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The magnetic susceptibility and nuclear magnetic resonédbR) linewidth have been measured in the
heavy-fermion alloys CePt5iGe, x=0 and 0.1, to study the role of disorder in the non-Fermi-liqUNEFL)
behavior of this system. The theoretical NMR line shape is calculated from disorder-driven NFL models and
shows the same essential features as the observed spectra. AnafySisanid 9Pt NMR linewidths strongly
suggests the existence of locally inhomogeneous susceptibility in both materials, and agrees with the widths of
the local susceptibility distributions estimated from the susceptibility fits to the disorder-driven NFL models.
Disorder-driven mechanisms can also explain the NFL behavior in Gaf@&j;; the NMR spectra do not,
however, distinguish between the Kondo-disorder and Griffiths phase models. We find that stoichiometric
CePtSi and Ge-doped CeRj§be, ; show similar degrees of magnetic disorder, although a narrower distribu-
tion of local susceptibilities in CePtSi allows Fermi-liquid behavior to appear below 1 K. The residual resis-
tivity reported in CePtSi is relatively large, which indicates a significant level of intrinsic lattice defects and
seems to be consistent with the disorder observed in the NMR spectra.
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[. INTRODUCTION disorder has also been suspected to play an important role as
well. Nevertheless, structurally ordered NFL systems also

The extraordinary behavior of magnetic, thermodynamicexist. For example, Cebbe,,*® YbRD,Si,,2° and UBgj
and transport propertieg@.g., magnetic susceptibility~  (Ref. 21) are among the known stoichiometric NFL systems
—In T, specific heat coefficien€/T~~-In T, and electrical where the disorder-driven NFL picture may not be appli-
resistivity p~ T) found at very low temperatures in many Ce- cable.
and U-based heavy-fermion intermetallic alloys and com-  Structural order is often found in a stoichiometric com-
pounds has been considered evidence for the breakdown pbund, but it is not guaranteed. The heavy-fermion com-
Landau Fermi-liquid(FL) theory; and has been classified pound CeA} has been reported to have a spatial magnetic
as non-Fermi-liquid(NFL) (Refs. 2 and B or singular inhomogeneity? which implies a certain amount of disorder.
Fermi-liquid* physics. Several mechanisms, such as unconk addition, sample preparati@e.g., annealingis an impor-
ventional Kondo effect&® proximity to a quantum critical tant issue in several NFL systems. Local defects, strains, or
point (QCP) in the phase diagraniT? and structural disorder second phases can alter the low-temperature properties sig-
effects!®12 etc., have been proposed to explain the NFLnificantly, and thus make a disorder-driven NFL picture pos-
phenomena. sible.

A large number of the heavy-fermion systems which show To date, the Kondo-disord€r'! and Griffiths phase
NFL behavior at very low temperatures are found to be lo-modeld?*3are the primary disorder-based NFL theories. The
cated near a QCP for an antiferromagnetic instability, acompounds UCysPd, 5 (Ref. 23 and Yy gUg ,Pd; (Ref. 24
which the Néel temperature is suppressed to zero vigfar from a QCR and CeRhRuSi(Ref. 25 (near a QCP
doping or application of pressute or magnetic field®  have been found to agree with the disorder-driven NFL mod-
The balance between the Kondo effect and the Rudermarels. However, disorder effects in the stoichiometric com-
Kittel-Kasuya-Yosida(RKKY) interaction seems to play a pound UCyPd are still questionable. Bootét al?® claim
crucial role. However, some NFL systems are found far fromthat the microscopic lattice disordg?d/Cu site interchange
a QCP, e.g., W, ,Pd; (Ref. 19 and UCy_Pd,'® where observed in the x-ray-absorption fine-struct@®\FS) ex-
the QCP scenario may not be favorable. On the other hangheriment is a possible source for the NFL behavior in this
the chemical compositions of many NFL materials are not inmaterial. Recently Webegt al?’ have used annealing as a
a stoichiometric forngeitherf ions or nonf ligand atoms are  control parameter and observed that the NFL properties are
substituted with other atomysand thus intrinsic structural strongly modified in annealed UgRd, which they argue
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contradicts the disorder-induced NFL picture. Nevertheless CC (1) é ]}; il)é ])
the annealing experiment still emphasizes the influence of
lattice disorder on the electronic ground states. P O

Quantum criticality has been studied in CeGAu,,2® t
where NFL behavior appears at a critical concentration of @
x=0.1. The behavior of this system can be modified by ap- O
plying a magnetic field or pressure. It is believed that un- @'\_L
usual spin fluctuations at zero temperature quantum phase |~
transition dominate the NFL behavior. Narrow muon-spin a )
relaxation (uSR) spectrd® and the low residual resistivity
are evidence against the importance of disorder effects in C W
CeCuy Aug 1.

CePtSj_Ge, (Ref. 29 has a very similar phase diagram
to that of CeCy_Au,.?® CePtSi is a typical heavy-fermion
system, and shows FL behavior in the specific heat below Pt
1 K.20 Upon doping with Ge, the FL behavior is suppressed,
and CePtSi,Ge, reaches a QCP at a concentration xof —
=0.1. Further Ge doping increases the Néel temperdiyre 2
and the system enters an antiferromagnetic ground state.
Since the disorder-driven NFL models have successfully de-
scribed NFL systems which are far from a QCP, we have .
performed NMR experiments in the heavy-fermion alloys S1, Ge
CePtSj_Ge, x=0 and 0.1, in order to further check the role 1
of disorder effects in a system near a magnetic instability.
This system gives us an opportunity to study how structural Ce 1
disorder is involved in changing the low temperature prop- 1
erties from an ordered Fermi liquigx=0) to a ligand-
disordered non-Fermi-liquid syste®=0.1). FIG. 1. Tetragonal crystal structure of CeRtJbe,. Each Si or

CePtSj_Ge, is a good system for a NMR study. TR&si Pt site has_ four nearest Ce neighboko. 1) and two Ce next-
nucleus has been used as the primary probe nucleus in tigarest neighbor&o. 2).
present work, and®>Pt NMR has also provided an indepen-
dent probe to check the resulf8Si and°*Pt are both spin- cedure has been calculated including the CEF splitting of the
1/2 nuclei so that quadrupolar effects are absent, arfdgill  Ce** ion.
(19%P1) sites in the tetragonal unit cell are equivalésee Fig. The temperature dependence of the magnetic susceptibil-
1). Thanks to these two advantages, NMR frequency shiftdly measured from room temperature down to 2 K in both
and line shapes in CePiSiGe, can be analyzed easily and CePtSi and CePt§iGe, , was originally used to perform the
accurately. Thus the full theoretical NMR spectra based orsusceptibility fits. However, we found that the lack of low
the disorder-driven NFL models can be compared with théemperature data substantially affected the fit results for
observed spectra. CeP1tSi, because only below 1 K is there evidence from mea-

Our NMR results reveal that, surprisingly, the degree ofsurements of the specific heatT) that CePtSi returns to the
magnetic disorder in the stoichiometric compound CePtSi i$-L state3’33Unfortunately, our magnetization measurements
similar to that in the 10% Ge-doped sample. This is, how-below 1 K show that the possible spurious magnetic phase
ever, consistent with the relatively high residual resistivitystrongly affects the low temperature susceptibility such that
reported in CePtSi, which suggests the existence of intrinsithe expected signature of FL-like susceptibility in CePtSi is
lattice disorder. Correlation between disorder in spin dynamsuppresseg@see Sec. Il ) In order to bypass this problem,
ics and the residual resistivity has been reported in Ref. 31we therefore have estimated the susceptibj{ity) down to

In many Ce-based heavy-fermion compounds, the bull0.1 K from the specific heat data and the extrapolated Wilson
susceptibility can be described well in terms of the single-iorratio ~xT/C. A FL-like saturation of this estimated suscep-
Ce** susceptibility. By convoluting the single-ion suscepti- tibility is then obtained in CePtSi below 1 K, whereas in
bility with the susceptibility distribution given by disorder- CePtSj (Ge, 1 a NFL-like divergent behavior remains at low
driven NFL models, the bulkaverage susceptibility can be temperatures.
calculated. If there is disorder-induced magnetic inhomoge- From fits to the susceptibility data, we find that the
neity, this distribution can be determined by fitting the ex-Kondo-disorder and Griffiths phase models give similar pre-
perimental susceptibility data to the calculated bulk suscepdictions of the spread of the local susceptibilities in both
tibility. Then the estimated susceptibility distribution can bematerials, and that the disorder in the susceptibility can ac-
used to examine the NMR linewidth quantitatively in order count for the observed NMR line broadening in both CePtSi
to understand if the observed NMR line broadening is causednd CePtSisGey 1. The inclusion of the estimated suscepti-
by the inhomogeneous susceptibility. Due to the strongoility data in the fits to the disorder-driven models gives a
tetragonal crystalline electric field(CEP effect in  narrower distribution of susceptibilities in CePtSi than in
CePtSj_Geg,* the single-ion susceptibility used in this pro- CePtSjGey;, which allows Fermi-liquid behavior in
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CePtSi and also accounts for the NFL behavior in 500
CePtSj (Gey ;. However, the Kondo-disorder and Giriffiths
models cannot be distinguished in our NMR linewidth study. 4001
A study of spin dynamics using nuclear spin-lattice relax- i,
ation measurements may be useful in this regard, and is cur- < 300t
rently in progress. ‘é 00k
The article is organized as follows: Sec. Il describes the =
calculation of the single-ion CEF susceptibiligand its 5 100
modification by thes—f exchange interactionand the — CEF calculation
disorder-driven NFL models. Then the disorder in the mag- 0 s s . .
netic susceptibility is estimated. A description of the NMR 0 50 100 150 200 250 300
experiments is given in Sec. lll, where the NMR linewidth T®

and line shape are analyzed. The applicability of the
disorder-driven NFL models to CeP{SiGe, is discussed in
Sec. IV. Then Sec. V gives our conclusions.

FIG. 2. A plot of the inversab-plane susceptibility versus tem-
perature for CePtSi. The circles denote the experimental data, and
the curve is obtained from the crystalline electric figldEP
calculation.

Il. SPATIAL DISTRIBUTION OF LOCAL MAGNETIC
SUSCEPTIBILITIES induced inhomogeneous local susceptibility. If the expres-

The Kondo-disordéP1! and Griffiths phas&® models sion for the single-ion susceptibility is known, by doing

. ; : least-square fits of the bulk susceptibilify,(T) to the
are the two major disorder-driven NFL models to approach_; r - e
the NFL problem from the point of view of structural disor- single-ion susceptibilityy(T) averaged over the distribution

der effects. The Kondo-disorder model is based on single-iofwunocCtlon P(x) from the disorder ‘models [xpuK(T)
Kondo physics. The effect of lattice disorder is to produce ari.Jo X(MP(xdy], the parameters in the distribution func-
inhomogeneous environmefmagnetic disordgrsuch that tions can be obtgmed, and the amount of the magnetic disor-
the strength of the Kondo interaction between the local mod€r in the materials can be estimated.
ment and the conduction electrons, i.e., the local Kondo tem-
perature Ty, is spatially distributed. The local moments
which are not quenched by the conduction electrons, because i o
Ty is lower than the sample temperature, can therefore pre- The magnetic susceptibility in a Kondo system can be
vent the system from returning to FL behavior at even veryoughly described by a Curie-Weiss law or a Brillouin func-
low temperatures if there is enough disorder. In contrast téion for the magnetization with the temperatdreeplaced by
the Kondo-disorder model, the RKKY interaction between(T+aTk), wherea is a constant of order uni§. Figure 2
local moments as well as the Kondo effect are considered ighows a plot of the inversab-plane susceptibility 1yap
the Griffiths phase model. The combination of disorder and/ersus temperature for CePtSi. Downward curvature is seen
the competition between the RKKY and Kondo interactionsat low temperatures, which is not expected from a Curie-
can lead to an inhomogeneous environment equivalent to Weiss law or saturation of a Brillouin function. Two possible
so-called Griffiths phasé characterized by rare strongly mechanisms may explain this curvatysssuming no para-
coupled magnetic clusters which dominate the NFL physicsmagnetic C& impurity in sampleg CEF splitting and mag-
Despite a marked difference in mechanisms, the essentifletic disorder.
idea of both models is to assume the coexistence of two The downward curvature suggests that the effective mo-
electronic systems caused by the structural disorder. One #fent is reduced at low temperatures, because the slope of a
the systems is in a metalliEermi-liquid like) phase, and the 1/x plot is inversely proportional to square of the effective
other one is in a magnetic phagequenched local moments moment. If the CEF effect is strong enough, the’CeJ
or magnetic clusteys This kind of inhomogeneous environ- =5/2) sixfold degeneracy will be removed. From inelastic
ment therefore gives a route to NFL behavior at low tem-neutron scatteringINS) experiments? we know there is a
peratures. strong CEF effect in CePtSi and the ground state is a doublet.
As mentioned above, magnetic ions in many heavy-Therefore fewer CEF-split levels contribute to the suscepti-
fermion (or Kondo systems behave like isolated ions, i.e., bility at low temperatures than at high temperatures, leading
the intra-site Kondo interaction is much stronger than theo a reduced low-temperature effective moment. On the other
intersite RKKY interaction, even in dense Kondo systemshand, if there is significant disorder, according to the
The evidence for this in CePtSi and CeRife,; can be disorder-driven NFL theories, because of the existence of the
seen from the C¥ effective moments at high temperatures, magnetic phase, the bulkaverageyl susceptibility is en-
2.56 ug/Ce and 2.48ug/Ce, respectively, which are toler- hanced at low temperatures when compared with the ordered
ably close to the free-ion value 2.545/Ce3° This suggests case. Thus the X/ plot can exhibit a downward curvature
that the bulk susceptibility can be described in terms ofdue to this disorder.
single-ion susceptibilities of the €eions. Clearly, a simple Curie-Weiss or Brillouin function is not
The Kondo-disorder and Griffiths phase models providea suitable single-ion susceptibility —expression for
different forms of the distribution function for the disorder- CePtS|_,Ge, because of CEF effects. Since the downward

A. Single-ion susceptibility
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curvature may be a combination of CEF and disorder effectsf the local susceptibilities comes from the disorder-induced
the CEF splitting needs to be considered in deriving thespread of the local energy scalas By fitting the bulk sus-
single-ion susceptibility expression in order to avoid overes<eptibility to the function

timating the disorder in CePtSjGe,. "

A Ce3_+ ion i_n CePt_Si experie_:nces_ a tetragonal crystal Your(T) = f Y(T;A)P(A)dA, (3)
field, which splits theJ=5/2 multiplet into three doublets. 0

The energy levels and stat@hree doubletsare convention- ) o )
ally expressed 8% whereP(A) is the distribution function for the energy scale

A, the distribution of the local susceptibilities can be ob-
Ey [Te(2)) =[21/2), tained.

Ez, |F(71)(i)> = a|15/2> +1- a2| +3/2), B. Kondo-disorder model

In the Kondo-disorder model the local energy scale
corresponds to the Kondo energy scle(A=Tg), which is
whereE;, E,, andE; are the eigenvalues of the eigenstatesdistributed over the sample. Generally is related to the
Te(2)), [T ()), and|T@(+)), respectively, and is a CEF  Zener coupling constard=p(er)J by Ty=ere 9, where
parameter. From inelastic neutron scattering experinints, ¢ is the Fermi energyp(e) is the conduction electron den-
a=0.63 and|T"\"(+)) is found to be the ground state. The sity of states, and7 is the exchange coupling constant. Be-
excited states arél's(+)) and |I‘(72)(t)> with energiesg,  cause the coupling strength is very sensitive to the distance
=6.3 meV andE;=17.8 meV, respectively. b_etween thef ion and cor_ldu.c.tlon electr.ons,' m_ode;t lattice

The free-ion susceptibility due to the CEF splitting can pedisorder can produce a significant spatial distribution of the

calculated using the degenerate perturbation method, if thePuPling constantg over the sample. A small variation gf
applied magnetic field is small enougki1 T in our study. then leads to a wide spread of the Kondo temperatures due to

The resulting expression can be found in Ref. 38. Figure 3he exponential dependence Bf on g. Local environment
gives a comparison of }, versus temperature between the d!sor_der may also have an mflgen(_:e on the crystalline glec—
experimental data and the CEF free-ion susceptibility calcullC field, and produce a variation in the CEF levels. Since
lated using the CEF parameters obtained from the INS exthe effect of disorder on the CEF is likely to be relatively
periments. Surprisingly, the measured curve shows a similatmall compared with the disorder in the coupling constant,
curvature as the CEF calculated curve, except there is a shifer Simplicity only the latter is considered. ,
between them. Similar behavior has been observed in Due to the lack of understanding of how the coupling
Céy.0d-20 6.Cl 0Sir.38 The shift in the temperature scale is constant is spatially distributed over the sample, in practice
attributed to thes—f exchange interaction between the mag-e have assumed that the coupling constant has a Gaussian
netic ion and the conduction electrons, which is not includedistribution with averageg and width 5g: P(g)=exf-(g

in the CEF calculation. This exchange interaction gives rise"9)°/289°]/ (\2még). The distribution function of Kondo

to both the Kondo effect and the RKKY interaction. Its effect temperature®(T) is then given by

on the susceptibility can be crudely modeled by a scalin

temperatureApin th)é simple Curie-yveiss expresysion. Theg P(Tk) = P(g)|dg/dTy]. (4)
Kondo temperatures in CePtSi andoG#gay o,ClU, S, are  If the disorder is strong enough, it is possible to h&@y
around 10 K, which is much smaller than the CEF _ 0)+0, which means that some of the local moments are
splitting383° This may explain why the observed ¥,  not quenched by the Kondo effect at any finite temperature.
curve is Shiﬁed, but keeps essentia”y the same curvature JFhese unquenched moments therefore prevent the System

in the CEF calculated free-ion curve. . from returning to Fermi-liquid behavior at very low excita-
The combined effect of the exchange interaction and crystion energy.

tal fields is very complicated, and to our knowledge no ana-

lytic expression for the susceptibility has been derived for .

this problem over the entire temperature range. We have C. Griffiths phase model

therefore assumed the simple form The Griffiths phase model has a similar disorder approach
AN to the NFL problem. The disorder generates an inhomoge-

X(T:4) = nxcedT+4) + xo 2) neous environment in which sonfemoments are quenched

for the single-ion susceptibility, wherg-gr is the CEF sus- by the Kondo interaction and some are not. The unquenched

ceptibility, » is a reduction factor due to the spin polarization moments are coupled by the long-range RKKY interaction

of the conduction electrorf8,and y, is the Pauli susceptibil- and form magnetic clusters. The largest of these strongly

ity. Equation(2) takes into account the effects of the ex- coupled clusters dominate the low temperature physics, and a

change interactiorfvia A) and the CEF(via the form of broad distribution of the local susceptibilities is also ex-

Xcep)- Hence we can roughly estimate how the local susceppected.

tibility is distributed in CePtSi,Ge, by distributing the In this model the spin-flip of a cluster is described as a

single-ion susceptibility according to the disorder-driventunneling process in a two-level system. The local energy

NFL models. The origin of the inhomogeneous distributionscale A is given by the tunneling energi.?® Because of

Es [TP(£)) = V1 -2a%[£5/2) —a|+3/2), 1)
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FIG. 3. Temperature dependence of the bulk susceptibilities in CeP1Si
CePtSi(filled symbolg and CePtSisGey; (open symbols Tri- o’
angles: the c-axis susceptibilities. Circles: theab-plane *
susceptibilities. 40+ -

disorder, the energf is distributed over the sample with a
cut-off energye,,

1/, (emu/mole)”
3
?,

[ Y
A E =1+\ .
_<_> y O0<EL €0,
P(E)=)e&\& (5
0, E> ¢, Y ; y - y

where 0<\ <1 characterizes the low temperature properties TK TK

in a Griffiths phase. I\ <1, the susceptibility and specific o i

heat diverge at zero temperature, and NFL behavior occurs /G- 4- (8 ab-plane susceptibilities in CePt8illed symbol9
because of the Griffiths singularity. The marginal casel ~ 29 CePtoisGa. (open symbols Triangles: low temperatures

also leads to logarithmic singularities as in the Kondo-(T:OA._8 K. app“ed.f'elds O'OST_and 0.01 T for CePtSi and
disorder approac?‘?’. CePtS) Gy 1, respectively. Squares: low temperatures, 0.1 T and

0.05 T for CePtSi and CePt3jGe, 1, respectively. Diamonds: low
temperatures, 0.5 T. Circle$:>2 K, 0.5 T. Stars: estimated sus-
D. Sample preparation and susceptibility analysis ceptibility from extrapolated Wilson ratigsee text (b) Inverse

susceptibilities of CePtSi and CeRigbe, 1.
1. Samples

Samples of CePtSi and CePtSGe, were prepared by for the NMR field perpendicular to th_e axis for both .
arc melting and annealed for 110 h at 1050°C. The Sampléamples(see Sec. I} most .Of our analy§|s L.JSGS.SUS.CED.thH-
quality has been examined by x-ray powder diffraction,'ty and NMR data taken'wnh field applied in this dwecjuon'.
which shows only single phase structure. The polycrystallineC 'Il;osc_)ur I;ngwlljedgg, evidence f_or ::L_and lN'f:L bgh_awor n
ingot samples were pulverized into powder with particle size ePtSiand Ce 1$4G&, 1, respectively, is only found in spe-
smaller than 75um for two reasons. One is that particles cific heat measurements for temperatures below3ﬂ'3r%\_Ne .
smaller than the rf skin depth allow NMR rf pulses to pen_therefore u.sed a FaraQay balance magnetometer which is in-
etrate the samples. The other reason is that single—cryst&qgrated with &He refrigerator for magnetization measure-
powder grains allow use of the field alignment technfgdé~ Ments below 2 K. The results of low-temperaturi-plane

to align the powders for measurements of anisotropic propgusceptibilities in CePtSilled symbolg and CePtSisGey
erties (open symbolsare given in Fig. 4. The magnetization has

been measured at several different external magnetic fields in
the temperature range of 0.4—8 K. The susceptibilities of
both samples show obvious field dependencies for tempera-
The temperature dependence of the dc magnetic susceptitres below 5 K: the low-temperature susceptibility saturates
bility was originally measured in CePtSi and CeRBtSe,;  at high magnetic fields. Since this field dependence is not
between 2 and 300 K with a commercial SQUID magneto-expected for a Kondo paramagnetic metal, we suspect that
meter. Figure 3 presents the anisotropic susceptibilities meapurious magnetic phases may exist in these samples. Figure
sured in the field-aligned powder samples of CeRfiled  4(b) gives plots of inverse susceptibility versus temperature,
circles and trianglgsand CePt$igGe,; (open circles and where CePtSi shows an additional inflection point at 7 K
triangleg. The susceptibilities for field in theab plane  more obvious than CePt5Ge, ;. We found that our 1y
(circles are larger than for field along theaxis (triangle9,  plots show similar field dependence as the one reported by
and the anisotropy increases as the temperature decreaskshler et al,*® except for the additional inflection point in
Since the strongest NMR line broadening is also observedur CePtSi sample. They concluded that the field dependence

2. Magnetic susceptibility
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FIG. 5. Wilson ratios at low temperatures in CePt8iled = 002_““5}23’;’03%1(
. . . . . . It U, 5-.
circles and CePtSigGey 1 (open circles The straight lines denote

i . 0.00 E
the linear extrapolations. 0.1 1 10 100

T®)
in magnetization is probably due to a ferromagnetic spurious FIG. 7. Susceptibility fits to the Kondo-disorder model (@

phase, and that this might be expected because Gefag| CePtSi and(b) CePtSjGey ;. Circles: experimental data. Tri-

I.S near ‘.51 magnetlc Stabllltyi Its ground StaFe CQUId be SenSIa’mgles: estimated data. Dashed curves: fits for only the experimental
tive to disorder in the material. Since a Curie adther than

. . L o . data from 2 to 300 K. Solid curves: fits for the entire susceptibilities
complete saturatidf) is also visible in Fig. @), we think including the estimated data below 2 K.
that both paramagnetic and ferromagnetic>'Cenpurities

might exist. - . . .
9 theory, although the ratio is a little higher than the universal

3. Wilson ratio valueR=2 in a Kondo systerff* This may be due to the fact

. . © e that the ab-plane instead of the isotropic susceptibility is
Due to the presence of impurity phases, it is d'ff'CUIF used in the calculation, or to the choice of the effective mo-

to separate the impurity-phase contribution in order to obtmq,n . - . :
LA L2 . . ent uer. The Wilson ratio in CePt§iGe, ; shows a linear
the intrinsic susceptibility of CePtlGe,. To bypass this relatié;eﬁwith temperature below 8 Eb W?fii:h is not expected

difficulty, we have calculated the Wilson raticR : e :

' . ) . for a typical FL system but is similar to that predicted from
— 2 2
=(m2kg/3usy) XT/C, where ue is the effective magnetic the Kondo-disorder modék

moment, using our susceptibility data and specific heat data | jyear extrapolations of the Wilson ratios to low tempera-
(from Refs. 30 and 3Babove 2 K. Then the susceptibility o5 in Fig. 5(straight lines are used to estimate the sus-

below 2 K can be estimated from specific h_eat data in thi%eptibility below 2 K from the specific heat data of Refs. 30
temperature range and the extrapolated Wilson rafibe and 33. These estimated valuesyore shown in Fig. &)

free-ion valueu=2.54 ug/Ce has been used in the Wilson P :
ratio, although the estimategis independent of this choige. I‘erpigtl:i)\fgll)fﬂllBeglos\tarZS Kan%e%?git%!sgk?o%)\é (gp?gm?)tsgture—
Figure 5 gives the temperature dependence of the Wilsofﬁdependent susceptibilit(;FL like), whereas CePtSiGe, |
ratio at low temperatures for C_ePt$|iiIIed circlr_es) and has a roughly logarithmic temp,erature dependé(NEL
CePtSM.GQ’-l (op_en circles CeP.tS| shows a relat_lvely con- like). Although the accuracy of this extrapolation procedure
stant Wilson ratio below 8 K in agreement with the FL cannot be guaranteed, the relatively smooth linear tempera-
ture dependence of the Wilson rati@sg. 5 and the repro-
ducible FL and NFL behavior in the estimated susceptibili-
ties of CePtSi and CePtafGe, 4, respectively, suggest that
0oal K () . CePiSi ] the estimated s_usc_eptibilities are re_za_s_onably acceptable. This
. o CePrSi Ge, method fpr est|rr_1at|ng the suscept|b|!|ty |s_sup_ported by the
° 0g NMR Knight shift data forT=3 K given in Fig. 6. The
0.02 | %o, 1 Knight shift K in a metal is proportional to the local spin
' LI °00°o susceptibility:K =Ay, whereA is the hyperfine coupling con-
** 00, stant, as discussed in Sec. lll. Spurious phases often occupy
©p . . . .
001l o ] a small volume fraction or have very different Knight shifts,
oq in which case the bulk shift accurately reflects the pure local
susceptibility. Figure 6 shows that down+t@ K the Knight
. shifts in CePtSi and CePt3iGg) ; do indeed exhibit the ex-
2 3 456789, 20 30 40 5060 pected FL- and NFL-like behavior, respectively.

0.04 T

Knight shift

0.00

4. Susceptibility fits to disorder models

FIG. 6. The temperature dependence of NMR Knight shifts in  Figures 7a) and {b) give least-square fits of tred-plane
CePtSifilled circles and CePtSjsGe, 1 (open circles susceptibilities in CePtSi and CeRi§be, ;, respectively, to
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TABLE |. Fit parameters in the Kondo-disorder model fits for CePtSi and Cgi&8j ; in the tempera-
ture ranges from 2 to 300 K and Odr 0.3 to 300 K(see text HereEy, E,, E;, anda are CEF parameters,
7 is a reduction factor, angand 8g are the average and the spread of the coupling consgjargspectively.

E; (meV) Ex Ez (meV) a Ui g &9
CePtSi
2-300 K 6.33) 0 185) 0.64(6) 0.81(4) 0.1384)  0.0193)
0.1-300 K 6.3 0 18 0.64 0.81 0.13g7  0.01393)
CePtS) Gey 1
2-300 K 3.37) 0 182) 0.794) 0.8599) 0.1352)  0.0182)
0.3-300 K 3.3 0 18 0.79 0.859 0.1335 0.01641)

the Kondo-disorder model as described in Sec. Il B. The The spread of the new coupling constadtsis found to
dashed curves represent the fits for only the measured suse close in both samples: the rafy/g=0.1 in CePtSi is
ceptibility data from 2 to 300 K, which agree with the ex- only a little smaller thansg/g=0.12 in CePt3iGe&, ;. The
perimental data very well. Table | lists the obtained fit pa-fits to the Kondo-disorder model predict, therefore, that dis-
rameters. For CePtSi the CEF parameters from our fit arerder in the stoichiometric compound CePtSi and the 10%
very close to the values(E;=6.3 meV, E,=0, E; Ge doped sample are comparable, which is unexpected con-
=17.8 meV, and a=0.63 obtained from the INS sidering the evidence for Fermi-liquid behavior in CeP1Si.
experiments? The factorsy for both samples are less than We return to this point below in Sec. IV.
one as expected. The deviation in the CEF paramé&geasid Results of a similar treatment of the susceptibility fits to
ain CePtSj (Gg, ; from the values in CePtSi are not surpris- the Griffiths phase model are shown in Fig. 8. The dashed
ing because the local electric field may be modified due taurves in Figs. @) and &b) are the fits for the measured
the Ge doping. susceptibilities above 2 K, which again deviate from the es-
However, the fit curves extended below 2 K do not follow timated susceptibilities below 2 K for both CePtSi and
the estimated data very well especially for CePtSi. This in-CePtSj G, ;. The fit parameters are listed in Table 1l. We
dicates that inclusion of the estimated data below 2 K for thdind that for the fits of the experimental data between 2 and
fits is necessary. The solid curves in Fig. 7 are the susceptB00 K, the CEF paramete(g,, E,, E;, anda) agree with the
bility fits to the Kondo-disorder model over the entire tem-inelastic neutron scattering data, anthas a similar value as
perature rangéwith the CEF parameters fixed at the valuesin the Kondo-disorder model case.
found from INS dat#). Only the average coupling constant  The solid curves in Fig. 8 are the susceptibility fits to the
g and the distribution widthg are varied for best fit, which  Griffiths phase model over the entire temperature range with
gives g=0.13872), 69=0.01393) for CePtSi andg the CEF parameters fixed at the INS values and witind
=0.135%1), 69=0.01641) for CePtSiGe,.*® The new ¢ as fit parameters. Similar to the fits of the Kondo-disorder
values ofg are similar to those listed in Table | for both

samples, whereas there is a strong reductiofgifor CePtSi 0.10 prerg - - -

in order to describe the saturated susceptibility at low 008k \\ Griffiths phase model |
temperatures. A slightly reducedbg is obtained for 0 oosh AN (a) CePtSi ]
CePtS) oGey 4, but it is still within the uncertainty of the £ N

previous susceptibility fit above 2 K. However, for CePtSi 5 o004 .
there is an appreciable discrepancy between the fit curve = oz | 00 H2800K R

[solid curve in Fig. {a)] and the susceptibility data. The fit [ FroI0K S

does not improve significantly even if the CEF parameters g:(l)g ' '
are free to change, and in this case the obtained CEF fit

parameters do not agree with those from INS experiments. o 008 (6) CePiSiy ey, 5
One possible cause of the imperfect fit of the Kondo- € 006} %, O Experimental

disorder model in CePtSi could be the breakdown of @y. H oosl Ry, & Estimated 1

as an accurate model of the single-ion Kondo susceptibility. < e FE2300K

In the conventional Kondo problem the high-temperature 0.02F _ pyo3-300K

susceptibility can be described well by a Curie-Weiss law, 0.00 Lt .

whereasy(T)=x(0)[1-c(T/Tx)?], c~1, at very low tem- 01 1 10 100

TK
peratures where FL theory is vafilTherefore the single-ion ®

susceptibility expressiofEq. (2)] based on a Curie-Weiss-  FIG. 8. Susceptibility fits to the Griffiths phase model (&

type ansatzwill not be accurate at low temperatures. If the CePtSi and(b) CePtSjGey ;. Circles: experimental data. Tri-
disorder effect is strong enough, EQ) is still expected to  angles: estimated data. Dashed curves: fits for only the experimental
be a reasonable approximation even at low temperatures, baata from 2 to 300 K. Solid curves: fits for the entire susceptibilities
this will not be the case for weak disorder. including the estimated data below 2 K.
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TABLE Il. Fit parameters in the Griffiths phase model fits for CePtSi and CgF&8j ; in the tempera-
ture ranges from 2 to 300 K and Odr 0.3 to 300 K(see text HereEy, E,, E;, anda are CEF parameters,
7 is a reduction factor, and and ¢, are the critical exponent and the cut-off energy, respectively, in the
Griffiths phase model.

E; (meV) E, E; (meV) a 7 N €
CePtSi
2-300 K 6.32) 0 181) 0.662) 0.81(1) 0.868) 22(2)
0.1-300 K 6.3 0 18 0.66 0.81 1.60 15.34)
CePtS) Gey 1
2-300 K 3.17) 0 20(3) 0.774) 0.851) 0.899) 18(2)
0.3-300 K 3.7 0 20 0.77 0.85 1.0 17.31)

model, the Griffiths phase model does not fit the low-but the latter is constant. Our NMR data show that most of
temperature susceptibility data well in CePtSi. The new fitthe line broadening comes from disorder in the local suscep-
values are A=1.51(4), €=15.34) for CePtSi, and\ tibility.

=1.011), €=17.31) for CePtSjGe& 1. According to the The NMR spectra were obtained using a standard field-
Griffiths phase model, the values Bf>1 in CePtSi anch ~ swept pulsed NMR technique, with the spin-echo signals
~1 in CePtSj Ge ; suggest FL and NFL behavior, respec- processed using the frequency-shifted-and-summed Fourier-
tively, and agree with the specific heat measurements, as eigansform techniqué A typical powder-pattern spectrum in
pected. These experimental results will be discussed furthérSi obtained from an unaligned CePtSi powder sample is
in Sec. IV. shown in Fig. 9(solid curvg. The inhomogeneous broaden-
ing is caused in part by the anisotropic Knight shift and in
part by the susceptibility inhomogeneity. Thus it is not easy
to extract the information on the magnetic disorder from this

Experimentally structural disorder and induced magnetigt‘ype of spectru”m. In order to eliminate the anisotropic
disorder have been studied by various techniques such aBoWwder-pattern” broadening, the magnetic field alignment
resistivity measurements, XAFS experimefftglastic neu- technique has been applied to prepare aligned samples
tron diffraction®® NMR,° and xSR?3 Since disorder-driven C€PtSi and CePt&iGe ;. Since both samples have the larg-
NFL models predict that structural disorder can produceESt magnetic susceptibility in the basal plane, a rotational
magnetic disorder in the NFL systems, NMR is a good tech&lignment methott has been used, so that thexes in the
nique to study the local static and dynamic properties of single-crystal powder grains are all aligned parallel to the
disordered magnetic environment. A NMR study of the statid°tation axis and tha andb axes are randomly distributed in
properties of CePt$i,Ge, is reported in this paper. Nuclear the plane perpendicular to the rotation axis.
spin relaxation experiments to investigate spin dynamics are 1 n€ dotted and dashed-dotted curves in Fig. 9 are spectra
in progress and will be reported later. obtained in the aligned CePtSi powder sample for the NMR

The frequency shift and the distribution of the shiits., T - T
line broadeningin a NMR spectrum can provide informa- CePtSi
tion on the magnetic interactions between the probe nucleus 42K
and its surrounding environment. The NMR frequency shift ’
(Knight shift) K of a nucleus is associated with neighboring
local moments b/

. NMR EXPERIMENTS

n

K=2> ay;, (6)
j=1

Spin-echo amplitude

whereg; is the hyperfine coupling constamt,is the number
of f ions that interact with the probe nucleus, agyds the
susceptibility of thejth local moment. Clearly, from this re-

lation any disorder in the local susceptibility will resultina 5 9 295 NMR spectra for the unalignegolid curve and
spread of NMR frequency shifts. The structural disorder canyjigned (dotted and dashed-dotted cury€ePtSi powder samples
cause a distribution of the hyperfine coupling constan®s 4t 4.2 K and at a frequency of 25.5 MHz. Dotted and dashed-dotted
well, which also contributes a spread to the frequency shiftszyrves are for spectra with the NMR fiettl, directed parallel and
The contributions to the line broadening from the spreads Operpendicular to the crystalaxis, respectively. The reference field
local susceptibilities and hyperfine coupling constants can bg the unshifted resonance field at 30.145 kOe=25.5 M),
determined separately if the former has a temperature depewhere y/27=0.8458 MHz/kOe is théSi nuclear gyromagnetic
dence(caused by the temperature-dependent susceptjbilityratio.

29.5 30.0 30.5

Magnetic field (kOe)

28.5 29.0
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field H, directed parallel and perpendicular to theaxis, L5 - - — T 10
respectively. There is extra line broadening kb L c. The $1,25.5MHz, Hlc
observed broadening suggests disorder in the local suscepti- ® ., A CePtSi o 18
bility, similar to that observed in CeRuRhS? of © » & CePtSiyGe, OO
Susceptibility measurements discussed in Sec. Il D show ' — 16
that CePtSi and CePt3(Ge, ; have strong magnetic aniso- S o s
tropy; theab plane has a much greater Curie-Weiss-type sus- '_0% 4
ceptibility than thec axis. Therefore if there is any disorder 05F 65‘)&
in the susceptibility, it will be easier to see the temperature- AXNAL L »
dependent line broadening witd, in the ab plane rather -
than along thec axis. Since forHy_L ¢ the spectra show 00 , , ) ) 0
pronounced line broadening and a strong Curie-Weiss-type 0.00 0.01 0.02 0.03 0.04 0.05
temperature-dependent susceptibility, all NMR spectra dis- ¥ (emu/mole)

cussed below have been taken Fbg L c. -
FIG. 10. Plots ofSi NMR Knight shiftK and the distribution
. . width of the Knight shifts K as functions of susceptibility in
A. NMR finewidth CePtSi and CePt§iGe 1.
Since the frequency shift is linearly dependent on the lo-

cal susceptibility[Eq. (6)], any spatial distribution of the gqrineq in Ref. 49, the relative spreald/K is found to have

susceptibilities is reflected in a spread of the frequency shiftg simple relation to the ratiéy/x (the spread of the suscep-
(NMR linewidth). A quantitative estimate of the spread is thetibility Sy to the bulk susceptibility):

rms value of the Knight shift spreaéK obtained from the

NMR linewidth. [(8x/x)%+ A]¥2, LRC
Starting from Eq.(6), the spatial average of the Knight K _ 1 12 )
shift K can be shown to be given by K [n—(5X/}§2+A] , SRC
eff
K= ay, aEEaj, (7) where the constanA is a temperature-independent term
j which comes from the disorder in the hyperfine coupling

. . constanta;;.
where the bar stands for a spatial average. Assuming no cor In the disorder-driven NFL models, the ratigy/y is

relation between disorder in the hyperfine coupling constanétron lv dependent on temperature. It tends to increase at
3 and the susceptibllity;, the rms value of the Knight shift low tg% ergtures and is rzdicted t.o have a roughly linear
spreaddK can be written &$ P ’ P gnly

relation withy, i.e., dy/x= . Equation(9) shows that the
SKe=(K-K2=S (aa)(sy + ——\2 spread _of the NMR frequency s.h!f.ts can be due to .d|sorder
K= ( ) % (342 (9x; o) (% 5a15ak>x ’ effects in both the local susceptibility and the hyperfine cou-
pling constant. The former is temperature dependent and the

N o ® latter is not. In a plot of 5K/K)? versus(x)?, the effect ofA
where daj=a;—a; and Sx; = x; k~ Xj Disorder in the hy- s to produce a nonzero intercept, so that it can be separated
perfine coupling constant is included in this expressit®  from the susceptibility contribution.
second term 29Si NMR spectra have been obtained for the NMR field

The correlation terndy;dx, can be simplified by consid- H, | ¢ axis in both CePtSi and CeP§3Ge,; at a NMR
ering the two extreme limits: long-range correlatidrRC)  frequency of 25.5 MHz from 2 to 50 K:*Pt NMR spectra
and short-range correlatid®RQ. In the LRC limit, the cor-  also have been measured in CeR§Sig, ;. These spectra are
relation length between the local moments is much longedescribed better by a Lorentzian than a Gaussian function.
than the lattice constant ang; 5sz5_X2, Whereg_XZE)? Unfortunately, the second moment of a Lorentzian is not well
-2 is the mean-square width of the susceptibility distribu-defined, and the rms value of the linewidth cannot be deter-
tion. Whereas in the SRC limit, the local moment is corre-mined directly. Therefore the half width at half maximum
lated only over a range much smaller than a lattice constanfHWHM) has been used to characterize the NMR linewidths.
such that to a first approximatiody; Sy~ 5X25jk- It should The use of HWHM still can offer a good estimate of the rms
be noted that this correlation is an effect of structural disordinewidth because the HWHM linewidth from the Lorentzian
der, and is unrelated to critical spatial correlation. fitis found to be close to the rms width of the disorder-driven

In order to obtain a simple expression for the relationtheoretical line discussed in Sec. Ill B below.
between the spread of the Knight shiis = (5K?)*2 and the The 2°Si K and 5K data, plotted as functions afb-plane
spread of local susceptibilitie§y= (x?)*/?, we introduce a  bulk susceptibilityy with temperature an implicit parameter,
model in which an effective numbeg of f-ion near neigh- are shown in Fig. 10. CePtSi and CeRBi&e, 1 show very
bors are coupled to the NMR probe nucleus by an effectivesimilar behavior. The distribution width of the Knight shifts
hyperfine coupling constané.s. Then from Eq.(7), a increases rapidly at large susceptibilitiésw temperatures
~nNerdesr- IN the SRC and LRC correlation limits, as de- compared with the average Knight shift, which strongly sug-
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1'2 T T T T 3m v T v T v T
® CePtSi, ”Si @ CePtSi
10 o CePtSi, Ge, , #si . CePtSi, Ge,, T 200 L ,' Kondo-disorder model |
A cePtSiO.QGeO.l’ wsPt CePtSl J —~ :'
08 Kondo-disorder x ’ 1 = .
N - - - - Griffiths phase & \
(g 0 6 lw i i T
|§n o] » T “l
o] P \—
04F E 0 : Ny
400 y T
021 . (b) CePtSi
P 300 - Griffiths phase model
0'0 et 1 L 1 L
0.00 0.01 0.02 0.03 0.04 0.05 —42K
®200F BpYE - 8K
% (emu/mole) o R 15K
. — . —emeen 20K
FIG. 11. A plot of the relative spready/y of susceptibility R 30K ]
from disorder model fits over the entire temperature range and rela- i \\_ﬁ A

tive spreaddK/K of frequency shift from NMR measurements plot-
ted versus ab-plane bulk susceptibility y for CePtSi and
CePtSj (Gey ;. Solid and dashed curves: predictéty/x from
Kondo-disorder and Griffiths phase models, respectively. Filled and

0.04 0.06 0.08
% (emu/mole)

) — ) ) i i FIG. 12. DistributionsP(y) of the local susceptibilities esti-
open circles:K/K from 2°Si NMR experiments in CePtSi and mated in CePtSi bya) Kondo-disorder aneb) Griffiths phase mod-
CePtSi (Gey 4, respectively. TrianglessK/K from 9Pt NMR ex-  els at various temperatures. The asymmetry and broadenigyin
periments in CePtgiGey 1. are enhanced at low temperatures. The singularities at higihds
of P(y) in (b) come from a Griffiths phase singularify <1) in Eq.

gests the existence of magnetic disorder in both matéﬁals.(s) as the local energfg—0.

Values of the relative widtlK/K obtained from the NMR
spectra are plotted againgtin Fig. 11. The data have been R
corrected for a small effect of disorder in the hyperfine cou- zzf Y2P(y)dy (10)

pling constant® The K/K curves for both samples show a X 0
strong dependence on the susceptibildytemperature as an
implicit parameter. They both increase at low temperatures
(large x) and are roughly linear in the susceptibility, as sug- . . —

gested by the disorder-driven NFL mod?f_%n Fig: 111t can. Itﬁ me;S.ratlulresrﬁ Qﬁetﬁztd'zgufjff dlnpsr:\?i'(::]gyi{q}gg:éis_

be seen that théK/K curves for the’’Si NMR in CePtSi  disorder and the Griffiths phase models have similar predic-
(filled circle and CePtSisGe 1 (open circlepalmost over-  tions in both samples, and the difference dy/x is not

lap. This means that both samples have similar amounts &nough to discriminate between the Kondo-disorder and
disorder in the local susceptibility, in agreement with ourGyiffiths phase models.

analysis of the bulk susceptibilitgsec. 11 D). . — —. .
19pt NMR spectra were also obtained in CepiSie, ; The expected relation betwediy/x and 6K/K is given

for comparison with thé%Si spectra in the same material. We PY Ed.(9) with A=0. Clearly thesK/K curves are lower than
find that both spectra have similar Lorentzian-type lineth® ox/x curves in Fig. 11. Comparison with E(P) sug-
shapes, buf%Pt spectra have larger shifts and are muchdests that the short-range correlation limit is applicable for
broader tharf®Si spectra(~4x wider at 4.2 K. 195Pt usu- both samples if a reasonable effective numbgy of near-

ally shows a strongly shifted and broadened spectrum bgl€ighborf ions can be obtained. A discussionrgf; is given
cause of the strong atomic hyperfine interaction. Even witH" the following section.

this stronger interaction, thé&K/K data for®>Pt NMR (tri- _

angles in Fig. 1Lin CePtSj Ge, ; is still found to coincide B. NMR line shape

with the data for?Si NMR (circles. This suggests that de-  The study of NMR line shapes has provided another way
termination of the magnetic disorder from NMR spectra isto examine the disorder-driven NFL models. Since @i
independent of the probe nucleus, as expected becdie and 9Pt NMR spectra possess simple intrinsic line shapes
and?°Si have the same number of Caear neighborgFig.  without any quadrupolar satellites, detailed comparison of
1), and the expression fofK/K [Eq. (9)] is the same for the measured spectra with the disorder-driven model calcu-
both nuclei. lated spectra becomes possible.

The solid and dashed curves in Fig. 11 represent the rela- In disorder-driven models, the distribution function for
tive spread of the susceptibilityy/y predicted by the the local susceptibility can be derived from E¢®), (4), and
Kondo-disorder and Griffiths phase models, respectively(5). Figure 12 shows the distribution functioR¢y) for the
Equations(2)«5) and the second moment of the local sus-susceptibilities in CePtSi at various temperatures predicted
ceptibility distribution by the Kondo-disorder and Griffiths phase models, respec-

have been used to calculaig and dy/ x using the fit param-
eters obtained from the disorder model fits for the entire
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tively. Significant asymmetry in the distribution functions is . 1S, G0,
seen in both models, and the spread as well as the asymmetry 120 Sll‘l'MR’ T=4.2K
is enhanced at low temperatures. The singularities on the (a) Kondo-disorder
high-y ends ofP(y) shown in Fig. 12b) are due to the Grif- [
fiths singularity (A <1) in the distribution function as the
local energyE— 0 in Eq.(5). The cutoffs on the low ends
are due to the upper energy cutoff in E§). If the NMR line
broadening is interpretable by the disorder models, it might
be expected that the NMR spectra should also exhibit asym-
metry, because of the linear relation between the frequency
shift and the local susceptibilityeq. (6)]. We therefore need
to understand why the observed NMR lingsg. 9) are es-
sentially symmetric. In addition, we want to know if the line
shape can discriminate between the Kondo-disorder and
Griffiths phase models.

The calculation of the NMR spectrum is equivalent to
finding the distribution function for the Knight shife(K).
This can be obtained from the integial

P&

L

0 R P R D
000 001 002 0.03 004 005

n
P(K):J f Pr(ky, Ko, ... ,kn)5<K—Eki>dkldk2---dqu, Knight shift, K
I FIG. 13. Comparisons of normalized experimerfté8i NMR
(11) spectrgcircles at 4.2 K in CePtSiGe, 1 with calculated spectra at
various numbersng; of effective near neighbors(a) Kondo-

whereP,(kq, ko, ... k,) is the joint distribution function for disorder model(b) Griffiths phase model.

the individual Knight shiftk;=a;x; [Eq. (6)] due to the sur-

rounding magnetic ions. The integral is constrained by the Comparisons of theoretical and experimeri?8i NMR

delta function. spectra at 4.2 K in CePt§3iGe) 1 are given in Fig. 13. The
The strength of the hyperfine coupling between the NMRsmall disorder in the hyperfine coupling constant discussed

probe nucleus and the surrounding local moments is stronglin the previous linewidth analysis has been included in the

dependent on the distance, but it decays rapidly because o#lculations. The theoretical spectra are plotted for various

~1/r3 dependence. Therefore, to simplify the calculation,choices of the effective near-neighbor numbgg. For ng

we again introduce an effective numbey; of near neigh- =1, P(K)=P(x) as given in Fig. 12. A9\ increases, the
bors and an effective coupling constamg (ki=acsxi) as  asymmetry ofP(K) is reduced, and the line shape becomes
described in Sec. Il A. more comparable to the observed spectrum. Calculated NMR

Assuming the variation of the local susceptibilitigsis  spectra in both Kondo-disorder and Griffiths phase models
not correlated(i.e., in the SRC Ilimi, we can write are closest to the observed spectra when the effective number
Pn(ky Kz, ... kn) =[Po(k) ], where Py(k) is the distribution  of near neighbors is around four, which is consistent with the
function for each individual Knight shiftassumed the same linewidth analysis in Sec. Il A. Although there is a small
for all magnetic iong By expressing the delta function in the deviation, the calculated spectra reproduce the essential fea-
integral form &(K-X; k) =JZ, exdifK-Z; kj)]d7/(2m7),  tures of the observed spectra. However, the line shape study
the distribution function can be simplified to is still not able to distinguish between the Kondo-disorder

. . e and Clariffiths phase modﬁtl)s becausedof the s;nearing ?TeCt of
_ K o mik ¢ coupling tong; near neighbors. According to the central limit
P(K)—f_mez dT(J_w Po(kle dk) - (12 theoren?! the line shape approaches a Gaussiangf is
large, independently of the distribution function for a single

For k=aex the above equation becomes near neighbor. This effect can be seen in the calculated
1 (> " " model spectra of Fig. 13. The line shape comparison for
P(K) = — e2wi(K/aeff)tdt<f P(X)e'zmtxd)() _ CePtSi is very similar to that for CePt3Ge, 1, and is omit-
i oo o ted here.
(13) From the theoretical spectra, the relative spreads of the

Knight shifts 6K/K at variousng; are also obtained, and
Clearly, the NMR spectrum is determined Byy) and the have been compared with the experimental data. Figure 14
effective number of near neighbor €eions around the give the comparison oK /K in CePtS) (Gey 1. The experi-
probe nucleus. Therefore the NMR spectritk) can be  mental data agree with the disorder models only when the
calculated ifP(y) is known from the disorder models.dfis  effective number of the near neighbors fgz=3—-4 in
disordered,P(K) still can be calculated by convoluting the CePtSi Ge, ;. Similar treatment in CePtSi also givesgg
above distribution functioP(K) with the distribution func- =3—4.Again these numbers are comparable with the crystal
tion P(a) of the hyperfine coupling constant. coordination numberg&=ig. 1).
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1.0 — 0.10 T T r
08F CePtSiO.QGeO.l . /_;
(a) Kondo-disorder e J 0.08
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FIG. 15. Distributions of Kondo temperatures from Kondo-
02} disorder model fits in CePtSsolid curvg and CePtSisGe, 1
0.0L= ; ) . ] (dashed curve The shaded area indicates the [@w-spins which
'0.00 0.01 0.02 0.03 0.04 are not quenched at low temperatures and give rise to NFL

x (emu/mole) behavior.
FIG. 14. Comparisons oBK/K obtained from(a) Kondo-  \=1.514) and\=1.01(1), respectively. Therefore the Grif-
disorder andb) Griffiths phase models for various numbegs of  fiths phase model also can account for the FL behavior in
effective near neighbors in CeP§gGey;. Circles: experimental CePtSi because of the lack of a Griffiths singularity for

data. A>1. For CePtSigGe,; we find =1, which suggests the
system is close to a marginal Griffiths singularity Xt 1
IV. DISORDER-DRIVEN NFL BEHAVIOR? where logT behavior is expectetf.
In Sec. Ill, we have seen that the Kondo-disorder and V. CONCLUSIONS

Griffiths phase models are able to describe the observed
NMR line broadening and line shape. However, the similar The linear extrapolation of the Wilson ratio to low tem-
magnitude of magnetic disorder seen in both CePtSi angeratures in CePtgiGeg, x=0 and 0.1, enables us to esti-
CePtS) Ge, ; raises the question why only CeRj§be,;  mate the magnetic susceptibility below 2 K, so that the dis-
shows NFL behavior. As we discussed in Sec. Il B, the distributions of local susceptibiliies can be determined
tribution of the Kondo temperatures is very sensitive to areasonably well by fits of the susceptibility to disorder-driven
small variation of the coupling constangs Therefore the NFL models. NFL behavior in CePi§Ge, , and FL behav-
small differences iy and 5y obtained from the fits of the iorin CePtSi are then found to be consistent with these fits as
susceptibility data for CePtSi and CeRt$e,; (Sec. D)  discussed in Sec. IV. Even though similar amounts of disor-
may give an appreciable difference in the distribution of theder are seen in CePtSi and CeRtSie, ;, the slightly larger
Kondo temperatures, which can lead to different low tem-effect of disorder in CePt§iGe, 1 leads toP(Tx—0)#0
perature properties in the two materials. (Kondo disordey or A =1 (Griffiths phas¢ and NFL behav-

In the Kondo-disorder picture, non-Fermi-liquid behavior ior in this compound.
appears only when there are enough unquenched local mo- The observed NMR linewidth and line shape in CePtSi
ments at low temperatures, i.e., when there is a substantiand CePtSQisGey; are consistent with these fits to the
probability of finding local moments with lowWy. Figure 15  disorder-driven NFL models. In the limit of short-range cor-
gives the distribution function of the Kondo temperatures inrelation between the local susceptibilities, the effective num-
CePtSi and CePt$iGe, ;, obtained from Eq¢4) using the fit ~ ber of the near C& neighbors around the Si ato(8—4) is
parameters from the Kondo-disorder model fits over the enfound to be close to the coordination numiody for the first
tire temperature range. It shows that although Thedistri-  near-neighbor shell in the crystal structure. This agreement is
butions for CePtSi and CePtSGe,; have comparable confirmation that the disorder correlation is indeed short
widths, CePtSidGey ; has a smallefaveragg Kondo tem-  ranged.’®Pt NMR experiments give an independent verifi-
perature, so that the distribution functid®(Ty) is moved cation of the?°Si NMR results. In addition, the disorder-
closer to the origin. This gives extra weight to the Igw- driven NFL models are enough to explain the NFL behavior
spins in CePtSisGey; compared with P(Ty—0)=0 in in CePtSj Gey,, and no QCP scenario is needed to account
CePtSi(shaded area in Fig. 15which then is able to explain for these data. We note, however, thedR relaxation experi-
the NFL behavior in CePt$iGe,; and FL behavior in ments in UCy.,Pd, (Ref. 52 cast doubt on a similar con-
CePtSi. clusion in this systeR¥ by suggesting that spin fluctuations

According to the Griffiths phase model, the critical expo- are associated with a cooperative phase transition rather than
nent A characterizes the ground state properties. From thédividual spin dynamics. -
susceptibility fits to the Griffiths phase model over the entire  Nevertheless, the comparab#/K observed in CePtSi
temperature rangesec. Il D), for CePtSi and CePt§iGey;  and CePtSidGey 4, suggests that there is appreciable mag-
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netic disorder in stoichiometric CePtSi. The relatively highQCP. Therefore a QCP scenario for NFL behavior cannot be
residual resistivityp,~140 uQ) cm reporteé® in a single excluded in either case.

crystal of CePtSi supports this speculatigNote that the The NMR line shapes from our experiments do not dis-
effect of disorder on NFL behavior in Ce€sAuy 4, with  tinguish between the Kondo-disorder and Griffiths phase
lower residual resistivity(po~40 uQ) cm),>* is believed to  models because they do not yield detailed information on the
be negligible?®?q In addition, sample-dependent thermody- shape of the susceptibility distribution function. This is be-
namic, magnetic, and transport properties in CePtSi haveause eact?®Si nucleus couples to several near-neighbor
been reported; and Kohleret al** have suggested that pos- ce¥* jons. According to the central limit theorethjin the
sible disorder effects exist in this compound. If magneticjjmit of many near neighbors the field distribution ap-

disorder is strong enough in undoped CePtSi, according t8,0,ches a Gaussian, so that details of the susceptibility dis-
disorder-driven models it should be possible to see NFL beB ' P y

havior i hiahlv disordered le. Introducti £ di fribution are lost.
avior in a highly disordered samplie. Introduction ot diSor- ., ey t9 determine which if any of these models are
der, e.g., by neutron irradiation, or a controlled annealin

experiment as performed in U¢Rd (Ref. 27), would there- qﬁ:“f’ba?]d 0 st.udt}/]_furthetr the roIT of strgc_tlu:?I d|so|rdertlon
fore be useful for further understanding of the FL/NFL be- ehavior In this System, nuclear spin-iattice relaxation
havior in CePtSi. measurements have been carried out and will be reported in a
One of the common NFL properties, a linearly future publication.
temperature-dependent resistivily=po+AT), has been ob-
served in CePtSi from 0.05 to 4 K and reported in Ref. 55.
However, disorder-driven models cannot explain the positive
slope (A>0); according to the Kondo-disorder model, We gratefully thank Jungsoo Kim for measuring the sus-
should be negativE. From the table of NFL properties in ceptibility (2-300 K) of our CePtSi and CePi{§iGe
different categories of materials published in Ref. 3, we findsamples. Enlightening discussion with N. J. Curro is ac-
thatdp/dT< 0 is seen in most materials with antiferromag- knowledged. This research was supported by the U.S. NSF,
netism distant in the phase diagram, wherdasdT>0 is  Grant Nos. DMR-9731361 and DMR-0102293C River-
seen in most doped materials with the Néml Curie) tem-  side), DMR-0335173(UC San Diegp and DMR-9820631
perature suppressed to zero. The positive slope in CePt8CSU Los Angeles and was carried out in part under the
may also suggest a QCP scenario for the NFL behavior. Aauspices of the U.S. DOE Contract No. DE-FGO5-
we know both CePtSi and CePigGe, ; are located close to 86ER45268. Research at Whittier College was supported by
a magnetic instability. CePtSi is near a ferromagnetic phasa grant from the Research Corporation, and by a ROA ad-
transition®® and CePtSiGe,, is at an antiferromagnetic dendum to NSF Grant No. DMR-9731361.
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