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We show that the NMR Knight shift anomaly exhibited by a large number of heavy electron materials can
be understood in terms of the different hyperfine couplings of probe nuclei to localized spins and to conduction
electrons. The onset of the anomaly is at a temperaturieelow which an itinerant component of the magnetic
susceptibility develops. This second component characterizes the polarization of the conduction electrons by
the local moments and is a signature of the emerging heavy electron state. The heavy electron component
grows as logT below T", and scales universally for all measured Ce, Yb and U based materials. Our results
suggest thal” is not related to the single ion Kondo temperatdig, but rather representscarrelatedkondo
temperature that provides a measure of the strength of the intersite coupling between the local moments. Our
analysis strongly supports the two-fluid description of heavy electron materials developed by Nakatsuiji, Pines
and Fisk.
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I. INTRODUCTION susceptibility,y.**?> The reason for this anomalous behavior

The Kondo lattice is a paradigm for heavy electron mateNas remained elusive. The Knight shift measures the field at

rials. Recently a number of puzzling experimental observall€ nucleus brought about by the hyperfine interaction with
tions have been made in systems close to a magnetic phal electrons. When the electrons are polarized in an external
transition at low temperaturés® and several new theoretical Mmagnetic field, they create a hyperfine field at the nuclei that
approaches for non-mean field quantum critical behaviof® prophorﬂgnal toy. If there is only one magnetic compo-
have been proposédl® A complete theoretical description N€NL thenk~x. . o

of the Kondo lattice remains elusive after two decades since Traditionally the breakdown of this relationship has been

. ! ttributed to local phenomena associated with tfheskec-
the discovery of heavy electron behavior. However, SEVeId ons. In the crystal field scenario, the hyperfine coupling

cr(])mmon ex'ptlanr?]ental 5|gbnatures hﬁf been h'dent'f'eolld' hanges when the excited states of the crystal field split 4
these materials that must be captured by any theoretical d@jeciron become depopulatédin the Kondo impurity sce-
scrlptlon._lq particular, heavy fermion ar_1d mixed valent SYSnario, T" is the Kondo temperature, below which theelec-
tems exhibit a crossover betwee_n localized moments at hlg{pons are screened by the conduction electrons and theybulk
temperatures to coherent behavior at low temperatures. Typis reduced? The Knight shift measures the local susceptibil-
cally this crossover is evident as a broad maximum in thety which is not screened, and therefore the linear relation-
resistivity; in some cases the bulk magnetic susceptibilityship betweerk and y breaks down. Still other authors have
also exhibits a maximum, although not always at the samexplained this anomaly in terms of a temperature dependent
temperature as the resistivity. This behavior has traditionalljhyperfine coupling that is modified by the onset of
been understood as the onset of coherent scattering of cooeherencé?®

duction electrons by the Kondo lattice of 4pins: at high Here we propose that the origin of this anomaly is collec-
temperaturesT>T,,) the 4f spins scatter the conduction tive rather than local, and that is the temperature at which
electrons as independent local impurities; however, belowhe heavy electron liquid begins to emerge from the Kondo
Teon and at low temperatures the Kondo lattice behaves in #attice of localized 4 spins. We demonstrate that beldw
coherent fashion. Although a microscopic theory of this pro-the polarization of the background conduction electron spin
cess has not emerged, experimental signatures of this crossystem by the correlatefdspins is characterized by a distinct
over are clearly evident in many Ce, Yb and U based comand universal temperature dependence. This polarization is
pounds. characterized by the magnetic susceptibilifyn=(S.S;),

In the majority of heavy electron and mixed valent mate-whereS, andS; are the conduction and local moment spins,
rials for which Knight shift measurements exist, it has con-respectively. We show that the two-fluid description of the
sistently been observed that below a temperaflirethe  Kondo lattice proposed by Nakatsuji, Pines and RiSRP
NMR (as well asuSR) Knight shift, K, fails to track the bulk  provides a quantitative explanation for this anomalous
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behaviort® In turn our analysis allows us to give a more - f
microscopic interpretation fB(/)r the two fluids ir?troduced by StOt_Ei: ST +§|: S, @
NPF. Our results are consistent with NPF who arguedThat - )
is a correlatedKondo temperature, strongly affected by the WWherer; are the positions of thé-electrons and, the posi-
intersite f-electron interaction, rather than the familiar tions of the itinerant component Olf the system within a Wan-
single-ion Kondo temperatur&y. In addition, we are able to Nier orbital representatiorSC(n):EZwrC;rlgcrwrcrlor is the
determine quantitatively the temperature evolution of theconduction electron spin density. Our results show that at
heavy electron spin susceptibility by combining measureas a result of the coupling to theelectron spins, the con-
ments of the temperature dependence of the Knight shift witlduction electrons acquire a heavy component, characterized
those of the bulk magnetic susceptibility. We find that anby the correlation functiodS'(r;)S%r))). The uniform sus-
excellent fit to existing experimental data in 14 heavy elecceptibility is now given asy=(1/N)(d/dH){M; where
tron and mixed valent systems is obtained with a susceptibilM ,,=>,S/(r;)+=,S%r,) and it follows that
ity whose temperature dependence follows the simple form:

X = Xt F 2Xet + Xed™= Xt T 2Xct (4)

T T
Xcf ~ (1 - T_> |09?, (1) where xir=(LIN)Z; (S (r)S'(r0)) and Xcf
:(1/N)Eiy|<Sf(ri)SC(r|)> are the orbital resolved susceptibili-
a result that suggests that in a Kondo lattice the emergenies, characterizing the magnetic response of the pure
behavior of the heavy electron liquid can be characterized-system as well as the polarization of the background con-
quite generally by the single energy scale, that NPF have duction electron spin system by the correlafespins, re-
proposed is a direct measure of the strength of nearest neigbpectively. We recover the NPF result, £8), by neglecting
bor intersite magnetic coupling. For CeSmd CgBi,P; we  y. the uniform susceptibility of the background conduction
find quite similar behavior, except that below a cut-off tem-electrons, which is small, and identifying;=[1—f(T)]xx
perature,T,, the Knight shift once more tracks the bulk sus- and 2y=f(T) xyr

ceptibility. We argue that belowl, the formation of the Quite generally, we expect the hyperfine couplings asso-
heavy electron liquid is complete, and the system has gjated with these two magnetic components to differ. For the
single, itinerant magnetic component. local moments, the dominant hyperfine interaction is via a

In Sec. II, we discuss the origin of the Knight shift in a transferred coupling between the nudlgipically at a differ-
Kondo lattice, and its anomalous behavior beldwin the  ent crystalline siteand the local moment. A finite spin den-
two-fluid description of NPF. We present the experimentalsity is induced on the neighboring nucleus via wavefunction
data on 14 Kondo lattice materials, and show that the Simplgveﬂap’ or via an indirect interaction mediated by conduc-
expression given by Eq1l) provides a quantitative account tion electrons. In general, the transferred hyperfine interac-
of the existing results. For the heavy electron materialtjion may couple the nucleus to several nearest neighbor local
CeColn, the second component of susceptibility that we ob-moment sites. On the other hand, if the magnetic component
tain by Knight shift measurements is shown to be in excelis delocalized as in a Fermi liquid, it has an additional on-site
lent agreement with that deduced by NPF. We present ouiyperfine contact term, which generally dominates. For a
discussion of these results and our conclusions in Sec. lll. Kondo lattice system that retains aspects of both localized

and delocalized behavior, one can reasonably expect both
IIl. KNIGHT SHIFTS IN A KONDO LATTICE contact as well as transferred hyperfine couplings. A similar

In the two-fluid description proposed by NPF to explain Situation is found in the cuprate superconducﬂér;. ,
bulk specific heat and susceptibility measurements in La Ve therefore postulate the following hyperfine Hamil-
doped CeColg the authors postulate that a fractié) of ~ tonian:
the 4f electrons in the Kondo lattice become delocalized be- _ f
low T", forming a coherent state, the heavy electron liquid, Hiyp= yﬁzl Hr)-A S + Yh% H(r)-Bi-S(r), (5)
analogous to the superfluid component ‘fe. f(T) re- '
sembles an order parameter for the coherent heavy electrahereA andB are the temperature independent contact and
component, while the fraction of thé@f) electrons remain- transferred hyperfine tensors, respectively, andre posi-
ing localized resembles the normal fluid component. Theions of the nearest neighbof (8f) sites. The Knight shift is
magnetic system contains one component that is localized o#iven by Hyy,=vAZ1(r))-K -Ho; where Hy is the applied
the magnetic site$ with susceptibility y,, and a second field. By recognizing tha{S*(r))=yx.Ho and (S'(r))=(xcs
component that is associated with the itinerant heavy quasi+ x;s)Ho, and making use of Eq5), we then have

articles with susceptibilit :
P PEDIA e Ka(T) = Ko+ (Au+ BxeT) + BT, (6)

XM = [1 =10 Do (D + F D xee(T). ) whereK, , is an offset(to account for orbital susceptibility
Detailed insight into the emergence of two contributions toand otherT independent effecisand we have dropped the
the susceptibility with dramatically differeff-dependency summation over the neighboring sites for simplicity and in-
can be obtained by taking into account that the total spin otorporated the couplings into the constdht For T>T",
the system is the sum of the localizdeelectron and the where the linear relationship between Knight shift and bulk
conduction electron spins susceptibility holds, we make the assumption thad{T)
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TABLE |. The Knight shift parameters in several Kondo lattice systems.

Materialsite) Ref. T(K) Ky%) By(kOelug) Ay kOeug) K%(%) y(mJ/mol K?)
CeColny(In(1),) 17 89 0.79 8.9 13.7 3.3 29®Ref. 20
CeColry(In(1)4p) 17 0.13 12.1 12.1 290 (Ref. 20
CeColny(In(1),) 17 42 1.14 -0.4 -5.9 -2.0 290(Ref. 20
CeColny(In(2),) 17 42 0.77 10.3 -4.1 -1.3 290(Ref. 20
CeColn(In(2),) 17 95 -2.43 28.1 121 3.1 29®ef. 20
CeCuySir(Cuy) 13 171 0.04 -0.2 -0.3 700(Ref. 2])
CeCuySix(Cuyp) 13 58 -0.05 25 -0.1 700(Ref. 2])
CeCuySix(Siy) 13 171 0.12 2.7 -0.3 700(Ref. 2]
CeCySiy(Siyp) 13 58 -0.11 8.2 - -0.2 700(Ref. 21)
CeRhlIrg(In(1),) 12 -2.51 26.0 1.3 200(Ref. 22
CeRhlIrg(In(1) 5 10 -0.54 19.6 2.2 200(Ref. 22
CeAl;(Al) 23 60 0.02 3.5 -0.7 1620(Ref. 24
CePtS(Si) 25 20 -0.11 7.1 -1.7 800(Ref. 26
CePtSjGey(S) 25 15 0.07 4.2 - -14 1350(Ref. 27
CeSn(Sn 28 167 -0.05 32 0.2 70(Ref. 29
CesBi,Pt(Bi) 30 123  0.37 46 -1.0 3.3(Ref. 31)
YbCuAI(Cu) 32 73 0.07 -1.0 0.03 260(Ref. 33
URW,Siy(Si¢) 34 84 0.05 3.37 -0.03  65(Refs. 35 and 36
CeRP) 11 76 0.03 9.98 -1.49 17(Ref. 39
CeAqAs) 11 73 0.43 16.3 e -2.41 unknown
UPt(Pt) 38 23 3.95 -95.7 0.19 420(Ref. 39
UPty(Ptyy) 38 19  -20 -54.4 e 1.30 420(Ref. 39
UBe;3(Be) 40 10 -0.02 0.86 -0.008 900(Ref. 41

=0. This allows us to determine the coupling cons@nin  are given in Table ¥>-1Below T" we obtain the temperature
the dilute limit where the single impurity Kondo problem dependence of the heavy electron componegy;,(T),
applies, one can carry out an explicit calculation, where inwhich is shown in the inset. Note that without an indepen-
deed one finds for large temperaturé$>Ty) x/xx  dent measure of(T), the on-site couplingA remains un-
=peJc <119 Below T', x(T) andK(T) are no longer pro- determined.
portional. x.T) and x«(T) enter intox(T) and K(T) with In Fig. 1 we plotK ,(T) versusT/T" for 14 heavy elec-
different weights, which is due to the additional hyperfinetron and mixed valent system$. is experimentally deter-
coupling constants in the Knight shift. This allows us to mined as the temperature below whigfT) andK (T) cease
separate the two contributions to the susceptibility from ao be proportional to each other. The collapse of data for such
knowledge of bulk susceptibility and Knight shift. In particu- a considerable number of systems is particularly impressing
lar, we obtain the crucial relationship and is the single most important observation of this paper.
This universal behavior of; is particularly surprising if one
Ket,a(T) = KalT) = Koo = Box(T) = (Aa = Ba)xe(1). (7) taes into account that the bulk susceptibilitand the total
This enables us to single out the heavy electron componenghift K,(T) behave qualitatively differently for a number of
Xc» that must be thought of as a hybridized many-body statéhe compounds shown. It ig which is universal for all
where the delocalized nature of tliespin degrees of free- these materials.
dom is made explicit. In Eqg3) and(4) we made the sim- Based on our observation of universality gfi we can
plifying assumption that the-factors of the localized and now make contact to the two-fluid picture of NPF and dem-
conduction electron spins are the same. Including differenenstrate that indeeg agrees with the predictions of their
g-factors for the two spins will not change the relation phenomenological approach. In Cga,Colns, NPF pro-
Ket.olT) = xef(T) but only affect the numerical value of the posed thaty(T)=f(T)RCy/T, whereR is the Wilson ratio,
unknown prefactoA,-B,— A,—(9;/9.)B,. We note that a which successfully explains the doping evolution of the bulk
necessary condition for the existence of a Knight shiftoroperties. Empirically it was found thétT) ~1-T/T", and
anomaly is thatA,#B,. In Figs. 1 and 2 we show this that C/T~log(T). Combining these results, we arrive at
anomaly in CeCola K, andB,, are determined by fitting the Eq. (1), a candidate description of«(T). Indeed, in the in-
high temperature data, shown as the solid lines; these valuserts of Figs. 2 and 4 we show fits Kf«T) to the equation
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FIG. 1. (Color ch(T)/KSf versus IfT/T") for several Kondo lattice systems, showing the scaling behavior of the Kondo liquid

component of susceptibility. The solid line is given by E8).
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FIG. 2. The Ifl) Knight shift in CeColg versus the bulk

susceptibilityt” The solid lines are fits to the high temperature data.

Inset: K versusT, and a fit to Eq(8).

*

T T
Kel(T) = K2f<1 - T_> Iog?, (8)

with K% and T* as fitting parameters<’ is given by the
value of the shift aT=aT", wherea=~0.259 is given by the

o
16 b
o ler
S os8f ,r
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o
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FIG. 3. K¢ versusy,s for CeColn, where theys were obtained
from bulk measurementg.
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Inset: K versusT, and a fit to Eq(8).

equation(a—1)log a=1. Figure 3 shows versusy in
CeColny, where they data were extracted from bulk mea-
surements by NP¥:42The linearity, especially for the di-
rection, strongly supports the argument that the second com-
ponent measured by NMR Knight shifts is indeed probing
Xef- Figures 4—-16 present comparable data for a number of
Ce, Yb and U compounds. In Fig. 2 we shdwy(T)/K%
versusT/T" for all of the materials for which we have thus
far been able to obtain Knight shift and susceptibility data.
With the exception of C#i,Pt;, a Kondo insulator, and
CeSn, a mixed valent system, the data scale remarkably
well with one another. This result points to a common
mechanism for the Knight shift anomaly, a conclusion that is
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FIG. 6. The Sn Knight shift in CeS$nversus the bulk
susceptibility?®4° The solid lines are fits to the high temperature

) ) data. InsetK versusT, and a fit to Eq(8).
FIG. 4. The If2) Knight shift CeColg versus the bulk

susceptibility*” The solid lines are fits to the high temperature data.
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model independent. In fact, the scaling evident in Fig. 2 is FIG. 7. The Al Knight shift in CeAd versus the bulk
based solely on the reasonable assumption that a secomdsceptibility’® The solid lines are fits to the high temperature data.
component of susceptibility with a different hyperfine cou- Inset: K versusT, and a fit to Eq(8).
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FIG. 5. The Il) Knight shift in CeRhlg versus the bulk sus-
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FIG. 8. The Cu Knight shift in CeGSi, versus the bulk

ceptibility. The solid lines are fits to the high temperature data.susceptibility:® The solid lines are fits to the high temperature data.

Inset: K versusT, and a fit to Eq(8).

Inset: K¢ versusT, and a fit to Eq(8).
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FIG. 9. The Si Knight shift in CeGi, versus the bulk
susceptibility*® The solid lines are fits to the high temperature data.
Inset: K versusT, and a fit to Eq(8).

FIG. 11. The Bi Knight shift CgBisPt; versus the bulk
susceptibility®® The solid line is a fit to the high temperature data.
Inset: K versusT, and a fit to Eq(8).

pling manifests itself beloW", and that it is this component \yhich there are no longer any local moments present in the
that exhibits the universal scaling behavior given by 9. material, so below, the system reverts to a single compo-
The fact that the scaling form agrees with the analysis prepent. |n CgBi,Pt that component becomes a Kondo insula-
sented by NPF supports the two-fluid description for a broaqoy, with a band gap in the one-component electronic system
range of heavy fermion materials. In Figs. 17-19 we show,qught about by band structure effects. In the case of geSn
the bulk susceptibility versus temperature for each compat single component is a heavy fermion liquid. This point
pound.T is marked with an arrow for each material. Note of vjew finds support in the measurements of the specific
that the anomalous behavior marking the emergence of thgeat and resistivity of CeSrwhich show Fermi liquid be-
Xer cOmMponent is not obvious in the bulk susceptibility; mea-payior helowT~ 17 K. A reasonable explanation is that for
surements of both the susceptibility as well as the Knighhese materialé(T) reaches unity af,. Below this tempera-
shift are required to identifyl". ture, the heavy electron liquid is fully formed, and there is
only a single, itinerant magnetic component.
In the other heavy fermion systems, both the localized and
lll. DISCUSSION AND CONCLUSIONS heavy electron liquid components coexist down to the lowest

The alert reader will have noticed that there are two matemperatures measured, typically defined by the onset of
terials, CgBi,Pt; and CeSp for which K once more be- magnetic or superconducting order in the particular com-
comes proportional ta for T<T,. This result has a simple Ppounds. Presumably, in the absence of order and for suffi-
physical interpretationT, marks the temperature below

0.0
4
0.1
0.0F - -
@ 01F 0.2
|~ -0.2|
¥ -0.3}
0.4 .
. o5l 1 1 X
g, 0 10 20 30 40 50 & 04
a T (K) -
*
06 000
1 1 1 1
0 100 200 300
+ CePtSi
TK
0 . . ) 0.8 ] 1 1 1 1
o 10 20 30 0 0 5 10 15 20 25 30
¥ (10 emu/mol) % (10°® emu/mol)
FIG. 10. The Si Knight shift in CePtgiGeg, for x=0.0 andx FIG. 12. The Cu Knight shift in YbCuAl versus the bulk
=0.1 versus the bulk susceptibil®y.The solid lines are fits to the susceptibility?2 The solid line is a fit to the high temperature data.
high temperature data. Insé versusT, and a fit to Eq(8). Inset: K¢ versusT, and a fit to Eq(8).
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FIG. 13. The P and As Knight shifts in CeP and CeAs versusthe FiG. 15. The Be Knight shift in UBg versus the bulk
bulk susceptibility:* The solid line is a fit to the high temperature sysceptibility*® The solid line is a fit to the high temperature data.
data. InsetK versusT, and a fit to Eq(8). Inset: K versusT, and a fit to Eq(8).

ciently low temperatures, all materials should exhibit one-ported by the fact that the latter scenario typically leads to
component behavior corresponding to the fact that the heavileé sameT-dependence ofy; and x.; below some coherence
electron emergence has become complete, there is no furthi@mperaturé?> The notion of a two-fluid description to
trace of local moment behavior, ant=1. In fact, for Kondo lattice systems has, in some way, been discussed in
CeCySiy, Fig. 2 suggests that perhalig begins to saturates theories based on single ion dynanftés'® The unconven-
below 0.0 =3.5 K. tional temperature dependencegf clearly requires a new
The distinctT-dependence of. and yi below T" is an-  approach to Kondo lattice systems which goes beyond those
other strong indication for the fact that is not the single theories.
ion Kondo temperaturd@y. In a few cases we were able to  For the materials that possess structural symmetries lower
determine the actual temperature dependencgyobelow  than cubic, we note thal is anisotropic, in some cases by
T'. This is possible if the low temperature bulk susceptibility more than a factor of 2. In the two-fluid model of NAF,is
clearly shows a logarithmic temperature dependence allowd measure of the Ce—Ce intersite coupling. For the bulk
ing us to determine the unknown hyperfine constanithis ~ measurements presented by NPF, the measTiretéscribes
approach yields a Curie-Weiss type susceptibility (&) an volume average coupling. However, NMR results, probe a

with Weiss temperature equal T as determined in the fits local susceptibility, and the anisotropit's measured by

for (5. This is yet another reason for the collective, ratherNMR reflects the anisotropy of the local couplings between

than local, origin ofT". Finally, this point of view is sup- the 4f(5f) sites. This anisotropy reflects that of the orbitals
that enter the quantum chemistry calculation of the nearest

neighbor coupling; in fact the anisotropy might be maximum

1.0

5

< | 0.00F ——
=, 08F =
0 0.4k 0.8 -0.04]
4f >
0.0 P -0.08F

2 10 20 30 40 50 __os L
< < 0 50 100 150 200 250
5 T (K) 2 -
0.4
-10 0.2

X (10 emu/mol)

FIG. 14. The Pt Knight shift in URt versus the bulk

0.0
0

x (1 0" emu/mol)

8 10

FIG. 16. The Si Knight shift in URsSi, versus the bulk
susceptibility?®°9The solid line is a fit to the high temperature data. susceptibility>* The solid line is a fit to the high temperature data.

Inset: K versusT, and a fit to Eq(8). Inset: K¢ versusT, and a fit to Eq(8).
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FIG. 17. (Color) The susceptibilityy versus temperature in
CeAs, CeP, CeColpand CeRhlg T' is marked with an arrow.
The data for CeAs and CeP are offset vertically for clarity.

FIG. 19. (Color) The susceptibilityy versus temperature in
CeAl;, CePtSj_Ge, CeSn, CeBi,Pt;, YbCUAl, and URySI,. T*
is marked with an arrow.

T T
for directions intermediate to theandab planar directions. Ce(T) = Q.ITf(T) log (?> 9
We emphasize that the scaling behavior exhibited strongly

supports the validity of the two-fluid description in a wide where the dimensionless consta@ptdetermines the entropy
variety of Kondo Iattlge slystems, rang|_r|1_%.from lheaVy elec-contribution of the heavy electron fluid &af", S(T")
tron systems to mixed valent systems. This scaling seems to .t* _ .

be independent of the ground state: the materials represented 9 I;Cc.f(T)/T]dT—.(3/4|)Q. _It is natural ;tohassum_(la ”;ath
here include magnetically ordered, superconducting, as wefi( T ) iS @ generic value, independent of the details of the

as Kondo insulating materials. system. Together with the fixed Wilson rat@,:ccf/TXCf, of .
The specific heat of the heavy electron fluid of the systentl® heavy electron component of the two fluid system, this
was shown by NPF to behave as gives
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FIG. 18. (Color) The susceptibilityy versus temperature in FIG. 20. T" versusy for the Kondo lattice systems discussed.
UPt;, CeCySi,, and UBgs. T is marked with an arrow. There is no apparent correlation.
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analysis, we do not know the hyperfine coupling consfant constants At high T local moments dominate the magnetic
for all materials and consequently cannot determine the prefesponse and the conduction electrons are invisible by com-
actor inx. In addition, even if there exists a generic value parison; in the other limit a single component Fermi liquid
of S4(T"), this does not, however, imply a universal value for state has emerged. However, in the important regime in be-
the specific heat coefficieng=C(T)/T|r_o. A y-value can tween, which is so crucial to understanding how a heavy
only be defined if at some low temperatig<T" the loga- electron emerges, and which might dominate all the way to
rithmic  growth of C4(T)/T stops. Then 5  T=0 ata quantum critical point, the two-component picture
=(Q/T")log(T"/Ty) is determined by botA" and T,. Such is essential. It is this regime where the systems are charac-
behavior might reflect, for example, the crossover from derized by the scaling behavior found in this paper. The un-
quantum critical regime to a heavy Fermi liquid regime if the €xpected simplicity captured by the two-component model
system is close to a quantum critical point. As seen in FigOffers many new opportunities for the reinterpretation of ex-
20, no correlation betweep and T exists. From the NPF isting data and future experiments in a simple manner.
perspective, this result is not surprising.

Itis intgresting to _note thz_it for the Cu sites that are nearest ACKNOWLEDGMENTS
to the Fe impurities in the dilute Kondo alloy CuFe, there
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gument that the Knight shift anomaly observed in Kondoratory under the auspices of the US Department of Energy,
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screened impurity. E. Abrahams, F. Borsa, P. Canfield, P. Coleman, D. L. Cox,
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T<Tg, should exhibitK =y (with different proportionality ~ sions.
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