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Numerical analysis for high-dimensional quantum dynamics
Quantum dynamics provides the fundamental framework for describing microscopic phy-
sical systems, such as atoms and molecules, and is therefore central to modern phy-
sics, chemistry, and materials science. The key equation of quantum dynamics is the
time-dependent Schrödinger equation. Its formulation requires an underlying Hilbert
space H, a (possibly unbounded) self-adjoint linear operator H : D(H) → H with domain
D(H) ⊂ H, and an initial condition ψ0 ∈ H. It reads

i∂tψ(t) = Hψ(t), ψ(0) = ψ0. (1)

A typical form of the operator H for an N -particle system (N may be very large) is

H =

N∑
n=1

(
− 1

2mn
∆xn + V (xn)

)
,

where mn denotes the mass of the n-th particle. The potential function V : R3N → R
may be given as the sum of Coulombic interaction terms,

V (x) =
N∑

n=1

∑
m ̸=n

ZmZn

|xn − xm|
,

where Zn denotes the charge of the n-th particle.

Gaussian wave package

Numerical methods are key to understanding and predicting
the behavior of complex atomic systems modeled by (1). Ho-
wever, specialized techniques are required to cope with sever-
al challenges inherent to this problem, including the possible
unboundedness of the Hamiltonian, the unbounded spatial
domain, the presence of multiple spatial and temporal sca-
les, the high dimensionality of the system, and the need to
preserve conserved quantities. This seminar explores specia-
lized numerical techniques for addressing these challenges,
along with their numerical analysis.

The literature and presentations will be in English. Topics can be adapted to the mathe-
matical background of the participants.

Prerequisites: Numerical methods for ODEs, Functional analysis and a basic course in
PDEs. Knowledge in numerical analysis of PDEs is helpful but not required.

Date: The seminar will take place on Wednesdays from 08:00 to 09:30 in room 3.061.
Further details and organizational matters will be discussed at the preliminary meeting.

Preliminary meeting: The preliminary meeting will take place on July 27 at 13:10 in
room 3.060. For organizational purposes, prospective participants are kindly asked to
express their interest in advance by joining the corresponding coarse on ILIAS (coarse
id: 0124100). If you have any questions, please send an email to moritz.hauck@kit.edu.


