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1. Preface

The Research Program entitled A study on magnetic excitation and phase separation
in the vicinity of the quantum critical point (QCP) in the strongly correlated electron
system (SCES)” was supported by the Japanese Ministry of Education, Culture, Sports,
Science and Technology, Grant-in-Aid for Scientific Research (B)(2) from 2003 to 2004.
The aim of this programme is to investigate the magnetic fluctuations around QCPs in
cuprate, cobaltate, and ruthenate compounds, and heavy-fermion compounds including
Ce, Yb and U ions using microscopic experimental techniques. Here, the QCP is the
physical condition where the phase transition temperature is suppressed to the absolute
zero by varying a physical parameter. Near the QCP, non-Fermi-liquid behavior is
observed, which deviates from ordinary behaviors seen in normal metals. Quite recently,
unconventional superconductors have been discovered in the vicinity of QCPs, so that
the understanding of magnetic fluctuations near the QCP has become important to
elucidate the mechanism of unconventional superconductivity. We use nuclear magnetic
resonance (NMR) and muon spin resonance/rotation (USR) as our microscopic
experimental techniques. We have emphasized the use of uSR experiments when an
NMR experiment is impossible due to the short relaxation time beyond the NMR
experimental imit or in extremely low fields. We showed that the two experimental
techniques are quite complementary to each other. In addition, we investigated the
interplay between magnetism and unconventional superconductivity in the SCES from
the microscopic point of view using NMR and iSR measurements. |

During the research period, we investigated the following subjects,

a) magnetic fluctuations near the QCP

b) the relation between magnetism and superconductivity in cuprate and HF

compounds.

¢) Knight shift measurements in recently-discovered superconductors

d) Hydrate cobaltate superconductor.
The results during the period are summarized, and are published in scientific journals.

Some of them, which are considered to be important, are referred to in this report.

The above studies were performed in collaboration with Y. Maeno, H. Yaguchi, S.
Nakatsuji, Z.Q. Mao (Dept. of Phys., Kyoto Univ.), Y. Kitaoka, G.- q. Zheng, Y. Tokunaga,
Y. Kawasaki, H. Mukuda, H. Kotegawa, (Osaka Univ.), K. Yoshimura, C. Michioka, M.
Kato, (Dept. of Chemistry, Kyoto Univ.), R. Kadono, W. Higemoto, A. Koda, K. Ohishi
(KEK), D.E. MacLaughlin, B. L. Young (UCR), O. Trovarelli, C. Geibel, F. Steglich (MPI,




Dresden), and Y. Sakurai, E. Takayama-Muromachi (NIMS). We would like to thank all
the collaborators. Particularly I thank Prof. Y. Kitaoka and Prof. Y. Maeno for their
supports, collaboration, and discussions. I also thank graduate students K. Okamoto, Y.
Minami, H. Aya, K. Kitagawa, H. Murakawa, Y. Thara for their collaboration, and thank
Ms. T. Fukuroya and Ms. N. Ito for their secretary assistance.

March, 2005
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Department of Physics,
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Kyoto University
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