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In this talk, I will overview some applications of semiempirical Non-adiabatic EXcited-state Molecular
Dynamics (NEXMD) framework developed at several institutions and recently released to public. The
NEXMD code is able to simulate tens of picoseconds photoinduced dynamics in large molecular systems
with hundreds of atoms in size and dense manifold of interacting and crossing excited states. A variety of
implemented non-adiabatic dynamics algorithms (including surface hopping, Ehrenfest, and ab initio
multiple cloning) permits the flexibility of choosing the right approximation with respect to numerical cost.
In particular, I will exemplify ultrafast coherent excitonic dynamics guided by intermolecular conical
intersections (Colns). Both simulations and time-resolved two-dimensional electronic spectroscopy track
the coherent motion of a vibronic wave packet passing through Colns within 40 fs, a process that governs
the ultrafast energy transfer dynamics in molecular aggregates. Our results suggest that intermolecular
Colns may effectively steer energy pathways in functional nanostructures. In the second example, we use
non-adiabatic excited state dynamical simulations to compute X-ray Raman signals, which are able to
sensitively monitor the coherence evolution in a rigid synthetic heterodimer. The observed coherences have
vibronic nature that survives multiple conical intersection passages for several hundred femtoseconds at
room temperature. These spectroscopic signals are possible to measure at XFEL facilities, paving the way
for detailed coherence measurements in functional organic materials. Observed relationships between
spatial extent/properties of electronic wavefunctions and resulting electronic functionalities allow us to
understand and potentially manipulate excited state dynamics and energy transfer pathways toward
optoelectronic applications.
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The state of a quantum mechanical system, pure or mixed, is described by a density operator. Surprisal
— the logarithm of the density matrix — follows the same unitary evolution as the density operator. The
maximal entropy formalism provides an explicit form of the density as an exponential function of a set of
operators, whose observables are given. It allows to describe the state of the system explicitly via our
knowledge about its observables [1-4]. The most well-known example of such a function is Boltzmann

distribution, p=2 -1 exp{-BH}, where the state of the system is defined by only one observable — energy.

In general, there can be more than one operator that contributes to the density and these operators do not
necessarily commute. Hence, the representation of the surprisal, logarithm of the exponential function, is a
simpler construct then the density itself and allows more compact description of a quantum state.

To illustrate the idea, I will focus on a most simple example of a non-adiabatic dynamics — non-radiative
decay between two electronic states due to diabatic coupling, modeled after pyrazine [5, 6]. In this example
electronic and nuclear degrees of freedom are coupled and coherence effects are prominent.

TOC description: The wavepacket density on the upper electronic state is plotted in light green, and in
dark grey on the lower electronic state as a function of normal mode nuclear coordinate, R. The panels are
computed for increasing time values as indicated. Shown also are two approximate computations where the

surprisal is expanded in a minimal basis of dominant constraints {I N, 4, éT,éTé}, red dotted curve, and in
the extended set {I N,4&, éT,éz, (élT)2 éTé} , blue dashed curve.
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