Single impurity Bose-Anderson model
Chichinadze D.V1,2
Student
E-mail: dchichinadze@gmail.com
Shchadilova Y.E.2
Doctor of philosophy, Research Fellow
E-mail: yes@rqc.ru
1Department of Physics, Lomonosov Moscow State University, 119991 Moscow, Russia
2Russian Quantum Center, 143025 Skolkovo, Russia
The interaction of a single impurity with quantum bosonic field is a long standing problem, first introduced by Landau [1, 2]. This class of problems arises ubiquitously in fields ranging from solid state physics and ultra-cold atoms to quantum optics. Recently this problem attracted a considerable attention due to its novel realizations by impurities immersed in gases of ultra-cold atoms [3, 4]. Another novel realization is based on the interaction of the optically trapped atom with the modes of so-called “slow” light [5]. The model that describes this atom-light interaction is known as single-impurity Bose-Anderson model [6, 7]. Though only local interactions between light and matter present, this model exhibits a continuous symmetry breaking and phase transition from Mott to superfluid state is present.

The goal of our current research is to develop an approach that is able to capture the essential features of phase transition in the Bose-Anderson model, capable in particular to reproduce an equilibrium phase diagram. Our method is based on the factorization of the wave-function of the two parts. One part, that describes the impurity and several neighboring sites, is treated exactly, while the other part is treated on the mean-field level. Using this factorization it is possible to build up variational scheme to find the ground state of the system in this class of trial wave-functions. We show that employing different types of factorizations we can, in controllable manner, adjust the accuracy of our approach. A key advantage of this approach is its possible extension to describe dynamics, e.g., after a sudden quench of a parameter of the system. 
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