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Over the past year there has been a great deal of excitement about the intermetallic superconduc-
tor MgB2. MgB2 has a superconducting transition temperature Tc ∼ 40 K, can be synthesized
as single phase powders, wire segments, and thin films with remarkably low normal state re-
sistivity, and manifests a promising critical current density in the superconducting state. In this
lecture I will review recent experimental work on MgB2 and try to show how MgB2 fits into the
basic gestalt of superconducting, intermetallic compounds. This will include a review of such
topics as: sample preparation, isotope effect, critical current and irreversibility field, and Hc2 and
its anisotropy. During the lecture I will try to indicate possible applications of this remarkable
material.
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de Haas-van Alphen effect in single crystal MgB2

A. Carringtona, J.R. Cooperb, N.E. Husseya, P.J. Meesona, E.A. Yellandb, S. Leec,
A. Yamamotoc, S. Tajimac
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Cambridge, U.K.cSuperconductivity Research Laboratory, ISTEC, Tokyo, Japan.

We report observations of quantum oscillations in single crystals of the 39 K superconductor
MgB2. Three de Haas-van Alphen frequencies are clearly resolved. Comparison with band
structure calculations strongly suggests that two of these come from a single warped Fermi sur-
face tube along thec direction, and that the third arises from cylindrical sections of an in-plane
honeycomb network. The measured values of the effective mass range from0.44− 0.68me. By
comparing these with band masses calculated recently by three groups, we find that the electron-
phonon coupling strengthλ, is a factor∼ 3 larger for thec-axis tube orbits than for the in-plane
network orbit, in accord with recent microscopic calculations.
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23aB3 Experimental Study of Electron-phonon Coupling in MgB2

Setsuko Tajima, Sergey Lee, Takahiko Masui, James Quilty, Ayako Yamamoto

Superconductivity Research Laboratory, ISTEC, Tokyo 135-0062, Japan

We have investigated various physical properties of MgB2, using high quality single crystals. In
the Raman scattering spectrum, the peak ofE2g boron vibrational mode shows anomalous broad-
ening, softening and asymmetry, indicating strong coupling with the electronic system. From the
temperature dependence of resitivity, it has been deduced that the high-frequency optical phonon
makes a major contribution to the carrier scattering. The pressure dependence of resistivity and
critical temperature reveals a big contribution of this phonon to the superconductivity. Combined
with the result of de Haas van Alphen effect, these results demonstrate that the strong coupling of
the boronE2g mode with the boronσ-band gives rise to the high-Tc value of this superconductor.
This work was supported by the NEDO, Japan.

23aB4 Scanning Tunneling Spectroscopy in MgB2
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We present study of the anisotropic superconductor MgB2 using a combination of scanning tun-
neling microscopy and spectroscopy. The results reveal two distinct energy gaps at∆1=2.3 meV
and∆2=7.1 meV. Different spectral weights of the partial superconducting density of states are
a reflection of different tunneling directions in this multi-band system. Our experimental ob-
servations are consistent with the existence of two-band superconductivity in the presence of
interband superconducting pair interaction and quasiparticle scattering. Temperature evolution
of the tunneling spectra follows the BCS scenario with both gaps vanishing at the bulk Tc. The
data confirm the importance of Fermi-surface sheet dependent superconductivity in MgB2 pro-
posed in the multigap model by Liu et al.

23aB5 Parasitic Superconductivity in Magnesium Diboride
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We report results of scanning tunneling spectroscopy on a single crystal of MgB2. The mea-
surements were made on the surface of an as grown crystal, with the tunnel current parallel to
the c-axis. In this geometry one only couples to theπ-band, and we observe a single gap with
∆ = 2.2 meV. Vortex imaging was performed at a range of applied fields,H ‖ c, going from
0.05 T to 0.5 T, and revealed giant vortices with an extreme degree of vortex core overlap already
at low fields. These results are consistent with superconductivity in theπ-band being aparasite
of theσ-band. Furthermore, using a single measured vortex profile, we are able to explain the
anomalous field dependence of the elecronic specific heat.
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