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Electrons are responsible for the structural, chemical and physical
properties of materials. As one of the fundamental concepts of quan-
tum mechanics, electrons in molecules are described by molecular or-
bitals. Consequently, visualizing these wave functions experimentally
has been highly desired ever since quantum mechanics was established.

I will demonstrate how Angle Resolved Photoelectron Spectroscopy
(ARPES) can provide unprecedented information on molecular orbitals
by mapping the angle dependent intensity patterns of photoelectrons
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with a Photoelectron Emission Microscope (PEEM). The full poten-
tial of this tomographic technique becomes obvious by providing three-
dimensional images of orbitals in real space. While this has already
been proposed theoretically, I will demonstrate how 3D-imaging of
molecular orbitals is feasible for the first time by momentum mapping
with a PEEM and synchrotron radiation. This allows reconstruction
of the molecular orbital in momentum space from the hemispherical
k-space tomograms. The phase information, which is usually lost in
the experiment but mandatory for the Fourier transformation of the
orbital data into real space, can be derived from experiments with cir-
cular light polarization. In consequence, the full molecular orbital can
be uncovered in 3D in real space, thus providing fascinating insight
into the properties of electrons in molecules.



