PHYSICAL REVIEW B, VOLUME 63, 195103

Dynamic spin correlations in U(In,_,Sn,)5 heavy-fermion compounds:
A perturbed angular correlation study

S. Cotteniel, S. N. Mishra? S. Demuynck, J. C. Spirlet J. Meersschadtand M. Rot$
1 Instituut voor Kern- en Stralingsfysica, Katholieke Universiteit Leuven, Celestijnenlaan 200 D, B-3001 Leuven, Belgium
2Tata Institute of Fundamental Research, Homi Bhabha Road, Mumbai-400005, India
3Institute for Transuranium Elements, Karlsruhe, Germany
(Received 7 June 2000; revised manuscript received 27 September 2000; published 12 April 2001

By applying perturbed angular-correlation spectroscopy we have investigated spin correlations in the
“heavy-fermion” compounds U(lp_,Sn)3, with x=1.0, 0.7, and 0.5, by measuring the induced magnetic
hyperfine fieldB;,4 at diamagneti¢*'Cd probe nuclei as a function of temperature and applied magnetic field.

In zero applied field, the absence of any detectable magnetic hyperfine field at Cd reveals the absence of static
magnetic correlations down to 4.2 K. However, from the field dependen&,gfwe find evidence for the
presence of field-induced, short-ranged, and dynamic spin correlation betweetetirons at all composi-

tions. The strength and dynamics of these correlated spins strongly depeqdemnperature, and applied
magnetic field. As an important feature, for compositions neab.5, classified as a heavy-fermion material

with electronic specific heat coefficient=500 mJ/mol K, these U spin correlations seem to set in from a
relatively high temperature=37 K), and become very large on lowering temperature and/or increasing
magnetic field, reflected in the measured Knight shift vaduef about—32% at 4.2 K and,,,=7 T. We

believe that these short-range spin correlations and their relaxation dynamics are responsible for the low
temperature increase in magnetic susceptibility and electronic specific heat, previously considered to be an
indication of heavy-fermion behavior in this system.
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[. INTRODUCTION the effect of spin fluctuations and/or spin correlations on low
temperature physical properties of “heavy-fermion” materi-
Strongly correlated electronic materials, especially theals. Over the years, extensive studies have been carried out in
heavy-fermion systems, have been the focus of intense ex large number of pseudobinary and pseudoternary interme-
perimental and theoretical investigation in recent yé#&s.a tallic systems. It is generally observed that heavy-fermion
characteristic feature these systems show a high value of theehavior—with enhancement of and x, as its telltale
linear coefficient of specific heaty>200—-400 mJ/mol K, signals—usually occurs in alloys close to a magnetic to non-
enhanced Pauli susceptibility§), and several other anoma- magnetic phase bounddhBut precisely in these systems
lous low temperature physical properties by which the effecshort-range magnetic interactions, either static or dynamic,
tive electronic massn(*), as compared to normal metals, is are likely to be present. They can significantly influence the
enhanced by many orders of magnitude. Over the past sew andy values, which in turn would make the identification
eral years a large number of compounds involvirfg(€e, of a true “heavy-fermion” material difficult. It is therefore
Yb) and light actinide elementdJ, Np) have been discov- important to investigate spin correlation in typical heavy-
ered to show such behavibrkey parameters influencing fermion alloys and examine its evolution as a function of
electron correlations in these materials are the degree of ldemperature. In this connection, a number of microscopic
calization and the strength of hybridization betweeand  investigations have been carried out using nuclear techniques
ligand electrons. Theoretically, it is generally accepted thasuch as neutron diffraction, NMR and muon spin resonance
in Ce-based systems heavy-fermion behavior arises mainlguSR) %2 The results obtained in several well-established
due to the Kondo effect, where the strong electron correlaheavy-fermion compounds have revealed the presence of
tions arising from coherent many-body interactions betweerstrong spin correlations, in some cases leading to magnetic
periodically arranged ions (Kondo latticé give rise to an  ordering at very low temperaturs® In this respect, it is
enhanced effective electronic masBhe origin of heavy fer-  desirable to explore the possibility of using other micro-
mions in U-based intermetallic compounds is more controscopic techniques to study magnetic correlations and their
versial, because the larger spatial extent of th@#ital has relaxation dynamics in strongly correlated electron systems.
led to a debate over itinerant versus localized treatnfehts. For this purpose we have applied the perturbed angular cor-
Moreover, in the localized limit it is unclear whether U ions relation (PAC) technique to study static and dynamic spin
have a 52 (tetravalent or 5f2 (trivalent ground state con- correlations in some heavy-fermion compounds.
figuration and if crystal-field excitations are relevintot- The basic principle of the PAC technique lies in the di-
withstanding these difficulties the heavy-fermion behavior inrectional correlation ofy radiation emitted by nuclei with
U systems is also discussed in terms of Kondo interactionpreferred spin orientations and its modification caused by
more recently as being due to the quadrupolar Kondo effecthyperfine interactions between the nucleus and the electro-
Another question, intensively debated in recent times isnagnetic fields produced by the surrounding atomic environ-
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ment. Experimentally, a trace quantity of radioactive impu- [l. EXPERIMENTAL DETAILS
rities is introduced into the samples under investigation and
one measures the hyperfine fields acting on the daughter Ny
cleias afunction.of physical variables like tempera_ture_, presman» by melting together stoichiometric quantities of high
sure, conclentratlt_)n, etc. For the present investigation Wg, it elements in an arc furnace under argon atmosphere.
T?ve u;edl in which decays with a half-life of 2.83 daysto care was taken to account for possible loss of In/Sn, which
'Cd via electron capture. The 247 keMs5/2 level in the  have low melting points. The samples were characterized by
daughter'*'Cd, having half-lifeT;,,=84 ns, quadrupole mo- powder x-ray diffraction measurements and were confirmed
ment Q=0.84, and nuclear magnetic momenk;  to be single phase with the cubic AugCarystal structure.
=0.765uy (eVIT) serves as a suitable probe for the detecFor PAC measurements, a trace amount of the par&i
tion of electric and magnetic hyperfine fields, which in turnactivity was diffused into the samples by heating at 850 °C
provide microscopic information on the magnetic interac-for 24 h in sealed quartz tubes. In order to reduce the loss of
tions as well as electronic charge distributions in the sampleolatile In/Sn from the sample during the diffusion tfin
under investigation. The experimental information is ex-radioactivity, the tube was first evacuated to high vacuum
pressed by the quadrupole interaction frequeagy(related and then filled with Ar gas with a partial pressure of 0.25
to the principa| Componerwzz of the electric-field gradient atm. The .hy_perfine interaction parameters were extraqted
tensob‘ and the Larmor precession frequenﬂy (re|ated to f{?m the ||fet|me- spectra of the 247 keV nudear level in
the magnetic hyperfine fieldIn the discussion belowy, "Cd, recorded in a 90°/180° geometry using a setup con-
will sometimes be translated into hyperfine fields. Like  Sisting of four Bak; detectors and a standard slow-fast coin-
other nuclear methods, e.g., M&bauer spectroscopy, NMR, cidence circuit having time resolution better than 800 ps. The

4SR, etc., the hyperfine parameters extracted from I;,A(E)erturbation factoA,,G,,(t) in the angular co_rrelation func-
measurements are very sensitive to details of the neared{o" V_V( 9,t)=2Akka_k(t)Pk(_cose) was obtained by con-
neighbor environment and are thus suitable for the study O§tructlng the appropriate ratio function, called the PAC time
short-range interactions. Furthermore, because of the sho?PeCtrum’
half-life of the probe state, the measured hyperfine fields are
ideally suited to derive information on fast spin and charge R(t)= 2[W(180°t) —W(90° t)]
processes in the solid. Further details on the PAC technique [W(180°t)+2W(90° )]
can be found elsewheté!®

As a case study we have applied this technique to invesMeasurements were performed in the temperature range of
tigate static and dynamic spin correlations in Y(gSn,)s. 4.2 K to 300 K and in external fields up 7 T using a He
These intermetallic alloys crystallize in the cubic AuCu cryostat fitted with a superconducting magnet.
structure, with U on the Au positions and In and @imos}
randomly distributed over the Cu sublattice. YSna well-
established spin fluctuatSrshowing a large electronic spe-
cific heat coefficienty~ 170 mJ/mol K.1” Upon substituting Figure 1 displays some typical PAC spectra for different
Sn for In, the system remains paramagnédicleast down to  Sn concentrations, recorded at 293 K and 4.2 K and in zero
4.2 K) until the concentratiorx=0.5 has been reached. applied magnetic field. The room temperature spectra for all
There a transition to long-range antiferromagnetic order ocsamples show nearly the full anisotropy and could be simu-
curs, withTy increasing for decreasing up to Ty~108 K lated with a unique randomly oriented electric-field gradient
for Ulng.Y” This has been confirmed from microscopic stud-(V,,). Considering the point symmetries of different atomic
ies using PAC (Refs. 18-2D and !'°%Sn Mossbauer sites in the AuCgtype crystal structure, the electric-field
spectroscopie$-?? Being close to a magnetic transition, it gradient at the U site is expected to be zero in Y&mwint
was not a big surprise that in the intermediate compositiorgroupm3m). On the Sn site, the AAmmpoint group yields
range 0.5x<0.8 this system was classified as a heavy-an axially symmetric field gradient, as obserfege Fig.
fermion material, after measuring an enhanced electronit(a)]. The same is also seen for Y|if and therefore we can
specific heat with the value exceeding 500 mJ/mofk’In  conclude that**!'Cd probes substitutionally occupy the posi-
this paper we present results from our PAC study in theion of In/Sn atoms for alk. This substitutional site occupa-
“heavy-fermion” alloys (0.5<x<1.0). In these macro- tion of the probe atom is also supported from considerations
scopically paramagnetic compounds, the PAC measuresf the atomic size and electronegativity of Cd and In/Sn. In
ments, carried out as a function of temperature and externahe pseudobinary alloys U(Jn,Sn,)3, the PAC spectra were
magnetic field, reveal a strong field-induced magnetic hyperfound to be weakly damp€dFig. 1(b)]. This reflects a small
fine field (B q) at the diamagneti¢'’Cd probe atoms, con- distribution in the quadrupole interaction frequenay
sistent with the presence of short-range dynamic correlation® wy<<3%), due to thedisorder on the In/Sn sublattice. In
between the U moments. These spin correlations are mosiddition, a small asymmetry parameter 0.2 was clearly
prominent for compositions near=0.5, where the elec- visible. This has been shown previouSiyo be due to short-
tronic specific heat coefficient reaches its maximum value. range chemical order of In and Sn atoms: more Sn than av-
They can account for the increase pfand y, with no need erage is in the first neighbor shell of the Cd probe atom, less
to invoke a heavy-fermion state. in the second, and so on. Upon cooling, the spectra continued

Polycrystalline samples of U(Jn,Sn)5 were prepared at
e Institute for Transuranium Elements, Karlsruf@@er-

IIl. RESULTS AND DISCUSSION
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(a) (b) transferred hyperfine field caused by the magnetic moments
oty of neighboring U atoms. For paramagnetic systems—as in
the present case—wita U 5f spin correlation time much

shorter than the measurement time sc¢ake, the half-life of

the probe leve| the transferred hyperfine field due to U
magnetic moments can be expected to be negligible. The
hyperfine field experienced by the Cd probe will then be

Bindeéapp. Here, B;,q is essentially parallel to the ap-
T e e e IR IR R TR plied field andK represents the Knight shift of the probe. It
time (ns) time (ns) should be noted that for a Cd impurity the magnitude of K

has been found to be quite small, being less than a few
percent* Moreover, since the Knight shift is proportional to
the macroscopic susceptibility of the host matriyx (
=M/H), the former is expected to be independent of the
applied-field strength.

However, if short-range spin correlations are present, the
response of the Cd Knight shift to the applied magnetic field
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FIG. 1. Typical PAC time spectra taken at 4.2 K and 300 K under zero@ Case, the magnitude Bf,,4 and henceé can be expected to
applied field for(a) USn, and (b) U(InysSry 5)5- Here, as in the other pic-  increase with decreasing spin-fluctuation rate. Also, depend-

X
T

tures, the vertical scale always spans 0.20 dimensionless units. ing on the size of this correlated spin systeﬁn,d and there-

- . . ) o fore K can become large and vary strongly with applied mag-
to exhibit pure quadrupole interaction with no indication of otic field. as seen. for example, in superparamagnetic

any measurable static magnetic hyperfine field down to 4.2),,ster<?5 If the fluctuation rate is not too slow, we can as a
K, confirming the paramagnetic nature of the samples, pref-

viously inferred from bulk magnetization measureméfits. aI\:EI a_?ﬁ?ég:g?gﬂ z{gas?;imetg;nmgdr;ﬂ?eBga&are Eer]-
The quadrupole interaction frequeney, increased linearly ' ind P app

with decreasing temperature with a weak anomaly near aboﬁlt}us provide crgcial information on the extent and dynamics

30 K for x=0.5 andx=0.78 Further. for allx values stud- ©' SPIn correlations. The PAC time spectra were fitted for
- . - . . y = . . - . 1

ied here, the PAC spectra did not show any noticeabl&om.blned interactions using the co_mpl‘J‘ter C.“‘m,,'Tf ° as-

change in the damping down to the lowest measured te suming the presence of an effective "applied” field only

— ! X — . . .
perature. All these features clearly indicate the absence Per1=K BappTBing=KBapp). This approximation holds
static magnetic correlations between U atoms. However, th or fast fluctuations, and becomes progressively worse when

presence ofymamicspin corlaons cannotbe ed ou. 18 ST LTS S o, Acespiene e vere o
The minimal observable frequency for such correlated spin ' 9

is about 12 MHz: faster processes will be averaged out dur- at in the studied concentration, field, and temperature
ing the half-life (T,,=84 ns) of the probe used in the ranges this model is valid. The fitted quadrupole and Larmor

present PAC experiment frequencieswy and w, are reported in Table I.

. : : : Figure 3 displays the variation of induced magnetic hy-
To examine whether or not dynamic spin correlations are. .27~ : .
present in the “heavy—fermion”yU(Ip_XSrFli)3 system, we perfine field of Cd in USgl_and U(Irb'Ssrb_g)g as a funct_lon
performed a number of PAC measurements under externglf temperature and applied magnetic field along with the

o ; results obtained in Yl In the nonmagnetic Yk the By
magnetic fields varying upt7 T and at temperatures rang- ) et .
ing between 4.2 K and 137 K. Figure 2 shows typiggt) experienced by Cd came out to be very close to the applied

: _ magnetic field, indicating a negligible induced magnetic hy-
spectra for**Cd in U(In,_,Sn)3 (x=0.5, 0.7, and 1.0at A
4.2 K at different fields together with spectra recorded for th erfine fieldB;nq . In pure USR too, the spectra measured at

isostructural nonmagnetic compound Y¥lrn the presence |gh“ten?peratl:3res]'>|_|37 K and low applied tﬂelds _y|deldetd i
of an externally applied magnetic field the diamagnetics'ma values ob,q . FIOWever, measurements carried out &

111cd probe nuclei in their noncubic surroundings experi-4'2 K (feehFlg. f; mdf'.c?éed E[h(édpreience of nq?-geglljlglble
ence combined electric and magnetic hyperfine interaction nagnetic nypertine 1eids a whose magnitude became

The orientation of the electric-field gradients is random with a}[rgéar at_r;ig_r:_er arﬁ)'plri]ed fields, yi(cajldir:@)ian— 1'?1‘3’(1::.)?[1_ f
respect to the detectoftpolycrystalline sample The effec- at Bapp~ » Which corresponds 1o a mnight shift o

. i fieldB h lei i £ th —19%. To illustrate the size of this effect, in Fig. 2 the
tive magnetic fieldB.y at the nuclei Is a vector sum of the ey jine represents the best fit wil,q constrained to

applied fieldB,p, with a unique orientation, and an induced zero, Considering that USmemains paramagnetic down to
hyperfine fieldB;,q of unknown orientation. The magnetic 4.2 K as seen from our zero field PAC measurements and
hyperfine field at Cd—mainly arising from the polarization bulk magnetization datal® this largeB;,q experienced by

of valence 5 electrons—has the following contribution(s) 111cd at high applied magnetic fields implies the appearance
spin polarization due to the applied magnetic field, &nd of strong field-induced spin correlations between U atoms, at
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FIG. 2. PAC time spectra re-

corded as a function of applied mag-
time (ns) netic field at 4.2 K.(a) USn;, (b)
U(Ing.sSny.7)3, (€) U(Ing 551y 5)3, and

(d) YIng. The dashed lines are the
(d) curves simulated with zero induced
magnetic field, i.e.Bef=Bgp, (NOt
shown if coinciding with the actual
fit).

0.001 ]
R(t) 0.00
0.05 R(t)
o -0.051
~0-107 -0.104
-0.15 015
¢
0.007
0.004 R(£)
R(t) -0.051
-0.05
-0.104
-0.101
-0.159 |
-0.151
0.00] 6 004
R(E) R(t)
-0.05 6. 05
-0.104 -0.10;
-0.15{ . o.15.
0 50 100 150 200 0 50 100 150 200
time (ns)
0.001
R(t) 0.001
-0.051 R(t)
-0.051
-0.10
-0.104 ¢
-0.151
0.001 0.001
R(t) R(t)
-0.05 -0.054
-0.10 -0.10
0.00 0.00 -
R(t) R(t)
-0.05 A -0.051
-0.101 | ~0.101

0 50 100 150 200
time (ns)

) 50 100 150 200
time (ns)

195103-4



DYNAMIC SPIN CORRELATIONS IN Uln;_,Sn)s. . .

TABLE |. Fitted quadrupole interaction frequencieg and Lar-
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mor frequencies, . The fitting model assumes an effective applied f_
magnetic field only, implying that induced internal fields are as- 0d a—u . .
sumed to be parallel with the applied field. The effective figlgs e
experienced by the nuclei and the induced fiBlgy (Beff = Bapp E 14 T=137K
+Bing, Scalar sum extracted fronB,,, andw, , are given too. 24 e x9e
-3 T T T T T T T T
T Bapp wo L Betf Bing
(K) (T) (Mrad/s (Mrad/s (T) (T) 2
14
x=1.0 E 04 ."//‘§=l °
293 0.0 80.1 AN . \
137 0.0 82.1 O ,| -=—x=05 -
1.0 82.1 146 0997 —0.003 sl "I"‘”I'o -
4.0 82.0 59.1 4.03 +0.03 Te42K
7.0 81.9 101.4 6.92 —0.08 2 4 —a—x=05
37 0.0 86.1 1 - = Axsor
1.0 86.1 147  1.005 +0.005 £ of st——4 ——in,
4.0 86.0 60.4 4.12 +0.12 m_g -1 .
7.0 84.2 100.1 6.83 —0.17 -2 &
42 00 86.9 R I S —
1.0 86.9 14.8 1.01 +0.01 o 1 2 3 4 5 6 7
4.0 85.7 61.3 418 +0.18 Applied field (T)
7.0 74.1 83.1 5.67 —-1.33
FIG. 3. Variation of the induced magnetic hyperfine field t6iCd in
x=0.7 U(Ing 5Sny 5) 3 (squarel U(Ing sSn 7) 5 (triangles, and USH (circles at 137
4.2 0.0 93.8 K, 37 K, and 4.2 K. Data obtained in the nonmagnetic ;Yéme shown as
1.0 93.3 18.6 1.27 +0.27 stars. The solid and dashed lines are guides to the eye.
4.0 80.2 66.0 4.50 +0.50
7.0 59.1 72.7 496 —2.04 most likely short-range spin correlations between U atoms,
x=0.5 which give rise to a sizable induced magnetic hyperfine field
203 0.0 93.2 at Cd. With partial substitution of Sn by In, the magnitude of
137 0.0 95.4 Bing increases quite substantially. As can be seen from Figs.
1.0 96.4 15.0 102  +0.02 2 and 3, compared to pure Ugrihe spectra recorded far
4.0 93.2 591 403  +0.03 =0.5 at all temperatures and applied fields yielded much
70 916 1015 6.92 —002 higher values oB,,,4. Figure 4 shows the variation &;,4
37 0.0 98.1 measured at 4.2 K arf8l,,,=7 T as a function ok. It can be
10 97.8 17.9 122 4022 seen that th_e magnitude_ 8,4 increases from-1.33 T i_n
4.0 102.6 68.0 464 +0.64 USr to a high—2.25 T in U(InsSiyg)s. Forx=0.5, this
70 135.2 723 493 —207 large internal magnetic field is equivalent to a Knight shift as
4.2 0.0 96.7
1.0 98.1 274 187 +0.87 124 0%
4.0 112.9 84.0 572 +1.28 —=—B,_, (M . [0
7.0 167.3 69.7 4.75 —2.25 144 -0 Knight shift - 0.80
Ying 16 - 0.78
42 0.0 81.1 - 0.76
1.0 80.8 145 099 -0.01 £ 18 072 2
4.0 60.0 63.5 4.33 +0.03 o L 0.72 g
2.0+ L o70 =
least over microscopic length scales, whose dynamic relax .22 O
ation rates are slower than the nuclear lifetime of the probe 066
but fast compared to time scales of dc measurements. Fror -24- - 0.64
band structure calculations it has been shown that ingUsn 05 06 07 08 09 10
typical spin fluctuator with large Stoner enhancement Sn Concentration x

factor® 1 =3.03, the U 5 electrons are on the threshold of

being localized. The observations from the present PAG

measurements indicate that at high magnetic fields Jgbn
fluctuations are significantly suppressed leading to Strongs Bj,4/B.,, (see text The lines in the figure are guides to the eye.

FIG. 4. Variation of the induced magnetic hyperfine fielddCd (4.2
» Bapp=7 T) as a function of Sn concentrationin U(In,_,Sn); alloys.
The right hand scale shows the changes in the Knight sKift
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L 10 magnetism and USnis paramagnetic down to very low

A temperature$’ in the pseudobinary system Ug¢InSn),
~a Fo the formation of such strongly correlated spin clusters can be
1 T conceived to arise due to the disorder on the In/Sn sublattice.

Such disorder means that many of different local environ-

0 ) ments are present, which could in turn cause a wide distri-
= = bution in the magnetic interaction between U magnetic mo-
of = ments. Depending on the size and morphology of these spin

clusters, the system then has a broad spectrum of magnetic
relaxation times and can remain paramagnetic down to very
low temperature. However, over short measurement time
scales its response to an external magnetic field can yield

3 ) substantial hyperfine fields, similar to the behavior seen in
0O 20 40 6 80 100 120 140 many disordered magnetic systefAOn increasing the In
Temperature (K) concentration beyonad=0.5, the spin correlations become

very strong and have a much longer relaxation time, leading
to the appearance of long-range static magnetic ordering,
which has been observed in both bulk and microscopic
measurementys18:21.22

high asK=—32%. This indicates that with increasing In  Finally, we examine the consequences of the presence of
concentration the spatial extent of spin correlations betweespin fluctuations for alloy compositions nea# 0.5, the con-

U 5f electrons becomes large, and possibly that they alsoentration region where the electronic specific heat coeffi-
have slower relaxation times. In Fig. 5 we show the temperaeient y has been shown to have the highest value
ture variation ofB;,4 obtained from PAC measurements at (~500 mJ/mol ). From the results presented above, the
Bapp=7 T for x=1.0 andx=0.5. The result shows that, for PAC measurements reveal that near this concentration the
a given composition, the magnitude Bf,4 and hence the induced magnetic hyperfine field and hence the spin correla-
strength of U-U spin correlations systematically increasesions become quite strong, while nevertheless the fluctuation
with decreasing temperature. It is also interesting to note thatate remains rather high=(12 MHz) even at 4.2 K. As an

the variation ofB;,q with applied field(see Fig. 3 shows important feature, it should be noted that at these composi-
oscillatory behavior, initially showing positive values and tions the induced magnetic hyperfine field at Cd starts to
then becoming substantially negative at high magnetic fieldsncrease at temperatures as high as 3&&e the data fox

This variation ofB;,,q with applied magnetic field most prob- =0.5 in Figs. 3 and 5 and Tabld. IThis implies that the
ably arises due to field-induced modifications to theevolution of dynamic short-range spin correlations discussed
Ruderman-Kittel-Kasuya-Yosid4RKKY) type conduction before sets in at somewhat higher temperatures. With de-
electron polarization directly influencing the hyperfine field creasing temperature, the dynamics of such correlated spins
at the Cd probe site. gradually slow down but do not show up as long-range mag-

At this point it is worth mentioning that at low tempera- netic ordering. The features observed in our PAC data are
ture and high magnetic fields the quadrupole interaction freeonsistent with the results obtained from other microscopic
quencies o) in all the samples came out quite different measurements such aSR and*'’Sn Massbauer spectros-
from the value obtained in zero field. For example, at 4.2 Kcopy. Indeed, recenttSR measurements in U(In,Sn )
the wq for USn; was found to decrease from 86.9 Mrad/s atreveal that forx~0.5 the muon relaxation rate increases
0 T to 74.1 Mrad/s aB,,,=7 T. A similar behavior was quite rapidly below 30 K’ This is also reflected in the tem-
seen forx=0.7 and in YIn, while for x=0.5 at high fields perature dependence of th€°Sn Mcssbauer linewidth,
there is an increase. The possibility that this could be amvhich increases in the same temperature regidflt is rea-
artifact of the fit model can be excluded: as soorwgsvas  sonable to expect that at low temperatures such dynamically
constrained to its zero field value, a satisfactory fit was im-coupled spin clusters can also give rise to enhanced specific
possible. As far as we know, such a large change in théeat and magnetic susceptibility. We thus tend to believe that
electric-field gradient due to application of an external mag-dynamic spin correlations, seen SR, Massbauer, and
netic field has not been observed hitherto. It must be that imow also by PAC measurements, are the factors responsible
this compound the local density of stat@30S) at the Cd  for the largey value and the concomitant apparent heavy-
site is such that the shift between up-spin and down-spiiermion behavior of these alloys, reported from low tempera-
DOS’s due to the applied field favors a local electron densityture bulk measurements. In the terminology of Geschneidner
with an appreciably different deviation from cubic symmetry et al,?® this compound is a “ false heavy-fermion material,”
than without field. This point is currently being investigated with the highy caused by nonmagnetic atom disorder.
in more detail.

The concentration and field dependence Bf,4 in
U(In,_,Sn)3 as seen from the present PAC measurements
can be perceived to arise from superparamagnetic clusters of To summarize, we have applied the technique of per-
U spins. Considering that Ujnshows long-range antiferro- turbed angular correlation to study static and dynamic spin

FIG. 5. Temperature dependenceB4 and the corresponding Knight
shift values for Cd in U(lgsSnys)s and USg at 7 T.

IV. SUMMARY
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correlations in the “heavy-fermion” system U(Jn,Sn,),. U(In;_,Sn)3 as a heavy-fermion system—is mainly due to
The concentration, temperature, and field dependences of thieese spin fluctuations. The present work also demonstrates
induced magnetic hyperfine field experienced by the diamag?AC as a powerful tool for microscopic investigation of
netic 1*XCd probe nuclei clearly manifest the presence ofheavy-fermion materials and strongly correlated electron sys-
short-range spin correlations which become quite strong nedems in general. Further investigations in other intermetallic
the compositions where the electronic specific heat coeffisystems with different electronic mass enhancement factors
cient y reaches its maximum. The results presented in thigire in progress.

work, together with earliewSR and Masbauer measure-
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