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Non-linear optical spectroscopy for understanding
complex systems

In this talk, I’ll give an overview of the techniques that we have developed for non-linear spectroscopy and
how we have applied them to reveal and understand the dynamics that lead to functionality in complex
systems. I will focus on our implementations of multidimensional coherent spectroscopy, and detail how we
have used this to explore energy transfer in photosynthetic light-harvesting complexes; to infer structural
information in pigment-protein complexes; to quantify interactions between excitons and reveal many-body
effects in semiconductor nanostructures; to characterise dark states in semiconductor quantum wells; and to
help understand the physics of high-Tc superconductors. I may also touch on our recent expedition into the
THz spectral range and how we can use THz spectroscopy to help understand the interactions between
proteins and their environment.
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Deterministic Bragg Coherent Diffraction Imaging

Konstantin M. Pavlov, Vasily I. Punegov, Kaye S. Morgan,
Gerd Schmalz & David M. Paganin

A deterministic variant of Bragg Coherent Diffraction Imaging is introduced in its kinematical approximation,
for X-ray scattering from an imperfect crystal whose imperfections span no more than half of the volume of
the crystal. This approach builds on earlier work by Podorov, Pavlov and Paganin (Optics express, vol. 15, pp
9954-9962 (2007)). It provides a unique analytical reconstruction of the object’s structure factor and
displacement fields from the 3D diffracted intensity distribution centred around any particular reciprocal lattice
vector. The simple closed-form reconstruction algorithm, which requires only one multiplication and one
Fourier transformation, is not restricted by assumptions of smallness of the displacement field. The algorithm
performs well in simulations incorporating a variety of conditions, including both realistic levels of noise and
departures from ideality in the reference (i.e. imperfection-free) part of the crystal).

Reference: Konstantin M. Pavlov, Vasily I. Punegov, Kaye S. Morgan, Gerd Schmalz & David M. Paganin,
""Deterministic Bragg Coherent Diffraction Imaging", Scientific Reports (in press, accepted March 23, 2017).
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