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is a powerful method for studying such processes in situ. The analysis of the experimental obser-
vations is difficult and would benefit from the availability of theoretical data. However, the reliable
calculation of non-linear responses from complex interfaces is currently not possible.

In RT3, we will develop methods that can accurately and reliably describe advanced spectro-
scopic processes of complex systems. With our code OPENRSP, we have developed a state-of-the-
art approach to calculate non-linear electronic and vibrational responses of any order [12], allowing

Figure 6: Doubly-vibrationally enhanced four-wave mixing spec-
trum involving the vibrational modes ⌫2 and ⌫5 of the two con-
formers of formic acid calculated analytically using OPENRSP
and WILSON, illustrating the strong dependence of the spectra on
molecular conformation through vibrational anharmonicities.

us to study anharmonic vibrational spectra [21],
high-order multiphoton processes [22], and
excited-state properties [23] in a unified frame-
work. To calculate multidimensional spectra
from ab initio data, we have developed the pro-
gram WILSON [24]. Used in tandem, these two
programs allow us to explore the powers of such
techniques for conformational studies, see Fig. 6.
Our goal is to apply these methods to identify
secondary structures of biomolecules in their na-
tive environment. In the Hylleraas Centre, we
will therefore take these open-ended methods

from the realm of individual molecules to complex heterogeneous systems, extending the multiscale
methods of RT2 to response theory, building on an RCN-RP grant recently awarded to Ruud, going
significantly beyond the state of the art. The development of a CC extension to OPENRSP in RT1 will
allow us to benchmark our DFT and DFTB results with respect to the treatment of electron correlation,
while basis-set limits will be established by combining the MRCHEM code with OPENRSP.

Fourth-generation light sources provide both high-intensity laser fields and ultrashort pulses.
Femto- and attosecond pulses induce fast non-equilibrium processes of the electrons that cannot be
treated perturbatively. To describe such processes, we will develop models for describing dynamics
at different time scales, including real-time methods at the two- and four-component relativistic lev-
els [25], to study, for instance, X-ray pulses that interact with the core electrons, for which relativistic
effects are large. We will also extend these real-time relativistic methods to include nuclear motion—
allowing, for instance, for the direct calculation of light-induced spin crossover processes, where light
is used to control the magnetic properties of materials. Using developments from RT4, we will ex-
tend the capabilities of LONDON to investigate the effects of laser pulses in the presence of strong
magnetic fields, allowing us to investigate systems that today cannot be addressed computationally.
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RT4: Extreme Environments
To understand the exotic, squeezed chemistry of extreme magnetic fields and pressure, computational models will be
extended to large systems with inclusion of dynamics, and spectra of astrophysical relevance will be calculated.

On Earth, chemistry is governed by Coulomb interactions, the effect of magnetism being weak
and subtle. Elsewhere, the situation is different—on many white dwarf stars, for example, magnetic
forces compete with electric forces, setting up an exotic chemistry of egg-shaped atoms that interact
in unexpected ways [26, 27]. Apart from shedding light on a fascinating chemistry that cannot be
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