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Complex quantum many-body dynamics

One of the central fundamental topics of modern science is the question of emergence of
complex dynamics. Complex dynamics means that physical systems of many particles change
in time in ways that are difficult to predict from the behaviour of one particle by itself.
Existing theory can understand the emergence of complex dynamics from the microscopic
quantum laws in only very limited cases. The focus of the project will directly tie into various
ongoing research directions in non-equilibrium quantum physics including dissipative [1] and
light-induced many-body engineering [2], quantum many-body non-ergodic dynamics (e.g.,
quantum many-body scars) [3], and quantum information processing [4]. The project is based
on unconventional algebraic principles discovered by the principal investigator (PI) called
“dynamical symmetries” [5,6], which have potentially broad applications ranging from
operator algebras [6], through novel passive quantum error correcting algorithms in realistic
quantum computing platforms to computing complex dynamics in driven quantum matter
experiments. As a part of the internship the student will have the opportunity to learn and
contribute to developing new theoretical approaches to solving wide ranges of quantum
many-body physics relevant to condensed matter physics, quantum computing, and quantum
science and technology, more broadly. More specifically, we will focus on lattice models, e.g.,
spin models. For example, one part of the project could be discovering new models that
display complex dynamics like a 2D version of the “spin lace model” [7] with quantum
many-body scars. A more mathematically oriented student will benefit from studying the
stability of the resulting scarred phases using methods similar to the “scarring phase
transition” stability analysis (e.g., VI A of [6]). However, these are merely examples and
interested and highly motivated candidates should contact the PI to discuss the project details.

The PI is looking for candidates with an interest in fundamental theoretical quantum
research and condensed matter. The ideal candidate should have an education background
focusing on topics related to non-equilibrium and

many-body PhXSiCS, e'g:a open quantum systems, STANDARD SYMMETRIES DYNAMICAL §YMMETRIES
advanced statistical physics, and modern condensed [H,Q1-0 [HAT=-wA
matter theory.
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