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Abstract

We have carried odt®In nuclear quadrupole resonance (NQR) measurements in Ce&idrCeColgunder presur®. The nuclear spin-
lattice relaxation rates, T{, of 1*In indicated that the anisotropic superconductivity with line nodes occurred near an antiferromagnetic state.
The application oP suppressed the antiferromagnetic, AF, spin fluctuations and moves the system away from the AF state to the non-magnetic
Fermi liquid state. Th& dependence of If in the superconducting state of CeCosmows that the magnitude of the superconducting energy
gap scales with it3c up to 3.0 GPa.
© 2005 Elsevier B.V. All rights reserved.
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The occurrence of superconductivity in strongly cor- a transition to the superconducting state with the critical
related f-electron system has intrigued researcher for twotemperaturelc of 2.1 K [1]. In CeColn;, the superconduc-
decades. The existence of ferromagnetic, F, or antiferro- tivity appears below 2.3 K at ambient press{gg It is an
magnetic, AF, spin fluctuations has led to the prediction that important theme of heavy fermion system to understand the
superconductivity with non-s-wave symmetry, mediated by interplay of magnetism and superconductivity.
magnetic electron—electron coupling, is realized. Before  Nuclear quadrupole resonance (NQR) is a powerful
1995, CeCpSi; and CeCyuGe, were the only superconduct- method for the study of magnetism and superconductivity,
ing members of 4f-heavy fermion class. However, G&id i.e., the spectrum and the nuclear spin lattice relaxation rate,
CeRhSip, Celrs, CeNbGe, have shown to become su- 1/Ty, provide valuable information on the magnetic struc-
perconducting under pressui, which all have very low  ture, the fluctuations of the magnetic moments and also the
superconducting temperatufe;. Owing to the experimental  superconducting energy gap In this paper, we report the
difficulty, little knowledge of the superconductivity was results of the nuclear quadrupole resonance of CefRdnid
observed in these systems. Recently new superconductor€eColr under pressure up to 3.0 GPa. The NQR were per-
CeTlns (T=Co, Rh and Ir)[1], which have higherTc formed with the signals frorht®In located at the Ce—In plane
than other compounds, have been observed. This systenwhere In ions are surrounded by Ce ions. THE, Was de-
is suitable for microscopic measuremeff$. The ground termined by the recovery of the nuclear magnetization after
state of CeRhlg at ambient pressure is antiferromagnet, the saturation pulse. To obtain the hydrostatic presstra,
and the application of a pressure of about 1.7 GPa inducesBeCu/NiCrAl cylinder cell and WC piston was used with a

mixture of Fluorinert 70 and 77 askatransmitting medium.
* Corresponding author. Figs. 1 and ZhowT- and P-dependences of T{ obtained
E-mail address: kohori@faculty.chiba-u.jp (Y. Kohori). in CeRhlry and CeColg. At ambientP, 1/T; varies close to
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Fig. 1. T dependence of T} of 1%%In in CeRhlin. Ty represents the &l
temperature of 3.7 K at ambient pressure.

T1/2in CeRhln;, andT'Y/4in CeColn. Thesel-dependences
differ from the issue expected in simple Fermi liquid state
(1/Ty < T). The 1II1 T reveals the spin-fluctuation character
from theq averaged dynamical susceptibilig/ (¢, ). The
deviation from the Fermi liquid behavior @y o« T) indi-
cates the presence of the magnetic correlation in the material
which is explained by the spin fluctuation theory developed
around the AF instability.

The T-dependence of Tf (1/T1 o« T%/?) in CeRhln is
expected in AF or nearly AF systdiBl]. The much weakef-
dependence (111 « TY/4) observed in CeCokis expected
in the system located at AF quantum critical point. The
dependence at AF quantum critical poinfi§“ in the three-
dimensional (3D) case andInT in the two-dimensional
(2D) case. The interpolation of 2D- and 3D-cases shows that
T-dependence df/# exists even in the quasi 2D-syst¢®i.

As a lot of measurements have indicated quasi 2D character

of the CeColg, we expect that this system located at the AF
quantum critical point of the quasi-2D case. With increasing
P, the value of 171 in CeColny is strongly suppressed and the
T dependence becomes large. This result show$thradves
CeColry away from the AF instability. The Fermi liquid
behavior (Y71 « T) was observed at the high region,
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Fig. 2. T dependence of Tf of 11%n in CeColn; under pressure. T{ of
11990 in LaColn is from ref.[3].

which shows the system moved close to the Fermi liquid
state.
In the superconducting state of CeRhat P = 2.7 GPa,
1/T1 decreases rapidly beldli and varies nearly proportion-
ally to 72 at low temperaturessig. 3shows the normalized
T dependence of Tj of CeColn;, which shows the similar
behavior is also observed and thdependence is very small.
Unconventional superconductivity is characterized by the
superconducting gap structure which has nodes along certain
direction. Generally, the energy gap has points or line nodes,
which satisfy the group theoretical restriction arising from
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Fig. 3. T dependence of normalizedri/
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the crystal symmetry. In most of the case, the detailed struc-system from the AF critical point at ambigfto nearly Fermi
ture of the gap function is remaining as an unresolved issue.liquid state. In the superconducting statel;las indicated
However, a crude evaluation of 74/ would be possible by  that an anisotropic superconductor with line nodes appears.
the polar modelA = Ag cos6, since 11 would likely be The ratio of the superconducting energy gap tafitsdoes
insensitive to points nodes in the presence of line nodes. Innot depend o for P < 3.0 GPa

the pole model, the maximum value of the galp, appears

at poles § = 0) in thek space, and there is a line node at
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