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Abstract

We report evidences for bulk nature and unconventional superconductivity in CeIn3 at P = 2.65 GPa revealed by
the measurements of nuclear-spin-lattice-relaxation time (T1) and ac-susceptibility (ac-χ). Both the measurements
of ac-χ and T1 have pointed to a superconducting transition at T=95 mK, which is very much lower than an onset
temperature Tonset = 0.15 K at zero resistance. The temperature dependence of 1/T1 shows no coherence peak just
below Tc, indicative of an unconventional nature for the superconductivity.

Key words: heavy-fermion; CeIn3; NQR; pressure-induced superconductivity

1. Introduction

Recently, Hegger et al. discoverd the new heavy-
fermion(HF) pressure(P )-induced superconductor
CeRhIn5[1]. It is suggested that the difference of crys-
tal and magnetic dimensionality in CeIn3 and CeRhIn5

plays a dominant role in the large difference in Tc under
P in both the compounds[1–3]. CeIn3 orders antiferro-
magnetically (TN = 10 K) at P = 0 with an ordering
vector Q = (1/2,1/2,1/2)[4]. TN monotonically de-
creases with P and superconductivity appears below
Tc ∼ 0.2 K at a critical pressure Pc = 2.55 GPa, but the
evidence for a bulk superconductivity in CeIn3 has not
been established because its superconductivity under
P is observed only in the resistivity measurements[5–
7]. It is still unclear whether any problem concerning
a sample surface or its quality that could prevent the
onset of bulk P -induced superconductivity is ruled
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out or not. Here, we report measurements of 1/T1 and
ac-susceptibility(ac-χ) at P =2.65 GPa down to T =
50 mK which provide evidence for unconventional and
bulk nature of superconductivity in CeIn3.

2. Experimental detail

The single crystals of CeIn3 were grown by Czochral-
ski method and moderately crushed into grains in or-
der to make rf pulses penetrate into samples easily.
To avoid some crystal distortions, however, the size
of the grains is kept with diameters larger than 100
µm. Measurement of 1/T1 was made by the conven-
tional saturation-recovery method in the temperature
(T ) range of 0.05−100 K at P = 2.65 GPa. The ac−χ
was measured by using an in-situ NQR coil. Hydro-
static pressure was applied by utilizing a NiCrAl-BeCu
piston-cylinder cell, filled with Si-based organic liquid
as a pressure-transmitting medium.
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3. Experimental results

Figure 1. shows the T dependencies of 1/T1 at P =
0 and 2.65 GPa. At P = 0, the antiferromagnetic(AF)
order occurs at TN = 10 K evidenced from the rapid de-
crease of 1/T1. It was reported that TN monotonically
decreases with P and eventually is reduced to TN = 5 K
at P = 2.35 GPa. At this pressure, it is noteworthy that
1/T1 starts to decrease below T∗ ∼ 15 K. This is de-
fined as a characteristic temperature below which the
system crosses over to the itinerant HF regime[8]. At
pressures exceeding P = 2.35 GPa, the internal field at
the 115In site due to the AF ordering decreases, reveal-
ing a same P dependence as TN does[9,10]. At P = 2.65
GPa, it is remarkable, as presented in Fig. 1, that 1/T1

shows a significant decrease below T∗ ∼ 30 K, followed
by a behavior of T1T = const. that is characteristic for
the Fermi-liquid state to be realized below TFL = 5 K.
This result proves that the Fermi-liquid description is
valid over a wide T range from 0.1 to 5 K. Any trace
of AF spin fluctuations at P = 2.65 GPa is not appre-
ciable due to an increase of the hybridization of Ce-4f
electrons and conduction electrons as discussed in the
previous paper[8]. This is in good agreement with the
resistivity measurement[7]. The superconducting(SC)
transition is evidenced by the 1/T1 and ac-χ measure-
ments at P = 2.65 GPa. Below Tc = 95 mK, 1/T1

starts to decrease suddenly, signaling the onset of bulk
SC transition as seen in Fig. 1. The absence of the co-
herence peak in 1/T1 just below Tc seems to be rather
consistent with an anisotropic SC gap. The T1 mea-
surement below 50 mK was too hard to determine the
nodal structure because of a heat-up problem arising
from the exciting rf pulses. The SC transition is also
corroborated by the ac−χ measurement. The T depen-
dence of the ac−χ at P = 2.65 GPa is shown in Fig. 1
inset. The ac−χ decreases largely below Tc ∼ 95 mK
due to the SC diamagnetism, indicating a clear signa-
ture of a SC transition. Note that the Tc probed by the
T1 and ac−χ measurements is lower than Tρ

c = 0.15 K
at zero resistance on the same sample[6]. This suggests
that the surface of the sample makes a short cut for
the electrical current flow, exhibiting a rather higher
Tc value than that for the bulk. This phenomenon is
similar to the SC characteristics in CeIrIn5, in which
the bulk Tc ∼ 0.4 K confirmed by the measurements
of the specific heat, the susceptibility[3], and the NQR
measurements[11] is much lower than Tc ∼ 1 K deter-
mined by the zero resistance. A reason why this incon-
sistency occurs is still unresolved.

In conclusion, we have provided evidences for the un-
conventional superconductivity in CeIn3 below T = 95
mK at P = 2.65 GPa on the basis of the measurements
of T1 and ac-susceptibility. 1/T1 reveals no coherence
peak just below Tc =95 mK, indicative of unconven-

tional superconductivity.
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Fig. 1. T dependence of 115(1/T1T ) in CeIn3 at P = 0 and

2.65 GPa. The dotted line indicates a relation of 115(1/T1T )

= const.. The inset shows T -dependence of ac-χ at P = 2.65

GPa.
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