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Pressure-induced Magnetic Transition in a Single Crystal of YbCo,Zn,
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We have measured the electrical resistivity of a single crystal of YbCo2Znoo at pressures
up to 2.37 GPa and at temperatures from 50 mK to 300 K. Above a critical pressure P (~ 1
GPa), we have found a resistivity anomaly at Ty (~ 0.15K at 1 GPa) that increases with the
pressure. At the ambient pressure, the system shows a nonmagnetic ground state described by
the Fermi-liquid model. The T? coefficient of the electrical resistivity A strongly increases with
the pressure upon approaching P.. However, in the vicinity of P., the temperature dependence
of the resistivity deviates from the Fermi-liquid description. These observations suggest that
the application of hydrostatic pressure induces a magnetically ordered state for P > P, and T

< T
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In intermetallic compounds, including Ce and Yb, the
hybridization between the 4f and itinerant conduction-
band electrons induces the instability of magnetic mo-
ments and charge configurations. In recent years, one of
the most interesting topics is the ground state properties
of heavy fermion metals located at or close to a mag-
netic quantum critical point (QCP).") The application of
external pressure is one of the important tools for con-
trolling the electronic configurations as well as chemical
pressure. In the case of heavy fermion Ce compounds
exhibiting antiferromagnetic order, such as Celns and
CePd,Siy,?) the magnetic order is suppressed by apply-
ing pressure. Interestingly, unconventional superconduc-
tivity appears in the vicinity of the QCP at which the
magnetic ordering temperature is decreased to zero.

So far, pressure-induced magnetic transitions have
been observed in some Yb-based compounds.?7) The key
point here is that Yb ions fluctuate between the nonmag-
netic Yb?* (J = 0) and the magnetic Yb3T (J = 7/2)
states. Since the ionic volume of the magnetic Yb3+ state
is smaller than that of the nonmagnetic Yb2* one, apply-
ing pressure stabilizes the magnetic Yb3* configuration
and induces the appearance of a magnetically ordered
state in contrast to the Ce case. However, the critical
pressure for these compounds is as high as or higher than
6 GPa, which prevents us from understanding the physics
in the vicinity of the magnetic QCP because of difficulties
in high-pressure experiments.

The series of compounds YbT3Znyg (T = Fe, Co, Ru,
Rh, Or, Ir) belongs to a new heavy fermion system crys-
tallizing in the cubic CeCraAlsg structure.®9) All these
compounds show an enhanced Sommerfeld coefficient of
the specific heat v exceeding 400 mJ/mol K2. The high-
temperature magnetic susceptibility of these compounds
follows the Curie-Weiss law with the effective moments
close to the value for the free Yb3T ion (peg = 4.54 ug),
although there is no indication of magnetic order down

to 20mK. In the YbT5Znsg family, YbCosZny exhibits
some notable features as follows. The low temperature
electrical resistivity and specific heat can be described
by the formulas p = pg + AT? and C/T = constant, as
expected from the Fermi-liquid behavior; the values of A
and 7 are estimated to be ~165 puQcm/K? and ~7900
mJ /mol K2, respectively.®) The large values of A and
are due to the small Kondo temperature Tx, which is es-
timated to be several Kelvin. If the ground state proper-
ties in this compound are dominated by the competition
between the RKKY interaction and the Kondo interac-
tion, the system is located near a magnetic instability.
Hence, it appears that YbCosZnyg is an interesting sys-
tem due to its proximity to the QCP and it is expected
to cross the magnetic QCP by applying pressure.

In this letter, we present the first report on the effect
of pressure on YbCoyZngy. We prepared single crystals
of YbCosZnyy and measured the electrical resistivity un-
der pressures up to 2.37 GPa and at temperatures from
50 mK to 300 K.

Single crystal samples of YbCosZnsy were prepared
by the Zn self-flux method. The starting elements were
mixed in the ratio of Yb:Co:Zn = 1:2:30 and placed in
an Al,Og crucible in an evacuated quartz ampoule. The
sample was heated up to 900 °C, maintained at that tem-
perature for 2h, and then slowly cooled to 750°C at
the rate of 1°C/h. At 750°C, the excess flux was re-
moved in a centrifuge. X-ray diffraction measurement
was performed for a powdered sample prepared from a
single crystal. We detected no extra peaks correspond-
ing to the impurity phases in the diffraction profile,
which was found to show the cubic structure with the
lattice parameter a = 14.00 A. This was in agreement
with a previous result.®) Electron probe microanalysis
(EPMA) confirmed the stoichiometric proportion of the
crystal. The electrical resistivity was measured along the
[100] direction by a standard four-probe ac method using
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an ac resistancebridge (model LR700, Linear Research 1400 8
Inc.). A single crystal sample with a typical dimension 10 1-600 79
of 1.2x 0.5 x0.2mm?3 was prepared by polishing. The P 9001 02 03 04
sample was cooled to 50 mK using a *He/*He dilution re- T(K)
frigerator. Hydrostatic pressure was generated by using
a hybrid-piston-cylinder-type pressure cell and Daphne 8'0 0.2 O'fl'l_ (Kg) 6 0.8 1.0

oil 7373 as the pressure-transmitting medium. The hy-
brid pressure cell comprised of an inner shell and an outer
jacket was made of NiCrAl and hardened CuBe alloys.'?)
The pressure at low temperatures was determined by the
superconducting transition temperature of a small piece
of lead placed inside the pressure cell.!!)

Figure 1 shows the temperature dependence of the
electrical resistivity p(T") at selected pressures. The sam-
ple used in the present experiment exhibits a smaller
residual resistivity (pp ~ 5 p€2cm) than that of a previ-
ous report (po ~ 21 pQem).8) At the ambient pressure,
p(T) exhibits a minimum at ~50K. Below this temper-
ature, p(T') varies roughly as —InT and shows a broad
maximum at Tyax ~ 2.6 K. Applying pressure does not
change the overall temperature dependence of the resis-
tivity, while Ti,ax shifts to a lower temperature with an
increase in the pressure.

In Fig. 2, we focus on the low-temperature part of
the electrical resistivity at selected pressures. As shown
in Fig. 2(a), p(T) below Tyax decreases with a decrease
in the temperature. The application of pressure causes
a change in the p(T) behavior (see below for details);
however, there is no pronounced anomaly indicating the
magnetic ordering or superconducting transition down
to 50mK at low pressures (P < 0.92 GPa). When the
pressure exceeds a critical pressure (~ 1.02GPa), the
resistivity shows a kink at Ty (see the arrows in Fig.

2(b)) and Ty increases with an increase in the pressure.

2
Here, T is defined as the temperature where jTg shows

Fig. 2. (Color online) Temperature dependence of the electrical
resistivity at low temperatures: (a) below and (b) above Pe. (b)

The arrows indicate T;. The inset shows p(T") and jTg as func-
tions of the temperature at 1.49 GPa. Ty was estimated from

2
the temperature where % shows a minimum.

a minimum (see the inset of Fig. 2(b)).

In order to demonstrate the effect of pressure on the
Fermi-liquid behavior described by p(T) = py + AT?,
p(T) is plotted as a function of 72 in Fig. 3. Here, the
coefficient A of the T? term of the resistivity is deduced
from the slope in the linear portion of the plot. At the
ambient pressure, p(T') shows typical Fermi-liquid be-
havior at T' < Ty, (~0.22K), which gives the onset tem-
perature of the 72 dependence. With an increase in the
pressure for P < 0.6 GPa, the slope of the solid line in-
creases due to the strong enhancement of the A coeffi-
cient, while Tgy, gradually decreases. At higher pressures
between 0.70 and 1.34 GPa, the resistivity deviates from
the T2 dependence and appears to show 7" dependence
for 1 < n < 2.1213) Upon further increasing the pressure,
the Fermi-liquid behavior is recovered.

Figure 4 shows the pressure dependence of A and pg
for YbCosZnyy. Note that we estimate pg by linear ex-
trapolation to 0 K in the pressure range between 0.70
and 1.34 GPa where p(T") does not obey the Fermi-liquid
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Fig. 3. (Color online) Electrical resistivity as a function of T2 at

selected pressures. The solid lines are fits to the functional form
p(T) = po + AT?. Tgy, corresponds to the upper limit of the T2
dependence of the resistivity, as indicated by the arrow at the
ambient pressure.
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Fig. 4. (Color online) Pressure dependence of A and pg.

behavior down to 50 mK. As the pressure approaches the
critical pressure P., A monotonically increases to approx-
imately 400 p€ cm/K2. The parameter py also increases
with the pressure and has a broad maximum slightly
above P.. As is often the case with heavy fermion sys-
tems, critical fluctuations lead to the enhancement of A
coefficient and pg in the vicinity of a magnetic QCP,'%)
suggesting the appearance of the magnetically ordered
phase above P.. Consequently, we speculate that the
resistivity anomaly at Ty is due to the appearance of
the magnetically ordered state at low temperatures. The
anomalous temperature dependence of the resistivity in
the vicinity of P, is interpreted in terms of the quantum
critical behavior.')

In Fig. 5, we summarize the results for YbCosZnsyg on a
pressure-temperature phase diagram; the crossover tem-

Fig. 5. (Color online) Pressure-temperature phase diagram of
YbCosZnog.

perature Ty, denotes the upper limit of the observed 72
behavior in the resistivity, Ty is the temperature where
the resistivity anomaly is detected, and Ti,ax is the re-
sistivity maximum temperature. Ty,.x and Txr, are sup-
pressed by applying pressure, and thus, the nonmagnetic
Fermi-liquid state vanishes around P.. Ty; appears to
abruptly develop above P., where Tp,.x decreases. As-
suming that the observed T,.x in the resistivity is pro-
portional to Tk, 17) the value of Tk decreases with an
increase in the pressure. According to a theoretical study,
the suppression of valence fluctuations leads to a decrease
in Tx.'®) It is generally accepted that the magnetic insta-
bility results from the competition between the RKKY
and the Kondo interactions. For YbCosZnsg, the RKKY
interaction becomes more dominant with a reduction in
the Kondo interaction. As a result, we conclude that the
magnetic ordering transition occurs at Ty above P.. It
is worth noting that P, (~ 1 GPa) is considerably lower
than that of other Yb compounds,® ™) which is an advan-
tage in investigating quantum critical phenomena. We
believe that the relatively smaller P, in YbCosZny is
simply due to its proximity to the magnetic QCP at the
ambient pressure, as inferred from the small Tk. Ty in-
creases slightly with an increase in the pressure up to
~1.4 GPa and subsequently increases rapidly at higher
pressures. It is interesting that py exhibits a maximum
at ~ 1.4 GPa. Similar behavior has also been observed
in other Yb compounds showing pressure-induced mag-
netic ordering, e.g., YbCusSis and YbNiyGes.*®) In the
case of YbCusSis, the magnetic moment of Yb ions is
partially ordered at P, and the maximum pg deep in the
magnetic phase may coincide with the full ordering at
higher pressures.*) We believe that for YbCooZnog, this
problem deserves further investigation.

Finally, we consider the crystalline electric field (CEF)
effect in YbCosZnsog. In a cubic symmetry environment,
the eightfold degenerate ground state of the Yb3t ion



4 J. Phys. Soc. Jpn.

(J=17/2) is split into two doublets and one quartet. In
the grand Kadowaki-Woods relation,'?) YbCosZnay is lo-
cated near the line N = 4, where N is the degeneracy
number of quasi-particles forming a heavy fermion sys-
tem.®) The transport and thermodynamic properties ex-
hibit anomalous features due to the competition between
the energy scale of the CEF splitting, Acgr, and Tk. As
observed in YbNigGe2,5) the resistivity maximum is split
into two maxima under pressure because the pressure
drives the system from a state where Tk > Acgr to one
where Tk < Acgr. On the other hand, under pressures,
p(T') of YbCoyZnso continuously shows the single maxi-
mum. This result may be interpreted as indicating that
the system is dominated by the Kondo interaction over
the CEF splitting in the pressure range of this study. We
infer that near spherical coordination of the Zn atoms
surrounding YD ions causes the CEF splitting to a rela-
tively small extent.

In summary, we have measured the electrical resistiv-
ity of YbCogZnyy under pressure. Above a critical pres-
sure P. (~ 1GPa), we have found a resistivity anomaly
at Ty that increases with the pressure. The resistiv-
ity at low temperatures deviates from the T2 behavior
around P, while the system shows a nonmagnetic ground
state described by the Fermi-liquid model below 0.6 GPa.
The coefficient of the electrical resistivity A strongly in-
creases close to P.. From these results, we suggest that
the magnetically ordered transition occurs above P, in
YbCOgZHgo.

To elucidate the pressure-induced magnetically or-
dered phase, further experiments are needed. In our re-
cent experiments, the magnetic transition has been con-
firmed to be of bulk origin through specific heat mea-
surements.2’) We believe that the present study deserves
further investigation to obtain a deeper insight into the
magnetic instability in heavy fermion compounds.
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