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PHYSICAL REVIEW B 1 JANUARY 1999-IIVOLUME 59, NUMBER 2
Time-of-flight neutron-scattering study of YbInCu4 and YbIn0.3Ag0.7Cu4

J. M. Lawrence
University of California, Irvine, California 92697

R. Osborn
Argonne National Laboratory, Argonne, Illinois 60439

J. L. Sarrao
Los Alamos National Laboratory, Los Alamos, New Mexico 87545

Z. Fisk
Florida State University, Tallahassee, Florida 32306

~Received 24 August 1998!

We report neutron-scattering experiments for YbInCu4 that were performed in the time-of-flight mode at a
neutron spallation source. Two independent methods were used to determine the nonmagnetic scattering and
both gave comparable results for the magnetic scattering. The magnetic scattering was measured at tempera-
turesT530 and 60 K, below and above the temperature of the valence transitionTs540 K. Our key result is
that the spin dynamics in the mixed valent phase are well described over a broad range of energy transfer
(10,DE,150 meV) and incident energies (35<Ei<150 meV) by a Lorentzian power spectrum, centered at
E0>40 meV, and with halfwidthG>13 meV. The magnetic susceptibility derived from the fits is within 20%
of the value measured for the dc susceptibility. The peak energy is in good agreement with the Kondo
temperature derived from thermodynamic studies but the Lorentzian line shape fits the data significantly better
(x2>2) than the line shape expected for a Kondo impurity (x2>10). In addition we report results for
YbIn0.3Ag0.7Cu4. For this compound, the scattering is inelastic at low temperature~at 10 KE057.4 meV, and
G57.6 meV! but is quasielastic at higher temperature whereG510.0 and 13.2 meV at 150 and 300 K,
respectively. This increase in linewidth is contrary to the 50% decrease in linewidth predicted by the Anderson
impurity model for this temperature range, and is also smaller than the factor of four increase in characteristic
energy suggested by application of the impurity model to the magnetic susceptibility.
@S0163-1829~99!04002-3#
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INTRODUCTION

The compound YbInCu4 has a first order valence trans
tion at Ts540 K where the Yb changes from a nearly triv
lent (z52.96) local moment paramagnetic state with sm
Kondo temperature (TK;25 K) at high temperature to
mixed-valent (z52.82) Pauli paramagnetic state with larg
Kondo temperature (TK;400 K) at low temperature1–3 @Fig.
1~a!#. Following an older study4 of the spin dynamics per
formed on a polycrystalline sample, we recently studied5 a
single crystal on a triple axis spectrometer for energy tra
fers up to 65 meV. ForT.Ts the scattering shows a peak
E0

152.3 meV with a halfwidth ofG151.8 meV; this can be
attributed to a crystal field excitation that is broadened
4 f /conduction electron hybridization. ForT,Ts , the power
function appears to be Lorentzian, centered atE0

2

540.2 meV and with a halfwidth ofG2512.3 meV. The
peak energies are consistent with the Kondo energies
duced from the susceptibility. The line shape and intensity
the scattering is independent of momentum transferQ for
both phases.

The purpose of the current study is to study the scatte
over a wider range of energy transfer and with improv
statistics in order to more accurately determine the po
function. This is an issue of general interest in the study
PRB 590163-1829/99/59~2!/1134~7!/$15.00
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mixed-valent compounds. Theoretical predictions for
Anderson impurity suggests that the power function is nea
Lorentzian for values of the 4f occupation numbernf close
to unity. ~For Yb, nf is the number of holes in the 4f shell;
i.e., nf51 for the trivalent 4f 13 configuration andnf50 for
the divalentn f14 configuration.! According to theory the ra-
tio G/E0 of the linewidth to the excitation energy is set b
nf , hence in order to test the validity of these predictions
line shape needs to be determined in conjunction with
perimental determination ofnf . Furthermore, in order to pu
strong constraints on the line shape it is necessary to de
mine the magnetic scattering over a wide dynamic range
energies; measurements over a range of energy transfer s
compared to the characteristic energy scale for the spin fl
tuations will not provide a stringent test of theory. In th
regard we note that the earlier studies of the scattering
tended to energy transfers~DEmax550 and 65 meV for Refs.
4 and 5, respectively! only slightly larger than E0

2

540 meV.
The compound YbInCu4 has several advantages for such

study. The major uncertainty in determining the magne
scattering in powder samples comes from the correction
the nonmagnetic scattering. The earlier studies show tha
scattering peak in mixed-valent YbInCu4 occurs at energies
larger than the phonon cutoff beyond which energy the n
1134 ©1999 The American Physical Society
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PRB 59 1135TIME-OF-FLIGHT NEUTRON-SCATTERING STUDY OF . . .
magnetic background, including multiple scattering, is fai
small. In addition, the change in the lattice parameter at
phase transition is very small (DV/V50.005) so that
changes in the nonmagnetic scattering are also small;
allows for an independent subtraction procedure for remo
of the nonmagnetic scattering~see below!. In the present
study we use time-of-flight neutron scattering at a spallat
source to study the spin dynamics. This has allowed u
extend the region of energy transfer to 150 meV, sign
cantly larger than the peak energy~40 meV!. Taking advan-
tage of the fact that the spin dynamics have been shown t
Q independent we have averaged the data over scatte
angle in order to improve the counting statistics. The ma
disadvantage presented by YbInCu4 for this measurement is
that the neutron absorption is large, due to the presence o

In the system YbIn12xAgxCu4 for x,0.5 the 4f -4 f inter-
actions responsible for the valence transition cause a r
change of the valence with temperature but forx.0.5 the
change of valence with temperature is weak and in acc
with the predictions of the single-impurity Anderson mode3

Single impurity theory does not, however, provide a good
to the susceptibility for YbIn0.3Ag0.7Cu4: the fits suggest a
largerTK at room temperature than at low temperature@Fig.
1~b!#. We have included a study of YbIn0.3Ag0.7Cu4 to test
whether this failure of the single-ion theory can be explain
by an actual change in the characteristic energy.

FIG. 1. ~a! The dc magnetic susceptibilityx(T) of the YbInCu4
sample used in the current study~solid circles!. The solid line rep-
resentsx(T) after correction for an impurity Curie term. The ope
circles are the values for the susceptibility derived from the fits
the spin dynamics in Figs. 6~a! and 6~d!. ~b! The dc susceptibility of
YbIn0.3Ag0.7Cu4 ~solid circles!. The open circles are derived from
the fits to the spin dynamics in Fig. 8. The solid and dashed li
are J5

7
2 Kondo curves~Ref. 17! for two Kondo temperaturesTL

5C7/2/x(0) whereC7/2 is the YbJ5
7
2 Curie constant.
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EXPERIMENTAL DETAILS

The neutron-scattering measurements were performe
the time-of-flight mode at the Low Resolution Medium E
ergy Chopper Spectrometer~LRMECS! ~Ref. 6! at the In-
tense Pulsed Neutron Source~IPNS! at Argonne National
Laboratory. Single crystals of YbInCu4 (LuInCu4) and
YbIn0.3Ag0.7Cu4 (LuIn0.3Ag0.7Cu4) were grown in InCu and
In0.3Ag0.7Cu fluxes, as reported earlier.2 A large number of
crystals of total mass'50 g were crushed into a powder an
loaded into rectangular (7.5310 cm) thin-walled aluminum
containers. The susceptibility~Fig. 1! of a representative
sample of this powder was measured in a SQUID magn
meter as a check of sample quality. The mean thicknes
the samples was 1–2 mm with some nonuniformity due
granularity. The holder was mounted on the cold finger o
closed cycle~Displex! refrigerator for temperature contro
Spectra were obtained for a number of incident energ
(Ei515, 35, 60, and 150 meV andT530 and 60 K for
YbInCu4, Ei525 and 80 meV andT510, 150, and 300 K
for YbIn0.3Ag0.7Cu4!. Typical scans lasted 24 h. At each in
cident energy we also measured the spectra of LuInCu4 or
LuIn0.3Ag0.7Cu4 to help determine the nonmagnetic scatt
ing, the empty sample holder to determine the backgro
scattering and a vanadium foil. The latter was used to c
brate the scattering functionS(f,DE) ~in mb/sr meV! with
an absolute accuracy of 10–20 %. The resolution wi
~FWHM! is in the range 0.05– 0.1Ei for elastic scattering,
depending on incident energy and scattering angle;
width decreases smoothly as a function of energy tran
DE, and is a factor of 4–5 smaller whenDE5Ei . For the
results reported below we have taken advantage of the ea
observation5 that the magnetic scattering is independent
the momentum transferQ and we have summed the counts
three groups of detectors at average scattering anglef
520°, 60°, and 100°. The momentum transfer increases
formly with scattering anglef and is also a function of en
ergy transfer: for the relevant range of energy transfer,Q is
in the range 1 – 2 Å21 for f520° and 4 – 7 Å21 for
f5100° whenEi515– 35 meV; 2 – 3 Å21 for f520° and
7 – 10 Å21 for f5100° when Ei560– 80 meV; and
3 – 4 Å21 for f520° and 10– 15 Å21 for f5100° when
Ei5150 meV. Since the Yb 4f form factor decreases th
magnetic scattering intensity while the phonon scatter
grows rapidly asQ increases, the magnetic scattering sho
dominate atf520° and the phonon scattering should dom
nate atf5100°. Due to the presence of In in the sampl
there is considerable neutron absorption. For the plots sh
below ~with the exception of Fig. 6! we have not corrected
the data for this absorption; since fewer neutrons are incid
on the holder due to the sample absorption, we have
formed an inverse correction for the empty sample hold
The data in Fig. 6 and the fits in Figs. 5 and 8 have be
corrected for absorption assuming a rectangular sampl
uniform thickness.

RESULTS AND ANALYSIS: YbInCu 4

In Fig. 2 the scattering is shown for two incident energ
for temperatures above and belowTs540 K, and at low scat-
tering angle where the magnetic scattering dominates.
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1136 PRB 59J. M. LAWRENCE, R. OSBORN, J. L. SARRAO, AND Z. FISK
low temperature scattering exhibits a broad peak cente
near 40 meV. ForT.Ts this peak disappears and is replac
by a peak near 3 meV; this increase in the magnetic sca
ing at low energy transfer also causes the elastic peak he
to increase. This change in the characteristic energy of
magnetic scattering from a large value at low temperatur
a small value at high temperature is a basic feature of
valence transition.2–5

In Fig. 3 we exhibit the scattering forEi560 meV and
T530 K as a function of scattering angle. Forf5100° the
scattering is dominated by phonon scattering, peaking n
15 meV. Forf520° the phonon peak is strongly reduc
and the magnetic peak at 40 meV dominates. At intermed
scattering angle, there is an equal admixture of these
types of scattering. The nonmagnetic contribution~phonon
scattering, including multiple scattering! can be seen in the
results for the nonmagnetic analog compound LuInCu4 ~Fig.
4!. The scattering for LuInCu4 is quite similar to that of
YbInCu4; e.g., atEi560 meV andf5100° both show a
main peak near 15 meV~which coincides with the optic pho
non branch in the@1,0,0# direction observed in the earlie
study of a single crystal! and a secondary peak near 8 me
and the scattering vanishes above 35 meV. The integr
intensity for the LuInCu4 scattering scales with scatterin
angle approximately linearly withQ; theQ2 dependence ex
pected on the basis of the incoherent approximation is m
fied by multiple scattering and absorption.

For each incident energy we have determined the n

FIG. 2. The experimental scattering functionS(f,DE) for
YbInCu4 at low scattering anglef520° for two temperatures
above and below the temperatureTs540 K of the valence transition
and for two incident energiesEi5150 and 15 meV. The scatterin
from the empty holder has been subtracted from the data.
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magnetic and magnetic scattering for YbInCu4 under the as-
sumptions that the magnetic scattering scales with scatte
angle and energy transfer in the same manner as the Yf
form factor and the integrated phonon scattering scales w
scattering angle in the same way as in LuInCu4. This latter
assumption has been shown to give a good account of
combined effect of the phononQ dependence and the mu
tiple scattering.7 A typical example is shown in Fig. 3; the
magnetic scattering~dotted line! and phonon scattering
~dashed line! are determined self-consistently from the da
at f520° and 100° and the total fit atf560° serves as a
consistency check on the procedure. The magnetic scatte
obtained in this manner forEi535, 60, and 150 meV is
plotted in Fig. 5. Although the width of the elastic peak
;0.07Ei ~FWHM! the wings of the elastic peak are appr
ciable for E,0.2Ei ; these wings are poorly determined
energy loss and, since the elastic incoherent scatterin
strong in these compounds, they lead to uncertainty in

FIG. 3. The low temperature (T530 K) scattering function for
YbInCu4 at Ei560 meV and for three scattering angles~open
circles!. The dotted lines~dashed lines! represent the magneti
~nonmagnetic! scattering derived as described in the text; the so
line is the sum of the magnetic and nonmagnetic scattering.
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magnetic scattering for this range of energy transfer. He
we have restricted the data in Fig. 5 to energies greater
0.2Ei .

The magnetic scattering obeys the following relation:

Smag~Q,DE,T!5Ax~Q;T!@n~DE;T!

11# f 2~Q!DEP~DE;T!. ~1!

Here, A5(2N/mB
2),x(Q;T) is the static susceptibility

@n(DE;T)11# is the Bose factor,f 2(Q) is the Yb 4f form
factor andP(DE) is the normalized power function. W
noted above that changes in the lattice are very small at
phase transition. Under the assumption that the nonmagn
scattering does not change at the phase transition, we
subtract the experimental scattering functionS(Q,DE,T) for
temperaturesT1.Ts and T2,Ts as a second method8 for
eliminating the nonmagnetic scattering:

DSmag~Q,DE![Smag~Q,DE,T2!2Smag~Q,DE,T1!

'S~Q,DE,T2!2S~Q,DE,T1!. ~2!

Data for DSmag are plotted for four incident energies i
Fig. 6. We have excluded data for20.1Ei,DE,0.1Ei ,
where the strong elastic scattering leads to errors inDSmag.

In the fits shown in Figs. 5 and 6 we assume5,6 that the
normalized power spectrum is Lorentzian:

P~DE;T!5~G/2p!$@~DE2E0!21G2#21

1@~DE1E0!21G2#21% ~3!

and we assume that the static susceptibility isQ independent.
The fits account for the variation ofQ with DE in the time of
flight scan at the given scattering angle; they account
neutron absorption; and the fit functions are convolved w
the instrumental resolution function. In fitting toDSmag we
assume that the power function obeys Eq.~3! at both T2

530 K andT1560 K. For the given resolution, inclusion o
an additional quasielastic component at 60 K, as sugge
by the earlier study,4 did not significantly improve the fits
since our focus is on the ground state (T,Ts) we assume
Eq. ~3! for T.Ts for simplicity. The values for the param
eters atT1560 K are primarily derived from the fit@Fig.
6~d!# at Ei515 meV; they are E0

152.6 meV, G1

FIG. 4. The low temperature (T530 K) scattering function for
LuInCu4 at Ei560 meV and at three scattering angles.
e
an
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51.6 meV, andx(60 K)537.631026 emu/mol. The fits at
Ei560 and 150 meV@Figs. 6~a! and 6~b!# were performed
by constraining the parameters forT1560 K to the values
stated above. The resulting values forT2530 K obtained for
Ei5150 meV were E0

2539.9 meV, G2513.5 meV and
x(30 K)510.431023 emu/mol. These values forx~30! and
x~60! are plotted in Fig. 1~a!. For Ei560 meV the values
were E0

2536.2 meV, G2516.4 meV andx(30 K)511.5
31023 emu/mol. In the plot@Fig. 6~c!# for DE535 meV we

FIG. 5. The low temperature (T530 K) magnetic scattering for
YbInCu4, derived as in Fig. 3, for three incident energiesEi535,
60, and 150 meV and at low scattering anglef520° ~open circles!.
The solid lines are the results of fits to Eq.~1! assuming a Lorent-
zian power spectrum@Eq. ~3!#. In the fits forEi560 meV ~35 and
150 meV!, the parametersE0 and G are constrained to the value
E0536.2(39.9) meV andG516.4(13.5) meV, derived from the
fits to DSmag in Fig. 6~b! ~a!. The values of the parameterx~30 K!
derived from the fit are 9.9, 10.2, and 10.031023 emu/mol forEi

535, 60, and 150 meV, respectively. The dotted line in~a! is a best
fit of the KMH ~Ref. 12! theoretical line shape fornf50.8 wherenf

is the Yb 4f hole occupation number; the dashed line is the b
KMH fit for unconstrainednf , with the resultnf50.03.
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FIG. 6. The differenceDSmag5S(30 K)2S(60 K) between the low angle (f520°) scattering above and below the valence transition
four incident energies~open circles!; the data have been corrected for absorption. The solid lines represent fits to Eqs.~1! and~2! assuming
Lorentzian power spectra@Eq. ~3!# at bothT530 and 60 K. The values for the parameters at 60 K areE0

152.6 meV,G151.6 meV, and
x(60 K)537.631023 emu/mol. In~a!, ~c!, and ~d! the parameters forT530 K areE0

2539.9 meV,G2513.5 meV, andx(30 K)510.4
31023 emu/mol. For~b! the parameters at 30 K areE0

2536.2 meV,G2516.4 meV, andx(30 K)511.531023 emu/mol.
y.
.
h

e

ag

tw
0

g
lo

d
rin
em

o

the
ting
. 8.

or
ion
ty
um

.

be
l
tic

n

have constrained all parameters to those of Fig. 6~d!. In the
fits for Fig. 5 we have constrained the parametersE0 andG
to the values obtained from the fits toDSmag at the given
incident energy and varied onlyx. The resulting values for
susceptibility are x(30 K)59.9, 10.2, and 10.0
31023 emu/mol forEi535, 60, and 150 meV, respectivel
For all fits the values of reducedx2 were in the range 1.5–2

For YbIn0.3Ag0.7Cu4 we again equated the factor by whic
the nonmagnetic scattering scales with scattering angl
that measured in LuIn0.3Ag0.7Cu4 at each incident energy~25
and 80 meV! and we determined the nonmagnetic and m
netic scattering self-consistently from the data forf520°
and 100°. Results forEi525 meV andT510 K are shown
for three scattering angles in Fig. 7. The sum of these
contributions atf560° is 10% lower than the data for 1
,DE,20 meV. It is harder here than for YbInCu4 to deter-
mine the nonmagnetic scattering, both because it stron
overlaps the magnetic scattering, and because at this
incident energy the momentum transfer atf5100° is rela-
tively small (Q;4 – 5 Å21) so that the nonmagnetic an
magnetic scattering are equally weighted at high scatte
angle. To obtain the nonmagnetic scattering at higher t
peratures, we simulated the nonmagnetic scattering~phonons
plus multiple scattering! obtained at 10 K using Monte Carl
to

-

o

ly
w

g
-

calculations7 and then used further calculations to scale
nonmagnetic scattering to higher temperature. The resul
magnetic scattering is shown for three temperatures in Fig
In fitting the data of Fig. 8, we included all data shown f
both incident energies. We again excluded the reg
20.2Ei,DE,0.2Ei from the fit because of the uncertain
in the elastic scattering. The Lorentzian power spectr
gives a reasonable representation of the data forT510 K,
with E057.4 meV andG57.6 meV; forT5150 and 300 K,
the quasielastic Lorentzian@i.e., E050 in Eq. ~3!# gives the
best fit, withG510.0 meV at 150 K and 13.2 meV at 300 K
The values of susceptibility~x523.9, 14.4, and 8.4
31023 emu/mol at 10, 150, and 300 K, respectively! ob-
tained from the fit are plotted in Fig. 1.

DISCUSSION

In the oldest studies9,10 of the spin dynamics of mixed
valent compounds, the power function was assumed to
quasielastic@x9(E)}E/(E21G2)#. Subsequent theoretica
work11,12 showed that the power function should be inelas
at low temperatures and quasielastic only forT.TK . The
experimental magnetic scattering seen ina-Ce ~Ref. 8! and
a-Ce12xThx ~Ref. 6! can be fit with an inelastic Lorentzia
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power spectrum@as in Eq.~3!#. On the other hand, the lin
shape for CePd3 is a matter of controversy13,14and for CeSn3
~Ref. 15! and YbAl3 ~Ref. 16! the line shape appears to ha
a second component in addition to the inelastic Lorentz
Hence characterization of the line shape in YbInCu4 is of
general interest for the study of mixed valence.

In the fits ~Figs. 5 and 6! to the magnetic scattering i
YbInCu4 using a Lorentzian power spectrum there are mi
differences between the parametersG, E0 , and x(T) ob-
tained atEi560 and 150 meV and between the values
x~30 K! obtained by the two methods of subtracting the no
magnetic scattering; furthermore the values obtained forx at
30 and 60 K are larger than the dc susceptibility@Fig. 1~a!#.
These differences reflect uncertainties in the subtraction
the nonmagnetic scattering, in the absorption correction~due
to the nonuniformity of the sample thickness! and in the
vanadium calibration. They may also reflect as-yet unde
mined Q dependence of the scattering on the 15% lev5

Determination of the magnetic scattering could be improv
by studies at a higher intensity source, with concomitant b
ter resolution and statistics. Determination of the low ene
line shape at 60 K clearly requires higher resolution (DE
;0.1 meV); the results of Ref. 4 are clearly superior to o
in this respect. Since these compounds are strongly abs
ing, use of a uniformly thick sample would improve the a
sorption correction and the absolute calibration. Howev
the most significant problem in determining the magne

FIG. 7. The experimental scattering in YbIn0.3Ag0.7Cu4 at T
510 K andEi525 meV for three scattering angles~open circles!.
As in Fig. 3 the dotted~dashed! lines represent magnetic~nonmag-
netic! scattering, and the solid lines represent the sum of magn
and nonmagnetic scattering.
n.

r

f
-

of

r-
.
d
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y

s
rb-
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r,
c

scattering in mixed valent compounds is correct determi
tion of the nonmagnetic scattering. This requires knowled
of the phonon dispersion and calculation of the effects
multiple scattering and absorption, ideally without recou
to the incoherent approximation.

Nevertheless it is clear that the Lorentzian power sp
trum, withE0'40 meV andG'13 meV gives consistent fits
to the data over a wide range of energy transfer, for a w
range of incident energies, and for the two independ
methods of subtracting the nonmagnetic scattering. The
rameters are also in good agreement with those obta
from the earlier studies on polycrystal4 and single crystal5

samples. Hence, we believe our results provide a better-t
average case for comparison to theory.

The theoretical line shape for the single impurity Ande
son model derived by Kuramoto and Mu¨ller-Hartmann12

~KMH ! is nearly Lorentzian, but the details of the line sha
depend on the degeneracy 2J11 and on the 4f occupation
numbernf . We have determined3 the latter experimentally
to benf50.8 for YbInCu4. For this value ofnf and for 2J
1158, the peak in the KMH power spectrum should occ

tic

FIG. 8. The low angle (f520°) magnetic scattering in
YbIn0.3Ag0.7Cu4 for three temperatures. The open circles were
rived from data taken at incident energyEi580 meV; the closed
circles were obtained from the data taken atEi525 meV. The solid
lines are the fits to Eqs.~1! and ~3! ~Lorentzian power spectrum!.
The values of the parameters obtained from these fits
E0(10 K)57.4 meV, G(10 K)57.6 meV, and x(10 K)523.9
31023 emu/mol; E0(150 K)50, G(150 K)510.0 meV and
x(150 K)514.431023 emu/mol; E0(300 K)50, G(300 K)
513.2 meV andx(300 K)58.431023 emu/mol.



s

ig

e

lu

-

it
an
os
he

ic

c
lu

ra
ili

e-
ug-

dth
ne-
e

h
m-

e
d in

eg-
on
ence
en
that
ra-

he
ec-
E.
S-

1140 PRB 59J. M. LAWRENCE, R. OSBORN, J. L. SARRAO, AND Z. FISK
at 1.1kTL and the width should be 0.6kTL wherekTL is a
characteristic~Kondo! energy related to the ground state su
ceptibility by x(0)5nfC7/2/TL . ~HereC7/2 is theJ5 7

2 Cu-
rie constant for Yb, 2.58 emu K/mol.! For the peak position
E0540 meV, this leads to predicted values forTL5420 K
and for the susceptibilityx(0)5531023 emu/mol, which is
in reasonable agreement with the value 631023 emu/mol
seen in the cleanest YbInCu4 samples2 @and seen in the
present sample after subtraction of a Curie tail as in F
1~a!#.

On the other hand the present fits confirm a point mad
the earlier single-crystal study: the ratioG/E050.32 ob-
served for our data is significantly smaller than the va
0.52 predicted by the KMH theory fornf50.8 andJ5 7

2 .
Indeed, the simple Lorentzian@solid line Fig. 5~a!# provides
a significantly better fit to the data, withx252.1, than the
best fit of the KMH power function fornf50.8 @dotted line
in Fig. 5~a!# wherex2511.1. Indeed, the best fit of the KMH
theory to the data wherenf is allowed to vary gives a rela
tively poorx2 ~6.1! and a very unrealistic value ofnf ~0.03!.
Hence our results indicate that a simple Lorentzian w
G/E050.32 provides a significantly better fit to the data th
the theoretical results for an Anderson impurity. The m
obvious candidate for the cause of this discrepancy is co
ence in the 4f lattice.

For YbIn0.3Ag0.7Cu4 our basic result is that the magnet
scattering is inelastic at low temperature, withE05G
57.5 meV ~87 K!. At higher temperatures the power spe
trum is quasielastic, and the linewidth increases to a va
G510.0 meV ~116 K! at 150 K to a valueG513.2 meV
~153 K! at 300 K. The characteristic energy at low tempe
ture is comparable to that deduced from the dc susceptib
.
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~Fig. 1! but the factor of 1.75 increase in the linewidth b
tween 10 and 300 K is substantially smaller than that s
gested by Fig. 1. The data are in accord with theory11 in that
the scattering only becomes quasielastic forT.TK ~87 K!.
However, the experimentally observed increase in linewi
appears to conflict with theory which suggests that the li
width shoulddecreaseby 50% on raising the temperatur
from 0 to TK and remain fairly constant forTK,T,4TK .
We note that in YbAgCu4, the linewidth also increases wit
temperature, but by a smaller factor—from 70 K at low te
perature to 90 K at room temperature.18 The observed in-
crease in linewidth for YbIn0.3Ag0.7Cu4 is also opposite to
what is observed near the valence transition (x,0.5) in the
alloy system YbIn12xAgxCu4, where the Kondo temperatur
becomes much smaller at high temperature. As mentione
the Introduction, alloys withx.0.5 appear to occur in a
region of the phase diagram where the 4f /4f interactions that
are responsible for the first order valence transition are n
ligible. Our results suggest that the single-ion Anders
model is inadequate to describe the temperature depend
of the susceptibility and the neutron linewidth even wh
these interactions are absent. One reason for this may be
the alloys are disordered, with a spectrum of Kondo tempe
tures on different sites, as recently proposed19 for UPdCu4.
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