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Fig. 1. Trajectories of a physics observable during unitary evolution under two topologically difference Hamiltonians, the linking
numbers are zero (a) or one (b), corresponding to topologically trivial and nontrivial Hamiltonians, respectively!®; (c) the dynamical

trajectories measured by the Hamburg University group, and the corresponding topological number and equilibrium band structure

of the Hamiltonian!.
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Fig. 2. (a) Theoretical predication for one-dimensional Bose gas, the decay of particle number obeys a stretched exponential behavi-
or when adding dissipation. The inset shows how the exponent of the stretched exponential function changes as the interaction
parameter varies, revealing the anomalous dimension of the system!'”l. (b) The experimental results from the Tsinghua University
group, the observed atom number obeys a stretched exponential form. Different curves correspond to different interaction parame-
ters and the fitting yields different exponents, from which one can measure how the anomalous dimension changes as the interac-

tion parameter varies 1.
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Fig. 3. (a) Theoretical prediction for one-dimensional U(1) lattice gauge theory, the deviation from thermalization and the mass of
matter field are related, the system fully thermalizes only around m=0.655 at the phase transition point['®; (b) experimental de-
termination of the phase transition point with the help of finite size scaling!!”; (c) experimental measurement of long time satura-
tion value (data points) of the physical observable, compared with the expected thermalization value (solid line) ['7); the comparison

between (b) and (c) show full thermalization takes place only around the quantum critical point.
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Abstract

Combining quantum many-body physics and nonequilibrium physics is an important opportunity and
challenge for current physics research. Nonequilibrium quantum many-body physics is not only a subject of
common interest to many branches of physics but also an indispensable theoretical foundation for developing
emergent quantum technologies. Cold atom system provides an ideal platform for studying nonequilibrium
quantum many-body physics. The advantages of cold atom system, as well as other synthetic quantum systems,
are reflected in studying various nonequilibrium processes such as the thermalization of isolated system,
dissipation induced by coupling to the environment, ramping, quench, or periodically driving physical
parameters of a system. In this work, three examples from our research are discussed to show how the study of
nonequilibrium quantum many-body physics with cold atoms can help us go beyond the existing framework of
topological physics, uncover new methods of detecting quantum many-body correlations, and enrich the physical
content of gauge theory. Such a research concerns the fundamental properties of quantum many-body system,
such as topology and correlation, utilizes the advantages of cold atomic system to achieve a quantitative
comparison between theory and experiment, and aims at discovering universal physical rules for nonequilibrium

quantum many-body process, which can be extended to condensed matter and nuclear matter systems.
Keywords: ultracold atoms, quantum many-body physics, nonequilibrium dynamics
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