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Strong electron-correlation effects determine the physics of several very interesting and potentially useful
materials such as the high temperature superconductors, the materials with colossal magnetoresistance, with

spin-liquids, with metal-insulator transitions.....

Many of these materials are too complex to be well described by the present theoretical and computational

methods.

We need simpler model systems (toy systems) to test and improve our understanding of the many-body effects,
systems that can be tackled by both theory and experiment. If we fully understand them the theory can
advance and design new surprising and useful materials.

EXAMPLES: The surface The metal-insulator transition
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We demonstrated that this simple system Q. ﬁ'&‘{ﬁl‘:‘:‘“ 2.

undergoes a metal-insulator transition due to Q\Jj@ R ‘b: “\“‘:

electron correlations. Now the theoreticians are od . o o

able to simulate the transition (Mott-Hubbard

system).
Open problems: are the spins localized? Are the
spins ordered?

between contacts
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The simplest Kondo system

Can theory predict the ground state of the
simplest Kondo system ab initio? Only partially,
and we are learning why.

The ground state of Si(111)-7x7

The Si(111) surface is the most studied surface.
Do we know its ground state? No, we do not.
You read in the textbooks that this surface is a
two-dimensional metal, but we demonstrated
that the ground state is an insulator. The
theoretical simulations are not yet able to
explain this.

What are the roles played by the electron
correlation, the electron-phonon interaction,
the orbital degrees of freedom?

METHODS:

Tunneling spectroscopy at 6 K, STM, high-
resolution low-temperature photoemission with
synchrotron radiation. We plan to use also
ultrafast photoemission, Mossbauer
spectroscopy with synchrotron radiation,...
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An experimental set-up:

system for scanning tunneling
spectroscopy at 6 K in ultra-high
vacuum
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