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Antiferromagnetic quantum criticality in CeCoGe, Siy¢ under pressure
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We report on the disappearance of antiferromagnetic order in CeCoGe, ;Sij ¢ as seen by electrical resistance
measurements. The Néel temperature decreases monotonically with pressure, following Doniach’s phase dia-
gram for Kondo lattice systems, and vanishes at the critical pressure P-= 6.2 kbar. The electrical resistivity in
the vicinity of P, shows clearly a non-Fermi-liquid behavior. Beyond that, the system recovers its truly
Fermi-liquid state. The nature of this canonical phase diagram is given in a semiquantitative discussion based
on two-dimensional spin fluctuations coexisting with a moderate disorder.
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I. INTRODUCTION

The study of the ground state of strongly correlated f
electron systems, such as the Kondo lattice (KL) systems, is
currently of intense interest in the contemporary condensed
matter physics. It is mainly focused on the anomalous physi-
cal properties close to the borderline between magnetically
ordered and nonmagnetic ground states, i.e., close to a mag-
netic quantum critical point (QCP).! This quantum phase
transition can be accessed by means of an appropriate tuning
control parameter, such as pressure (P), magnetic field (B),
or doping (x), that drives the magnetic ordering temperature
T,,— 0 K. The quantum fluctuations in the vicinity of this
magnetic instability play an important role in the formation
of states such as the non-Fermi-liquid (NFL) and the uncon-
ventional superconductivity.-?

Usually, the physics of the magnetic ground state of KLs
can be described by Doniach’s phase diagram,® which ac-
counts for the competition between Ruderman-Kittel-
Kasuya-Yosida (RKKY) and Kondo interactions, both de-
pending on the same coupling constant J between the local
moments and the itinerant electrons. In the nonmagnetic
side, this phase diagram is supplemented by a coherence line
which marks the onset of Fermi-liquid (FL) behavior.* This
extended description establishes the universality of a class of
canonical phase diagrams, whose experimental realization
can be observed in many P-tuning phase diagrams of clean
Ce-based KL systems, much more frequently in
antiferromagnetic'> (AF) than ferromagnetic (FM) quantum
critical points.%’ Despite the fact that the physical properties
in the vicinity of a QCP are described by physical laws
which depend on the type of magnetic instability, the physi-
cal scenario in the QCP does not depend on the type of
magnetic order and, thus, is expected to be universal.!-8-1

It is crucial for the understanding of the QCPs to elucidate
the clear existence of the magnetic moments.3~'# If the mag-
netic moments persist at the QCP, the competition between
Kondo screening and long-range interactions leads to local
as well as long wavelength degrees of freedom, and both can
be critical near the QCP.!?> On the other hand, if they are
quenched by Kondo screening at a finite Kondo temperature
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(Tk) when the critical control parameter (/) is reached, then
the criticality is governed by the long wavelength fluctua-
tions of the magnetic moments at the QCP. Kondo compen-
sation plays also an important role in the case of strong dis-
order, where rare configurations of magnetic moments lead
to the formation of magnetic clusters dominated by quantum
fluctuations near the QCP.'* The latter degree of freedom
may not only modify the physical laws of the NFL regime
but also induce some peculiarities in the canonical phase
diagram close to the QCP, as seen in the case of x-tuning
magnetic instability.!>!6

CeCoGe, Sij ¢ is an antiferromagnetic KL system with a
moderate y=133 mJ/mol K> and Néel temperature (7))
~4 K."7 This compound crystalizes in the tetragonal
BaNiSn; type structure and belongs to the family of
CeCoGe;_,Si,, where the suppression of antiferromagnetism
occurs at xc=1.2."7 Considering the proximity of the
CeCoGe, ;Sig g system close to the x- and the equivalence
for the volume compression (AV/V) dependence between P-
and x-tuning experiments, one should expect that the
CeCoGe, Sig¢ system can be driven to a magnetic instabil-
ity, and beyond that, to a paramagnetic regime under moder-
ate values of pressure.!” So, the study of P-phase diagram of
this system becomes very interesting not only for the prop-
erties of the P-tuned QCP, but also for the relevant informa-
tion that this study provides for understanding the x-tuned
phase diagram of the CeCoGe; type compounds very close
to its x-tuned QCP.

This paper reports electrical resistivity, p(7), measure-
ments under hydrostatic pressures (P<11 Kbar) on the
polycrystalline CeCoGe, Sipy antiferromagnetic-KL. com-
pound. Our aim is to study the P-tuning phase diagram and
to find out the physical mechanisms associated with the QCP,
if they really exist. Since our present p(7) measurements
have been performed down to very low temperatures and at
higher pressures than those previously reported for the
CeCoGe, »5Sig 75 compound,'® our findings may provide a
better characterization of the type of magnetic QCP and also
an understanding of the AF quantum criticality proposed for
the CeCoGe;_,Si, system.
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FIG. 1. The x-ray diffraction pattern of CeCoGe, ;Siy9 poly-
crystalline. The solid line is the fit obtained from Rietveld analysis.

II. EXPERIMENTAL DETAILS

The CeCoGe, ;Sij ¢ polycrystalline material was prepared
by arc melting stoichiometric amounts of pure elements from
Alfa Aesar (Ce, 4N; Co, 4N; Ge, 5N; and Si, 5N+) under
argon atmosphere and then heat treating the sample at
900 °C for seven days in argon-filled quartz tubes. The x-ray
diffraction (see Fig. 1) shows the correct lattice structure,
and the Rietveld analysis provided the cell parameters a=b
=4.270(2) A and ¢=9.765(3) A, free from foreign phases
within the resolution limit of 5% of the technique. The elec-
trical resistance R(7) experiments were performed in a
piston-cylinder pressure (PCP) cell for P<12 kbar, with
fluorinert FC75 as pressure transmitting medium and the
conventional four-probe ac method. The electrical contacts
were made with Pt wire 25 um in diameter and silver epoxy.
A lead strip is employed as a pressure manometer. The R(7T)
measurements were carried out for two different batches of
samples with the same PCP setup and yielding similar re-
sults. This pressure cell is inserted in a He’-He* dilution
refrigerator that allows to reduce the temperature down to
50 mK. We used a calibrated Cernox temperature sensor,
from Lake Shore, located in the bottom, but inserted in a
cavity of the pressure cell. The experiment were made during
heating, with rate of 10—15 mK/min and stability better than
0.2 mK. Moreover, the regular geometry of the bulk sample,
290X 510X 800 wm?, allows one to estimate accurately the
electrical resistivity.

III. RESULTS AND DISCUSSION
A. Electrical resistance measurements

Normalized electrical resistivity data p(T)/p(300 K) for
CeCoGe, ;Siy g at some selected pressures are shown in Fig.
2. At ambient pressure, the residual resistivity ratio (RRR)
p300 k/P(T—0 K) ~4 falls into an expected magnitude as
that reported in Ref. 17 for the concentration regimen be-
tween x=0.5 and 1.0. However, the residual resistivity in our
compound py~74 u) cm is 25% larger. Although the RRR
is a typical value for the present CeCoGe, ;Sij o material, the
value of the residual resistivity is larger than that of most
clean Ce-based Kondo lattices. This suggests the presence of
atomic disorder which may influence the electronic and mag-
netic correlations near a magnetic instability.
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FIG. 2. The normalized electrical resistivity p(7) data
p/p(300 K) of CeCoGe, ;Sig at different pressures. Inset: two rep-
resentative resistivity curves at lower temperatures. The arrows in-
dicate the onset of the AF ordering state.

Figure 2 shows some features of the basic interactions of
the ground state. The overall shape of p(T) shows a slow
decrease with temperature which is enhanced around 150 K.
This behavior suggests a large crystal-field splitting (A’),
i.e., Txy<<A’, so one should expect that the influence of the
crystalline electric field (CEF) on the physical properties at
low temperatures can be safely neglected. The inset of Fig. 2
shows the magnetic ordering temperature (7y), indicated by
arrows, which is associated with a clear-cut bend at low tem-
peratures. The precise position of Ty is determined from the
minimum in the second derivative of the smoothed resistivity
data shown in Fig. 3, and it is plotted as a function of pres-
sure in Fig. 4. As obtained from previous magnetic and spe-
cific heat measurements,!” T, marks the onset of antiferro-
magnetic order. Further evidence for the presence of an AF
ordering state can be inferred from the spin-wave-based
analysis of the p(7) data for T<Ty, as discussed below.

Signs of magnetic order can only be observed up to
6 kbar. Beyond that, the electrical resistivity at low 7" shows
either a nearly linear or a quadratic T dependence at different
ranges of temperature, scaling as p(7) = T", where 1 <n<2.
As shown in Fig. 5 for P=6.7 kbar, two different effective
exponents are revealed from a fit in a logarithmic scale of
Ap(T)=p-py=T"n=2, from the lowest measuring tempera-
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FIG. 3. Some resistivity curves at lower temperatures for differ-
ent pressures. The arrows indicate the onset of the AF ordering
state. Inset: evaluation of 7y from the minimum of the second de-
rivative of the resistivity data for P=2.1 and 4.5 kbar.
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FIG. 4. Phase diagram of CeCoGe, ;Sig ¢ as function of pressure
taken from our p(7) measurements, with P~ 6.2(2) kbar kbar. The
critical (full) and coherence (dashed) lines are power laws with
mean-field exponents, and 7, is the temperature of the maximum
in p,, (see text). The shaded region represents the NFL regime ac-
cording to our p(7T) analysis.

tures up to the coherence temperature 7,,,, as in a nonmag-
netic FL; and n=1.10(5), from above T.,, extending over
more than one decade of temperatures, suggesting a NFL
state. The combination of those findings gives clear evidence
of the existence of a quantum critical point at the critical
pressure P, close to 6 kbar. Since our experiments have
been performed in small pressure steps around 6 kbar, show-
ing a smooth decrease of Ty, we can estimate P with good
precision using the mean-field approximation Tyx|d8"?,
where |8 =|P-P|. This fit, over a large pressure range,
yields a critical line Ty(P) and P-=6.2(2) kbar defining the
QCP.

Another interesting aspect related to the quantum critical
behavior in our compound can be inferred by means of the
pressure evolution of the Kondo state. In order to do that, it
is convenient to separate the magnetic contribution to the
resistivity, p,,, by subtracting the phonon contribution p,,
from the measured data. In our case, p,, can be roughly
estimated  using the empirical relation  p,,(T)
~[0.1(1) uQ cm/K]T," which is expected to be negligible
at temperatures below 4 K (p,,~0.4 u{) cm) by comparison
with p(T) large residual resistivity.
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FIG. 5. Logarithmic plot of Ap(T), where the solid lines show
T" dependence over more than one decade in 7 associated with a
NFL behavior, where n=1.27(5) (at P=6 kbar) and n=1.10(5) (at
P=6.7 kbar). The coherence (7,,,) and Néel (Ty) temperatures are
indicated by arrows.
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FIG. 6. Magnetic resistivity p,, vs T in a logarithmic scale for
CeCoGe, ;Sij ¢ at different pressures. The arrows indicate the tem-
perature where p,, is maximum, 7,,,.

Figure 6 shows the overall shape of p,,(T) as a function of
In T at different pressures. The most important feature ob-
served is the broad peak with a In 7-like tail above 150 K,
which is a typical behavior of a Kondo lattice influenced by
a CEF interaction.?’ T,,,,, defined by the center of the peak,
moves to higher values as pressure increases. In the scope of
the Kondo lattice model,”® T,,,, > Tk and is plotted as a func-
tion of P in Fig. 4. In the framework of Doniach’s phase
diagram,® the profile of T, (P) is associated with the in-
crease of the Kondo screening contribution due to the en-
hancement of the hybridization between the Ce 4f and the
itinerant electronic states. According to recent full potential
local orbital basis band structure calculations®!' performed for
CeCoGej; type of compounds, these itinerant electrons could
mainly arise from the 3d Co electronic band. Such a case is
compatible with our findings, shown in Fig. 4, since the in-
crease of the Kondo screening results in the decrease of the
long-range magnetic ordering (LRMO) state.

It is also noteworthy that the value of P, found in our
experiments leads to a volume compression AV/V=0.62%,
which is 50% smaller than that expected in CeCoGes_,Si,
system considering the x-tuning experiments from x=0.9 to
xc=1.2, and a constant compressibility «=(AV/V)/(AP)
=1X 1073 kbar™!. The « value can be inferred from Ref. 17,
with the assumption that the volume compression of 10% is
equivalent to the application of an external pressure as high
as 100 kbar if only the Ce sublattice is taken into account. It
turns out that under pressure, T drops to zero at a much
smaller volume compression than under Si substitution. This
supports the assumption of effective electronic changes in
the CeCoGe;_,Si, series, leading to a crossover to interme-
diate valence, which can only be reached at pressures much
higher than our present experimental conditions.!” This fact
suggests that in CeCoGe, Siyg, the suppression of the AF
order by pressure is related to an antiferromagnetic QCP
rather than an intermediate valence transition, as we will
discuss below.

B. Antiferromagnetic phase

Figure 4 shows a partial dome shape of the Ty(P), i.e., Ty
decreases continuously with pressure, which can be qualita-
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tively explained in the framework of the Doniach model® for
KL systems. In this model, the phase diagram results from
the competition between the Kondo effect Txexp(=1/|J])
and the RKKY interaction TyJ?. So, the shape of Ty(P)
arises mainly from two correlated aspects: the large value of
J in the ground state of CeCoGe, ;Sij g, because this system
is close to a magnetic instability in the CeCoGes_,Si,
series,!” and the subsequent P increase of J due to enhance-
ment of the hybridization between the local Ce 4f magnetic
moments and the itinerant electron states. On the other hand,
the obtained values of Ty in our experiments show a smooth
decrease instead of a sharp drop close to P.. This profile
close to P looks very similar to other AF Kondo lattices
near an antiferromagnetic QCP.!>?2 This fact might discard a
discontinuous behavior of Ty(P) typical of a first order
transition.?? In the following, we give further evidence of AF
ordering state in our system using a spin-wave (SW) ap-
proach, which complements the lack of magnetic measure-
ments close to P.

A clear indication of magnetic ordering are the kinks in
the p(T) curves for P<6 kbar (inset of Figs. 2 and 3), which
can be identified as 7. The continuous decrease of 7 with
P indicates that CeCoGe, ;Siyg is driven toward a plausible
AF-QCP. So, other aspects about quantum criticality can be
inferred from the magnetic phase, below 6 kbar and below
Ty(P). The low energy magnetic excitations (magnons or
spin waves) scatter the conduction electrons, giving rise to a
magnetic contribution p,,(7) to the resistivity which in our
system is nearly equal to p(7) for T<<4 K. Therefore, the
magnetic resistivity data at low temperatures are given by
(1) =po+psw(T)+mT". pgy is the spin-wave contribution
and the second term m7", with 1<n=<2, accounts for the
electron-electron (ee) scattering.®>*=2" In anisotropic antifer-
romagnets, the dispersion relation of the hydrodynamic spin-
wave modes is given by w(k)=\A?+Dk?, where A is the SW
gap and D the SW stiffness. The magnon gap is due to the
magnetic anisotropy arising from the peculiarities of the
magnetic structure of the CeCoGe; type compounds and the
high anisotropy of the electronic f states.”!":23282% For k,T

<A, one finds for pgy(7):'®
2(4), 21
3\a )T\ a ) |

(1)

A \372
P5W=C<k_) T12,~MkgT| |
B

where the coefficient C is related to the spin-wave stiffness
by Dx1/C?? or T'c1/C"3, where T is the effective mag-
netic coupling between Ce ions.

The resistivity data were fitted for 7;,<0.6T) [Fig. 7(a)],
where p, is taken as the only fixed parameter. One can see,
for pressures P<15.7 kbar, that the spin-wave contribution to
p.(T) dominates, being still relevant at pressures nearly
below Pg. In the particular case of P=0 (not shown here),
the value of m=0.27 uQcm K> obtained from a FL
contribution (n=2) leads to a ratio m/y’=12
X107 uQ cm [mol K(mJ)~']2. This value is typical of
heavy fermions (HFs) with degeneracy of quasiparticles
(QPs) N=2, i.e., most of the degeneracy is lost because of
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FIG. 7. (a) p,(T) of CeCoGe, Siyg at very low 7. Solid lines
are the fits using Eq. (1). At P=3.7 kbar, we show the SW and ee
(with n=2) contributions, respectively (see text). (b) Pressure de-
pendence of A, D, and Ty parameters for P<6.2 kbar. The solid
line is obtained from Eq. (2) considering a gap A (dashed line) and
I'kz~2.6 K (see text).

the large crystal-field splitting A’.3! These aspects guarantee
that the values obtained from the fits for the gap A and the
parameter C are quite reliable. Figure 7(b) shows the pres-
sure dependence of the gap A(P), the stiffness D(P), and
Ty(P). There is a clear correlation between Ty(P) and A(P).
Both decrease with pressure, suggesting the collapse of the
LRMO as CeCoGe, ;Sij ¢ approaches the QCP. In particular,
the gap decreases linearly with pressure and with the same
rate as Ty close to P.. An extrapolation of A/kg—0 K
yields the same critical pressure as before, P-=~ 6.2 kbar.

It is noteworthy in Fig. 7(b) that the bare spin-wave stiff-
ness D(P) remains nearly unchanged in the whole investi-
gated P range and is probably finite down to P.. Under this
consideration, the disappearance of 7Ty as the QCP is ap-
proached cannot be explained only by a softening of the spin
waves. In the spin-wave approach, this can occur if the mag-
netic excitations are two dimensional (2D) and, in agreement
with the experiments, they become isotropic at the QCP. In
this case, the vanishing of the spin-wave gap at P drives the
magnetic instability. This scenario was previously proposed
to describe the P-induced AF-QCPs in CeCoGe, »5Sig 75
(Ref. 18) and YbFe,Ge,,” and the FM-QCP transition for
CePt.” Independent of the type of magnetic QCP, it is pos-
sible to establish a relationship between Ty;(P) and A(P),
where A(P)x|8|=|P-P| is taken as a control parameter.
For a d=2 system, there is long-range order at finite tempera-
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tures only in the presence of a spin-wave gap. In the particu-
lar case of an AF system (S=1/2), the critical temperature is
given by!®

or
"1+ A2 In{1 + [72/2(A)2])

2)

kpTy

and Ty—0 when A—0. So, choosing a pressure range
where D(P) is nearly constant and since I'ec\D and A(P)
=2.57|P—6.2| as obtained from the p,, data, the only free
adjustable parameter in Eq. (2) is I'. This yields ['/kg
=2.6 K, a value comparable with I" for other HFs with
magnetic-QCP transitions.”?>?” As shown in Fig. 7(b), the
critical line Ty(P) is reproduced in a considerable range of
pressures far from the QCP. Since our results for Ty(P) can
be described by Eq. (2), the present mechanism of the un-
quenched magnetic moments down to the QCP, together
with a soft gap and 2D magnetic excitations, gives an alter-
native physical scenario for the quantum criticality of
CeCoGe, ;Siy¢ on the magnetic regime.

A qualitative understanding of these results can be ob-
tained within the f-d hybridization model of Endstra et al.*°
for similar heavy-fermion systems, with a characteristic hy-
bridization matrix |Vdf|. The anisotropy is strongly connected
to the f character of the wave function of the local electrons.
As V, increases, there is a strong admixture of these states
into the d states, which have quenched orbital moments.
Consequently, as V,, increases, the wave functions of the
electrons responsible for the magnetism become much less
anisotropic, decreasing the spin-wave gap. This qualitative
scenario for the P-induced QCP in CeCoGe, ;Sij ¢ could also
be extended to the CeCoGe;_,Si, type compounds close to
the vanishing of the AF ordering state at the critical concen-
tration x-=1.2. In this case, the substitution of the Si by Ge
atoms not only could increase f-d hybridization but also it
might increase the Ge/Co site disorder. Together, both may
induce a strong modification mainly in the f-d
hybridizations,?! thus, reducing progressively the magnetic
anisotropy when the system approaches the magnetic insta-
bility.

The assumption that the local magnetic moments of Ce
remain unquenched down to the QCP is consistent with neu-
tron scattering in the Ce systems CeRh,Si, (Ref. 26) or
CeCug_,Au, (Ref. 12) that show the presence of local mag-
netic moments of Ce ions even at the QCP. At present, there
is still a lack of knowledge about the magnetic structure of
CeCoGe, ;Siy g, either in single or in polycrystals. A suitable
comparison with the isostructural CeCoGe; system provides
strong arguments in favor of the two-dimensional character
of the magnetic excitations in our system. The collinear AF
ordering along the ¢ axis in CeCoGe; promotes the interac-
tions between Ce ion neighbors in basal planes perpendicular
to the ¢ direction. The reduction of the dimensionality of the
low-lying excitations from three dimensions to two dimen-
sions is a paradigm in the physics of the QCP.! One dramatic
consequence of this is the possible formation of states, such
as unconventional superconductivity, in the vicinity of the
QCP. However, our present p(T) experiments do not show
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any sign of superconductivity around P, at least down to
50 mK.

C. Quantum critical point and its concomitant
non-Fermi-liquid behavior

As seen in Fig. 5, a careful analysis of p(7) around P,
=6.2 kbar shows a dependence like 7'%’®) (P=6 kbar) and
T'195) (P=6.7 kbar), from nearly above Ty or T,,;, respec-
tively, and extending over two decades in temperature. That
indicates the development of a NFL behavior in both sides of
the phase diagram very close to P, giving a strong evidence
of the existence of a QCP. Considering the temperature and
pressure ranges where NFL behavior sets in, the limits of the
NFL regime can be plotted as seen in Fig. 4. In general, in
the spin fluctuation framework for an AF instability, the re-
sistivity has a temperature dependence p(T)xT*, with 8
=d/z, 1 <[B<2, and d+z>4. Here, d is the dimensionality
of the spin fluctuations and z the dynamic exponent.'!*? So,
for a system near an antiferromagnetic instability at P, with
z=2, one expects to find S=3/2 for three dimensions and
B=1 for two dimensions.?> Comparing with other 8 values
found for HF systems close to an AF-QCP,>** and consid-
ering the error bar of the exponents determined by the fit in
Fig. 5, the NFL behavior found in CeCoGe, ;Sijq suggests
that this system is governed by two-dimensional antiferro-
magnetic spin fluctuations. However, for the present case, the
small deviation from the predicted value S=1 in the NFL
behavior does not discard the importance of atomic disorder.
Such a NFL behavior arises in the Griffiths phase scenario,
where rare configurations due to magnetic disorder domi-
nates the physics. These are large nearly ordered clusters
which, however, do not percolate. These large clusters have a
quantum critical character and give rise to NFL behavior.'#
The formation of a Griffiths phase due to a strong disorder
has been invoked to explain the unusual muon spin relax-
ation (uSR) results found in the x experiments on
CeCoGe;_,Si,, system close to AF instability.’* Strong disor-
der at the critical concentration x-=1.2 yields to the forma-
tion of AF clusters embedded in a paramagnetic environment
which accounts for the concomitant NFL behavior. Notice
that for CeCoGe, ;Sij g, the value of the residual resistivity
po(P=0)~74 uf) cm is quite large in comparison to clean
HFs,' supporting the role of disorder in this system. The
influence of disorder is generally seen as a deviation from the
linear 7" dependence of the resistivity in the NFL regime, as
a pressure regime with NFL behavior, or as an irreversibility
in the electrical resistivity when the system crosses back
through the QCP.!4~1¢ In our case, only the first is observed,
suggesting that if local atomic disorder exists, it is moderate
and might coexist with other mechanisms in the vicinity of
Pe.

Further aspects of the quantum criticality in
CeCoGe, ;Sij¢ system can be obtained from the analysis of
p(T) in the nonmagnetic (NM) regime, i.e., above P,
> 6.2 kbar. The electrical resistivity scales as Ap(T)=AT?, as
is appropriate to a FL state, from the lowest temperatures up
to a limiting temperature 7,,,. As seen in Fig. 4, the increase
of T,,, with pressure is a clear indication that our system
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FIG. 8. Pressure dependence of the coefficient A of the 77 term
of the resistivity above the QCP (P-=6.2 kbar) for CeCoGe, ;Sij .
Inset: Residual resistivity p, as a function of P. The dotted lines
separate different regimes named according to the py(P) behavior:
antiferromagnetic ordering (AF), AF quantum critical regime (AF
+SF), and coexistence of disorder and SF (D+SF) in the nonmag-
netic side.

moves away from the QCP. A similar aspect can be inferred
from Fig. 8, which shows the T? coefficient as a function of
pressure. A(P) exhibits a moderate decrease from pressures
close to, but above, the QCP, up to 8 kbar, after which it
decreases slower. The behavior of both T.,(P) and A(P)
indicates that the system is being tuned away from the quan-
tum critical region and is in agreement with the theoretical
predictions for the nonmagnetic side of the phase diagram of
heavy fermions.*!! However, in comparison to other HF sys-
tems close to a magnetic QCP,%?3* the rate of decrease of
A(P) nearly above the QCP (see Fig. 8) suggests that the
expected divergence of A(P) with |[P—Pc|™ is quite weak.
This is confirmed by the fit A(P)o< 1/|8%*'() in the vicinity
of the QCP, as shown in Fig. 8. Even considering the error
bar for this exponent, the obtained value n~ 0.2 is consider-
ably different from the lowest value n=1/2 predicted by the
spin fluctuations (SFs) theory for a system either in the local
or nonlocal critical regime of a magnetic QCP.”!':23 In the
present case, the reduction of the exponent n may be associ-
ated with the presence of disorder, which might alter the
QP-QP scattering cross section, suggesting that the whole
Fermi surface undergoes no singular scattering at P-.>*?° On
the other hand, the experimental values of T, fall in a range
of temperatures quite low and have no linear P dependence
near the QCP. A similar profile of T,,,(P) observed in Fig. 4
was found in the nonmagnetic regime of CeCoGes_,Si,
phase diagram,** but with huge values of T,,. However,
since the volume compression induced by P for
CeCoGe, ;Sipg is substantially smaller than those by
x-tuning experiments on CeCoGe;_,Si,, we can expect that
the small values of T.,;,(P) seen in Fig. 4 correspond to those
values of T,,,(x) in the local quantum critical regime, i.e.,
very close to the x-tuning QCP. In addition, the nonlinear P
dependence of T, seen in Fig. 4 suggests that T,,,(P) can
be well described by a mean-field term, i.e., by T,,,% |82
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D. Residual resistivity

The inset of Fig. 8 shows the pressure dependence of the
residual resistivity py(P), which was estimated from the av-
erage value of the resistivity between 7T~0.05 and 0.15 K
for all pressures. The resulting error bars are rather small in
comparison to the absolute p, values. As seen in the inset of
Fig. 8, po(P) decreases monotonically with P for P
<4 kbar, remaining nearly constant up to P-=6.2 kbar. Be-
yond that pressure, it starts to decrease again. This profile of
po(P) in the vicinity of the QCP looks different than those of
other HF systems close to a magnetic instability governed by
valence as well as spin fluctuations.®?33> As is usually ex-
pected for many Ce-based KL systems, the transition from
magnetic to nonmagnetic regime is accompanied by a va-
lence transition from localized Ce** to an intermediate va-
lence Ce**~**, resulting in an increase of the residual resis-
tivity due to the enhancement of valence fluctuations.
However, the py(P) profile seen in the inset of Fig. 8 shows
that the CeCoGe, Sipg system is located far from the va-
lence intermediate regime, at least up to the presently inves-
tigated pressure range P<<11 kbar. An attempt to explain
this unusual py(P) can be done as follows.

At lower pressures (P <4 kbar), the continuous P de-
crease of p, is consistent with the reduction of the scattering
process by the Ce local magnetic moments due to the en-
hancement of the Kondo screening. In the range of pressures
nearly below the QCP, the change of p,(P) toward a nearly
constant P dependence arises from the strong increase of the
electronic relaxation time and is, in turn, related to the criti-
cal spin fluctuations.”®> In the NM regime, the subsequent
decrease of py(P) could only be explained by assuming a
reduction of the critical spin fluctuations, which are partially
quenched by the coexistence of uncorrelated local moments
(short-range-ordered spin clusters) and a paramagnetic re-
gion, i.e., the formation of Griffiths phase.!*3? Such a sce-
nario for CeCoGe, Siyo is compatible with the disordered
CeCoGe;_,Si, series, where the random substitution of Si
atoms at 2a and 4b sites of Ge and disorder at nominal
Ge/Co sites are the reasons of atomic disorder. Thus, the
very important atomic disorder in CeCoGe, ;Si( 9, which can
be considered as static disorder, acquires a dynamical char-
acter when the system approaches the QCP, making possible
the coexistence of this mechanism with the spin fluctuation
in the quantum critical regime.

IV. CONCLUSIONS

The analysis of the p(T) data shows that the application of
pressure on the CeCoGe, ;Sip9 KL system induces an anti-
ferromagnetic QCP at P-= 6.2(2) kbar. At the magnetic side,
our p,,(T) data can be well described by AF spin waves. We
can adopt a model where two-dimensional magnons become
isotropic or gapless at P, giving rise to a magnetic instabil-
ity at the same pressure. This model successfully accounts
for our experimental results and even allows us to obtain a
numerical value for the bare exchange interaction between
the unquenched local moments along the relevant planes in
the ordered magnetic phase. In the nonmagnetic regime, the
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T dependence of the resistivity ascribed to a NFL behavior
together with unexpected P dependence of A and p,, nearly
above P, is a clear evidence that the 2D AF spin fluctuation
would not be the only driving force to account for the AF
quantum criticality in our system. In addition to that, the
coexistence with noncorrelated magnetic clusters as a Grif-
fiths phase becomes necessary to be taken into account.
However, our findings suggest that the dynamical disorder
induced by P may be considered as moderate. It would be
very useful to perform neutron scattering and uSR experi-
ments in our system in order to confirm the behavior with
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pressure of the spin-wave parameters and the influence of
disordered in the nonmagnetic regime. Also, Hall effect ex-
periments in single crystals could help to elucidate the
change of the nature of the quasiparticles due to the disorder.
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