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Superconductivity is one of the many striking phenomena occurring in the materials
of interest to MaNEP. One aim is the understanding of this phenomenon and another
aim is preparing these materials for applications. MaNEP has important projects in the
field of applied superconductivity. In fact there are numerous possible applications of
superconductivity and MaNEP works actively to contribute towards this goal by our
research and by the education of students in this field. In this issue we focus on one of
these projects with a scientific article on "Superconducting wires and tapes for High Field
Magnets and Energy Applications" by Professor René Flukiger. This work, which opens
up nice perspectives for magnetic resonance studies and in the field of energy systems,

is carried out in a fruitful collaboration with the company Bruker Biospin. As a complement for the non-
specialist we give a brief historical review on the phenomenon of magnetism and we present four cur-
rent applications where superconductors are used to produce very high magnetic fields.

We also continue our presentations of the MaNEP groups, this time one group from the University of
Neuchéatel, two groups from the University of Geneva and one group from the Swiss Institute of
Technology in Zdrich. | would like here to take the opportunity to congratulate Professor Giorgio
Margaritondo on the one hand and Luca Perfetti on the other for the distinction they have received.

After 2 years of activity the members of MaNEP shall gather in Les
Diablerets for a 3 days meeting from September 29 to October 1. This
will be the occasion for more than 200 researchers to present and dis-
cuss the results of our NCCR obtained so far. It shall also be the moment
to look forward towards new and exciting research for the two remain- 5£5——_-
ing years of the first phase of MaNEP.
@ystein Fischer

MaNEP Booth at Nanofair 2003 Young PhDs and Post-Docs,
Take your Chance !




A little History...
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Electromagnetic Fields

H.C. Oersted doing his
famous experiment.
(Deutsches Museum)

William Gilbert (1544-1603) taken
from the title page of the original
Latin edition of De Magnete
(London, 1600).

But what is Magnetism?



Geometrical and Electronic Structure at and Near Surfaces
of Materials with Novel Electronic Properties
Prof. Philipp Aebi — philipp.aebi@unine.ch

| Université de Neuchatel, Rue A.-L. Breguet 1

- CH-2000 Neuchatel — www.unine.ch/phys/spectro

The aim of our research is to understand the electronic structure and the interplay between
electronic degrees of freedom and the geometrical arrangement of atoms in materials with
novel electronic properties. Since our experiments are based on photoemission (and in the
future also on scanning probe microscopy) we are sensitive to materials properties in an area
close to the surface defined by the escape depth of the electrons.

Angle-resolved photoemission is applied in two distinct energy regimes, either using ultraviolet
- photons to map valence bands and Fermi surfaces or by exciting core electrons with soft X-rays to
obtain local, real-space information on the geometrical structure around the
emitting atom (X-ray photoelectron diffraction).
Materials are on the one hand produced within MaNEP, e.g., charge densi-
ty wave compounds (CDW?s) (H. Berger, EPFL) and thin ferroelectric films
(J.-M. Triscone, Geneva) and on the other by in situ evaporation on single
crystal surfaces. For the CDW'’s the main interest is the driving mechanism
behind the CDW formation, whereas for the thin ferroelectric films we
explore the minimal thickness necessary to still exhibit ferroelectricity. In situ
evaporation of thin films has been used to study hydrogen concentration
induced switching optical properties. o S _— _—
References: K-ray phaotoslectron diffraction  Fermi surface mapping

[1] J. Hayoz et al., Phys. Rev. Lett. 90, 196804 (2003). . . . )
[2] M. Bovet, et al., Phys. Rev. B 67, 125105 (2003) X-ray photoelectron diffraction and Fermi surface mapping on
[3]R ‘Fasel. P. Aebi. Chimia 56. 566 (2002) ' a thin ferroelectric film (left) and a charge density wave com-

pound (right), respectively.

Specific Heat of Novel Materials in High Magnetic Fields

and at High Pressures

Prof. Alain Junod — alain.junod@physics.unige.ch
DPMC - University of Geneva, 24 quai E.-Ansermet
CH-1211 Geneva 4 — dpmc.unige.ch/gr_junod

Our laboratory specialises in ther-

modynamic studies of supercon-

ductors and new materials.

Specific heat as a function of tem-

perature (1-300 K), magnetic field

(0-16 T), and pressure (0 to over 10 GPa) is a basic characterisation that has gained renewed
interest as it allows unconventional properties of superconductors to be assessed in the bulk.

Most novel materials are only available as microscopic single crystals or thin films. This has
challenged traditional experimental techniques. In addition to adiabatic and relaxation
calorimetry, alternating heating, heat-flux, and magneto-calorimetry have been imple-
mented in Geneva. Thin film and high pressure experiments are at various stages of devel-
opment [1]. Several classes of materials have been studied in our laboratory: A15, Chevrel
phases, cuprates [2], UAs [3], MgB, [4], etc. Specific heat is well suited for studying tran-
sitions versus temperature, magnetic field and pressure, and to characterise their anisotropy
and their critical behaviour. Recently, it has given bulk information on the melting of the
vortex lattice, on the d-wave symmetry of Cooper pairs in high temperature superconduc-
tors, and confirmed the two-gap structure of MgB». More generally, as a volume-sensitive
probe, it complements research based on surface-sensitive spectroscopies.

References:

[1] F. Bouquet et al., Solid State Commun. 113, 367 (2000).

[2] B. Revaz et al. Phys. Rev B 58, 11153 (1998(; Y. Wang et al., Phys. Rev B 63, 094508 (2001).

3D plot of the singular part of the magnetic [3] T. Plackowski et al., Phys. Rev. B 67, 184406 (2003).

entropy of UAs. Each line along the T (or B) direc- [4] F. Bouquet et al., Physica C 385, 192 (2003).
tion is a specific heat (or magnetocaloric) run. The

phase diagram is shown below.




. Quantum Condensed Systems

' Prof. Gianni Blatter — blatterj@itp.phys.ethz.ch
Institut flr Theoretische Physik, ETH Honggerberg
CH-8093 Zirich — www.itp.phys.ethz.ch

We study superconductivity and superfluidity on the meso- and nanoscale.
The group’s interest spans the fields of Vortex Matter in strongly fluctuating
superconductors, novel phases in quantum degenerate trapped Fermi- and
Bose gases, and superconducting structures for quantum computing.

Thermal  fluctuations  and
~ quenched disorder drive numer-
m ous phase transitions in the vor-
tex system of strongly type Il anisotropic superconductors. Understanding melting,
decoupling, and glassyness of this soft-matter system broadens our knowledge in statistical
physics and helps in the technological advancement of materials [1].
Cooling atoms to the nano-Kelvin regime allows for the realization and study of new
thermodynamic phase transitions and their associated phases, with an interesting syner-
gy emerging between the fields of quantum atom optics and condensed matter physics.
At present the focus is on bosonic/fermionic/mixed gases subject to an optical lattice with
new phases (Mott-insulator, BCS-superfluid, supersolid) observed in experiments or pro-
posed theoretically [2]. In superconducting devices the quantum liquid is protected from
decoherence by the superconducting gap —- specially tuned structures hold the promise
to serve as quantum bits in future quantum computing devices. Quiet and well protect-
ed qubits can be obtained with the help of -junctions and particular geometries exploit-

ing symmetry and frustration [3]. High-Tc cuprates are anisotropic and strongly type |l
References: superconductors where thermal fluctuations and
[1] G. Blatter and V.B. Geshkenbein, in “The Physics of Superconductors,, eds. K.H. Bennemann and J.B. quenched disorder play an important role. Vortex
Ketterson (Springer, Berlin, 2003). Matter then appears in several thermodynamic phas-
[2] H.P. Buchler, et al., Phys. Rev. Lett. 90, 130401 (2003). es, weakly disordered Bragg-glass, vortex-liquid, and
[3] L.B. loffe, et al., Nature 415, 503 (2002). possibly a strongly disordered vortex-glass.

Electronic Properties of Low Dimensional Materials
Prof. Thierry Giamarchi — Thierry.Giamarchi@physics.unige.ch
DPMC - University of Geneva, 24 Quai E.- Ansermet

CH-1211 Geneva 4 — dpmc.unige.ch/gr_giamarchi

The group works on the theory of condensed matter, in connection with various
experimental groups. The research activities include the study of strongly corre-
lated electronic systems, ab initio calculations, and disordered elastic systems
(e.g. in vortex lattices or for domain walls in magnetic systems or ferroelectrics).

Under MaNEP, the main activ-

ity is to understand the proper-

ties of low (i.e. one- or two-)

dimensional interacting systems (such as organic conductors, carbon nanotubes
quantum wires). Indeed in low dimensional systems interactions lead to an uncon-
ventional state (Luttinger liquid in one dimension), quite different from the canoni-
cal Fermi liquid of normal metals. One of the questions is to understand how to go
from such a state to a more conventional Fermi liquid by coupling low dimensional
systems. Another important issue is to understand the unusual transport properties
of such systems. This is of special importance for the mesoscopic realizations of such
interacting electronic systems (nanotubes, quantum wire or Wigner crystal) for which
such transport measurements are the main probe of the physical properties.
References:

Coupling Luttinger liquids gives back a Fermi surface S. Biermann et al. Phys. Rev. Lett. 87 276405 (2001).
and quasiparticles [1] T. Nattermann et al. Phys. Rev. Lett. 91 056603 (2003).




Superconducting Wires and Tapes for High Field Magnets and Energy Applications

Research Group

QERVATR

The group of Prof. R.
Flukiger is active in various
domains of fundamental
and applied materials
research. A major objecti-
ve is the preparation of
high purity polycrystals
and single crystals of com-
plex metallic and oxide
superconducting mate-
rials. Various techniques,
e.g. SQUID magnetome-
try and magnetization as
well as electrical resistivity,
are used to characterize
their physical properties,
at fields up to 17 T.

A second activity is focu-
sed on the development
of superconducting NbsSn
wires and (Bi,Pb)2223
tapes in view of their
application in industrial
magnets producing ma-
gnetic fields well above
21T. The activity also invol-
ves new developments on
MgB, wires. This work is
performed in collabora-
tion with Bruker Biospin
(Féllanden, CH), the world
leader in high field magnets
for Nuclear Magnetic Reso-
nance (NMR).

Corresponding Author:
Prof. René Flikiger
rene.flukiger@physics.unige.ch

References

D. Uglietti et al., presented at
EUCAS 2003, Sorrento (ltaly).
V. Abécherli et al., Physica C
372-376, 1325 (2002).

R. Flukiger et al., Physica C
385, 286 (2003).

Introduction

Bi,Pb-2223 Tapes and MgB, Wires

Fig 1. Cross section of a (Nb,Ta,Ti)3Sn wire fabri-
cated in our laboratory (GAP).
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Nb3Sn Multifilamentary Wires for High
field NMR magnets

Fig. 2 J; vs. strain for a Fe/MgB, tape at 4.2 K and
various applied fields.




Use of Superconductors

Magnetic Levitation

Ship Propulsion Motor

High Resolution Spectroscopy

Magnetic field strengths

Three different types of magnets exist: per-
manent, superconducting, and pulsed mag-
nets.

Neodymium-iron-boron and ternary samar-
ium-cobalt alloys are currently the strongest
known permanent magnets and can pro-
duce fields of about 1 Tesla (the Tesla T is
the international unit of magnetic field

strength: one Tesla is about 20'000x the
earth magnetic field).

Superconducting magnets are a kind of elec-
tromagnet producing a magnetic field from
the flow of electric current through a mate-
rial with no resistance. A superconducting
magnet can reach field strengths above 20 T.

Finally, pulse magnets can provide even
higher magnetic field up to 72 T, but their
use is limited to research laboratories.

Medical Imaging
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Summer School 2004 .
Saas Fee - September 6-11, 2004. Cover Picture

Micrograph of copper tartrate
crystals grown by diffusion in
Topical Meeting 2004 sodium silica gel.

Neuchatel - February 6th, 2004. ; -

H. Berger et al., EPF Lausanne,
Switzerland.

Editorial Team:

R. Cartoni
0. Kuffer
M. Kugler
|. Maggio-Aprile
A. A. Manuel

Congratulations !
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