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Determination of the spin dynamics in U Y, _,Pd; using inelastic neutron scattering
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The crystalline electric-fieldCEF excitations in the series of ¥, _,Pd; pseudobinary compounds with
x=0.45,0.37,0.28,0.20 have been measured using inelastic neutron scattering. Two excitations are found in
each compound at energy transfer87 meV and~3 meV that are increasingly hybridized as the uranium
concentration is reduced. ForpLlY 58Ptk and U, 37Y g 6P, the low-energy excitation exhibits strong dis-
persion that is described by a singlet-singlet model of CEF excitations. The CEF parameters are determined for
each compound from a comparison of calculated CEF spectra, from which the ground state of
Ug4sY 058P0 is deduced to be the nonmagnelig doublet. With decreasing uranium concentration, the
low-energy excitation moves towards zero energy transfer, leading to a ground sta,YergRd; in which
theI'; doublet and’5 triplet states become degenerate. The effect of hybridization and the CEF-level scheme
upon the non-Fermi-liquid characteristics of ¥, sPd; are discussedS0163-182@08)00207-0

l. INTRODUCTION crystalline U 42050 at T=20 K consistent with bulk
susceptibility measurements and with a correlation length
It is increasingly being discovered that many metallic ma->400 A.
terials containingd or f electrons have normal-state proper- In this paper, we present the results of a comprehensive
ties at variance with the expected behavior predicted fronseries of measurements made upon several members of the
Fermi liquid theory. This is particularly the case for mem- U,Y,_,Pd; series of compounds that significantly extend the
bers of the pseudobinary actinide compoundsscope of our previous papern Sec. Il we describe the
U,Y._4Pds near W ,YqgPd, which have been extensively neutron spectrometer and data analysis methods used to ob-
investigated during the past few yedrs.This effort has tain and characterize the experimental data of Sec. Ill. An
established that the phase diagram of the series compris@gerpretation of the results in terms of the possible crystal-
materials with long-range magnetic order, spin-glass-typdine electric field(CEF level schemes is made in Sec. IV,
characteristics or non-Fermi-liquid behavior. However, de-and in doing so, we illustrate the difficulty that occurs when
spite the large numbers of bulk property measurements thatssigning a correct level scheme to systems such as these in
have helped to characterize the system rather well, microanhich excited CEF levels are located close to the ground
scopic measurements such as neutron scattering remain sgtate. We also consider how the large hybridization of the
prisingly few considering the extent of the information thatlocalized uranium 5 states with the conduction band may
they can provide. lead to the non-Fermi-liquid effects observed in the bulk
Neutron scattering measurements of polycrystallineproperties of |4 ,Y gPds.
Uo.,Y 0 gPd; were first attempted by Mookt al* who iden-
tified two low-energy magnetic excitations at energy trans-
fers of ~5 meV and~ 16 meV using a triple-axis spectrom-
eter. However, subsequent experiments by us utilizing the The inelastic neutron scattering measurements reported in
considerable flux and solid angle of detectors available withhis paper have been made with the HET chopper spectrom-
a chopper spectrometer at a spallation neutron source indéter at the UK ISIS spallation neutron source. HET is a
cated that the magnetic scattering in thgrl)_,Pd; materi-  direct-geometry time-of-flight instrument in which the en-
als extended up to energy transfers of 60 meV, with cleaergy of the neutron beam incident upon the sample is se-
evidence of a peak in the magnetic scattering in the region dected by a fast Fermi chopper located between the modera-
40 meV. Through comparisons with nonmagnetic referencéor and sample position and phased to the 50 Hz pulse rate of
materials it was also shown that the 16 meV peak was in fadhe proton accelerator. A nimonic alloy chopper before the
related to the phonon density of states, whereas the 5 melermi chopper serves to reduce the fast neutron background,
mode was indeed of magnetic origirfurther experiments and the incident beam is collimated to a cross-sectional area
by Dai etal® on polycrystalline U,YosfPd and  of 45 mmx 45 mm at the sample position. Neutrons are scat-
Uo.2Y o8P0 using polarized neutron scattering produced retered from the sample into two forward detector banks, one
sults in agreement with our data, while also illustrating theat low scattering angleg=2.6°—7.2° at a distance of 4 m
difficulty in measuring weak inelastic magnetic signals usingfrom the sample position, and a second bank covering the
triple-axis spectrometers. Additionally, D&t al. reported  higher scattering angleg=9.3°—28.7° at a distance of 2.5
the formation of long-range antiferromagnetic order in poly-m from the sample. Two detector banks located at very high

Il. EXPERIMENTAL METHOD
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scattering angles §=110.4°—138.7°) are invaluable for Waller factor, and U magnetic form factor. This proce-
the measurement of the phonon density of statesdoped  dure has two stage§) the “background” phonon spectrum
scintillator glass monitors are located after the moderatorfor the scattering angle of interest is obtained from that of
after the Fermi chopper and after the sample position, whil&/Pd; and modelled with Lorentzian line shapés) these
all other detectors are 10 atfle gas tubes. A parametriza- “background” line shapes are then fixed while suitable ad-
tion of the spectrometer resolution function is described inditional line shapes are fitted to the magnetic excitations in
the Appendix. each spectrum, incorporating the modifying factors pertain-
ing to the magnetic scattering function. We prefer not to
subtract the estimated phonon spectrum from the data, since
A. Data analysis this usually results in large oversubtractions and undersub-
tractions in the region of the elastic line, making interpreta-

The scattering functionS(, in absolute units of . . . ¢ .
g (k. €) tion of the data in this region highly problematic.

mb sr tmeV fu~?! as a function of wavevector transfex,

and energy transfere, is obtained from the raw time-of- ) _

flight data by normalizing to the incoherent scattering from a B. The CEF neutron scattering function

flat vanadium slab standard sample for each chosen incident we briefly summarize here how a calculation of the local

energy, and then to the incident flux using the integral of thestatic CEF susceptibility can be used to make a comparison

incident beam monitor. with the experimentally determined magnetic neutron scat-
One of the difficulties in analyzing inelastic neutron scat-tering function.

tering data from polycrystalline magnetic samples lies in  The CEF susceptibilityy,.(T) obtained using perturba-

successfully separating magnetic scattering from the undetion theory for a magnetic field applied along a crystallo-

lying phonon modes of the crystal lattice. Inaccurate estimagraphic directione=x,y,z is writter?

tion of the phonon spectrum can frequently lead to mislead-

ing interpretations of the magnetic scattering. Two methods ) e AEy )

are employed here to achieve a successful separation of the XaalT)=N(g;ug) BZ 7 [(Nil JalNi)]

two contributions—the ratio method for high incident ener-

gies, and a direct method for low incident energies. 1 e AE\— e By

The ratio method, first described by Murdnitilizes the +Z Z Z TKMUCJMW )
fact that any magnetic scattering is reduced to small or zero A NN
intensity at high momentum transfers as a result of the wave- (1)

vector dependence of magnetic form factors. Thus, for the hereN is th ber of e | is the Land
HET spectrometer, the forward scattering banks detect a sig- ereiN 1S the number of magnetic 1ong, IS the Landey

nal consisting of both magnetic and phonon contributions,"’.‘Ctor’ w8 is the Bohr magnetong=1keT, |\;) is a CEF

whereas at high scattering angles the signal is dominate%'genfurmIon with e|genvaIuEAi, Z is the partition func-
entirely by the phonon spectrum of the sample. The procetion, J, is the @ component of the total angular momentum
dure requires a nonmagnetic polycrystalline reference comPf the magnetic ion, and the summations are taken over all
pound with an identical crystal structure to that of the mag-allowed eigenstates. The factor of 2 normally found in the
netic compound of interest, and assumes that the phonovian Vleck term is contained within the summation. If the
scattering in each sample is sufficiently spatially averaged tground state is nonmagnetic, then the only contribution to
allow a scaling function to be defined for all energy transferghe susceptibility aff=0 arises from the Van Vleck cou-
at any two scattering angles within each sample. The phonopling of the ground state to the excited states, whereas at
scattering at low angles in the magnetic compound is thefinite temperatures Curie terms will also be present due to
obtained by multiplying the high-angle magnetic compoundthe thermal population of excited states. Within the dipole
data by the ratio oflow-angle : high-angledata obtained approximation, the magnetic neutron scattering function can
from the nonmagnetic reference material. The method hake written in terms of the susceptibilify
the advantage that small shifts in phonon frequencies be-
tween the two samples are satisfactorily treated, and was
found to be the most reliable way of dealing with phonon
spectra estimation in aﬁ]comparison of methods made by
Goremychkin and Osborh. ~—,
When using low incident neutron energies, the method XQEB (Bap= Kakp)XapPap(e), (2)
fails due to the finite, non-negligible magnitude of magnetic '
form factors at high scattering angles. In this situation, thewherero=—5.4<10"*> m, F(x) is a single ion magnetic
only option available is to use the spectra from the referencéorm factor, e”2"(* is the Debye-Waller factor, andl
compound as a direct estimation of the phonon scatteringt n(e)) is the detailed balance factoy,,; is the real part of
scaled by the differences in nuclear cross sections betwedhe susceptibility measured at=0 ande=0 andP ,4(¢) is
the two samples. Generally, in this situation, the phonora relaxation function that integrates to unity. The CEF neu-
spectra are sufficiently featureless for the frequency shiftron scattering function is then obtained by combining Eg.
problems mentioned above to be of no concern. (2) with Eqg. (1). For polycrystalline samples, the equations
Data analysis has been carried out using a least squaresust be averaged over all orientations of the scattering vec-
fitting of spectral functions convoluted with the HET resolu- tor, and for cubic point group symmetr$( «,€) can then be
tion function, detailed balance temperature factor, Debyewritten

N
S(r,€)=r5[395F (1) ]%e 2V ——— e(1+n(e))
Jomp
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S(x,€)= 3 rgN(QsF (1))%e MW e(1+n(e)) 20r (a)§ e I
15F : ]
X| B2 paJ(NilIAN)I2- Pie) : ;
' 10; :
S Py~ Py, 5 5
+ = 2 ﬁ|<7\j|~]z|7\i>| -Pij(e)

j i

=F(r)% 2W®@e(1+n(e)) D AP (), (3

where we have substituted, =e #E\/Z. The excitation
spectrum observed by neutron scattering is symmetric about
e=0 at very high temperatures corresponding to upscattering
and downscattering events between the populated levels
(Van Vleck component with quasielastic scattering arising
from scattering events between the eigenstates of occupied
degenerate energy leve{€urie component At low tem-
peratures this symmetry is strongly affected by the detailed
balance factor. Equatiof3) can be used to fit experimentally
observed CEF excitations, and the contribution of each tran-
sition to the bulk susceptibility;B can be determined from FIG. 1. (@ A comparison of the phonon density of states of
the intensitiesA, . Uo.usY 058P0 and the isostructural nonmagnetic reference material
YPd; at ¢=136.3° illustrates that YRdis an excellent phonon
ll. EXPERIMENTAL RESULTS reference material for the ¥, _,Pd; system.(b) The scattering
function of YPd; at T=10 K is well represented by the susolid
For these experiments, we have examined polycrystallinéne) of four Lorentzian line shapeglashed lines

samples of mass 40-50 g of each of the compounds . . . . , .
UoodPth UooeYorPdh UgaYoePd UgsYosdPch constraining the linewidths to be identical produces a highly

YPd; (the nonmagnetic phonon reference matgriahd unsatisfactory fit of the total line shape to the data. The pa-

: rameters obtained from the fitting process are listed in Table
U0-2Th0-25Y°-55P.%' The single phase arc-melted buttbhs I. As the scattering angle is increased, the excitation intensi-
were broken into a number of small fragments to ensur

hericall q tteri din Al foil o di Sies are reduced only by the magnetic form factor. At energy
spherically averaged scattering, wrapped in AL 1011 10 gIVe &y ansfers close to the elastic line, no magnetic quasielastic

sample area of 40 mm40 mm and then aligned and sup- ¢,mponent is present and the elastic line is represented en-

ported so as to be at the beam center within a sealed thifje\y py the elastic line components present in the phonon
walled Al slab-shaped sample can containifige thermal spectrum.

exchange gas. The sample cans were attached to a closed-t,o magnetic scattering from o4, &Pds with E;=60

cycle refrigerator and cooled to 10 K. meV is similar to that of |2 s but with very low
_ _ _ excitation intensities and considerably increased linewidths,
A. Overview of the magnetic scattering that can be represented by two Lorentzian line shapes situ-

The suitability of YPd, as the phonon reference com- ated at~36 meV and~3 meV, Fig. Zd). However, as a
pound for the Y, _,Pd; system is illustrated by a compari- consequence of the results obtained from the lwmea-
son of the scattering at high angles with that @Y gsPds ~ Surements rela.ted in the fqllowmg section, the levexcita-
using neutrons of incident enerdy;=60 meV, Fig. 1a).  tion has been fixed at=0, i.e., aquasielasticcomponent to
Differences between the two data sets are found only in théhe scattering. In fact, the? statistic of the fitting procedure
intensities of the principal features of each spectrum. At low'S only slightly affected by the imposition of this constraint,
scattering angles, the intensity of the Rthonon spectrum and the linewidth and intensity of this excitation change only
drops by a factor~5 and can be represented by four non-Py very small amounts. _ _
magnetic Lorentzian components, Figbll It should be I_:lgure 2 also contains data for the intermediate concen-
noted that, above-25 meV, the scattering intensity is weak {ration samples, bkYo6dd and U 25Y 0 7P, and exam--
and featureless. Below this energy transfer, a sharghing the four frames together, it can be seen that there is a
resolution-limited feature at 23 meV is preceded by a broagmoothevolution of the intensities and linewidths of the ex-
peak centered at 14 meV. The two remaining component§itations as the uranium content is reduced. Particularly no-
describe the elastic line. ticeable is the rapid drop in intensity of the 3 meV excitation.

The scattering function of §sY o 5P requires two ad- Thg dashed line in each frame of the figure denotes the scat-
ditional Lorentzian components to describe the magneti¢ering from the phonon density of states.
scattering—one at high energy transfeB7 meV and one at
low energy transfer~3 meV, Fig. Za) (E;=60 meV). In
fitting this data set, the linewidths and intensities of these The low-e region has been examined in greater detail us-
magnetic components have been allowed to vary freely sincing an incident energi; =23 meV, with the associated ben-

S(6, @) (mb sr'mev'iu™)

Energy Transfer, ¢ (meV)

B. Examination of the low energy transfer modes



57 DETERMINATION OF THE SPIN DYNAMICS IN ... 3853

125
100} (a)
7.5
5.0
25

U0.45Y0.55Pd3

10.0
75t ®)

Uos7Y 063795

0.37 ' 0.63
5.0
25

10.0 ;

75 © Uo26"072Pd;

5.0 ' Energy Transfer, ¢ (meV)

2 o r FIG. 3. The inelastic scattering from YRd with an incident

S(4.2%¢) (mb sr'meV'fu)

S(4.2° ¢) (mbsr'meVv'iu™)

0 energy of 23 meV is featureless and can be represented by an elastic
10.0 line component and a small linearly increasing backgrougd (
75t Us.20Y0.80P% =4.2°).
5.0
25 trum is described by a sloping linear term. Both the elastic
0 linewidth and the magnitude of the inelastic scattering are
20 10 0 10 20 30 40 50 independent of scattering angle, and thus allow any addi-
tional magnetic scattering to be clearly separated.
Energy Transfer, e (meV) Four of the spectra obtained fromglsY os8Pd; at in-

creasing scattering angles are illustrated in Fig. 4 with a
FIG. 2. The evolution of the magnetic scattering in the Strong magnetic excitation present in the region of 3—4 meV,

U,Y,_,Pd; system aff =10 K, ¢=4.2° measured with neutrons of that is initially well separated from the elastic line, and con-
incident energyE;=60 meV. As the uranium concentration is re- sistent with the excitation observed with=60 meV. As¢
duced, the two distinct features present igubY o 5Pt decrease in s increased, the excitation exhibits a dispersive nature, mov-
intensity and increase in width, to become very weak foring towards the elastic line before reemerging to again be-
Up.2Y0.gPt. The dashed line in each frame indicates the phonorcome well separated at~27°.
scattering in each compound, and the thick solid line is the result of The excitation has a Gaussian line shape whose width has
fitting the data with the sum of the phonon scattering and two magheen determined from the well-separated peak at 4.2°.
netic components, one at high energy transfe87 meV, and the  Thereafter, data sets at higher scattering angles are fitted with
other at low energy transfef; 3 meVv. only the intensity and position allowed to vary. The elastic

line and sloping inelastic background are kept identical to
efits of an almost negligible one-phonon cross section at lowhat of YPd; with a slight adjustment-¢ 1-2 % of the elas-
scattering angles and multiphonon scattering processes beitig line intensity for each spectrum. There is no evidence of
rare, and clearly demonstrated by the scattering from¥Pd any need to include a magnetic quasielastic scattering com-
Fig. 3. The spectrum is simply described by a sharp elastiponent.
line with a half-width corresponding to the instrumental The dispersion relation obtained from this data, plotted in
resolution ofl’=0.210 meV convoluted with a slight Lorent- Fig. 5, reaches a minimum near the Brillouin zone boundary,
zian broadening of half-width"=0.055 meV. For all scat- «=0.77 A1, indicating the presence of antiferromagnetic
tering anglesp<<30°, the remaining scattering in each spec-correlations between uranium ions. Likewise, the excitation

TABLE I. Energy transfere, intensity A, HWHM TI', and wave-vector transfet, of the two inelastic
Lorentzian components describing the magnetic scattering in the |Pd; pseudobinary compounds,
measured witle; =60 meV at¢=4.2° andT =10 K. The HWHM is excluded for the low-excitation since
more accurate data is available from the=23 meV measurement3able II).

Uo.ssY 058P0 Uo.37Y 0.6 Uo.28Y 0.7P% Up2Y o8P0
e (meV) 3.0-0.2 1.3:0.3 0.6-0.2 0 Fixed
A (mb srifu~?) 19.0-1.0 18.8-1.9 11.8-0.4 5.6-0.3
k (A™Y 0.4 0.4 0.4 0.4
€ (meV) 37.2+0.3 39.3:0.5 37.9:1.4 35.8:1.3
A (mb srtfu~?) 1.8+0.1 0.9-0.1 0.4-0.1 0.2:0.1
T (meV) 5.8+0.5 6.7:0.9 8.5:1.0 10.4:1.5

k (A™Y 2.1 2.2 2.1 2.0




3854 M. J. BULL, K. A. McCEWEN, AND R. S. ECCLESTON 57

U0.45Y0.55Pd3
F.’; "3
ol "_>
> [}
2 E
_ %
_‘g o
£ E
= E)
- <
& £
;3 [¢2)
i I P [N A L ’ L ' L o 1 ) ) ’:\
10 15 20 10 -5 0 5 10 15 20 40 -5 0 5 10 15 20 -10 5 0 5 10 15 20
Energy Transfer, ¢ (meV) Energy Transfer, ¢ (meV)
FIG. 4. The lowe dispersive excitation in gssY o s at in- FIG. 6. The inelastic scattering fromylY, ¢Pd; as a function

creasing scattering angles, measured Viifk-23 meV. The ini-  of scattering angle measured wih=23 meV. The dispersive fea-
tially well-separated Gaussian peak moves into the elastic line beture seen in Y,YosPd is replaced by a weak, almost
fore reemerging at higher scattering angles. k-independent response. At the lowest scattering angle there occurs
an excitation at=6.9 meV(a).
intensity reaches a maximum near this zone boundary, Fig.
10(d), and varies in anticorrelation with the energy transferting procedure is less straightforward without a distinct ex-
elsewhere. The increased energy transfer of the excitation igitation like that of U 42Y 58P, and as a consequence the
the lowest-angle detector bank=4.7 meV, x~0.4 A%, |ocation of the peak center becomes arbitrary. In Fig. 6, an
relative to the values measured at higher scattering anglesyerview of the scattering is shown at angles identical to
arisgs from t_he _polycrystalline_averaging of the dispersionthose of | ,2Y sPds (Fig. 4) from which all dispersive be-
relation and is discussed later in the paper. havior has apparently disappeared. A general fitting method
In contrast, the inelastic spectra of &Y o gPds are consid-  jn which the position and intensity of the Lorentzian are

erably weaker in intensity and poorly described by a Gausspermitted to vary while maintaining a fixed linewidth
ian function. The elongated form of the scattering is now

well described by a Lorentzian function. In addition, the fit-

10 T T T T T T T T T
r U Y Pd 1
55 | e | l/% 02'0s8 3l |
50¢ }% E I | A
3 450 E 5- \ % J\ -
E a0 _ [ { % 1
8850 U E , i 1
[0 E - 3]
=  3.0F ™\ E B 1
2 N E L I
§ o250 I N ! = Y]
= 20 E —y
> C 3
2 15¢ % E s——a Intensity  (mb srfu”) 4
[ E ] F ®——ae Energy Transfer, ¢ (meV) 4
g 10F UpasYousPds | ] B B e e
05F booc 3 06 08 10 12 14 16
o Eoon oy 1 i} - 21
0 0.5 1.0 15 2.0 Wave vector Transfer, x (A'1)
Wave vector Transfer, & (A") FIG. 7. The variation of the intensity and energy transfer with

obtained by fitting the Y),Y Pd; data of Fig. 6 with a free inelas-
FIG. 5. Dispersion curves derived from tBe=23 meV data of  tic Lorentzian function. The intensity and center of this function
Ug4sY 05870 and W, 37Y 68205 The solid lines are obtained from a vary in strict anticorrelation, indicating the presence of intersite
singlet-singlet model of crystal-field excitations, E4). exchange interactions.
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FIG. 9. The line shape of ,gY.7P%; (E;=23 meV) requires
= a Voigt function (dashed lingto provide a satisfactory fit to the
‘ L ‘ ‘ data(solid line).

that of Uy 45Y g 58”0;. The excitation is well fitted by a Gauss-
Energy Transfer, e (meV) ian function, with the linewidth again obtained from the
well-separated peak in the lowest-angle spectrum at 4.2° and
FIG. 8. The lowe excitation in U 37Y o630 is also dispersive  held constant when fitting the remaining spectra. The disper-
with a Gaussian line shape, but occurs at lower-energy transfer§ion curve obtained is plotted in Fig. 5, the intensity varia-
than that of |4 45Y 057 (E;=23 meV). tion in Fig. 10c) and the fit parameters are summarized in
Table II.
(obtained from the scattering at 4.2°) indicates that the most The spectra of yJ,gY 78Pd; are poorly described by both
favored position is one that is close ¢=0 for the higher Lorentzian and Gaussian functions, and a satisafctory fit to
scattering angles, but with a strictly followed anticorrelationthe data could only be obtained by using a Voigt function in
between intensity and energy transfer, Fig. 7, a result indiwhich the half-width at half-maximuntHWHM), T, of the
cating that intersite interactions are still present inGaussian and Lorentzian components are arranged to be
Up.2Y 0.sP0s. However, it should be noted that, fgr=4.2°,  identical. The need for this type of function can be clearly
an inelastic peak is certainly presente&t6.9£0.7 meV, seenin Fig. 9, in which the Gaussian component of the Voigt
Fig. &a), which can also be sedhut not fitted successfully  function matches the “hump” close to the elastic line and
at smallere in several other spectra. the Lorentzian component provides the extended tail of scat-
In another approach, we have fixed the center of theering. The individual spectra were again fitted with the in-
Lorentzian ate=0 so that any effects of spectral weight tensity and peak position allowed to vary, while the line-
shifting that may be present in the above procedure can b@idth obtained from the low-angle spectrum was held
eliminated. Despite this constraint, there is still a variation ofconstant. However, the dispersion of the excitation in this
the Lorentzian intensity witlx, with a maximum in intensity case is too small to determine accurately and the excitation
near to the zone boundary, Fig. () as was found in position is consequently taken as the mean vakre]l.2
Uo.asY 058P 0. When taken with the anticorrelation of inten- 0.4 meV. At low scattering angles, the excitation occurs at
sity and energy transfer produced by the free Lorentzianhe much higher energy transfer ef=5.9+1.1 meV. The
function in Fig. 7, it can be concluded that the intersite in-variation of intensity with scattering angle is again more sen-
teractions are still antiferromagnetic. sitive to the dispersion, reaching a maximum near the zone
Uo.37Y06P @, Fig. 8, has a response that is very similar toboundary, Fig. 1(D).

TABLE II. Energy transfere, intensity A, HWHM TI', and wave-vector transfet, of the magnetic
excitation in each compound measured V=23 meV atT=10 K.

Uo.45Y 055”0 Uos7Yoef Uo.28Y 0.7P 0 Up2Y 0Pt

Peak type Gaussian Gaussian Voigt Lorentzian

€ (meV) $p=4.2° 4.8-0.2 5.2¢0.2 5.9-1.1 6.9-0.9
¢>10° 3.4-0.2 2.650.1 1.2£0.4 0 Fixed

A (mb srifu—?) $p=4.2° 13.3-1.2 6.7-0.4 8.4-1.1 2.6-0.9
¢>10° 20.8-1.3 21.12.1 11.1-0.6 7.1£0.7

I' (meV) Al ¢ 3.7+0.2 4.2+0.3 5.1-0.3 5.6-0.4

k(A™Y p=4.2° 0.3 0.3 0.4 0.6

¢$>10° 0.6-1.6 0.6-1.6 0.6-1.6 0.6-1.6
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variation within the singlet-singlet model of CEF excitations. ) )
FIG. 11. Overview of the concentration dependencdapfb)

- . . . _the excitation energiegc) intensities andd) linewidths, for both
The solid lines plotted through the dispersive data of Flg.Ei:23 meV andE,=60 meV measurements. Values are taken

5 and Fig. 10 :_;lre the result ‘?f fitting the m(-;-an field—randomfrom Tables | and Il. Lines connecting points are guides to the eye
phase approximation equations for the singlet-singlet CEFR

model? For two singlet states separated by an energy gap

A, the dispersion relation is written The values ofA, 7(0), andC obtained from fitting Eq.
(4) and Eq.(5) to the datasets are listed in Table Il and Table
M.

In Fig. 11 we summarize all of the parameters obtained
from the data fitting to enable trends in the parameters to be
whereng, n; are the populations of the ground and excitedmore clearly visualized. Considering first the excitation en-
statesM =|(1|J,|0)|, and J(q) is the g-dependent form of ergies as a function of uranium concentration, it can be seen
the exchange interactiog.is measured from the zone center that while the position of the high-excitation[Fig. 11(b)]
and in polycrystalline cubic materig is equivalent tg s | remains almost constant for each material, the kowxcita-
within the first Brillouin zone. The form of7(q) is often  tion decreases almost linearly with decreasing uranium con-
complex and leads to an antiferromagnetic phase if the maxientration, Fig. 1@a). This latter frame also indicates that for
mum value of the exchange occurs at some nonzero value tifie E;=23 meV data, the lowe excitation occurs at a
g- However, in this case we have used a simple neareshigher-energy transfer at the lowest scattering angle,
neighbor expression for the exchange interaction as a first4.2°, than the corresponding data at larger scattering
approximation,7(q) = — J(0)cosCq). The neutron scatter- angles for each compound, and that the energy transfer of
ing intensity also depends upon the dispersion relation,  this excitation increases as the uranium content is decreased.

We note that this difference is not an instrumental effect

) arising from systematic errors between the two forward de-

S(q,€)~ M[n S(e—E(q))+n8(e+E(Q)] (5) tector banks. Such a large shift in the energy transfer of an
& E(q) - ° a ! @l excitation could only arise from errors in the flight path

E(q)=[A(A—2(no—ny)M2T(9)]* 4)

TABLE lll. Values of the exchange constant and periodicity of the exchange funcfiar) =
— J(0)cosCq) derived from the dispersiore] and intensity A) of the low-e excitation. Where no value is
given the quantity could not be determined.

UO.45Y0.5d3d3 U0.37YO.63Pd3 UO.28Y0.7fd3 UO.ZYO.SPds
J(0) (meV) € 0.059+0.012 0.06%0.021
A 0.044+0.013 0.061+0.018 0.049:0.014 0.0680.019
Cc A) € 3.7+0.2 4.3+0.2
A 4.1+0.2 3.6:0.2 3.9+0.2 3.7:0.2
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the boundaries of the Brillouin zone, and thus the dispersion
relation, Eq.(4), will have a periodicity dependent upon the
direction of propagation within the zone. The oscillations of
the dispersion relation are always centered about the level
spacing,A, and have an amplitude that is principally con-
trolled by the size of the exchange constafit0). When
polycrystalline averaging is introduced, calculations show
that the resultant mean dispersion relation is similar to that of
Eq. (4), oscillating about the fixed level spacing,

but modulated by an additional decaying envelope. The
decay envelope is shallower than that indicated by our data,
but the required magnitude of damping can be obtained
by the inclusion of a next-nearest-neighbor term into
the exchange expression such th#tq)=— J(0)cosCq)
—J,(0)cos(Zq). The additional term has a doubled period-
icity and an independent exchange constd(t0) that can

be either antiferromagnetic or ferromagnetic. In this way, it
is possible to obtain a decay envelope that mimics the shape
of the experimental dispersion curves of Fig. 5 and is still
located aboutA. Another important consequence of the av-
eraging is that the apparent exchange integral val(@)
obtained by fitting Eq(4) in the k range of the experiment is
dramatically reduced from the value used for the calculation,
but that the value ofA obtained is almost unaffected. Thus,
we have only included nearest-neighbor interactions in the
exchange integral when fitting the experimental data in order
to obtain a value for the level spaciidg From an examina-

magnetic scattering does not exhibit any observable dispersion. Hon of the experimental data of Fig. 5 and Fig. 7, it can be
good fit (solid line) to the data set is only obtained through the use@ppreciated that the value Afis decreasing with decreasing

of a Voigt function to represent the inelastic peak sh&eshed
line). (c) A comparison of the J,Thy »5Y o 58P0 low-€ excitation
with those of U 45Y o s and U, ,Y o gPd; at ¢=10.4°. The signal
from YPd; is also plotted for comparison.

uranium concentration, while the strength of the exchange is
increasing, a trend that is also observed in the increasing
values of T obtained from bulk property measurements.

The excitation intensities, Fig. 1d), all decrease rapidly
as the uranium concentration is reduced, and at a much faster

length calibrations, which are clearly identifiable by a shiftrate than would be expected for a simple scaling by uranium
of the vanadium incoherent line away from zero energyconcentration which would estimate the intensity of
transfer after conversion of the raw time-of-flight data. ThisUp,YogPt% to be ~50% less than that of §JsYosdPds,

type of error would also result in changes to the energy transwhereas the actual decrease is nearer to 75%. There is a rapid
fers of the principal excitations in the nonmagnetic referencehange in the intensity vs concentration plot for the lew-

material YPd between detector banks for bdi= 23 meV

excitation betweenx=0.28 andx=0.37, a pattern repeated

andE; =60 meV data. If the scattering at low angles were toin the susceptibility and resistivity measurements of these
originate from spurious scattering events within the specsamples! The highe excitation found withE;=60 meV
trometer, we would expect to find the excitation at the samemoothly decreases in intensity as the uranium concentration
energy transfer in each sample, and not to exhibit the ohis reduced and lies-90% below that of the love excitation.

served variation with uranium concentration.

For both excitations, the linewidths increase smoothly with

The higher energy transfers of the points at lowest scatdecreasing uranium concentration as the excitations become
tering angles can be explained by considering the influencprogressively more damped, Fig. (L The low- line-
that polycrystalline averaging has upon the dispersion relawidths of U, 45Y o 58P0 and U, 37Y g P05 are underestimated
tion. For the case of simple nearest-neighbor antiferromagn the E;=60 meV fitting procedure as a consequence of the
netic interactions, the exchange interaction has a minimum anitial assumption of a Lorentzian line shape.

TABLE IV. Peak parameters for §5Thy »sY 952 at T=16 K.

E; (meV) € (meV) A (mbsriful) I (meV) k (A™h
60 38.9+ 1.0 (Lorentzian 0.8+0.1 6.2-0.8 2.2
4.1+1.5 (Gaussiah 0.4
23 $=4.2° 1.2+ 0.3 (Voigt) 5.6£1.5 3.4 Fixed 0.3
$>10° 1.2+ 0.2 (Voigt) 8.4+1.2 3.4-0.6 0.6-1.6
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FIG. 13. The Lea, Leask, and Wolf diagram fo=4 with w  ONly variation in intensity with scattering angle is produced
=—1. The three positions on the diagram with level spacingsPy the magnetic form factor, Fig. 1.

matching the experimental results for, LY o s4Pds are indicated The low- Ug 5Thg 25Y 0 58P0 peak is compared to those
with arrows. of the U Y, _,Pd; series in Fig. 1&). It can be seen that the
UgoThgosY o5 intensity is approximately half that of

C. UgaThgasY o5Pd3 UpasY o580,  consistent  with  the  difference in

uranium content of the two samples, while the linewidth of
IJ;'he excitation is~20% smaller than that of {,YgPd;,
both of which confirm that hybridization effects in
Ug 2Thg2sY o 58 have indeed been reduced.

Doping W ,YogPd with Th*' jons to create
Ug »Thg25Y o 55205 Serves to increase the energy gap betwee
the localized uranium 6 states and the Fermi level while
simultaneously reducing hybridization with conduction elec-
tron states. Thus for §,Thy 5 o 5P, the energy gap is

expected to be similar to that ofgUsY o 5P while the ura- IV. DISCUSSION AND CONCLUSIONS

nium concentration is identical to that ofybY ¢Pd;. Con-

sequently, the CEF intensities should increase in magnitude A. UxY1-xPds CEF level scheme

from those of | .Y, gPd; while the linewidths of the excita- We assume that the uranium ions in the materials consid-
tions should be reduced. ered here have af3 electronic configuration based upon the

The results of thdE;=60 meV measurement at 16 K are photoemission results of Karef al! and the bulk property
shown in Fig. 12a) for a scattering angleéé=4.2°. The pho- measurements of Seamanal? We also note that the CEF
non contribution has again been obtained via the ratiexcitations in the parent compound UPdtrongly support a
method leaving additional magnetic scattering correspondingf? electronic configuratioh? The effect of a cubic CEF
to the two CEF excitations observed in the¥4_,Pd; se-  upon the (3+ 1)-degenerate ground-state multiplet of mag-
ries. The~38 meV transition can be fitted to a Lorentzian netic ions has been considered by Lea, Leask, and Wolf
line shape, whilst the love-transition has an irregular shape (LLW).*® For theJ=4, 5f2 configuration, a singlet, a non-
that fills in the gap in the phonon spectrum around 4 meV. Amagnetic doublet and two magnetic triplet levélable V)
satisfactory match to this intensity is given by a Gaussiarare obtained, whose eigenvalues vary with the CEF param-
peak shape, but for a quantitative fit, tke=23 meV data eters as shown in the LLW diagram, Fig. 13. Additionally,
must be used to extract the correct intensity. The parametetke transition matrix elements between the nine eigenvectors
obtained are listed in Table IV. Usirig =23 meV to exam- are listed in Table VI for reference. Note that it has been
ine the lowe excitation, the best description of the excitation suggested that structural distortions at low temperature could
line shape is found to be a Voigt function at all scatteringaffect the assumed CEF level scheme. However, our low-
angles. No dispersion could be observed in the data, and themperature high-resolution powder diffraction experi-

TABLE VI. Transition matrix element§T'|J,|T"}|? between the eigenvectors of Table V.

|F3a> |F3b> |F4a> |F4b> |F4c> |F1> |r5a> |r5b> |F50>
IT32) 0 0 0 0 9.333 0 0 0 0
T 35) 0 0 0 0 0 0 0 0 4.00
IT 42) 0 0 0.250 0 0 0 1.750 0 0
T 4p) 0 0 0 0.250 0 0 0 1.750 0
T 4¢c) 9.333 0 0 0 0 6.667 0 0 0
IT'y) 0 0 0 0 6.667 0 0 0 0
|T5a) 0 0 1.750 0 0 0 6.250 0 0
IT5p) 0 0 0 1.750 0 0 0 6.250 0
ITsc) 0 4.000 0 0 0 0 0 0 0




57 DETERMINATION OF THE SPIN DYNAMICS IN ... 3859

ments! demonstrate that static distortions do not occur, and 16
thus the point-group symmetry of the uranium ions remains 14r(@)
the same between room temperature and 1.6 K.

The CEF parameters for a particular material can be de-
rived from the LLW diagrams, if the experimental excitation
energies are known, by searching across a diagram for eigen-
value ratios that match those determined experimentally.
This exercise will usually isolate several possible positions
for the level scheme on the diagram. To match the overall
magnitude of the level scheme to that of the experiment, the
computed eigenvalues should then be scaled by the LLW
scale parametéw.

Application of this technique to the well-defined excita- 0
tions of W, 45Y o 55°0; produces three possible locations for 8
the CEF parameters of the system on the4 LLW dia- 6
gram, indicated by the arrows in Fig. 13, and all lying near ‘2"

0
2

141 (b)

S(4.2,¢) (mbsr'meV’fu™)

crossing points on the diagram. OptioAsand B, with a
negative LLW x parameter, fall on either side of a
I's-T'3 crossing point, while optionC is situated near a
I's-I',-I"; crossing point with a positive LLVW& parameter.
Thus, two level schemes have the non-magnEticdoublet
as ground stateR and C) while the third has the magnetic FIG. 14. A comparison of the calculated CEF neutron cross
I's triplet as ground stateA). sections with the experimental data of AdY o s4Pd;. The curves are
Having determined the candidate CEF parameters, derived from the three candidate level schemes indicated in Fig. 13
means to select the most favorable of these is required. Thind described in more detail in the text. (b, the thick solid line
can be achieved by calculating the intensitigssolute cross represents the sum of the measured phonon scatt@tésied ling
section$ of the excitations for comparison with the experi- plus the calculated magnetic componefttsin solid lines of the
mental data. The excitation intensities calculated using Ecpreferred CEF level scheme. Note that the calculated CEF spectra
(3) are considerably larger than those measured experimeﬁaVe notbeen fitted to the data set, other than through the applica-
tally, which are reduced due to hybridization processes, an#on of a global intensity scale factor.
consequently the calculated CEF spectrum must be scaled to
match the experimental intensities through the application ofround states, curveB1l andC, are immediately more rep-
a global intensity scale factor. This factor is defined such thafesentative of the measured scattering. These also have a
the calculated CEF intensity at lowmatches the intensity quasielastic component arising from the thermal population
of the low-e experimental scattering. Scaling first to the cal- st the Jow-lying magnetic triplet states, but it is of a consid-
culated intensity of th_e love- inelastic peak for each of the erably smaller magnitude. Cun&1l is the most promising
schgme;A, B, andC yields the curvesl, B1, andC plqt- choice, with intensities at both low and highe having the
ted in Fig. 14a). The curves are the sum of the EXPErmMen- ., ot ratio, but with just a little too much intensity. How-

tally measured phonon scattering plus gealed calculated ;
CEF intensityfor the scattering between each of the CEnger’ as a consequence of the detailed balance factor, the

I . : : intensity arising from the quasielastic component is shifted
evel groups. The line shapes used are in accord with experi- . . ; .
ment (Gaussian for the lov¢ excitation and Lorentzian for Such tha_t it underlies the |_nten3|ty frqm the_lm/veompo-
that at highe) and are convoluted with the HET resolution nent, which from _the_ e_xper_|mental p_0|nt of View makes the
function, detailed balance factor and*U magnetic form two gomponents indistinguishable since they will appear as
factor. It is emphasised that the labeled curves in Figare4 ~ One inélastic feature. Thus for level scheneandC, it is
not fittedin any way to the data set apart from the applicationth® sum of the quasielasimdthe low- inelastic calculated
of the global intensity scale factor to the calculated CEFNtensities that must be scaled to the experimental result. For
intensity that is listed in Table VII. The global intensity scale SchemeC, the scaled intensity by this method is too low to
factor, distinct from the LLW W parameter that scales thematch that of the experiment, whereas there is an extremely
CEF eigenvalues, has a value of 0.297 forgood agreement for schenie curveB2 in Fig. 14b). The
UoasY 058Pd3 and is reduced to 0.046 for JJY o4Pds.  solid lines underneath this curve are the calculated intensities
Note also at this point that whichever ground state is finallyfor the transitions within the level scheme, and the dashed
selected, the observérendsin the neutron scattering results line is the experimentally measured phonon scattering. Cal-
remain unaffected and thus instructive. culations of the susceptibility, magnetization, and heat ca-
For curveAl in Fig. 14a), it is clear that the large Curie pacity for the above level schemes can also be made for
term produced by thEs triplet ground state gives enormous comparison with respective bulk property measureménts.
intensity to the quasielastic scattering component, a poinThis comparison further indicates that the magnetic ground
further illustrated if this quasielastic intensity is scaled tostate of schem@ is unsuitable—the magnetic heat capacity
match the experimental intensity, Cur®, since then the is underestimated, magnetization curves saturate in very
calculated intensity of the high-excitation is completely small fields unlike the nearly linear behavior observed, and
suppressed. In contrast, the two schemes Withdoublet the susceptibility is too large and Curie like. From these

Energy Transfer, ¢ (meV)
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TABLE VII. CEF parameters for the ¥, ,Pd; series of compounds.

X LLW x LLW W (meV) B4y (MeV) Bgo (MeV) Global intensity scale factor
0.45 —0.7175 —1.5427 0.0185 —3.500<10 4 0.297
0.37 —0.7230 —1.6454 0.0198 —3.600< 104 0.236
0.28 —0.7304 —1.6120 0.0199 —3.430< 104 0.082
0.20 —0.7370 —1.5452 0.0190 —3.225<10°4 0.046

considerations, level scheniis taken to be the most rep- U, ,2Y,sPdh and is of the correct order of magnitude to
resentative set of CEF parameters fog A o s52d3: exceedZ;. Thus, a nonmagnetic ground state in polycrys-

talline Uy 45Y o 5P d; does not exclude the formation of long-
I's (0.0 meV), I's (3.4 meV, range magnetic order.

', (37.2 meV, I'y (89.3 meV.

The quasielastic scattering from the excitEg triplet B. Discussion and conclusions

level is the most likely source of the weak quasielastic scat- The rapid reduction in the intensity of the CEF excita-
tering measured by Daet al® at T=10 K in polycry- tions, together with the associated increase in the linewidth
stalline Up 45 o59°d3. The CEF parameters for the four arising from the hybridization of localized f5states with

U,Y; xPd; samples are listed in Table VII. The experi- conduction electron states, can be understood in the context
mentally observed movement of the lasexcitation towards  of Fermi-level tuning introduced by Karet al! The substi-

e=0 with decreasing uranium concentration is reflected inytion of Y3* ions for U** ions removes electrons from the
the CEF parameters which move towards tH&-  system, reducing the energy gap between the Fermi level and
I's crossing point. This leads to the following CEF level the local § CEF levels. The effect is not unique but is par-

scheme for Y o gPds: ticularly noticeable in this system in which the excitation
intensities are reduced by-70-80% in going from
I's (0.0 meV), I's (0.0 meVvj, Uog 4=Y 0 5Pk t0 Uy .Y o sP0s (Tables | and I). This reduction

is considerably greater than the 55% reduction in intensity
expected purely from the difference in uranium content be-
tween the two materials. Indeed, a calculation of the relative

All three level schemes allow a singlet-singlet excitation .
to occur, and so this cannot be used to help isolate the corre par)ges be_tween the.sc"’."e factors of Table VI, wh|ch_reﬂect
e increasing hybridization beween thé &nd conduction

level scheme. This can be seen by referring to the transitio ; .
matrix elements in Table VI. Transitions are permitted be_electron states, would be an interesting challenge for con-

tween either eigenvector of thé; doublet and the single densed matter theorists.

nonmagnetic eigenvector contained in each triplet level, and '!'he effegt of Fermi level tuning on the bulk properties IS
thus explains why the love- excitation follows a singlet- noticeable in the crossover in sample response from being
singlet dispersion relation CEF dominated at high uranium concentratiors (0.35) to

For magnetic order to arise from a nonmagnetic ground)”e that is dominated by the conduction electrons at low

state, the exchange interaction must exceed the respectiﬂéamum concentrat[or?'sl. This crossover is "’.“SO. reflected
critical value for each level schemg, = A/2M2 ere by the change in line shape of the lewxcitation from

Gaussian to Lorentzian via the mixed Voigt function occur-

', (35.8 meVj, I'y (85.8 meV.

Scheme B:I'3—T's J4i~0.375 meV, ing for Ug,gY o748 d. However, while the change in line-
width can be related to the hybridization processes, it is un-
Scheme C:T'3—T'; Jui~0.161 meV . clear how the line shape change from Gaussian to Lorentzian

via the intermediate Voigt function should be explained, nor

As has been discussed earlier, the strength of the exwhether this change can be interpreted solely within the con-
change interaction obtained from the dispersive data otept of Fermi-level tuning.
UgasY 058Pd3 [ J(0)~0.05 mel, is significantly reduced Similarly, the results from gThy 25Y o 58P0 can be in-
from the true value as a result of the polycrystalline averagterpreted in terms of Fermi-level tuning. The increased num-
ing of the dispersion relation within the sample. Neverthe-ber of conduction electrons provided by the thorium moves
less, an estimate of the actual exchange constant can be matie Fermi level away from the local CEF levels reducing the
by considering the immediate nearest-neighbor environmerttybridization with the conduction electron states. Uranium
of each uranium ion. Nearest neigbors order antiferromagion intersite interactions reappear due to the increased local-
netically in thea-b plane but successive planes along the ization of the § electrons and produce an irreversible tran-
axis are stacked ferromagneticafily! Hence, the exchange sition in the susceptibility data, although the strength of the
constant along the axis, 7., is opposite in sign and of interactions is too weak to result in any measurable disper-
slightly larger magnitude than the exchange constant in theion of the lowe excitation. Thus it can be concluded that
a-b plane,J,. For example, i{7,= —1.17,, then the mea- the non-Fermi-liquid properties ofJ4Y gPd; are controlled
sured exchange constant will bef.,,=(4J,+27:)/6  purely by the critical positioning of the Fermi level and that
=0.37,, which gives a value of7,(0)~0.17 meV for intersite interactions are only of secondary importance.
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The relaxation function of magnetic impurities in metallic spectrometer sets an intrinsic minimum width in energy and
systems frequently has a Lorentzian line shape arising frormomentum coordinates on any feature measured by the in-
conduction electron scattering, with a HWHM that scales astrument. Knowledge of the instrumental resolution is an im-
I'(T)=T.2>1®n the presence of Kondo impurities, the relax- portant factor when examining excitations with an intrinsic
ation rate saturates beloWy and the line shape has a width due to relaxation processes within the sample. The
HWHM TI'(0)« T . This is observed in classical Kondo sys- measured experimental width of any excitation is then a con-
tems such as thAuFe dilute spin glass systems and also involution of the instrumental resolution with the intrinsic
some of the more concentrated Kondo lattice materials. Ofvidth of the excitation.
course, in these more concentrated systems, above the re-A simple parametrization of the HET resolution function
spective characteristic temperature the linear dependence b&s been used in the data analysis here that proves to be an
I is usually modified, with &2 dependence in some heavy excellent substitute for the full resolution calculation. The
fermion systems for example. The quasielastic magnetigesolution functiong(e) of the instrument can be written in
scattering in .Y gPd has a HWHMT'=65.4-4.2 K, terms of the time widths introduced by the moderator and the
which is of a comparable size to the value Tjf obtained ~chopper opening tim¥,
from bulk measuremenfswe also note that the changelin

between Y, sPd; and U ,gY o 7Pd; of 16—18 % is of the Atchop/ Lmet Lcs/ €32 12
same size as the change Tp determined from measure- o(e)=1|2 n \1+ L \1— E) H
ments of p(T) on the same materials. This relationship me sd '
between the lowf I' value andTy is identical to that of At Les €\ %2122
conventional heavy fermion materials. Thus from the above +2 tone d( 1+|__Sd( 1 E) ) }

results, we conclude that the magnetic properties of At ) At o\ 12
Ug,Y 0.ePd; are of a predominantly single-ion nature, a con- chop mod
clusion that has also been reached by Magial® from HZ tre M(e)} J{Z tne Cle) J (AD)
macroscopic experimental results. It should be noted that the
macroscopic properties of our samples are in excellent agre@ which Atehopis the uncertainty in flight time introduced by
ment with those published by other groups. Elsewhere wehe choppert,, is the flight time from the moderator to the
report the results of our resistivity, susceptibility, heat capacchopper L is the length from moderator to choppety is
ity, and magnetization measurements for these samples, tfe length from chopper to sample ang),is the length from
addition to the results of our low-temperature neutron powthe sample to the detectar=E, — E; is the energy transfer
der diffraction anduSR experiments: between the neutron and sample for neutrons with incident
In summary, we have measured the CEF excitations ife‘energyEi and final energyE;. Atnq is the uncertainty in
several members of the ¥, ,Pd; series of compounds neutron flight time introduced by the moderator. The experi-
and have been able to assign a CEF level scheme that eental resolution of the spectrometer can be obtained by
plains the changes in magnetic properties that occur witlneasuring the incoherent scattering from a vanadium sample
decreasing uranium concentration. In making this assignand has the characteristic line shape of a Gaussian convo-
ment, we have illustrated that the assignment of a corredited with a decaying exponential, standard deviatiq,.
level scheme to the higher uranium content samples is a nomt has been showf that there is a good agreement between
trivial task. We have also found that in the samples withexperiment and calculation for the chopper contribution to
higher uranium concentrations, the magnetic intersite interthe resolution functionggep, and thus the moderator con-

actions responsible for antiferromagnetic order cause thgibution, .4, Which is difficult to calculate accurately, can
low-e CEF excitation to exhibit dispersive behavior. How- pe obtained fronw,,, for a particularE;

ever, it would appear that these intersite interactions play

only a minor role in the formation of the non-Fermi-liquid [T
behavior observed in §5Y o Pd;. Tmod™ VOvan™ Tchop (A2)

ACKNOWLEDGMENTS Sincg the resolution of the spectrometer at thg elastic line
(e=0) is measured byr,,, the value at any finite can
This work was supported by the UK Engineering andthus be calculatef?
Physical Sciences Research Council. Grateful thanks for the
preparation of excellent samples are given to A. R. Bradshaw M(e)\2 C(e))2
and D. Fort at the University of Birmingham and to D. Hinks Texd €)= \/( O modX W) ( ) .
at Argonne National Laboratory.

Uchopxc(_o)
(A3)
APPENDIX: HET RESOLUTION FUNCTION . .
SOLUTION FUNCTIO For example, for thée;=23 meV measurements in this
The passage of neutrons through theOHmoderator and paper, the resolution decreases from: 0.27 meV ate=0
their subsequent journey through the components of theneV too=0.11 meV ate=23 meV.
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