Thermalization of open correlated quantum systems
Shakirov A.M.1,2
PhD student

E-mail: aleshakirov@gmail.com
Shchadilova Y.E.2
Doctor of philosophy, Research fellow

E-mail: y.shchadilova@gmail.com
1Department of Physics, Lomonosov Moscow State University, 119991 Moscow, Russia
2Russian Quantum Center, 143025 Skolkovo, Russia
Strongly correlated quantum systems are under active study in many areas of condensed matter physics, ranging from solid-state physics and nanoelectronics to physics of ultracold gases in optical lattices. These systems are characterized by a non-linear coupling between degrees of freedom. Brought out of equilibrium, they undergo a complex redistribution of energy between degrees of freedom yielding to thermalization dynamics. In this contribution we consider two examples of thermalization of open correlated quantum systems.

One example is a molecule or an artificial nano-object on the surface of a solid substrate. Prepared in an out-of-equilibrium state, it loses coherence at the timescale determined by the coupling of the system with the surface. For a system with a complex spectrum thermalization of observables to their equilibrium values can be suppressed. An example of such a system is a cluster of coupled quantum dots with broken particle-hole symmetry. We consider the metastable dynamics for the simplest case of a triangular cluster on the metallic surface [1]. We show the suppression of thermalization as the interaction between electronic degrees of freedom is increased. In our study we use the method of the master equation for the density matrix of the open quantum system. Within this approach the metastability is explained by selection rules which are imposed on transitions between many-body states of the system.

Another example is a gas of ultracold atoms loaded into an optical lattice. In typical experiments this system is put into the vacuum chamber and can lose particles. In this case the attainment of the thermodynamic equilibrium which is independent of microscopic details of the initial state must be ensured by the properties of the system itself. Systems with 103-106 particles act as reservoirs for themselves and undergo self-thermalization. For emissive systems with a small number of particles it is not known if they thermalize and can be characterized by stationary distribution functions. We demonstrate that these distribution functions are of the Boltzmann form and do not depend on the microscopic details of the initial state [2]. The mechanism of thermalization lies in statistics of transitions between many-body states which occur due to the loss of particles.
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