Vol. 34 (2003) ACTA PHYSICA POLONICA B No 2

UNCONVENTIONAL SUPERCONDUCTIVITY
AND QUASI-2D MAGNETIC FLUCTUATIONS
IN Ce(Ir,Rh)Ing*™

G.-Q. ZHENG?, K. TANABE?, S. KAwAsAKT®, H. KAN?, Y. KiTAOKA?
D. Aoki®, Y. HAGA® AND Y. ONUKIP®

aDepartment of Physical Science, Osaka University, Osaka 560-8531, Japan

PGraduate School of Science, Osaka University, Osaka 560-0043, Japan
¢Advanced Science Research Center, JAERI, Ibaraki 319-1195, Japan

(Received July 10, 2002)

The 1°In nuclear spin-lattice relaxation rate (1/T}) measurements are
reported for the heavy fermion (HF) compounds Ce(Ir,Rh)In; along with
their La analogs La(Ir,Rh)Ins. 1/} for Ce(Ir,Rh)Ins is enhanced by one or-
der of magnitude over that in La(Ir,Rh)Ins, indicating strong magnetic fluc-
tuations in these compounds. It is evidenced that Celrlny is located near
a quantum critical point, with quasi-2D spin fluctuations. Also in CelrIns,
1/T; follows a T? variation below T, = 0.40 K, indicating unconventional
superconductivity with line-node gap. These aspects are reminiscent of the
high-T,. copper oxides and suggest the importance of the magnetic fluctu-
ations for the occurrence of the unconventional superconductivity in these
HF compounds.

PACS numbers: 74.25.Ha, 74.70Tx. 76.60.Gv

1. Introduction

The emergence of superconductivity in cerium Ce-based heavy fermion
(HF) compounds is one of the most intriguing phenomena in strongly cor-
related electron systems [1]. Since this class of superconductivity usually
occurs near a quantum critical point (QCP) realized by the application of
high pressure, knowledge about it is still limited because of difficult exper-
imental conditions. The recently discovered new family of Ce-based heavy
electron systems, CeMIn; (M = Rh, Ir) with M = Ir being superconductors
already at ambient pressure [2,3|, are good candidates for studying the na-
ture of the superconductivity near a QCP, the interplay between magnetic
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excitations and superconductivity, etc. In particular, CelrIng is suitable
for studies using microscopic experimental probes that can be applied more
easily at ambient pressure.

CeMInj consists of alternating layers of Celng and MIny. CeRhlIng is an
antiferromagnet at Ty = 3.8 K [2], while CelrInj is a superconductor with
T. = 0.4K at ambient pressure [3]. Here, we report measurements by the
15Tn nuclear quadrupolar resonance (NQR) in Ce(Ir,Rh)Ins along with their
La analogs [4]. We find that CelrIns is much more itinerant than other Ce-
compounds including CeRhIns and show that this compound is located near
a QCP with anisotropic spin fluctuations due to the layered crystal structure.
The power-law T-variation of 1/7} T3 below T, = 0.40K indicates that
the superconductivity is of unconventional type with an anisotropic gap.

2. Experimental results

Single crystals were grown by the In-flux method as in Ref. [2]. NQR
results for the In(1) site in the Celng plane are discussed here. Fig. 1 shows
1/T as a function of T in the temperature range of 0.09K < T < 100K.
Remarkably, the normal state 1/7; in Celrlns shows strong 7' dependence
up to 100K. This contrasts with that in CeRhIns, where 1/T7 becomes
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Fig. 1. T-dependence of 1'5(1/Ty) for Ce(Ir,Rh)Ins and the reference compounds
La(Ir,Rh)Ins. The solid and dashed lines indicate the 1/7} o< 7% and 1/Ty x T
relations, respectively.
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T-independent above the Kondo temperature, Tx ~ 15K as in other HF
compounds [5,6]. This result indicates that the 4f electrons in Celrlns are
much more itinerant. In the figure, the 1/T} for La(Ir,Rh)Ins is also shown
for comparison. It is seen that 1/T7T of Ce(Ir,Rh)Ins is largely enhanced
over that in their respective La analogs. Also note that a TyT = const.
relation is not obeyed. These aspects indicate that 1/7} in Ce(Ir,Rh)Ins is
dominated by the antiferromagnetic spin fluctuations (SFs).

In Fig. 2 we show T1T above T, asafunction of T' for Celrlns. In order to
inspect the contribution due to the 4 f spins alone, we subtracted the 1/T} for
LalrIns which represents other relaxations including the In orbital contribu-
tion. Namely, the data in Fig. 2 correspond to 1/T1T = 1/T1T(Celrlns) —
0.81sec 'K~! (LalrIns). As seen in the figure, the data can be fitted to

a relation of /T = C(T + 0)% with 6 = 8K and C' = 4.75 msecK1.
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Fig.2. T\ T plotted as a function of T for CelrIns above T.. The broken line, solid
and dotted curves are the T-variations of TyT oc T + 6 (2D SFs), T\ T (T +6)/*
(anisotropic SFs) and 71T o (T + 6)'/? (3D SFs), respectively.

This unique T-dependence of 1/T}T has never been observed in other HF
compounds. This result points to anisotropic AF spin fluctuations, due to
the layered crystal structure of Celrlns. When the SF dispersion in one direc-
tion (z-direction) is flat, as modeled by x(Q+¢q) ! = Xél +a1(g3+4q;) +asq?

instead of isotropic quadratic dispersion, it is shown that 1/T17T X%M x

(T+6)~3/%. Here x(q) is wave-vector (¢)-dependent spin susceptibility. This
anisotropic SF model explained the anisotropic dynamical susceptibility in
the paramagnetic state of YMny [7]. Indeed, the same T-variation as found
here was observed in paramagnetic YMny under pressure [8]. Therefore, it
is suggested that the spin fluctuation in Celrlns is anisotropic (quasi two
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dimensional). In fact, CelrIns has a layered crystal structure. Because of
this 2D-like structure, a weaker magnetic correlation along the c-axis can be
expected.

Next, we discuss the superconducting (SC) state. As seen in Fig. 1,
1/Ty drops abruptly at 7' = 0.40 K, with no coherence peak just below T,
and decreases in proportion to T2 upon further lowing 7. This behavior is
not compatible with isotropic s-wave gap, but indicates that the SC energy
gap is anisotropic. An anisotropic gap generally reduces the divergence of
the density of states (DOS) seen in the BCS superconductors, and the finite
DOS below the largest gap amplitude gives rise to a T™ (n = 3 ~ 4) variation
of 1/Ty at low T.

The anisotropic magnetic fluctuations and the non s-wave superconduc-
tivity are reminiscent of those in high-T. copper oxides where an intimate
relationship between the magnetic fluctuation spectral and the T, value has
been revealed [9,10]. Future works include the clarification of the possible
likewise relation in this class of heavy fermion compounds.

3. Conclusion

In conclusion, we find that CelrIng is much more itinerant than CeRhlns.
We further find that 1/77T, subtracting that for LalrIng, follows a (ﬁ)%
variation with a small =8 K, which indicate quasi 2D spin fluctuations near
a QCP. Below T, = 0.40K, 1/T; decreases in proportion to T3, indicating
unconventional superconductivity with an anisotropic energy gap. As in
the high-T. cuprates, the anisotropic magnetic fluctuations may play an

important role in the occurrence of the non s-wave superconductivity.
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