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MOTIVATION

=lectronic structure is the key issue behind materials
properties, those of atoms, molecules and solids, in all
phases. The conventional approaches target on finding
either the wave function or the density of the many-
electron system. Both of these approaches have their
pros and cons, and consequently, somewhat different

FEYNMAN PATH INTEGRALS

Feynman path integrals (Pl) provide an alternative
approach to quantum theory, and also, derivation of
Schrodinger equation [1]. Furthermore, with the Pl the
time evolution of the wave function or the density matrix
can be simulated [1,2], and also, stationary eigenstates
and energies can be found.

subfields of applications.

The conventional approaches also suffer from
laborious or insufficient description of many-body

Path integral approaches heal the before mentioned
deficiencies of conventional ab initio methods.

effects, they are restricted to zero-Kelvin Below, playing with the real and imaginary time, like:
temperature and restricted to Born—-Oppenheimer (‘w(x T) = it 8w(x t)
approximation. Hip(z,7) = . Hyp(x,t) =i
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Everywhere real and positive!
Thus, probability interpretation
and “simulation of diffusion”

This is the conventional Diffusion
Monte Carlo (DMC) with a great
history and benchmarking various
guantum systems.

Slxa, Ty / L.dt
ta

%The first real time path integral
. approach to find the wave diffusion Monte
function of electrons Carlo” approach

. These approaches simulate coherent time evolution in

. real time or stationary eigenstates from incoherent

- time evolution. This may also lead to practical solutions

. to the fermion sign problem. For proof-of-concept
studies and demonstrations see the reference 5.

Quantum statistical phySICS

at finite temperature T > 0,
I.e. NVT ensemble
Free energy minimum!

We have studied several small
atoms and molecules to settle
the nonadiabatic coupling of
nuclel and electrons and the
roles of quantum and thermal
dynamics. The most prominent

Complex function!
Novel "real time

"Ground State of the Electron Gas™ by
Ceperley D.M. and Alder B.J.,
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