RESEARCH FIELDS

In Tibingen I have established a very comprehensive research program with two main
topics: 1) optical single molecule spectroscopy (fluorescence, Raman scattering),
including also quantum dots and gold nanoparticles and 2) multimodal tip/plasmon
enhanced near-field optical microscopy and spectroscopy in the spectral and time
domain, respectively.

Single molecule optical spectroscopy: I began optical single molecule detection,
imaging and spectroscopy at ambient conditions in 1993 with my home-built near field
optical microscope and aperture tips when I was a junior group leader with the Institute
of Physics at the University of Basel. In 2001 we have introduced the concept of radially
and azimuthally polarized excitation in confocal microscopy to determine 3D orientation
of the transition dipole moments of single molecules from confocal excitation patterns.
In 2005 we have introduced tunable A/2-Fabry-Pérrot resonators to single-
molecule/particle spectroscopy to control radiative rates, Forster energy transfer and
the fluorescence quantum yield or localize single luminescent beads with 10 nm
precision.
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Multimodal tip enhanced near-field optical microscopy & spectroscopy with a
spatial resolution down to four nanometers: We have introduced a high NA parabolic
mirror to near-field optical microscopy and radially polarized illumination for perfect
diffraction limited plasmon excitation along the tip axis of a sharp probe tip. We have
shown that a parabolic mirror can provide a strictly diffraction limited focal volume,
ideal for confocal microscopy. A confocal microscope based on a parabolic mirror hence
provides the highest possible signal collection efficiency and with a minimum
background.
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