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115In Nuclear magnetic resonance data are presented for a series of Ce1−xLaxCoIn5 crystals with
different La dilutions, x. Multiple In(1) sites associated with different numbers of nearest-neighbor
cerium atoms exhibit different Knight shifts and spin lattice relaxation rates. Analysis of the
temperature dependence of these sites reveals both an evolution of the heavy electron coherence as
a function of dilution, as well as spatial inhomogeneity associated with a complete suppression of
antiferromagnetic fluctuations in the vicinity of the La sites. Quantum critical fluctuations persist
within disconnected Ce clusters with dilution levels up to 75%, despite the fact that specific heat
shows Fermi liquid behavior in dilute samples.

PACS numbers: 74.62.Dh, 75.30.Mb, 76.60.Cq, 76.60.-k

I. INTRODUCTION

Heavy fermion compounds exhibit a broad spec-
trum of novel correlated electron behavior, including
unconventional superconductivity and quantum critical
phenomena1,2. These materials consist of a lattice of lo-
calized f -electrons that interact with a sea of itinerant
conduction electrons. For a single impurity the conduc-
tion electrons screen the f -site below the Kondo tempera-
ture, TK , forming a spatially extended singlet state3. The
situation is considerably more complex for two or more
f -sites: depending on the relative size of the Kondo and
RKKY couplings the f -moments can either order antifer-
romagnetically, or are quenched via Kondo screening4–8.
In a fully occupied lattice these competing ground states
give rise to a quantum phase transition between these two
extremes, where strong fluctuations are responsible for a
breakdown of conventional Fermi liquid theory9,10. The
microscopic physics in this regime is poorly understood,
and key open questions are whether the conduction elec-
trons screen each f -moment individually or collectively
across multiple sites, and whether the screening is en-
hanced or suppressed by the second f -site7. There have
been few experimental studies of the two-impurity Kondo
problem11, and as a result there remain several question
about the relevant temperature and length scales of the
ground state. Here we report nuclear magnetic resonance
(NMR) data in Ce1−xLaxCoIn5, in which the La serves to
dilute the lattice of f -moments in a prototypical Kondo
lattice system close to a quantum phase transition12,13.
Our results indicate that the heavy electron coherence be-
comes spatially inhomogeneous and is suppressed locally
in regions with no f sites in a diluted lattice, yet quantum
critical fluctuations persist in disconnected clusters.

La dilution is a powerful technique to probe intersite
interactions between f-sites in Kondo lattices. Replac-
ing the 4f1 electron of the Ce3+ with a 4f0 configuration
of La3+ removes the local moment without changing the

FIG. 1. (color online) (Left) The various combinations of
La (empty) and Ce (red) sites surrounding the In(1) (black)
site in doped Ce1−xLaxCoIn5. (Right) The unit cell for pure
CeCoIn5.

conduction electron count. For sufficiently large La dop-
ing, the remaining isolated 4f1 Ce moments behave inde-
pendently and their screening is described by single-ion
Kondo physics. For random substitutions at La doping
levels beyond the percolation limit the lattice will break
up into disconnected clusters of f -sites with a well de-
fined size distribution14. Several years ago pioneering
work in Ce1−xLaxPb3

15 and Ce1−xLaxCoIn5
16 revealed

very different behaviors as a function of x. In the for-
mer, TK was observed to be independent of La concen-
tration, suggesting that intersite couplings between the
f-sites is negligible. In the latter a new high tempera-
ture coherence temperature scale, T ∗ ∼ 20TK , emerges.
Whether T ∗ represents a renormalized TK due to differ-
ences in the Kondo exchange integral (a local effect), or
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FIG. 2. Bulk magnetic susceptibility of the crystals ((a) per
formula unit, and (b) per Ce) for field oriented along the c-
axis.

a new energy scale driven by intersite couplings remains
unclear. Nevertheless, T ∗ is clearly evident in various ex-
perimental probes17,18, and this observation has laid the
foundation of the phenomenological two-fluid description
of partially localized f-moments coexisting with an itin-
erant heavy-electron fluid, in which T ∗ emerges as a col-
lective hybridization-induced instability19,20. In order to
shed light on the origin of high temperature lattice co-
herence scale, it is instructive to investigate the spatial
dependence of the spin fluctuations and energy scales in
a dilute system. Here we report studies of several dif-
ferent La concentrations in which the f -electron clusters
continue to exhibit an unusually large coherence temper-
ature and spin fluctuations characteristic of the undoped
system. This surprising result leads us to hypothesize
that the heavy fermion state is inhomogeneous and that
intersite interactions are restricted to nearest neighbors.

NMR is an ideal probe of the local spin correlations
that emerge in a Kondo lattice because it provides direct
information about T ∗ and the heavy electron fluid21,22.
In CeCoIn5, the In(1), In(2) and Co Knight shifts, K, are
proportional to the bulk magnetic susceptibility, χ, for
T > T ∗, but exhibit a strong Knight shift anomaly below
this temperature23. This anomaly originates from the
different hyperfine couplings between the nuclear spins
and both the conduction electron spins, Sc, and the local
moment spins, Sf . As a result one can extract de-
tailed information about the three correlation functions
χαβ ∼ 〈SαSβ〉 (α, β = c, f) by measuring both K and χ

independently22. The spin-lattice relaxation rate, T−11 ,
probes the spin fluctuations of the local moments and
the heavy electron fluid24. Here we report K and T−11

for the In(1) site for single crystals with x = 12%, 18%
and 75%. Both T ∗ and the magnitude of the heavy elec-
tron susceptibility are suppressed with dilution, however
the temperature dependence of T−11 is unaffected by di-
lution, suggesting that the spin fluctuations persist in
disconnected clusters of Ce sites.

FIG. 3. 115In(1) NMR spectrum in Ce1−xLaxCoIn5 for x =
11.9% at 5K in a field of 9 T. The In(1) sites are highlighted
by orange vertical bars, the In(2) by green vertical bars, the
Co by blue vertical bars, and La by vertical red bars.

FIG. 4. 115In(1) NMR spectra of the s = −1 transition in
Ce1−xLaxCoIn5 for x = 18.4% (left) and x = 11.9% (right).
Note the non-monotonic behavior below T ∗ ∼ 60K, where the
spectra shift to lower frequency.

II. SAMPLE CHARACTERIZATION

Crystals of Ce1−xLaxCoIn5 with different nominal La
concentrations were synthesized via flux methods as de-
scribed in Ref. 16. The magnetic susceptibilities were
measured using a SQUID magnetometer, as shown in
Fig. 2. Because the La is non-magnetic, the magneti-
zation is dominated by the Ce and the high temperature
susceptibility scales as χx(T ) ≈ (1 − x)χ0(T )16. The
concentration x was determined by plotting χx versus
χ0 and performing a linear fit to the high temperature
regime (T & 100 K). Based on this analysis we find x =
11.9±0.2%, 18.4±0.1%, and 74.9±0.3%. An independent
wavelength dispersive spectroscopy (WDS) microprobe
analysis on the third sample indicated x = 75.7± 1.2%.

III. NMR SPECTRA

Each crystal was oriented with the c−axis parallel to a
magnetic field H0 = 9.0 T (independently calibrated via
23Na NMR in solution) and NMR spectra were acquired
as a function of frequency and temperature by integrat-
ing the spin echo signals (see Fig. 3). In this orientation,
there are four crystallographically distinct NMR active
sites: 139La (I = 7/2), 59Co (I = 7/2), and two 115In
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(I = 9/2) sites23. Here, we focus only on the La and the
In(1) sites. T−11 was determined by fitting the magneti-
zation inversion recovery. Representative spectra of the
In(1) site are shown in Fig. 4.

The In(1) nuclear spin Hamiltonian is given by: H =

γ~ÎzH0 + hνcc
6 [3Î2z − Î2]+Hhf , where γ = 0.93295 kHz/G

is the gyromagnetic ratio, Îα are the nuclear spin oper-
ators, νcc = 8.173 MHz is the component of the elec-
tric field gradient (EFG) tensor along the c-direction,
and Hhf is the hyperfine interaction between the In nu-
clear spins and the electron spins, which gives rise to
the Knight shift, K25. For the In(1) (I = 9/2) in this
configuration, the resonance frequencies are given by:
f = γH0(1 +K) + sνcc, where s = −4,−3, · · · ,+4 corre-
sponding to a central transition (s = 0) and eight satel-
lites, and K is the Knight shift. The spectra shown in
Fig. 4 correspond to the s = −1 satellite.

Multiple peaks are evident in the spectra, which corre-
spond to sites with different local Knight shift and EFG
parameters. Doping creates variations in the local envi-
ronment of the In nuclei, which have different numbers of
nearest neighbor Ce sites. As shown in Fig. 1, the In(1)
site has n = 0, 1, 2, 3 or 4 Ce neighbors, and therefore
there are potentially six distinct sites in a sample with
a finite La concentration, although the two n = 2 sites
may be indistinguishable. The relative populations, Pn
of an In(1) site with n nearest Ce neighbors randomly dis-
tributed are given by the binomial distribution: P0 = x4,
P1 = 4x3(1 − x), P2 = 6x2(1 − x)2, P3 = 4x(1 − x)3,
and P4 = (1− x)4. The spectra of different satellites, s,
reveal the same series of peaks, with identical frequency
spacing between the peaks. We thus conclude that the
peaks correspond to different Knight shifts, and the lo-
cal EFG variations are minor compared with the local
hyperfine field variations26. Each spectrum was fit to a
sum of multiple Gaussians to extract the Knight shifts,
shown as a function of temperature for various dopings
in Fig. 5(a).

IV. KNIGHT SHIFT ANALYSIS

With the exception of the lower peak in the spectra
of the x = 75% sample, the shifts of the different sets of
peaks shown in Fig. 5(a) appear to scale with one another
with a common temperature dependence. We postulate
that the different peaks observed in Fig. 4 arise from
different numbers, n, of nearest-neighbor Ce atoms, with
different Knight shifts, Kn, as demonstrated in Fig. 1.
The temperature-independent behavior of the lower peak
for the x = 75% sample (Fig. 5) corresponds to a site
with n = 0, i.e., zero nearest-neighbor Ce sites. Fig. 6
displays Kn versus K4, which reveals linear behavior for
all data sets with slopes equal to n/4 for temperatures
T & 25 K. This behavior indicates that Kn ∼ n, and
that the dominant contribution to the shift arises from
the transferred coupling to the Ce spins, Sf . As seen in
Fig. 5, the Knight shift decreases with the temperature

below about 40K for all sites in all samples as the local
moments get screened and the heavy quasi-particles form.
This is Knight shift anomaly originally reported in27.

Because there are two types of electron spins, Sc and
Sf , there are three distinct components of magnetic sus-
ceptibilities, χcc, χcf and χff . The hyperfine interaction

is given by: Hhf = Î · [ASc +B
∑
i∈n.n. Sf (ri)], where A

and B are the hyperfine couplings to the itinerant con-
duction electron spin and the local f -moment, respec-
tively, and the sum is over the four nearest neighbor Ce
moments to the central In(1) site21. The Knight shift is
given by:

Kn = Aχcc + n(A+B)χcf + nBχff +K0,n (1)

where K0,n is the temperature independent terms arising
from diamagnetic and orbital contributions21,22,27, and
the bulk susceptibility is given by:

χ = χcc + 2(1− x)χcf + (1− x)χff , (2)

where 1 − x is the fraction of Ce spins in the diluted
sample. The different peaks observed in Fig. 4 can thus
be identified by the different n, enabling us to spectro-
graphically distinguish the various types of impurity sites
possible in a randomly doped system (see Fig. 1).

For sufficiently high temperatures, where the correla-
tions between the local moments and the conduction elec-
tron spins are negligible, we expect χff � χcc, χcf

27,28.
In this case Kn = K0,n + nBχ/(1− x). Fig. 5(b) shows
Kn versus χ/(1 − x), which reveals linear behavior for
T & 60K (χ . 0.008 emu/mol Ce). The solid lines show
the best linear fits to this data, with the constraint that
B is the same for all data sets Kn for a particular crys-
tal. The fitted values of K0,n and B are summarized in
Table I. The origin of the constant term K0,n is not well
understood, but it is curious that these values are ap-
proximately linearly dependent on n. B displays a vari-
ability of approximately 9% between samples, and is con-
sistent with previously reported values in pure CeCoIn5.
In the antiferromagnetic isostructural analog compound
CeRhIn5, B is strongly pressure dependent, decreasing
by a factor of 3.4 between ambient pressure and 2.0
GPa29. These results were interpreted as arising from
changes in the hybridization as CeRhIn5 is tuned through
a quantum critical point. By 2.0 GPa, antiferromagnetic
order has been suppressed in CeRhIn5 and superconduc-
tivity emerges, so that this material behaves similarly to
CeCoIn5 electronically30. Our observations in La-doped
CeCoIn5 suggest locally-induced strains around the La
dopants do not significantly alter the hybridization be-
tween the Ce 4f and In 5p orbitals.

A. Fits to Two-Fluid Model

With the knowledge of K0,n and B determined from
the high temperature fits we can now decompose the con-
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FIG. 5. (a) The Knight shift of the In(1) sites, Kn for all measured sites, n and La concentrations, x, as a function of
temperature. The orange triangles (H) are the Knight shift of the 139La site for the x = 75% sample. (b) Knight shift versus
bulk susceptibility, χ/(1 − x), normalized by the number of Ce atoms per unit cell. Solid lines are fits to the high temperature
points as described in the text. Symbols are identical to those in panel (a). Data for x = 0 is reproduced from Ref.23.

tributions of the different susceptibilities, χαβ . We de-
fine:

∆Kn = Kn −
nB

1− x
χ−K0,n (3)

= n(A−B)χcf +

(
A− nB

1− x

)
χcc. (4)

This quantity depends only on χcf and χcc, and is shown
in Fig. 8. The ∆Kn grow in magnitude at lower temper-
ature, reflecting the growth of correlations between the
Sc and Sf spins at each of the n sites.

The two-fluid model of the Kondo lattice offers a
phenomenological framework to describe the behavior
of the susceptibility and Knight shift in terms of a
set of local f -moments and a sea of hybridized heavy
electrons17,19,20,31. This model postulates that ∆K(T )
is proportional to the susceptibility of the heavy electron
fluid, χHF , and it’s temperature dependence probes both
growth of hybridization and its relative spectral weight.
We thus fit ∆Kn to the Yang-Pines expression:

∆Kn(T ) = ∆K0
n

(
1− T

T ∗n

)3/2(
1 + log

T ∗n
T

)
(5)

to determine the doping (x) and site (n) dependence of
T ∗n , as displayed in Fig. 7. In fact, T ∗ is suppressed

with dilution, x, in approximately the same fashion as
observed previously via bulk measurements16, reflecting
a suppression of coherence as intersite couplings are sys-
tematically reduced in the dilute lattice. These values
are consistent with previous measurements of T ∗ in pure
CeCoIn5

27, yet are consistently about 50% higher than
reported previously as measured by specific heat and bulk
susceptibility. This discrepancy is likely due to differ-
ences in measurement techniques. For a given dilution,
T ∗n appears to decrease for the most dilute sites (n = 1)
reflecting local electronic inhomogeneity, as seen in the
inset of Fig. 732,33. The correlation functions χαβ are
expected to become position dependent because transla-
tion symmetry is broken in the diluted lattice. Therefore
it is not surprising that different behavior is observed at
the different n sites.

Further evidence for electronic inhomogeneity is ob-
served in the dramatic difference between the n = 0 and
n = 1 sites for the x = 75% sample32. ∆K0(T ) ≈ 0
the n = 0 site for the x = 75% sample, whereas for the
n = 1 site the behavior is nearly identical to the bulk.
Apparently the heavy electron fluid is not uniformly di-
luted, but rather becomes spatially varying such that it
remains nearly identical to that of the bulk CeCoIn5 in
regions close to the f -sites, but vanishes in the interven-
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FIG. 6. Knight shifts Kn versus K4, for both x = 11.9%
(upper) and for x = 18.4% (lower). The solid lines are fits as
described in the text.

ing regions surrounded by the La. If the length scale of
the Kondo screening extended well past the Ce clusters,
as theoretical studies would suggest34, then the Knight
shift of the n = 0 sites would develop some tempera-
ture dependence below T ∗ in contrast to our observa-
tions. Furthermore, the length scale of this inhomogene-
ity must be relatively short in order to survive such high
levels of dilution. A possible route to understanding the
origin of this inhomogeneity may lie in the extent of the
Kondo screening clouds surrounding each f -site. Theo-
retical studies indicate that the coherence temperature
can increase because the screening clouds of individual
sites overlap forming inter-impurity spin singlets7,8. In
some cases T ∗ can be enhanced by up to an order of
magnitude and scale as the RKKY coupling17. It re-

FIG. 7. (a) The fitted values of T ∗
n versus La concentration,

x, using Eq. 5. The solid squares (�) are reproduced from16.
(b) and (c) display T ∗

n and χ0
cf , respectively, versus site index,

n, for the x =18.5% sample.

mains unclear how many coupled sites are necessary to
enhance T ∗ and what role the dimensionality or network
topology of couplings play, however. For a simple cu-
bic lattice the site percolation limit in 3D is xc = 0.31;
for a 2D square lattice the limit is xc = 0.59314. The
Ce lattice in our Ce0.243La0.757CoIn5 sample lies well be-
low the percolation limit; therefore the occupied Ce sites
form disconnected filamentary clusters of varying sizes,
with an average cluster size of 16.4 sites in 3D (1.9 sites
per cluster in 2D).

B. Extracting Individual Components

A more complete interpretation of the NMR data has
been hampered by the fact that the hyperfine coupling,
A, to the Sc spins is almost impossible to extract from
just Knight shift and susceptibility data. However, the
∆Kn(T ) data presented in Fig. 8 reveal in interest-
ing trend. It is apparent that the different ∆Kn ap-
proximately scale with one another, which suggests that
χcc(T ) and χcf (T ) in Eq. 4 have a similar temperature
dependence. In this case the ratio ∆Kn(T )/∆Km(T ) is
temperature-independent and given by:

∆Kn

∆Km
=

n(A−B) +AR− nBR/(1− x)

m(A−B) +AR−mBR/(1− x)
, (6)

where R = χcc(T )/χcf (T ) is assumed to be tempera-
ture independent28. Fig. 9 shows several plots of ∆Kn

versus ∆Km for x = 18%, which clearly reveal a lin-
ear relationship. This behavior would not be possible if
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FIG. 8. ∆Kn versus temperature for all La dilutions, x, where
∆Kn is defined in Eq. 4. The symbols are identical to those
defined in Fig. 5.

χcc(T ) and χcf (T ) had vastly different temperature de-
pendences. We perform a global χ2 minimization over all
such data sets for a given x to extract values for A and R,
shown in the inset and reported in Table I. Although the
error bars for A are larger than those for B, the values
are consistent within errors between the two La concen-
trations. However, these values for A are approximately
25 times smaller than those reported in a previous study
in the parent compound, with the opposite sign16,19,27.
It is likely that the difference arises due to different ap-
proaches: in the previous work, A was estimated from an
analysis of the bulk susceptibility to extract the heavy
electron component, whereas in the current approach we
utilize a combination of different Knight shifts and bulk
susceptibilities. The fact that A is negative probably in-
dicates a core polarization mechanism, in which the core
orbitals of the In(1) become spin polarized due to cou-
pling to hybridized 5p orbitals35,36.

The specific relationship between the different ∆Kn in
Eq. 4 provides a unique opportunity to extract the χcc,
χcf and χff components independently. Using the val-
ues for both hyperfine coupling constants A and B and
for the ratio R, we can decompose the total susceptibility
into individual components as shown in Fig. 10. This is
the first time these quantities have been measured exper-
imentally - previous studies of the Knight shift anomaly
focused solely on ∆K(T ), but did not determine the on-
site coupling, A, nor extract the separate contributions
of the three components. Note that the large error bars
for R may lead to an overestimation of the magnitude of
χcf and χcc, however the general behavior of the differ-
ent susceptibilities agrees qualitatively with theoretical
expectations22,28. Namely, χcf < 0, reflecting the an-

FIG. 9. ∆Kn versus ∆Km for all possible combinations of n
and m for x = 18%. The solid lines are best global fits to the
data using Eq. 6. The inset shows χ2(A,R), and the red dot
indicates the location of the minimum.

tiferromagnetic nature of the Kondo coupling, whereas
χcc,ff > 0. For the x = 75.4% sample, only two sites are
distinguished: n = 1 and n = 0. Since the n = 0 site
has no temperature dependence, we do not have inde-
pendent information for either A or R. Similarly, for the
x = 0 data, only the n = 4 site is present. In these cases
we have used the average values of A and R from the
x = 12.4 and 18.5% samples to extract the susceptibility
components shown in Fig. 10 for x = 0 and x = 75%.
Note that although the sum of the different components
is identical to χ, the magnitude of these components ex-
ceeds χ in some cases. This behavior is likely due to our
assumption that R is temperature-independent and the
large error bars for our estimates of the coupling A.

Given these values for A and B, we are able to ex-
tract the magnitude of χ0

cf , which is shown in Fig. 7(c).

Curiously, the magnitude of χ0
cf increases at more dilute

sites, whereas T ∗ decreases. The reason for this behavior
is unclear, but a naive interpretation is that locally the
system is tuned away from quantum criticality, so that
the correlation functions are slightly altered28,33,37. Sim-
ilar electronic perturbations have been observed directly
via 67Zn NQR in doped YBa2Cu3O7−δ

38. On the other
hand, T−11 results suggest otherwise, as discussed below.

V. SPIN LATTICE RELAXATION
MEASUREMENTS

Fig. 11 presents T−11 measured for both the n = 1 and
n = 0 sites in the x = 75% crystal. T−11 is significantly
larger for the n = 1 site, as might be expected given that
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TABLE I. The fitted values for the hyperfine couplings A and B, and temperature-independent components K0,n (defined in
Eq. 1) as well as the ratio R (defined in Eq. 6) for each of the La dilutions studied.

x A (kOe/µB) B (kOe/µB) K0,n=1 (%) K0,n=2 (%) K0,n=3 (%) K0,n=4 (%) R
0 1.527 1.029
0.119 1.79 ± 0.20 1.585 ± 0.002 0.535 ± 0.001 0.772 ± 0.001 1.008 ± 0.001 0.02± 0.05
0.184 2.25 ± 0.20 1.495 ± 0.002 0.313 ± 0.001 0.573 ± 0.001 0.833 ± 0.001 1.093 ± 0.001 0.15± 0.05
0.749 1.79 ± 0.42 0.58 ± 0.06

FIG. 10. Susceptibility components χcc (green, �), χcf (yellow, H) and χff (red, N) for x =0, 11.9% 18.4% and 74.9%. The
solid black lines show the bulk susceptibility, χ, and the yellow lines show fits as described in the text. For x = 0 and 74.9%,
values for A and R were taken as averages of those determined for the other two concentrations.

K1(T ) > K0(T ) for this material. T−11 for the n = 1 site
exhibits a temperature dependence that is similar to that
of pure CeCoIn5, albeit with a reduced magnitude that
likely reflects the reduced hyperfine coupling. T−11 for
the n = 0 site is approximately one order of magnitude
smaller than for the n = 1 site, and is similar to that
observed for the pure LaCoIn5.

Several studies of pure CeCoIn5 indicate this mate-
rial’s proximity to a quantum critical point13,24,40. In
the NMR response, these fluctuations are manifest in the
temperature dependence of T−11 ∼ Tα, where α = 1/439.
As shown in Fig. 11, we find that α = 0.27 ± 0.02
and 0.31 ± 0.06 for the pure CeCoIn5 and the clusters
in Ce0.243La0.757CoIn5, respectively. The fact that these
critical spin fluctuations remain present in short filamen-
tary clusters down to the scale of a few lattice sites sug-
gests that either the coherence length of these fluctu-
ations is less than the cluster size or that the critical

spin fluctuations are local in nature41. Similar conclu-
sions have been drawn from neutron scattering experi-
ments in CeCu1−xAux in which the critical fluctuations
are independent of wavevector42. For the n = 0 site,
we find α = 0.61 ± 0.12, whereas pure LaCoIn5 exhibits
α = 1.03 ± 0.01, consistent with Korringa behavior for
a Fermi liquid. The fluctuations at the n = 0 site for
x = 75% are not Korringa, suggesting that heavy elec-
tron component of the proximal Ce clusters may still af-
fect the dynamics even though there is no evidence in the
Knight shift, K0.

VI. CONCLUSIONS

Our NMR studies of Ce1−xLaxCoIn5 have uncovered
a series of distinct In(1) sites associated with different
numbers of nearest-neighbor f -sites. By comparing the
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FIG. 11. T−1
1 versus temperature for the n = 1 site (blue, •)

and n = 0 site (orange, N) for x = 75%, compared with the
pure CeCoIn5 (◦) and pure LaCoIn5 (M). Data for the pure
compounds is reproduced from39.

Knight shifts of these sites with the bulk susceptibility
and with one another, we extract the temperature de-
pendence of the three correlation functions, χcc, χcf , and
χff independently. The susceptibility of the heavy elec-
tron fluid, which is a linear combination of χcc and χcf ,
is systematically reduced with La dilution, as is the co-
herence temperature, T ∗. However, the heavy electron

component also becomes spatially inhomogeneous and
vanishes in the local vicinity of the La, with a length
scale that is on the order of a lattice constant. These
results are consistent with recent determinant quantum
Monte Carlo (DQMC) calculations of the periodic An-
derson model, albeit at half filling, which found that the
doping-induced changes in the electronic state are limited
to the nearest-neighbor sites and decay rapidly at the
next-nearest-neighbor site43. The spin-lattice-relaxation
rate is inhomogeneous, reflecting quantum critical fluctu-
ations for sites coupled to nearest neighbor f -sites, but
little or no such fluctuations for sites with no f neigh-
bors. Both the suppression of T ∗ with doping and the
suppression of T−11 near the dopant sites are also con-
sistent with recent DQCM study of diluted periodic An-
derson lattices44. The suppression of T ∗ with dilution
indicates that intersite couplings among the f -spins are
important for the emergence of heavy electron coherence
in clusters, but the local spin correlations are suppressed
at the boundaries of these clusters. Future studies of
dilution in related materials such as CeRhIn5 may shed
light on how this inhomogeneity evolves away from the
quantum critical point.
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