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Inelastic neutron scattering measurements have been performed on single crystals of the heavy-fermion
compound Cggpd-ag 78RSk, in broad energy{0.1,9.5 me\f and temperatur¢40 mK,294 K] ranges in
order to address the question of scaling behavior of the dynamical spin susceptibility at the quantum critical
point of an itinerant magnetic system. For two wave vect@rsorresponding to uncorrelated and antiferro-
magnetically correlated spin fluctuations, it is found that the dynamical spin susceptigili®,E,T) is
independent of temperature below a cutoff temperaligethe spin fluctuation amplitude saturates at low
temperatures contrarily to its expected divergence at a quantum critical point. Alpve Q-dependent
scaling behavior of the fornTX”(Q,E,T):CQf[E/(aQTﬁQ)] with o<1 is obtained. This scaling does not
enter the general framework of quantum phase transition theories, since it is obtained in a high-temperature
range, where Kondo spin fluctuations depend strongly on temperature.
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[. INTRODUCTION and to search for scaling laws specific to the QC regime.

In manv heavv-fermion svstem&lES) a quantum phase SeveraI_INS s;udies repo&t/T scaling of the dynamical spin
transition (yQP'I) geparates ayno:r(nag?eticqfrom a rﬁagneticSUS(?em'b'“ty in HFS or highfc superconductors=° In
ground state aT=0 K. Such a transition is governed by the partul:.ular, some insight was given by the detalled_ study of
competition between Kondo screening of localized moment$chrodet al. at the QCP of CeGyl,Au,.* They obtained a
and Ruderman-Kittel-Kasuya-Yosid®KKY )-like intersite ~ collapse of the dynamical spin susceptibility on a single
interactions. It can be tuned by applying an external pressuréurve when plotted a8°">x"(w,T)=g(w/T). A general form
a magnetic field, or by chemical substitution. In the vicinity of this law was found to work with the sanTeexponents for
of a QPT, the critical fluctuations have a quantum featureeach vector of the reciprocal lattice and down to the smallest
characterized by an effective dimensidh=d+z, d being accessible temperatures. Th@ dependence became the
the spatial dimension ardthe dynamical exponeft? The  starting point of a local description of quantum
extra dimensior is related to the imaginary time direction criticality.*®” Such a description is opposed to itinerant sce-
(z=2 for antiferromagnetic fluctuationsWhen T is in-  narios where the QPT is only driven by fluctuations at some
creased, a crossover regirf@so called quantum classical critical wave vectors:?18.19
(QO)] sets up when the fluctuations lose their quantum fea- We have chosen here to search for a scaling behavior at
tures and become controlled By The dimension is then the QCP of Ce,LaRu,Si,, a HFS that has been extensively
reduced fromd* to d. In a simple picture this can be seen asstudied for about 20 yea?$:?4This three-dimensionaBD)
a finite-size scaling,where the “finite size’r~ 1/T of the  Ising system has a QCP &{=7.5% that separates a para-
system in the time dimension is decreased wheris  magnetic ground state for<x; from an antiferromagnetic
increased. the time dimension is then progressively sup-ground state with the incommensurate propagation vector
pressed. Ifr is the relaxation time of quantum fluctuations, k1=(0.31,0,0 for x>Xx.. Although the occurrence of small
the quantum regime is the low regime for which7> 7, magnetic moments has been reported Xe¥x, [0.02ug at
where the dynamical properties behave as functionsof k;=(0.31,0,0 below 2 K for x=x, (Ref. 7) and 0.00%Lyg
and do not depend of. The crossover regime is then ex- also below 2 K forx=0 (Ref. 25], a long range magnetic
pected forrr< 7, its dynamical properties behaving as func- order with diverging correlation length is only obtained for
tions of w/T. X>X.. Large single crystals are available, which makes it

Inelastic neutron scatteringNS) is a unique tool for possible to investigate precisely the reciprocal space via INS.
studying dynamic magnetic properties. Enhancements dh this system, the observed excitation spectra consist in
spin fluctuations(SP have already been reported by INS short range magnetic correlations enhanced at the wave vec-
around the QPT of HF&ee, for example, Refs. 7%-TheT  torsk,, k,=(0.31,0.31,0 andk3=(0,0,0.35, while uncor-
dependence of those low-energy excitations is believed to beslated SF are obtained away from these wave vectors and
related to the low-temperature non-Fermi-liquid behavior ob-cover most of the Brillouin zonésee Ref. 26 for a detailed
served by bulk measurements near the quantum critical poirsurvey of the SF repartition in the reciprocal space of this
(QCP of such system¥ That is why it is necessary for system. Previous neutron measurements have shown the
understanding QPT to study precisely how SF evolve With continuous behavior of the SF through the G&® and
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several tests led to a rather good accordance between 100
Moriya’s itinerant theory and experimental d&ts:?126

Ce _LaRu,Si, constitutes consequently an opportunity to
study quantum criticality in a case for which the itineracy of
the 4f electrons is established. For this purpose, we present
here new measurements at the critical concentratjcimat
were made not only to benefit from much better statistics but
also to measure a broader range of temperat(lvesveen

40 mK and 294 K and energiegbetween 0.1 and 9.5 mgV
Such extended data are required for a precise determination .
of the temperature dependence of the SF. In this paper we T\ B STy s Y
report an anomalous scaling behavior of the dynamical spin E (meV) E (meV) E (meV)
susceptibility at the QCP of GgLa,Ru,Si,: instead ofw/T,

w/TEQ scalings with o<1 are obtained. Contrary to the FIG. 1. INS spectra obtained dt=5, 24, and 80 K for the
other cases reported in the literature, the laws found hermomentum transfer§; and Q,. A constant background deduced
depend on the wave vector, and each wave vector is charaftem the scattering at low temperature and negative energy transfers
terized by a different low-temperature cutoff below which ahas been subtracted. The scattering=a0 corresponds to the in-
nearly T-independent quantum regime is obtained. coherent elastic signal. The lines are fits to the data.
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The single crystals of G&,d-a,07RWUSi, studied here =(0.44,1,0), which is sufficiently far fromk,, k,, andks, so
have been grown by the Czochralsky method. They crystalthat no spatial correlations are observed. In Fig. 1 the exci-
lize in the body centered tetragoned/mmmspace group tations spectra obtained at those two vectors are plotted for
with the lattice parametes=b=4.197 A andc=9.797 A. A three representative temperatures: their shape is characteris-
single crystal of 250 mfhwas used for the INS measure- tic of a relaxation process. AT=5 K, antiferromagnetic
ments and a smaller one of 3 rfrfor the dc susceptibility  fluctuations are enhanced in comparison with the ones ob-
measurements. INS measurements were carried out on tlfﬁned atQO_ When the temperature is raised the difference
cold and thermal triple-axis spectrometers IN12 and IN22 apetween the two signals is attenuated and above the correla-
the ILL (Grenoble, Frange The (001) plane was investi- tion temperaturel,,,=80 K they are almost identical; the
gated. 60’-open-open and open-open-open setup were usgglstem has lost its antiferromagnetic correlations. We can
on IN12 and IN22, respectively. A beryllium filter on IN12 a|so notice that the two signals are identical or 4 meV at
and a pyrolytic graphit¢PG) filter on IN22 were added to a|| temperatures. The observed intensity is proportional to
eliminate higher-order contaminations. In both cases PG wage scattering functionS(Q,E,T) (where E=Aw), from

used for the vertically focusing monochromator and for thewhich the imaginary part of the dynamical susceptibility
horizontally focusing analyzer. The final neutron energy was,"(Q  E, T) is deduced using

fixed to 4.65 meV on IN12 and to 14.7 meV on IN22 with

the resulting energy resolutions of about 0.17 meV on IN12 1 1

and 1 meV on IN2Zfull width at half maximum(FWHM) SQEN =" aigrt (QET. (&)

of the incoherent signhl For temperatures between 2.5 and

80 K the high-energy points obtained on IN22 were com- For the two wave vectors the dynamical susceptibility is
bined with the ones obtained on IN12, with an appropriatewell fitted by a single quasielastic Lorentzian shape of the
scale factor chosen for the collapse of the data in their comform?’

mon range 1.9—-2.5 meV. A complementary neutron experi-

ment was carried out on the inverted-geometry time-of-flight Y(Q,ET) = AQT) EMTQ,T ()
spectrometer IRIS at ISI@idcot, U.K) using a fixed final o I'Q,M1+[EMTQ,N]?

neutron energy of 1.84 meVYPG analyzey, resulting in ] o

18 ueV resolution FWHM. The susceptibility measurementsthat corresponds to the simplest approximation that can be
were performed both in a commercial SQUID dc magnetomade to treat the spin fI_uctuatlons..The general form Qf the
meter for temperatures between 5 and 300 K and in a di|udynam|cql susceptibility is thg Fourier transform of a single
tion refrigerator SQUID dc magnetometer for temperature€Xponential decay of relaxation ral&Q,T). It can be ex-
between 250 mK and 5 K, with the magnetic field along thePressed by

001] easy axis in both cases. .
1001 easy XQET) =X (QET) +iy(QET

Ill. TEMPERATURE DEPENDENCE OF SPIN - & (3)
FLUCTUATIONS QT -iE

The data presented here consist in energy scans obtainéd such a case, the static susceptibility is given by the
by INS at two wave vectors: the antiferromagnetic momen-Kramers-Kronig relation:
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ance conditiorS(Q,-E,T)=exp-E/kgT)S(Q,E,T). Such a
behavior was also reported for the polycrystalline com-
pounds UCyPd and CeRhgPd,Sb, where the scattering is
temperature independent for positive energy transfers.
For T=2.5 and 5 K the uncorrelated sign&Qq,E,T)
moves to higher energies. Although better fits are obtained

FIG. 2. Scattering functios(Q,E,T) (a) at Q; (b) at Qo and
dynamical susceptibilityy”(Q,E,T) (c) at Q; (d) at Qg for
2.5<T<80 K. The lines are fits to the data.

X' (QT=x"(QE=0T) using an inelastic symmetrized Lorentzian instead of the
1(* Y(QET) quasielastic Lorentzian shap®), it is difficult to conclude
= ;f TdE about their inelasticity, since the widths of these peaks are

too important. For botl®Q, andQ, a strongT dependence of
AQ,T) the dynamical_susceptibi!ity(”(Q,E,.T) Qieduced from(1)
= romn (4)  [and its fits using Eq(2)] is shown in Figs. &) and 2d).
k Contrary toS(Q,E,T), ¥"(Q,E,T) has a decreasing intensity
However, in a previous thermal INS experiment onfor both wave vectors and is strongly broadened wida
CeRuySi,, Adroja and Rainford observed a broad crystal fieldraised. Finally, for each spectrum, the relaxation (4@, T)
(CH excitation at about 30 meV that dominates the excita-and the static susceptibility’(Q, T) are extracted using Egs.
tion spectra folE>10 meV, its half width at half maximum (2) and(5). In the next two subsections, the results of the fits
(HWHM) being about 15 me¥8 Bulk susceptibility mea-  of low-energy SF are separately analyzed for the momentum
surements also indicate that the CF scheme do not changeinsfersQ, andQ,,.
very much with concentration in Ce,_LaRu,Si,.?° It is
thus reasonable to consider that ingGglay o7 RWSk,, as ) o )
well as in CeRySi,, the CF excitations dominate the low- A. Antiferromagnetic spin fluctuations
energy SF forE>10 meV. Instead of Eq4) it is finally The analysis of the antiferromagnetic SF at the momen-
better to approximate the static susceptibility of the low-tum transferQ, is only made belowl.,,, =80 K. The varia-
energy SF by introducing an energy cutoff of 10 meV suchtions with T of the relaxation ratd’(Q,,T) and the static

as susceptibilityxy’(Q4,T) for antiferromagnetic SF are plotted
in Fig. 3. As seen, there are clearly two different regimes: a
, 2 (°Y'(Q,ET) nearly T-independent low-temperature and a strongly
X' (QT)= ;fo E dE. (5 T-dependent high-temperature regimes.

Below a characteristic temperature off;=3 K,

S(Q,E,T) and its fits using Eq(2) are plotted for the two  x"(Q4,E,T) does not depend oh. Moreover, the relaxation
wave vectors and 25T<80 K in Figs. 2a) and 2Zb). rate is found to have the valug(Q,,T)=kgT; in this re-
S(Q1,E,T), which corresponds to antiferromagnetic SF, isgime: this is thus the low-temperature regime for which
shown in Fig. 2a): it is found to decrease in intensity and to 7<<7y, with 7=1/I'(Q,,T=0)~1/T; and =~ 1/T, as pre-
broaden wherT is increased. For uncorrelated SF, the scatsented using a simple picture of scaling in the Introduction.
tering intensityS(Qq, E, T), which is plotted in Fig. &), is  The saturation of antiferromagnetic SF corresponds thus to
characterized by the collapse of the data on a single curve fdheir quantum regime. Because of the limited resolution on
positive energy transfers anid>5 K. The negative energy IN12 and IN22, a complementary experiment was made on
points are stronglyl dependent because of the detailed bal-the time-of-flight backscattering spectrometer IRIS. Mea-
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FIG. 5. Temperature dependencd @€, T) andx’(Qo,T). The
FIG. 4. Scaling behavior of the low-energy antiferromagnetich” and dashed lines correspond to the high-temperature fits of the
SF obtained for ¥ T<80 K atQ,. The dynamical susceptibility relaxation ratel'(Qo,T)=3.1T%® and of the static susceptibility
follows the scaling lawTy"(Qq,E,T)=C,f[E/(a;, T®8] with f(x)  X'(Qo,T)=2740/T, respectively.

=x/(1+x3).
X' (Qo,T) = CoT? andT'(Qo, T) = agT#o (7)
surements were carried out at 100 mK and 2 K with a reso- ith
lution of 18 ueV. x'(Q,E,T) was found to be independent wi
of T for Q =Q,, which confirms the saturation of antiferro- ap=1%0.1, Cy=2740+ 200 arb .unit,
magnetic SF at temperatures beldyw
At higher temperaturesh; <T< T, the antiferromag- B,=0.6+0.2, anda,=3.1+0.5 SI unit.
netic SF become controlled Bysuch thaflT power laws can
be extracted for’(Q,,T) andI'(Q,,T): However, higher-energy scales and smaller intensities
make the study of uncorrelated SF more difficult than for the
X' (Q1,T)=Cy/T andT'(Q,, T) =a, TA (6) antiferromagnetic case. Indeed, the corresponding quantum
regime differs from the antiferromagnetic one in its energy
with scalekgT, that is 5 times larger than the antiferromagnetic
energy scale&kgT;. Then, theT-dependent regime must be
a;=1+£0.05, C;=3550+£100 arb.unit, analyzed at temperatures sufficiently higher thgpn For

those temperatures, the ground-state SF and the CF excita-
tions are no longer completely separate entities in the mag-
netic excitation spectrum. This affects the determination of
ag and By and makes their uncertainties larger than in the
gntiferromagnetic case. Part of the uncertainty is removed by
ntroducing a cutoff when determining the susceptibility with

g. (5). This procedure is justified posterioriby the recov-
ery of a Curie-like behavior of’'(Qg, T) at high temperature

B,=0.8+0.05, anda,=1.1+0.05 S| unit.

To be more precise, the characteristic temperaifiyréhas
been defined by the intercept of the two asymptotic regime
obtained at low and high temperatures, the same interce
being given fory’(Q4,T) andI'(Q4,T). Finally, the neutron

" — 0.
data can be plotted dBx"(Qy,E. T)=C,f(E/(a;7°9) such in good agreement with the bulk susceptibilitgee Sec.

that all th? points measured f8% <T<Tco at thg antifer- IV A). Since the susceptibility’ (Qg, T) estimated from Eq.
romagnetic wave vector collapse on the single curve

CLH () =Cyx/(1+x) with x=E/(a,;T%® (see Fig. 4 In the (5) is notably different from the one estimated with

discussion, we will focus on the anomalous form of this scaI—A(QO’T)/F(QO’T)’ a scaling plot for the uncorrelated fluc-

ing law obtained for the antiferromagnetic low-energy SF. tuations atQo, as done in Fig. 4 foRQ,, is not mear_nngful
using the raw neutron data. However, the analysis of each

individual spectrum that leads to Eq7) implies that

B. Uncorrelated spin fluctuations TY'(Qo,E, T)=Cof(E/ (agTA0)).
The temperature dependence of the relaxation rate
I'(Qq,T) and the static susceptibility’(Qq,T) of uncorre- IV. DISCUSSION
lated SF are plotted in Fig. 5. As for the antiferromagnetic ) ) o
SF, we can define a characteristic temperafiye 17 K at A. Comparison with bulk susceptibility

the intercept of the asymptotic low and high-temperature re- The bulk susceptibility,,, measured along theaxis, is
gimes. BelowT,, x"(Qq,E,T) does not depend o, and  compared in Fig. 6 with the microscopic static susceptibili-
I'(Qq, T) =KgT,. For T larger thanT,, T power laws can be tiesy’(Q,,T) andx’(Qo,T). ForT>100 K, xp,,(T) follows
extracted; the fits made og'(Qq,T) for T=80 K and on a Curie-Weiss law with a Curie temperatufe=20 K, i.e.,
I'(Qo,T) for T=20 K give xou(T)=C/(T-6). For T>100 K, the static susceptibilities
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x'(Q,T) deduced from INS have also been fitted by Curie-
like laws that are undistinguishable from Curie-Weiss laws
within the uncertainty iny’(Q,T). From the CF scheme of
CeLa,Ru,Si,, %%t is known that the Van Vleck term is
negligible in the bulkc-axis susceptibility® Since the high-
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magnetic properties are in good agreement with a Fermi-
liquid description of a correlated system governed by an an-
tiferromagnetic instability, for which'(Q,T)x'(Q,T) is ex-
pected to be constaft:3637 This Fermi-liquid picture is
broken when, at high temperaturdg,Q,T)x’(Q,T) drops
because of the differenfT behaviors of I'(Q,T) and

1/x'(Q,T).

B. Theoretical scenarios

Contrary to the simple picture of scaling presented in the
Introductiorf and also to the different cases of scaling re-
ported in the literaturé!~1>we obtainw/T#Q instead ofw/T
scalings of the dynamical spin susceptibility of low-energy
SF. We have showed that the low-energy SF of
Ceygod-ag o7 RWSIi, obey scaling laws that depend on the
wave vectorQ, each one being characterized by a different
low-temperature cutoffTy, below which aT-independent
Fermi-liquid-like quantum regime is obtained. While a local
description of quantum criticality was proposed to explain
the behavior of CeGy,Au,,*167the itinerant character of
our system is a key element to understand its
behavior/?1:2324and a scenario for which the QPT is driven

energy CF excitation is not taken into account in the inte+, jinerant magnetism should be preferred. However, our

grated susceptibilities from INS, both macroscopic and mi
croscopic susceptibilitiesy,(T) and x'(Q,T) correspond
only to low-energy SF. With bulk susceptibility being a mea-
sure at the wave vectoQ=0, we have ypu(T)=x'(Q
=0,T) when x'(Q,T) is obtained using Eq.5). For

system does not enter the framework of existing itinerant
theories for QP1:2181%wo main discrepancies are obtained
between theoretical and experimental features.

A first disagreement comes from the saturation below a
finite temperaturel; =3 K of x'(Q4,E,T): we do not ob-

T>Teor, there are no more magnetic correlations andserve any divergence of the dynamical spin susceptibility at

x'(Q,T) does not depend 0Q. It is thus adequate to adjust
x'(Q,T) to xpu(T) at high temperatures, as shown in Fig. 6.
As for ' (Q1,T) andx’'(Qq, T), we can define fox, (T)

a characteristic temperatufé =16 K at the intercept of the

the QPT of Ce_La,Ru,Si, and a low-temperature cutoff has
to be taken into account. The saturation of antiferromagnetic
SF at the QPT of this system was already reported for both
cases of tuning by concentration or pressiré.The origin

two asymptotic Iow—. and high—ter_nperature regimes. Forof this cutoff is not yet well understood. It could be linked to
T<Teom the fluctuations are spatially correlated, and thethe appearance of a tiny magnetic moment belgye2 K

hierarchy x’ (Qg,0) < xpu(0) < x'(Q1,0) is obtained in the
low-temperature quantum regime. This means that low
energy SF are slightly more important @=0 than atQy,
both being much smaller than the antiferromagnetic SF. Th
slight enhancement of the SF @=0 is most likely due to
weak ferromagnetic correlations and is linked to the meta
magnetic transition of the system Cg a,Ru,Si,: the appli-

=T,.” The saturation of the dynamical spin susceptibility is
th marked contrast with its expected divergence at a quantum
critical point.

e The second discrepancy comes from that, in the QC re-
gime, itinerant SF theorié$81° predict for 3D antiferro-
magnetic SF av/T? scaling law with3=3/2 instead of our
experimental3,;=0.8; more generally, a value ¢ smaller

cation of a magnetic field induces an increase of ferromagthan 1 cannot be obtained in the theories of GPTnh SF
netic SF that are maximal at the metamagnetic fieldheories?? a mean-field picture is used to build a

Hm_20,32—35
At low temperatures, we can also exprgg$Q,,T) and
x'(Qg,T) in CGS units, which gives

T1x'(Q,00=1.00+£0.1 K emu mot,
Tox'(Q0,0)=0.97 £0.1 K emu mot,

T* xpu0) =1.09£0.1 K emu mot.

If Tq is the characteristic temperature of the SF at the wav
vectorQ, we have thuSox’'(Q,0) independent o, within
the error bars. SincE(Q;,0) =kgT; andl'(Qg,0) =kgT,, we
can assumé'(Q=0,0 =kgT*, so that the product'(Q,0).
x'(Q,0) is independent of). Hence, the low-temperature

17440

Q-dependent dynamical susceptibiliyQ,E, T) from a bare
susceptibility yo(E, T):

1x(Q.E.T) = 1ixo(E,T) = J(Q,T), 9)

where J(Q,T) is the exchange interaction. In
Cey.g9od-a9 o7RWShy, the correlated signal corresponds only
to a small part of the Brillouin zon#.This fact together with
the saturation of the corresponding signal imply that the cor-
related response has a small spectral wejghabout 10%
&hen integrating the dynamical spin susceptibility over the
Brillouin zone. The bare susceptibility can thus be approxi-
mated by the susceptibility measured@g. The principle
mechanism of relaxation offdelectrons contributing to the
bare susceptibility is the Kondo effect. The Kondo tempera-
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ture, Tk, is then usually estimated by the low-temperature TABLE I. Comparison of characteristic physical quantities of
neutron linewidth. This will lead here f¢=Ty=17 K. This ~ CeCu and CeRySi, (Refs. 21, 23, 24, and 45-#8

estimation ofTy is in very good agreement with the values
deduced from thermodynamic and thermoelectric power CeCuy CeRySi,
measurement$3 and the approximation of considering the . ,
susceptibility alQ, for the bare susceptibility is thus reason- ya 1.5J K= mol 360 mJ K=mol

able. In SF theories, the bare susceptibility is supposed to bEya 02K 3K
weakly temperature dependent. This corresponds to a lowk,’ 0.1K 03K
temperature regime below the Kondo temperature where th& SK 23K
4f moments on cerium sites are screened by conduction eledy 2K 10K
trons and where the renormalized Fermi surface is fullyr 4 K 40 K
formed. On the contrary, we experimentally found a scalings c —4 kbar —3 kbar

in a temperature range where the bare susceptibility has - _
strong temperature dependence. This is certainly the maife(T)/T=yfor T<T,.

reason why unexpected exponents are found. Since antifeie(T)=p(0)+AT* for T<T,.

romagnetic SF saturate belofy=3 K, a search for thgg ~ ‘Corresponding pressures of the QCP of CeAu, and
=3/2scaling predicted by SF theories can consequently onl{Féi-+-aRUSk.

be done in the rang&, <T<T,, which is experimentally characterize the paramagnetic heavy-fermion compounds
very difficult to verify because of the closenesslgfandT. CeCy and CeRySi, at low temperatures. For those two

The antiferromagnetic SF being built from the bare onecompounds, a Fermi-liquid regime is obtained at low tem-
these two quantities are not independent. A theory includingeratures and characterizes their strong-coupling renormal-
the temperature variation of the bare Kondo susceptibility iszed state: the linear coefficientof the specific heat is found
thus needed to explain the anomalous scaling law we obtaity be constant and highly renormalized for temperatures
for the susceptibility at the antiferromagnetic wave veQor T<T.2! and the resistivity behaves as(0)+AT? for

for T>T;. An impurity Kondo model seems to be a good T<T .2%45The temperature$;, To, and T, have been ob-
starting point to describe the bare susceptibility measured ahined by INS!647 as in the present study. As seen in Table.
Qo since it leads, fofl sufficiently higher tharTy (=Ty), to |, the characteristic temperatures of CgGue about 5-10
the Curie-Weiss static susceptibility and to fi€*like be- times smaller than the corresponding ones of G&Ru
havior of the relaxation rat®-*3Indeed, we experimentally Moreover, the QCP of CeGuAu, and Ce_LaRu,Si, are
obtained at high temperature for the wave ve€gra Curie ~ separated from their parent compounds CGeéhd CeRuSi,

susceptibility and a value g8, quite close to 0.5. by the respective equivalent pressures of -4 kbar and
-3 kbar?32448 Because of these similar pressures, we be-

lieve that for CeCtlgAug 4, the characteristic temperatures
C. Comparison with other compounds are finally also about 5-10 times smaller than those of
. € .92d-89 07 RWS. As well as the cutoff temperaturd;,
te&r;;?:tt?rrsszigpsetrlmjgghzvee hoa]\cveﬂ(]j:teérlrgmzttj t?ﬁeengé;g a2§3 Kis founq to characterize the critical SF at the QCP of
Ce LaRWSh The use of sinale crvstals on trile-axis e, La,Ru,Siy; the QQP of_ CeC(gLXAuX could thus have a
BL-AR Sl u Ingle cry . IPIe-aXIS o\ toff temperature for its critical SF of order 0.3-0.6 K. Be-
spectrometers allowed us to obtain information on the SF gl ,se of smaller characteristic temperatures and energies, in
two wave \_/ectorsQ, Whe_re different scaling behawors hav_e CeCu oAUy, the quantum regime of the critical SF is thus
been obtained. In earlier works on the scaling propertiesyych more difficult to distinguish from the classical scaling
of the dynamical spin susceptibility near the QPT ofegime, and no saturation of SF at low temperatures has been
other HFS, such as UGYPd, CeRuFe),Ge, and  yet established by INS.
CeRh_,PdSb!> the use of polycrystalline samples on = Finally, our results are quite similar to those of a recent
time-of-flight spectrometers made it more difficult to estab-work made by Bact al!® They measured by INS the anti-
lish with precision anyQ dependence of the SF. ferromagnetic  fluctuations of a single crystal of
In the case of the QCP of the HFS CqClhu, (obtained Lay,Cuyodi 0604, USING a triple-axis spectrometer. Contrary
for x,=0.1), Schrodeeet al. benefited from the use of a single to the former systems, this system is not a HFS and is located
crystal and from the combination of triple-axis and time-of-in the Fermi-liquid ground state region in the vicinity of a
flight techniques44The first study, using a triple-axis spec- QCP. However, as in the present work, Betcal. obtained a
trometer, established a scaling law of the formlow-temperature quantum regime for which the dynamical
TO7%(w,T)=g(w/T) at an antiferromagnetic wave vecfér. susceptibility is found not to depend ohR and a high-
However, the extension of this law to other parts of the retemperature regime for which a scaling behavior is obtained,
ciprocal lattice was done using a time-of-flight the relaxation ratd’(T) being in this case proportional
spectrometet which limits the information that can be ob- and the static susceptibility(T), deduced from INS, follow-
tained concerning the) dependence. Nevertheless, theying a Curie law.
found a single general form of scaling for eve®y of the
reciprocal lattice. They also found their scaling law to work V. CONCLUSION
down toT=0 K, as theoretically expected for critical SF ata A detailed study of theT dependence of SF in
QCP. In Table | are reported the main physical quantities thaCe, 4,4-ay o;RW,Si, has been carried out in this work. For
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each of the two wave vectof3; and Qg, which correspond :CQf(E/(aQTﬂQ)) aboveTy. Anomalous exponentg, <1

to antiferromagnetically correlated and to uncorrelated SFare observed, which is incompatible with QPT theories. This
respectively, a cutoff temperatur@, delimits a low- is probably because these scaling laws are obtainedTin a
temperatureT-independent Fermi-liquid-like quantum re- range where Kondo SF are temperature dependent. Even at
gime from a high-temperature scaling regime governed.by the QCP of an itinerant heavy fermion system, a Kondo im-
The cutoff temperatures, =3 K andT,=17 K are obtained purity scaling should thus be taken into account as a starting
at Q; and Q,, respectively. Several discrepancies with itin- point to understand the antiferromagnetic scaling.

erant theories of QCP have been establisligdat low tem-
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