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Electronic states of single crystal CeAl, near the pressure-induced quantum critical point
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The electrical resistivity and magnetoresistance (MR) of single crystal CeAl, have been measured up to 8
and 3.2 GPa, respectively. The magnetic part of the electrical resistivity pp,, increases as temperature de-
creases until it shows two maxima around 5 K(=T;) and 63 K(=T,) at ambient pressure. As pressure in-
creases, Ty and T, decrease up to 2 and 3 GPa, respectively, but they begin to increase above these pressures.
MR changes from negative to positive with increasing pressure. It is suggested that Kondo temperature 7'
increases as pressure increases. Above 3 GPa, Fermi-liquid behavior obeying 72 dependence of the electrical
resistivity is observed and the coefficient of 7> dependence diverges around 2.7 GPa. The Néel temperature of
CeAl, at ambient pressure is 3.8 K(=Ty) and it is suppressed to zero around 2.7 GPa. In the pressure range of
2.5 GPa=P=2.7 GPa, py,e(T) deviates largely from the normal Fermi-liquid behavior, which suggests the
so-called non-Fermi-liquid behavior around 2.7 GPa. Pressure-induced superconductivity was not observed

down to 50 mK around 2.7 GPa.

DOI: 10.1103/PhysRevB.78.064403

I. INTRODUCTION

The 4f electrons in Ce compounds have been well known
as showing various interesting physical properties such as
magnetic ordering, valence fluctuation, heavy fermion owing
to competition between the Ruderman-Kittel-Kasuya-
Yoshida (RKKY) interaction, and Kondo effect.!? The
former interaction enhances a magnetic ordered state and the
4f electron is treated as a localized one. The latter gives rise
to a screening of the 4f local moment by the conduction
electrons and leads to the itinerant nonmagnetic state. It has
been well known that RKKY interaction and Kondo effect
are sensitive to pressure.> Through the investigation under
high pressure, we can get a lot of useful information about
the mechanism of Kondo or heavy fermion states.

In several Ce compounds, the unconventional physical
properties have been observed around quantum critical point
(QCP) which is the point that the ordering temperature is
tuned to zero by adjusting a control parameter such as high
pressure or chemical composition and so on.*~® Around QCP,
the anomalous temperature dependence of the specific heat
and the resistivity, which deviate strongly from normal
Fermi-liquid behavior, have been observed. This is called as
non-Fermi-liquid behavior. On the other hand, Fermi-liquid
behavior is recovered in the nonmagnetic region obtained by
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changing parameter further across QCP. Until now, we have
reported several examples showing QCP in Ce compounds
by measuring the electrical resistivity under high
pressure.” 10

CeAl, with the cubic Laves phase MgCu, structure is
well known as a typical heavy fermion compound, which
has the large electronic specific-heat coefficient 7y
=135 mJ/mol K2.!' Antiferromagnetic order is observed at
Tn=3.8 K,'>1 which is due to the formation of spin-density
wave (SDW). The Ce ion in CeAl, is trivalent at ambient
pressure. Kondo temperature Tk and the crystal electric field
(CEF) splitting energies were estimated to be 6 K, A
=100 K, and A,=180 K from the neutron-scattering
measurement.'"1® Although the CEF of cubic Ce compounds
should split the /=5/2 ground state into a I'; doublet and a
I'g quartet, the CEF splitting in CeAl, shows three levels.
This was explained by assuming an existence of bound state
between a crystal-field excitation and a low-lying phonon by
strong magnetoelastic coupling.'’

Electrical resistivity under high pressure has been re-
ported by several authors.”%1819 Ty decreases with increas-
ing pressure. T increases as pressure increases and the mag-
nitude of CEF splitting decreases with increasing
pressure.”'® T2 dependence in electrical resistivity which is a
characteristic of Fermi-liquid behavior was observed above 3
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GPa. The coefficient A of 7> term diverges around 3 GPa,
which suggests an existence of QCP around 3 GPa. The elec-
trical resistivity at various temperatures was measured up to
13 GPa by using quasihydrostatic pressure,'® but details of
the electronic states have not been reported.

In the present work, we have measured the electrical re-
sistivity up to 8 GPa and magnetoresistance (MR) up to 3.2
GPa to examine the stability of Kondo or heavy fermion
states of CeAl, by controlling the competition between
RKKY interaction and Kondo effect using high pressure.
Since Ty is decreased by applying pressure, we made an
attempt to induce QCP at high pressure to look for the de-
velopment of different ground states such as superconductiv-
ity or non-Fermi-liquid state by carrying out the detailed
analysis of the electrical resistivity.

II. EXPERIMENTAL METHOD

Single crystals of CeAl, and LaAl, were grown by Czo-
chralski pulling method with the typical size of 5 mm in
diameter and 50 mm in length. The electrical resistivity was
measured with the applying current parallel to the a axis in
the temperature range between 2 and 300 K by a standard
four-probe method using copper wires (diameters 50 wm) or
gold wires (diameters 20 wm). Hydrostatic pressures up to
3.2 and 8.0 GPa were generated using a piston-cylinder
device? and a cubic anvil device,?! respectively. A 1:1 mix-
ture of Fluorinert, FC70, and FC77 was used as a pressure
transmitting medium. The pressure inside the cell was kept
constant in all temperature ranges in the present work by
automatic controlling of the load. The electrical resistivity
around 3 GPa down to 50 mK was measured by means of
dilution refrigerator and clamp-type pressure cell. The mag-
netic field was applied perpendicularly to the current direc-
tion up to 9 T.

III. EXPERIMENTAL RESULTS
A. Kondo scattering under high pressure

Figure 1(a) shows the temperature dependent electrical
resistivity p(7T) of CeAl, at various pressures and nonmag-
netic LaAl, at ambient pressure for comparison. At ambient
pressure, p(T) of CeAl, decreases with decreasing tempera-
ture and shows a peak around 5 K and a shoulder around 60
K. The peak shifts to lower temperature and disappears
above 2.5 GPa. On the other hand, the shoulder is enhanced
at high pressure becoming a broad peak centered around 50
K at 3 GPa. The broad peak becomes less prominent by
applying higher pressure.

The magnetic part of electrical resistivity py,.(T) was es-
timated by subtracting phonon contribution using the
p(LaAly), ppae(T)=p(CeAl,)—p(LaAl,), where we assume
that the phonon part of p(CeAl,) is approximated by
p(LaAly). py,e(T) curves are shown in Fig. 1(b) as a function
of temperature in the logarithmic scale. Ty at ambient pres-
sure was shown by an arrow. p,,.(7) at ambient pressure has
two maxima due to combination of Kondo effect and CEF
splitting, which were observed up to 2.4 GPa. These peaks
become a single peak above 2.5 GPa through a shoulder in
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FIG. 1. (Color online) (a) Temperature dependence of the elec-
trical resistivity under high pressure. (b) The temperature depen-
dence of ppge. Ty at ambient pressure was shown by an arrow. T
and T, show the temperature of two maxima.

the p(7) around 2.5 GPa. p,,,(7) is found to show —log T
dependence characteristic to Kondo effect in the temperature
ranges 7 K=T=20 K and 100=7T=300 K. The coeffi-
cients of —log T are defined to be m; and m, as shown in Fig.
1(b). Figure 2(a) shows the pressure dependence of T, T,
and Ty. Here, T and T, were determined by the temperature
dependence of first derivative of py,,,(7) as the temperatures
of dpy,e/dT=0, which are shown in Fig. 2(b). Above 2.4
GPa, a shoulder in dpy,,,/dT is still observed around 10 K up
to 2.7 GPa. The temperature showing shoulder 7, was de-
fined as the minimum or the point showing a sudden increase
of dpyae/ dT. T [shown by the triangle in Fig. 2(a)] is found
to fall on the curve extrapolated from low pressure and shifts
to higher temperature as pressure increases. It is interesting
to note that p,,,(7,) increases below 2.5 GPa with pressure,
while it decreases above 2.5 GPa. It is found that 7, de-
creases with pressure below 3 GPa, but begins to increase
above 3 GPa. The similar behavior for 7| and T, has been
reported in other Ce compounds such as CeCu,Si, and
CeCu,Ge,.*?? The details of this pressure effect will be dis-
cussed later.

Figure 3 shows pp,,, above 2.5 GPa as a function of 7.
Above 3 GPa, T? dependent electrical resistivity is observed
below 10-20 K. This means that Fermi-liquid state is stable
above 3 GPa and stabilized more as pressure increases since
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FIG. 2. (a) T}, T,, and Ty as a function of pressure. The closed
circles show the pressure dependence of 7'} and 75, and the closed
triangles show that of the temperature where a shoulder is observed
in dppag/dT. The open squares show Ty as a function of pressure.
The dashed line is a guide to the eyes. Second derivative of p(T) at
high pressures is shown in the inset as a function of temperature. (b)
The temperature dependence of first derivative of py,(7). The ar-
rows show T, T,, and T. Here, T and T, were determined as the
temperatures of dpy,,/dT=0, and T, was determined as the tem-
perature showing a minimum of dpy,,,/dT.

the temperature range showing 72 dependence increases with
pressure. The pressure dependence of the coefficient A of 72
term is shown in Fig. 4. A decreases rapidly as pressure
increases and seems to diverge around 3 GPa. The previous
data in CeAl, are plotted also in Fig. 4.

B. Effect of pressure on the antiferromagnetic ordering
temperature 7'\

A sudden decrease due to antiferromagnetic ordering is
observed in p(T) as shown in Fig. 1(b). The antiferromag-
netic ordering temperature 7y was defined as the minimum
in the temperature dependence of second derivative of p(7)
since Ty at ambient pressure (Ty=3.8 K) in this work is in
agreement with that obtained by neutron-scattering experi-
ment (7x=3.8 K).> The temperature dependence of
d’>p(T)/dT? is shown in the inset of Fig. 2(a).

The pressure dependence of Ty is shown in Fig. 2(a). Ty
decreases slightly up to 2 GPa as pressure increases and de-
creases rapidly above 2 GPa. Considering that the anomaly
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FIG. 3. (Color online) 7> dependence of Pmag under high
pressure.

in the p(T) due to antiferromagnetic ordering becomes un-
clear above 2.5 GPa, Ty may disappear above 2.5 GPa. It has
been reported that the positive pressure coefficient of Ty is
predicted using the data of thermal-expansion measurement?
in which Ty shows a maximum around 0.5 GPa and then Ty
is decreased by applying higher pressure. However, Ty in the
present work decreases as pressure increases without any
peak in the pressure dependence. More experimental data are
settled this point. The pressure where Ty=0 is obtained to be
2.7 GPa by a smooth extrapolation of the data as shown by
dotted curve which indicates that QCP in CeAl, exists
around 2.7 GPa.

C. Temperature dependence of the electrical resistivity around
QCP

As was mentioned in Sec. III B, the pressure-induced
QCEP is considered to be observed around 2.7 GPa. In order
to investigate the detailed behavior of p(T) at low tempera-
ture below 2 K, we have measured p(T) down to 50 mK,
which is shown in Fig. 5. p(T) changes significantly as pres-
sure increases: the p(7) at 2.1 GPa has a broad peak around
4 K followed by a rapid decrease below that due to magnetic
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FIG. 4. Pressure dependence of the coefficient A of T2. The solid
line is a guide to the eyes.
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FIG. 5. (Color online) p(7T) under high pressure down to 50
mK.

ordering, but as pressure increases, the peak disappears and
then p(T) above 2.6 GPa shows a smooth increase with tem-
perature. pp,,,(7) is shown in Fig. 6. At 2.1 GPa, a peak is
observed around 5 K. T becomes unclear above 2.5 GPa and
the shoulder is observed. Figures 1(b) are in good agreement
within experimental error.

In some Ce compounds, the superconductivity has been
observed around QCP,>2* which are known as the unconven-
tional superconductivity such as d or p wave superconduc-
tivities. In the present work, no superconductivity was ob-
served down to 50 mK at 2.7 GPa. Recently, it has been
reported that the superconductivity is induced around P, by
valence fluctuation, where P, is the pressure showing it.
Since P, of CeAl, may be higher than 2.7 GPa, a valence
fluctuation mediated superconductivity is expected at higher
pressure than 3 GPa.

D. Magnetoresistance under high pressure

Figure 7 shows the electrical resistivity p(H) at 4.2 K as a
function of magnetic field H under high pressure. Extremely
large MR is observed, in which p is decreased about 40% by
applying 9 T. All p(H) curves show smooth change against

120
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FIG. 6. (Color online) pp,,(7) at high pressure in the range
2.1=P=2.7 GPa.
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FIG. 7. (Color online) The electrical resistivity as a function of
magnetic field.

H. This is due to the fact that no metamagnetic transition is
observed at 4.2 K because the antiferromagnetic ordering
occurs at 3.8 K at ambient pressure. Below 1.1 GPa, negative
MR is observed up to 9 T, while at 2.1, 2.4, and 2.7 GPa, MR
is positive at low magnetic field followed by a broad maxi-
mum around H .., which is determined as the magnetic field
of dp/dH=0 as shown in Fig. 8. p(H) at 3.2 GPa shows a
positive MR up to 9 T. Figure 8 shows the H dependence of
the first derivative of p(H), dp/dH. At ambient pressure, the
values of dp/dH show a minimum around 5 T, which indi-
cates that MR tends to saturate above 5 T. At 1.1 GPa, the
values of dp/dH decrease up to 8.5 T without any minimum
and the change of sign at H,,, is observed around 1.5 T at
2.1 GPa. H,,, shifts to high magnetic field as pressure in-
creases, which is not observed up to 9 T at 3.2 GPa. Thus the
sign of MR in CeAl, changes from negative to positive at
high pressure. In order to examine the change of the resis-
tivity by applying H, the values of dp/dH are plotted in Fig.
9 as a function of pressure at H=3, 6, and 8.5 T. The signs of
dp/dH are found to change around 2.5, 2.7, and 2.9 GPa,
respectively, which indicate that a crossover in the electronic
state takes place around these pressures.

Negative MR indicates the incoherent Kondo state but
positive MR indicates the coherent one.?> Although 4.2 K is

dp/ dH (uQecm/T)

H(T)

FIG. 8. (Color online) The magnetic-field dependence of first
derivative of p(H).
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FIG. 9. (Color online) Pressure dependence of the value of
dp/dH at 3, 6, and 8.5 T.

below Tx=6 K, the electronic state in CeAl, at 4.2 K and
ambient pressure is considered not to be stabilized as the
coherent Kondo state. The mechanism of MR of heavy fer-
mion substances has been explained on the basis of the pe-
riodic Anderson model by Kawakami and Okiji.”® They cal-
culated MR on the Ce substances as a function of H/Tx at
various temperatures 7/Tgk. According to their results, the
reduction of 7/ Tk induces the change from negative to posi-
tive MR. In this work, 7/ Tk decreases with increasing pres-
sure since positive MR becomes stable at high pressure
above 2.1 GPa. The reduction of 7/Tg corresponds to an
increase of Tk since T is constant (4.2 K) in the present
work. The coherent Kondo state is considered to be stable
above 3.2 GPa and 4.2 K since positive MR is observed
without a maximum. The change from negative MR to posi-
tive MR is explained as a crossover from the incoherent
Kondo state to the coherent one with increasing Tk.

IV. DISCUSSION

A. Effect of pressure on the Kondo scattering

T, decreases below 2.1 GPa as shown in Fig. 2(a). In
general, T in the concentrated Kondo substance corresponds
roughly to Tk. Although Tk of CeAl, increases with pressure
as indicated by the result described in D of Sec. III, T below
2.1 GPa decreases. The antiferromagnetic order with spin-
density wave is observed around 3.8 K at ambient pressure.
Since SDW has a large effect on the electrical resistance and
Tx is close to Ty, T, is influenced not only by Kondo effect
but also by SDW. The reduction of 7} may be connected to a
decrease of Ty at high pressure. In other words, it appears
that an increase of 7| or Tk is masked by a decrease of Ty.
However, T begins to increase above 2.1 GPa. In CeAl,, the
coexistence of the sinusoidally modulated SDW phase and
the simple type-II antiferromagnetic phase below 1.5 GPa
has been reported. Above 2.0 GPa, SDW disappears and only
the simple type-II antiferromagnetic phase exists.!>!* The
sudden change of T, around 2.1 GPa is due to disappearance
of SDW, and T is influenced only by Kondo effect above 2.1
GPa.
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The Kondo temperature in the substance having two CEF
splitting energies was calculated by using periodic Anderson
model.”” In this model, Tk is modified by CEF splitting and
Pmag(T) shows two maxima at Ty and T8 T% is described as
follows:

TJ;(=(A1A2TK)”3, (l)

where A and A, are the CEF splitting energies. Tk at ambi-
ent pressure is 6 K and magnitude of the CEF splitting is
obtained to be A;=100 K and A,=180 K by the inelastic
neutron scattering.'® By using these values and Eq. (1), 7?( is
estimated to be 48 K, which is comparable with 7,=62 K.
Although Ty increases at high pressure, 7, decreases below 3
GPa. Thus the fact implies that the value of A;A, decreases
with pressure. Above 3 GPa, the peak corresponding to 7}
merges with that of T, and then the p,,,,(7) shows a single
peak.

The py,,(T) in Fig. 1(b) shows —log T dependence in the
two temperature ranges at ambient pressure, 7 K=T
=20 K and 100=T=300 K, which is a characteristic be-
havior of Kondo effect. The coefficients of —log 7" are de-
fined to be m; and m, at low and high temperatures, as
shown in Fig. 1(b). From the model presented by Cornut and
Coqblin®® (C-C),py(T) is described by the following equa-
tion:

3m* v e N—1 kgT

(T) = A+2J4D 1
pmab( ) €2ﬁ3k12; sf’ (SF)2j+1 n w

)

where A is the constant, ¢ the cerium concentration, \ is
equal to the total degeneracy of the 4f level, W is the cutoff
energy, and other parameters have literal meaning. The de-
generacy factor at low and high temperatures is defined as \;
and Ay, respectively. m,/m; is written as

my Ny—1

ml_)\i—l.

3)

Since the sixfold degenerate levels of Ce** ion are split by
CEF effect into doublet and quartet in Ce compounds with
cubic structure, the degeneracy factors A; for ground state
and Ay for thermally excited state are 2 and 6, respectively,
i.e., my/m;=35/3~12 from Eq. (3). my/m, in the present
work is obtained 43/9 ~5 at ambient pressure by the data in
Fig. 1(b), which is smaller than the theoretical value. The
value of m,/m; in the previous data is almost the same as
that in the present result.?>?° Taking into account that
my/m;=5 and the ground state is a doublet, \;; should be 4.
This supports that the CEF splitting in CeAl, is three levels,
which is in agreement with the results obtained by neutron
scattering.!®

In Eq. (2), N\, W, and k; are almost constant but a change
in J;; and D(ep) at high pressure are dominant variation of
my and m,, and these are related to J,; and D(g) as follows:

my % my & |]§fD(8F)|- 4)

The pressure dependence of m; and m, is shown in Fig. 10.
Both m; and m, at low pressure increase with pressure, but
they show a peak around 2 and 3 GPa, respectively. The
pressure showing the peak of m; corresponds to that where
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FIG. 10. m; and m, as a function of P.

the pressure derivative of 7'} changes from negative to posi-
tive as shown in Fig. 2(a). This fact implies that 7} and m,
are affected by the disappearance of SDW around 2 GPa. On
the other hand, the pressure dependence of m, shows a peak
around 3 GPa and the pressure corresponds well to that
showing QCP. This may be due to the change of the elec-
tronic state around QCP, but the details of the origins are not
known at present.

B. Griineisen parameter of Tx and CEF splitting energy

Next we consider the present results in connection with
Griineisen parameter of T,. Since T, corresponds to T% the
Griineisen parameter for T%, T is written as follows:*!

T(P) | _ T2<P>}_ WV
1“[?*;40)}"1“{%(0) =iy o

where V and V|, are the volume at high and ambient pres-
sures. Figure 11 shows the plot of In[7,(P)/T,(0)] versus
—In(V/V,). The two linear relationships are found as shown
by the two solid lines and the values of I'y are —8 below 3
GPa and 33 above 3 GPa, respectively. I" ll‘< is also described
by using Eq. (1) as follows:

1.5

In(T(P)/T,(0)

0.0¢

5
0.00 0.02 0.04 0.06 0.08 0.10
~In(V/V,)

FIG. 11. [T5(P)/T5(0)] as a function —(V/V,) in logarithmic
scale.
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where 7 is the Griineisen parameter of crystalline field split-
ting energy. Here we assume #=—dInA;/dInV=
—-d1n A,/d1In V. The value of 'y in CeAl, is 34.3> Below 3
GPa, 7 is estimated to be —29, which indicates that the mag-
nitude of CEF splitting decreases with increasing pressure.
Above 3 GPa, I’kl’( and 'y are almost the same. This result
suggests that 7, above 3 GPa, where a single peak is ob-
served, corresponds to Tk and the degeneracy relevant to Tk
changes from twofold to four- or sixfold.

C. Pressure-induced QCP

The coefficient A of 7% term shown in Fig. 6 is related to
Ty as Txo 1/ A.* Figure 12 shows 1/ A as a function of
pressure. Since 1/ A increases linearly with pressure, T
increases at high pressure. 1/ /A is found to be extrapolated
to 0 around 2.7 GPa, which indicates that a phase boundary
exists around P-~2.7 GPa. The previous result is also plot-
ted in Fig. 12 for comparison.” The pressure of 1/,/A=0
coincides each other. Since the divergence in the magnitude
of A or Tx=0 corresponds to a quantum phase transition
(QPT), this result indicates that the QPT takes place at 2.7
GPa. This is supported by the results obtained in the follow-
ing paragraph.

The electronic state near QCP is different from the normal
Fermi-liquid behavior showing T? dependence in the electri-
cal resistivity. Here we attempted to fit the present data illus-
trated in Fig. 6 to the following equation:

pmag =pot AnTn’ (7)

where p, and n are the residual resistivity and exponent con-
necting with electronic state, respectively.

Pmag(T) below 2 K is shown in Fig. 13. Fitting was carried
out in the temperature range 50 mK=7=2 K. Solid curves
in Fig. 13 show the result of fitting, in which these curves
reproduce well the experimental data. Figure 14 shows the
pressure dependence of p, and n. p, has a peak around 2.7
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FIG. 13. (Color online) py,,(7) below 2 K under high pressure.
Solid curves show the results of fitting.

GPa. n is 2 below 2 GPa but around 2.7 GPa, it is 1.3
~ 1.4, which significantly deviates from the normal Fermi-
liquid behavior (n=2). Judging from these facts, we con-
clude that CeAl, shows the QPT around 2.7 GPa. This indi-
cates that the electronic state around 2.7 GPa is the so-called
non-Fermi-liquid state. Furthermore, n becomes 2 above 3
GPa by applying pressure more as shown in Fig. 3, indicat-
ing that Fermi-liquid behavior is recovered.

D. P-T phase diagram in CeAl,

Finally, we make an attempt to construct the P-T phase
diagram for electronic and magnetic states of CeAl, on the
basis of the present data. Figure 15 shows the pressure de-
pendence of the electrical resistivity at several temperatures

20 .

15 ]

p, (uQem)

10 ]

2.0 2i5 3.0
P (GPa)

FIG. 14. py and n as a function of pressure. The solid curves are
drawn as guide to the eyes.
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p (uQcm)

FIG. 15. Pressure dependence of the electrical resistivity at sev-
eral temperatures. The full circles are obtained by isobaric tempera-
ture dependent data at several pressures. The thick line shows iso-
thermal pressure dependence of the electrical resistivity at 290 K.
Small discontinuities are observed in p(P) curve due to technical
reasons, which does not affect the results in the present work.

in the range 2.6 K=7=300 K which was obtained from
the results in Fig. 1(a). For all the isothermal p-P curves, p
increases with pressure followed by a maximum at P=P,
and P, increases with temperature. The maximum seems to
be clear at low temperature (7<35 K) but to become broad
at high temperature (T=85 K). It has been reported that
there is a crossover induced by pressure from weak Kondo to
strong Kondo regime, which is largely different from the
first-order -« phase transition in Ce metal.®* In such a
sense, the peaks observed in Fig. 16 may correspond to the
crossover in the electronic state of CeAl,. P,,-T curve in-
dicates that the Kondo temperature Ty increases with in-
creasing pressure. P, is plotted in Fig. 16. P, increases
gradually up to 2.6 GPa and rapidly above the pressure
where T, also shows a similar change and then crosses room
temperature at 5.5 GPa.

300 T T T T — g T
>—‘—<
‘O
200 e §
Pmax
100 | 1
O
o (G} 1
0 6 8

FIG. 16. P-T phase diagram obtained from the present data. The

closed circles show the pressure P, showing the maximum of p-P
curves as shown in Fig. 15. The open circles show the pressure
dependence of T and T, for comparison with P,y.
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V. CONCLUSION

The electrical resistivity of CeAl, has been measured in
detail at high pressures. The p(T) of CeAl, is changed dra-
matically by applying pressure. According to the analysis of
pressure dependence of MR using Okiji-Kawakami model,
Tk is found to increase with pressure. Ty is decreased by
applying pressure and expected to disappear around 2.7 GPa.

PHYSICAL REVIEW B 78, 064403 (2008)

Since the coefficient of T2 term diverges around 2.7 GPa, the
magnetic phase boundary exists at 2.7 GPa. Non-Fermi-
liquid behavior in p(7T) was observed around 2.7 GPa. Above
3 GPa, Fermi-liquid behavior was recovered. The pressure
effect on 7, changes around 3 GPa. Although CeAl, shows
the QCP around 2.7 GPa, the superconductivity was not ob-
served around 2.7 GPa above 50 mK.
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