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We measured the electrical resistivity p of Celr(Ini«Cdy)s under pressure for x = 0.05 and 0.10,
which show the onset of superconductivity (SC) at Ts.°™¢ ~ 0.9 K and antiferromagnetic transition
at Ty ~ 3.4 K. For x = 0.05, Ts>* increases by applying pressure up to 2.8 GPa and zero resistivity
is observed at T~ above 2.4 GPa. For x = 0.10, the pressure dependence of Ty shows peak at
around 2 GPa and Ty seems to be 0 K toward 3 GPa, where SC phase appears. The maximum value
of T’ is independent on amount of doped Cd, showing 1.35 K. We analyzed the temperature
dependence of the electrical resistivity p for x = 0.05 and 0.10 under pressure using the following
equation, p = po+ AT . This analysis revealed that p shows the sublinear temperature dependence
(n < 1) in the wide temperature region above Ts*=°, and po decreases abruptly in the pressure region
where T~ indicates a maximum.

1. Introduction

In the heavy-fermion (HF) compound, interesting physical phenomena are observed such as
unconventional superconductivity (SC) or non-Fermi liquid (NFL) behavior in the vicinity of
guantum critical point (QCP) where a magnetic phase transition temperature is suppressed to 0 K.
These characteristic behaviors in f electron system are attributed to a competition between the
Ruderman-Kittel-Kasuya-Yosida (RKKY) interaction and the Kondo effect. The RKKY interaction
enhances a long-range magnetic ordering. On the other hands, the Kondo effect quenches a magnetic
moment of f electron. The RKKY interaction and the Kondo effect are expressed by the function of
the strength of exchange interaction between f and conduction electrons, Jct, which corresponds to
the hybridization effect between them. The parameter of Ji is tuned by external fields such as
pressure, magnetic field, and chemical substitution. Thus, the pressure could be a powerful tool to
study the electronic state of HF compounds in the vicinity of QCP. One of typical HF compounds
CeTlIns (T = Co, Rh, Ir) that crystallizes in the tetragonal HoCoGas type structure have provided
knowledges of the relationship between unconventional SC and antiferromagnetic (AFM) transition
in the vicinity of magnetic QCP. CeRhlIns with AFM transition temperature Ty = 3.8 K at ambient
pressure shows the pressure induced SC phase dome centered at Pc ~ 2.1 GPa, where Ty becomes 0
K[1], which is typical feature in the vicinity of the magnetic QCP. CeColns is a HF superconductor
with SC transition temperature Ty ~ 2.3 K[2]. Substituting In for Cd in CeColns, Ts is suppressed
and AFM order is induced[3]. The Cd doped CeColns shows the similar phase diagram as CeRhlns.
In the magnetic QCP regime, theoretical study revealed that electrical resistivity p shows the NFL
behavior, p «<T " (n = 1 ~ 1.5)[4], which is in good agreement with experimental results of
CeColns[5].

CelrlIns is a member of CeTlIns family and shows the SC at T~ 0.4 K[6]. With increasing pressure,
Tsc increases and reaches a maximum value of 1 K at around 3 GPa[7, 8]. The mechanism of SC in
CelrlIns has not been clear yet. Interestingly, the pressure study in CeRhilryIns reported that there

© 2017 The Author(s). Content from this work may be used under the terms of the Creative Commons Attribution 4.0 license.
BY Any further distribution of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOIL.


http://creativecommons.org/licenses/by/4.0/

JJAP Conf. Proc. 6, 011107 (2017) 011107-2

are two SC phase [9]. The SC phase at lower and higher x are called SC1 and SC2, respectively[9].
The magnetic instability plays an important role in the SC1. On the other hand, the SC2 phase is far
from the magnetic QCP, and non-magnetic fluctuation is considered to play an important role in the
SC2[7]. Thus the origin of the SC of CelrIns is expected to be the non-magnetic fluctuation. Nuclear
guadrupole resonance (NQR) measurement of Cd doped Celrins suggests a valence instability
contributes to the SC2[10]. On the other hands, nuclear magnetic resonance (NMR) and transport
measurements suggest Celrlns is in the vicinity of AFM QCP[11-15]. In order to clarify the
relationship between SC and magnetic instability in Celrins, we measured the electrical resistivity of
Cd doped CelrIns under pressure.

2. Experimental method

Single crystals of Celr(In1«Cdx)s were grown by (In-Cd)-flux technique. Here, x is composition ratio
of starting materials Ce : Ir: In: Cd =1 : 1: 20x : 20(1-x). The electrical resistivity was measured
by four probe method from 0.7 to 300 K. We used Bridgman anvil cell (BAC) with Daphne oil 7373
as the pressure medium for electrical resistivity measurement under pressure. Pressure inside the
pressure cell at low temperature was calibrated by the SC transition temperature of Pb.

3. Results and Discussions
3.1 Resistivity
3.1.1. x=0.05

Figure 1(a) shows the temperature dependence of p for x = 0.05 in the temperature range between
0 and 300 K. At ambient pressure, p shows a peak at T,™* = 37 K. This peak is shifted to higher
temperature by applying pressure, meaning that the hybridization effect between f electron and
conduction electron becomes strong under pressure. At temperatures lower than T, p shows a
hump just below T* in the pressure range between 2.4 and 3.2 GPa, as shown in the inset of Fig. 1(a).
T* increases by applying pressure. As shown by the arrow in Fig. 1(b), a sudden drop in p is observed
at T ~ 0.9 K at ambient pressure, which corresponds to the onset of SC. In the previous specific
heat measurement, any phase transition is not observed down to 0.2 K for x = 0.05[3]. This different
experimental results between p and specific heat might be due not to the bulk SC but filamentary SC
in Celrlns. With increasing pressure, Ts.°™ increases and zero resistivity is observed at T”=° above
2.4 GPa. The difference between Ts°* and Ts’=° shrinks by applying pressure.

(T Cd e x = 0.05 ! 32GPa ' ' ' '
a) Celi(In.,Cd,)sx =005 32GPa | ®3 b i
20_( )JI\[IOO] A 0238 _( ) e e 00GPa
®24 et " 0.8
16 | & =3 n 1.6
E 08 E f ____,..,..--4--'--"' 24
S eo0 &f L S—— Y
= J'O :_: p=0 . .-}’ I N

E 3. Y Iy _j -.:‘,__._,_.._.—.. 32

i - rmsasmasense’ *?f i

SLIQ-Cm[ 1 -“ see i
0 . S0 1000 150K | | 2 llQ-r:ml
0 100 200 300 0 1 2 3
Temperature (K ) Temperature (K )

Fig. 1. Temperature dependence of electrical resistivity p for x = 0.05 at several pressures in
the temperature range up to (a) 300 K, inset of (a) 150 K, and (b) 3 K, respectively. The data of
p ininset of (a) and (b) is properly shifted for clarity.
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Fig.2. Temperature dependence for p for x = 0.10 at several pressures in the temperature range
up to (a) 300 K, inset of (a) 200 K, and (c) 6 K, respectively . The data of p in the inset of (a) and
(b) is properly shifted for clarity.

3.1.2. x=0.10

We present the temperature dependence of p for x = 0.10 up to 300 K in Fig. 2(a). p shows peak at
T,m = 28 K at ambient pressure, which is smaller than that for x = 0.05, meaning the suppression of
the hybridization effect. The peak at T,"* is shifted to higher temperatures by applying pressure, and
a hump of p is also observed above the 3.1 GPa, as shown by the arrow in the inset of Fig. 2(a), which
are similar behavior for x = 0.05. At low temperature, p shows a kink at Tn= 3.4 K, which is consistent
with the previous specific heat study[3]. With increasing pressure, Tn reaches the maximum at 2.1
GPa and rapidly decreases above 2.1 GPa. At 2.9 GPa, SC emerges below Ty and zero resistivity is
observed at 3.1 GPa with T*°=1.1 K.

3.2. Phase diagram

From the experimental results of p under pressure, we constructed temperature (T)-pressure (P)
phase diagram for x = 0.05 and 0.10, as shown in Figs. 3(a) and 3(b), respectively.

3.2.1. x=0.05

Ts2™¢t indicates the maximum value of 1.6 K at 2.8 GPa. On the other hands, T« indicates the
maximum value of 1.35 K at 3.2 GPa, which is higher than that of Celrlns[8]. T* appears above 2.4
GPa in the pressure region where zero resistivity emerges, and T* increases by applying pressure.
We analyzed the temperature dependence of p in low temperatures above T°™¢ at several pressures
using the following equation, p = po+ AT ", where po, A, and n are fitting parameters. p follows the
equation up to about 20 K. Pressure dependences of power law exponent n (open circles on the left
axis) and residual resistivity po (closed circle on the right axis) are shown in Fig. 3(c). The data of n
shows almost constant value of 0.9 up to 2 GPa. Above 2 GPa, n decreases and indicates a saturation
of 0.6. po shows the similar pressure dependence as n, that is, po indicates a constant value up to 2
GPa and decreases above 2 GPa, which corresponds to the pressure where the zero resistivity is
observed. Sublinear dependence of p o< T "(n < 1) could not be explained by magnetic fluctuation
theory and valence one[4, 16]. The sublinear temperature behavior of p is also observed in CeRhlins,
and which is considered to be the electrical scattering by coexistence of spin and charge
fluctuation[17]. However, the origin of sublinear temperature dependence in p is still an open
guestion.
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Fig. 3. Pressure dependence of Ts> (closed square), Ts’=° (open circle), T (closed triangle),
and T*/10 (closed inverted triangle) for (a) x = 0.05 and (b) x = 0.10, and fitting parameter n (on
the left-hand scale, open circle) and po (on the right-hand scale, closed circle) for (c) x = 0.05 and
(d) x =0.10. The shaded area in (b) and (d) indicates Pe.

3.2.2. x=0.10

In Fig. 3(b), Tn seems to become zero at P, ~ 3.2 GPa, where SC phase emerges. The maximum
value of Ts* is 1.35 K at 4.0 GPa, which is the same value as that for x = 0.05. In non s-wave
superconductor, SC is sensitive to a sample quality, and Ts is easily suppressed by disorder, as
observed in CeRh;Si, under pressure or UPt3[18, 19]. However, the maximum value of Ts”0 is
independent on amount of the doped Cd in Celr(In;xCdy)s. T* for x = 0.10 also appears in the pressure
region where zero resistivity appears as x = 0.05 and increases by applying pressure. Figure 3(d)
displays the pressure dependence of fitting parameters n and po for x = 0.10. p for x = 0.10 follows
the power law up to Tn below 2.9 GPa, and p shows Fermi liquid behavior (n = 2) up to 1.0 GPa.
Above 3.1 GPa, p also follows the power law up to about 20 K as x = 0.05. At pressures higher than
1.0 GPa, n decreases to about 1 at 3.0 GPa. Sublinear temperature dependence of p is observed above
3.1 GPa. Although po for x = 0.10 is larger than that for x = 0.05, the pressure dependence of po for x =
0.10 is similar to that for x = 0.05. po monotonically decreases by applying pressure and shows a change
of slope above 3.1 GPa, where Ts”=° reaches the maximum. The decreases of po at around P is
different from the conventional pressure induced HF superconductor which shows the maximum of
poat P[17, 20].

4. Summary

We measured the electrical resistivity p of Celr(Ini«Cdx)s for x = 0.05 and 0.10 under several
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pressures. AFM QCP probably exists at P. ~ 3.2 GPa for x = 0.10. T«”=° reaches the maximum value
of 1.35 K at 3.2 and 4.0 GPa for x = 0.05 and 0.10, respectively, which is higher than that of Celrlns.
The maximum of Ts”=% in Celr(In1xCdy)s is found to be independent of po and x, meaning that the SC
in Celrlns is insensitive to impurity. p shows a hump just below T * above 2.4 and 3.1 GPa for x =
0.05 and 0.10, respectively. Although T* appears in the pressure region where SC phase emerges, the
relationship between T* and SC, and the origin of T* are not clear yet. Our analysis of p at low
temperatures revealed that p shows the sublinear temperature dependence and po abruptly decreases
in the pressure region where Ts’=° becomes the maximum for both of x = 0.05 and 0.10. The impurity-
insensitive behavior in SC and sublinear temperature dependence of p are not explained by the
conventional magnetic QCP theory. Another fluctuations possibly contribute to the SC in Celr(In..
«Cdy)s. Experiments under high pressure and high magnetic field which suppresses the magnetic
fluctuations are necessary in order to investigate the relationship between magnetic fluctuation and
anomalous behaviors in Celr(In;xCdy)s. Specific heat measurement under pressures are also needed
to discuss the bulk SC.
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