctuations. As the uranium concentration is lowered kel6w8, C continues
to rise in the low-temperature limit, whilgo y,—aT®5, but C seems to tend towards the behavior of a Fermi
liquid with spin fluctuations at the lowest temperatur@s<(.25K). First atx=0.3 the temperature depen-
dence ofC/T is found to be contrary to Fermi-liquid behavior, whjjec yo—alog T. Thus non-Fermi-liquid
behavior is not found so unambiguously at the concentration whgreanishes as expected by a quantum
critical point theory, but rather at lower uranium concentrations. This presents the possibility that NFL behavior
in (U,La;_,)»Zny7 is not due to nearness to a quantum critical point, but rather to disorder or the presence of
spin fluctuations.
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INTRODUCTION romagnetic quantum phase transiti®fil « T°° at the lowest
temperature$?~® Non-Fermi-liquid behavior has also been
The low-temperature propertiesfeélectron systems have reported in nearness to a ferromagnetic quantum phase tran-
been a wide and active field of research for many yearssition in Th;_,U,Cw,Si,, " a scenario which is well known
Particularly the ground-state properties of the so-calledn d metals(for example, see Ref. 18
heavy-fermion systems have been studied intensively. For U,Zn;; was one of the firsf-electron systems that was
these systems different ground states have been reported, icharacterized as an antiferromagnetic heavy-fermion
cluding antiferromagnetic order, superconductivity, and asystem'® The electronic part of the specific heat divided by
paramagnetic ground statfor an overview, see Refs. 1 and temperature was high both above and below thelNem-
2). perature ofTy=9.7 K. Values of about 500 mJ/U moPKor
Recently, the observation of non-Fermi-liquid behavior intemperatures just above the phase transition and 200
some f-electron alloys—for example, d4YosPd (Refs. 3 mJ/Umol K for T—0 K have been reported. Magnetiza-
and 4 and CeCyAug ; (Ref. 5—nhas raised the question of tion and resistivity results of alloying experiments on the
whether a non-Fermi-liquid ground state exists in these madranium sites with lanthanum (Ua;_,),Zn;; for x=0,
terials. What characterizes a system as a non-Fermi liquid i8.05, 0.30, and 0.9 have previously been publisfiethe
not unambiguous. At least a nonconst&if (for example, magnetic order vanishes with decreasing uranium concentra-
C/TxlogT) and deviations from the Fermi-liquid behavior tion, and for diluted alloysX<0.1) the data are explain&d
for y andp have to be seeffor an overview, see Refs. 6 and by the existence of the Kondo effect. Thus, investigating the
7). To explain the non-Fermi-liquid behavior iiRelectron  low-temperature specific heat of samples of the series
compounds, mainly three interpretations have beerfU,La;_,),Zn;; allows us to study both the interplay of
invoked®’ First, there are unconventional single-ion Kondo magnetism and heavy-fermion behavior in magnetically or-
models like the two-channel Kondo efféand the quadru- dered alloys and, for the nonmagnetically ordered samples,
polar Kondo effect. A second model, the Kondo disorder to investigate the observed deviations of the specific heat
model, assumes a distribution of Kondo temperatures in dissom Fermi-liquid behavior, which will be discussed in re-
ordered metals yielding a non-Fermi-liquid behavior at lowgard to the ongoing discussion of non-Fermi-liquid behavior.
temperature$®! Recent results of NMR studies support this
as a possible interpretation for the non-Fermi-liquid behavior
in UCu; Pd; 51?2 The third interpretation relates the non-
Fermi-liquid behavior to aT=0K phase transitiofl. For Polycrystalline samples of (WUa;_,),Zn;; were pre-
CeCuy Aug; (Ref. 5 and CeCy_,Ag, (Ref. 13, the low- pared. Stoichiometric amounts of the constituting element
temperature properties are interpreted by the existence ofwere placed in an outgassed BeO crucible covered with a lid.
guantum phase transition due to the suppression of longFhis crucible was then sealed under argon in a tantalum or a
range antiferromagnetic order. The influence of TheO K quartz glass tube. The sealed tubes were then heated to
guantum phase transition on the specific heat at finite temt050 °C, e.g., above the melting point oA, -, then slowly
peratures has been calculated. One finds that for an antifefwithin 3—10 h cooled down to 750 °C. After annealing
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FIG. 1. Lattice parametergiven for the hex-
agonal setting of this rhombohedral strucjuas
a function of the U concentration Both the val-
ues ofa andc vary linearly withx.

at this temperature for about 24 h, the tubes were removed Figure 2 shows the specific heat divided by temperature

from the furnace.

of the magnetic alloys (0.85x<1) and the first nonordered

For x-ray diffraction we used a Siemens D5000 diffracto-compound withx=0.8 of the series (lLa;_,)»Zny7. In Fig.
meter. Magnetic measurements were performed with a Quar(a) we present the specific heat divided by temperafure

tum Design superconducting quantum interference device
(SQUID) magnetometer. The resistivity measurements were
performed using a four-contact low-frequency ac method.

We measured the specific heat with a relaxation
method>??in the temperature range 0.06—20 K. The abso-
lute error of the specific heat i53%.

RESULTS

T [mJ/K? mol]

X-ray diffraction patterns of the prepared samples show 3
that they crystallize in the rhombohedral ;Fim, structure.
Only the samples wittk=0.1 show a weak line which could
not be indexed on the basis of this structure. Our results are
in agreement with the more recently published literature in
that the ThZn, structure is the one which forms out of the
melt?*24 Preliminary results from our group show that one
obtains samples in the hexagonalNh; structure via solid-
state reaction of the constituent elements at about 8G0 °C.

The lattice parameter@iven for the hexagonal settipg
are plotted in Fig. 1 as a function of the uranium concentra-
tion x. Both lattice parameters vary linearly wii This in-
dicates the validity of Vegard’s rule and supports the view
that the main effect on the lattice of the alloying process isé
the size difference of La and U atoms. Thus, as seen in Fig>
1 (see also Table)| doping UZn,; with La results in a quite
significant(about 1.5% lattice expansion.

In the following we first present the data of the specific-
heat measurements. Of particular interest here is the elec
tronic part of the specific heaf, and Cg/T. To obtain
Ca/T, the electronic part of the specific heat divided by
temperature, we prepared and measuregZihg and sub-
tracted the lattice part of the specific heat ofZa; and the
electronic part of LgZn;; {(1—x)y(LayZny7)} from the
data. LazZn;; has a Sommerfeld parameter ofy
=12.3mJ/mol K.
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FIG. 2. (a) Specific heat andb) electronic part of the specific
heat divided by temperatur€,/T, normalized to 1 mol uranium
for x=0.8. Note the logarithmic temperature axis(b).
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ture,Cg /T, normalized to 1 mol uranium down to the lowest tem-
400} perature accessible with our experiment®.06 K) for
Jo0l (Up.gLag »)-Zn;7. In (a) the data are shown with a logarithmic tem-

‘ ‘ . perature axis. The solid line represents a fit to the data @ith
03 10 . [K]3'° 10.0 =C/T=y,—a T2In(T/Tsp in the temperature range 0.06-2.5 K as
described in the textb) shows the same data with @A axis. The
FIG. 3. (a) Specific heat andb) electronic part of the specific line in (b) is a guide to the eyésee text The error bars sketch the
heat divided by temperatur&,,/T, normalized to 1 mol uranium €rror which is mainly systematic and weakly temperature depen-
for x<0.8. No anomaly due to a phase transition can be seen. Thdent. Thus we think that the rise 6%,/T with decreasing tempera-
solid lines in(b) are fits to the data witlE/T= y,—alog,,T. Note  ture is not an artifact.

the logarithmic temperature axis {b). logarithmic divergence o€/T for more than one decade in

o _ temperature with decreasing temperature indicates non-
versusT as measured and in Fig(i the electronic part Fermi-liquid behavior in these compounds, at least in the

Cq/T normalized ® 1 U mol vs logo T is shown. The ob- measured temperature range down to 0.35 K. The lines in
served anomaly fox>0.8 is due to the antiferromagnetic Fig. 3(b) are fits with C/T=y,—alog,oT to the data. As
phase transition also present in purgZb,,. This is con- noted above for the data in Fig(l, 0.8<x<1, single-ion
firmed by magnetic measuremer(tsot shown. The mag- behavior is also observefsee Fig. 8&)] at temperatures
netic susceptibility as a function of temperature passeabowe 4 K forx=<0.8 (with some deviation fok=0.1, which
through a maximum at temperatures larger tign and a s, however, within the error bar
maximum indy/dT marks the antiferromagnetic order. This  Since the proper investigation of non-Fermi-liquid behav-
behavior of the magnetic susceptibility is also well knownior requires data down to the lowest temperatures, measure-
for U,Zn,- itself.® The transition temperatur€y decreases ments in a®He/*He dilution refrigerator down to 0.06 K were
with increasing applied field, a feature which supports theperformed on the nonmagnetically ordered=(0.3,0.5,0.8)
interpretation of the anomaly as an antiferromagnetic phassamples. The results for=0.8, i.e., the composition where
transition. Note that all curves in Fig(l® fall together for T\ —0, are given in Figs. @) and 4b). In Fig. 4(a) the data
temperatures abovk . This indicates single-ion behavior in are presented with a logarithmic temperature axis. The solid
the paramagnetic region. line is a fit to the data witlC/T=y,—aT?In(T/Tsp), repre-
While Fig. 2 hasC/T data for the magnetic alloys, Fig. 3 senting a spin fluctuation contribution to the specific feat
shows the data for the nonmagnetic samples:@.8) for  in the temperature range 0.06—2.5 K. The best-fit parameters
temperatures above 0.35 K. In FigaBthe data as measured are y,=850mJ/UmolK, a=90mJ/KUmol, and Tge
are presented versusand in Fig. 3b) the electronic part =4 K. Figure 4b) showsC./T vs T°® at the lowest tem-
Ce/T vs log,T. At low temperatures deviations from peratures; the solid line, which is a guide to the eye, indicates
Fermi-liquid behavior are evident. For=0.6 and 0.5, a thatC,/T can also be fitted td°° between 0.06 and 0.64 K.
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= i % Q’BE 1 and fit (shown by the solid line through the dat® the disorder
< 00 Xm,, o, model of Bernalet al. (Ref. 12. The average Kondo temperature
3 b) W.*** " o (Tx) and the width of the distribution of Kondo temperatures,
THay which best fit the specific-heat data are 11 K and 0.023, respec-
1600 050 100 tively; the disorder model fit is a good approximation of the data
TOS [KO5] between 0.06 and-4 K. [The other two parameters in the disorder

model of Bernalet al. (Ref. 12, the effective moment and the
FIG. 5. Electronic part of the specific heat divided by tempera-Fermi energy, are taken from the literatufRef. 19.] A disorder
ture, Co T, normalized to 1 mol uranium down to the lowest tem- model fit to the magnetization dataot shown as a function of
perature accessible with our experiments(fdg sLag 0),Zn,- (starg  temperature and field yields the same distribution width of Kondo
and (Ug sLag 7),Zn; (squares In (a) the data are shown with a temperatures and a slightly differe¢if,) of 15 K. Using the pa-
logarithmic temperature axis. The solid lines are fits to the data witttameters from the fit to the magnetization data would result—as
CIT=CI/T=vy,—a T?In(T/Tsp in the temperature range 0.06—2.5 shown by the dashed line—in a qualitatively much worse fit to the
K as described in the textb) shows the same data withTd° axis.  specific heat data. In the theory of Bermlal. (Ref. 12, the pa-
rameters for fitting both the specific heat and magnetization should

be th .
Comparing theC/T data forx=0.8 in Fig. 2 with Fig. 4b), = © ome

one can ask if these data are consistent with the weak inter-
action theory® of Moriya and Takimoto, where at the lowest C/T data, with its small systematic deviations visible in Fig.
temperature€/T«1— T, while C/Tx—logT for a limited ~ 5(a), is a good representation of the data is an open question.
(~60% of a decaderange of temperature &Fig. 2) higher  In any case, fok=0.5 a constant value @/T, i.e., Fermi-
temperature. Unfortunately, such a simple solution to the difliquid behavior, is reached at temperatures below 0.15 K.
ficulty demonstrated in Figs.(d and 4b) in distinguishing The low-temperature data for=0.3 show, in contrast,
the temperature dependence of the lowest temperé&tlife  non-Fermi-liquid(NFL) behavior down to the lowest tem-
data does not work. First, as the data in Fig. 2 sHOii, for  perature: i.e.,C/T does not tend to a constant value. An
x=0.8 obeys (logT) over a much broader temperature attempt to fit the data with an additional spin fluctuation
range than predicted by Moriya and Takimoto. Second, asontribution to the specific heat failed for this concentration,
will be seen below in the discussion @f the Moriya- as can be seen by the large deviation of thedflid line)
Takimoto prediction ofp=py+AT:® at low temperatures is from the data in Fig. &). When plotted against &°° axis
not followed at all. Thus, as will be discussed foand also  [Fig. 5b)], no linear region is found fax=0.3 or 0.5. Since
x data further below, this ambiguity in what the low- there is inherent disorder in the §Lla,-),Zn;; sample, can
temperatureC/T data imply forx=0.8 is not resolvable us- the NFL disorder phenomenological model of Beraahl?
ing the data reported on herein with current theoretical ungive a convincing fit to the/T data? The answer, as shown
derstanding. [The possibility of fiting C/T for in Fig. 6, is a qualified yes. Assuming a distribution of
(UyLa;_y)»Zny7 using the disorder model—as done, e.g., inKondo temperatures caused by disorder changing the local
Ref. 12 for UCy_,Pd—will be discussed below for the Kondo compensation of the Uf&lectron moments, the dis-
more disordereck=0.3] order model of Bernakt al. (using four fit parameteysin
The low-temperatur€ data forx=0.5 and 0.3 are shown fact does succeed in fitting the data between 0.07-a#dK.
in Fig. 5. Again, in Fig. %a) the data are plotted versus a However, it should be pointed out that the fit parameters
logarithmic temperature scale. The solid lines are spin flucderived from fitting the magnetization dataot shown of
tuation fits, like in Fig. 4a), in the temperature range 0.06— (Ug3lag 7),Zni7 as a function of temperature and field—
2.5 K. Whether or not the spin fluctuation fit to the=0.5  which parameters according to the mddshould also fit the
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FIG. 7. Low-temperature resistance(bf, gLag »),Zn;7in 0, 0.2,

and 0.5 T where the applied field serves to suppress the supercon-

ducting transition(believed due to a slight second phase of Zn,

specific-heat data—give a different result 0fT than that
measured, see Fig. 6.

The resistivity data foxk=0.8 are shown in Fig. 7. Due to
a trace of superconducting Zf,.~0.85K, the data were
measured in an applied field of up to 5000 G. As shown in
Fig. 7, this field does not change the resistivity above 1 K
and it is reasonable to consider thdselatively low) field
data as characteristic of (\dLay,),Zn;7. As may be seen 1
from the datap — po— AT?, albeit with some waviness to the
linear behavior. The data certainly fit neither Fermi-liquid
behavior ﬁ)=p0+AT2) nor thep=p0+ATl'5 predictior}S FIG. 8. Low-temperature magnetic susceptibility fam x
of Moriya and Takimoto. In the disorder model of Rosch for =0.6—0.8 and for(b) x=0.1 (circles, x=0.3 (squares and x
the resistivity?” such an exponent (~1) in p=p,— AT is =0.5 (starg in (U,La;_,)»Zny7 vs IggT. The curv%d5 soll_d lines
possible over such an extended temperature range only férough the data fax=0.5-0.7 are fits tq = xo—a T°, while the
rather well-ordered samples, which is not consistent with th&tright lines through the&=0.1 and 0.3 data show the=x,
disorder inherent in th&=0.8 sample where 20% of the U ~alogT behavior.
has been substituted by La.

Resistivity data for (WLa;_,),Zn;7, x=0.05, 0.3, 0.9,
and 1.0, have been previously reporf@®f interest for the
discussion below are the data for=0.3, which show little
measurable temperature dependencevbél& down to their
lowest temperature of measuremédi3 K). However, what
little temperature dependence there is is consistent with
xpo— AT, where a<l—again inconsistent with either
Fermi-liquid, Moriya-Takimoto, or Roséh predicted behav-
ior.

The low-temperature magnetic susceptibility data are
shown in Fig. 8. They data forx=0.8 show no pure tem-
perature dependence, instead showing an inflection point The chief results of this work aré) the interplay be-
around 4 K. Remembering the dichotomy displayed in Fig. 4ween magnetism and heavy-fermion behavior for the mag-
for the temperature dependenceQ@fT at low temperature, netically ordered alloys of the series (L&, _,),Zn;7 and(b)
where one of the fit§Fig. 4@] was due to the temperature the appearance of non-Fermi-liquid behavior in the nonor-
dependence of a spin fluctuation system, it is interesting taered alloys.
note that they data forx=0.8 shown in Fig. 8) are very As shown in Fig. 2 and Table I, we find for the magnetic
reminiscer® of x data for the canonical spin fluctuation samples (0.85x=<1) coexistence of heavy-fermion behav-
compound UAJ. In contrast, they data in Fig. 8 forx ior and antiferromagnetic order. The values ©fT for T
=0.7, 0.6, and 0.5 obey a canonical NFL dependence, —O0K increase from 195 mJ/molKfor x=1 to 640
=xo—ayT, and they data forx=0.3 and 0.1 both obey mJ/mol K2 for x=0.85, while Ty decreases from 9.6 to 2 K.
«—logT, again a standafdNFL temperature dependence. The high values o€/ T, which have been found at least for
When considering the Griffiths phase disorder model of Cast,Zn;; down to 0.35 K, are almost temperature independent.

x [memu/mol]

x = 0.1
0 1 1

T [K]

tro Netoet al.?® a possible sign of the Griffiths phase rare
magnetic clusters is spin-glass-like behavior, including dis-
agreement betWeej‘afield cooled and Xzero fleld cooled Both the
x=0.3 andx= 0.1 samples show such a divergence at around
25-30 K, which is consistent with the disorder model of
Castro Netoet al. However, the Griffiths phase model of
Castro Netaet al. would predict thaC/T~T 1", which is

not observedsee Fig. 9 for either sample below about 1 K.

DISCUSSION
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FIG. 9. Specific heat divided by temperature vs temperature of
(UyLa; _,),Zny; for x=0.1 and 0.3 shown on a log-log plot. If the
Griffiths phase model of Castro Netd al. (Ref. 29 were to de-
scribe the data, the@/T would behave as a power laW!**, and
log C/T vs logT would be a straight line. This is the case between 0.0 0'7 ole
about 1 and 8 K for both sets of data, but below 1 K the power law ’ ’
dependence predicted by the Griffiths phase model is not obeyed by X
the data. FIG. 10. Nel temperature as a function of uranium concentra-

tion x.
This indicates a true heavy-fermion ground state since fluc-

tuations of the magnetic order paramdighich can cause an Ceo/T which would vanish at the lowest temperatures. The

:ch?assrt]eoltrllcde,/'il;/sn; :Q:Jns 2?;5;2'_?2“2% drglnn,:Izoir;r:gﬁ;%isfoentropy of thef-electron system at 20 K, calculated by inte-
K 9 P P grating C/T after having extrapolated the data to obtain

i values forT=0 K, increases with increasing La dopifgs-
TABLE I. Lattice parametera andc, the Neel temperaturd ing from 1.RIn2 for x=1 to 1.3RIn2 for x=0.85. The

and the electronic part of the specific heat divided by temperatunaata for UZn,, are in agreement with Ref. 30, where the
17 . ,

for samples of the series (L, -.)2ZMy. entropy in excess of the value for a possible ground-state
doublet has been attributed to either crystal field effects or
the possibility of hopping yielding a band structure. The ob-

served transfer of entropy from higher to lower temperatures

alA]  c[A] ColT
(Ulla;_,),Zn;;  +0.004 +0.01 Ty[K] [mJ/Umol K2

x=1 8980 13.159 9%  400(10 K) with decreasing« cannot be explained without a model for
9.6 195(0.4 K) the high-temperature entropy for pureas,, itself.
x=0.9 8.991 13.172 4% 450(6.3K) The decrease ofy with decreasing U concentration is
4.7 450 (1.3 K) shown in Fig. 10; the data are describable by a linear behav-
x=0.85 9.001 13.180 20 630(3K) ior of Ty as a function of temperature. An extrapolation to
2%  640(1.3K) Ty=0K yields a U concentration ok~0.8 for the critical
x=0.8 9.004 13.186 8500.35 K) concentration wher&y vanishes. Thus, for the sample with
x=0.7 0.022 13.214 100(.33 K) x= 0.8, non-Fermi-liquid behavior at the lowest temperatures
x=0.6 9.036 13.221 125@.38 K) might be expected due to the nearness of a quantum critical
x=05 9.052 13.241 145(.38 K) point (Ty=0K). In the literature the occurrence of non-
x=0.3 0.081 13.288 1850.36 K) Fermi-liquid behavior at such a so-called magnetic instability
x=0.1¢ 9119 13.311 15000.35 K) is well established on both theoretical and experimental

grounds. Several calculatiois'® of the specific heat give
non-Fermi-liquid behavior at low temperatures at the quan-
aThe lattice contribution to the specific heat and the electronic partum critical point (Ty=0 K) with C/T=y,—aT%> Experi-

of La,Zn;(1—x) y(Lay,Zn,;) have been subtracted from the data. mental evidence for a non-Fermi-liquid ground ste@T

x=0 (LazZn;;)  9.133 13.326 123

bMaximum of the specific heat. =vy,—aT% or C/T=y,—alogT) at this critical concentra-
‘Maximum in dy/dT. Here (T) is measured in a field 0B, tion was found in systems like CeguAu, (Ref. 5 and
=5kG. CeCy_,Ag, (Ref. 13. As shown in Fig. 4b), the data for
%The x-ray pattern shows a small contribution of an unidentifiedx=0.8 can be described b/ T=y,—aT% a behavior ex-
second phase. pected for an antiferromagnetic quantum critical pdihtee-
®CIT=y+BT?2(T<6K). Here y=123mJ/molk and 6p dimensional-antiferromagnetigimup to 0.64 K followed by
=333K. C/Tx—logT above 2 K. However, although no saturation in
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the values ofC/T can be seen in the inset of Figa} these  Bernalet al. Thus, as Bernadt al1? showed, disorder result-
data can also be described Wi T=y,—aT?In(T/Tsp), ing in a distribution of Kondo temperatures can cause an
the temperature dependence predicted for a Fermi-liquithcreasingC/T down to the lowest temperatur&s®* A thor-

with spin fluctuationg® as shown in Fig. @). Considering ough investigation of this topic demands microscopic probes
now the(higher-temperatujey data forx=0.8 (Fig. 8 and  like NMR or muon spin resonand@SR) to measure a pos-
the low-temperature data(Fig. 7), we see that these mea- sible spatial inhomogeneity of the physical properties be-
surements also shototh spin-fluctuation-consistent behav- cause of a local distribution of the Kondo temperatu(€be

ior (x is like that of UAL in its temperature dependence and quadrupoplar Konde model, while in principle a possible
is certainlynot characteristic of NFL systemand behavior ~mechanism in uranium compounds, is in the present case not
characteristic of NFL system§xp,—aT, whereaspyy, @ suitable model because it should not appear in rhombohe-

~po+aT?). Obviously, lower-temperature susceptibility dral systems?) o _ .
data might help resolve this conflict. Recently, non-Fermi-liquid behavior has been reported in

For samples withx<0.8, non-Fermi-liquid behavior, alloys of UPt [U;_,(Hf, Zr),Pt in Ref. 33 and UAbL (
CIT=CIT=vy,—alogT and yxx,—aT ®° for x Ul,xYxAlz in Ref_..319, also far away from any detectable
—0.5-0.7 andy= yo—alog T for x=0.1-0.3, is observed in Magnetic instability. Both these systems, as well as
large temperature regiorisee Figs. 8 and(B)]. However, (UxL&-x)2Zny7, show evidence of spin fluctuations in the
when regarding th€ data obtained at the lowest tempera- SPecific heat. Thus the occurrence of NFL behavior in
tures(Fig. 5), the situation is less clear. Plotted againstTog (UxLa1-,)2Zni7 could possibly be, depending on the results
all curves show signs of saturation at the lowest tempera@f investigation of the role of disorder, a member of a new
tures. Forx=0.5 a constant value of/T is found below Class of NFL systems, one where the long-range magnetic
0.15 K, indicating rather conclusively a Fermi-liquid ground €Xcitations necessary to prevent achieving Fermi-liquid be-
state. This view is further supported by the fact that belowhavior are not derived from the nearness to a critical point in

2.5 K the data are well represented by a constgnand a
spin fluctuation contributiofisee Fig. 5a)]. The C data for
the sample withx=0.3 continue, on the other hand, to in-

the phase diagram whefig, 45— 0.
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