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Description of a quantum system that is subjected to an external a.c. field
and being contacted with an external bosonic bath is one of the central problems
in quantum electronics and condensed matter theory. The standard approxi-
mation here is an assumption of the Markovian bath dynamics, leading to the
relaxation term in the Lindblad form. This scheme is not applicable when den-
sity of the bath states obeys a strong dispersion. This is the case for cavity
electrodynamics, solid-state qubits connected to wavegudes, etc. In particular,
celebrated Kondo problem should be mentioned, as it can be mapped to a single
qubit interacting with bosonic excitations (magnons) in a 1D system.

We report our work on the methods stepping beyond the Lindblad scheme.
Two approaches will be considered. The first one is devoted to the problem
of a single qubit connected to the bath. We present the bath as a 1D chain
of oscillators and truncate the Fock space of the problem allowing at max one
excitation on each of the bath oscillators. After this truncation is performed,
the problem can be mapped exactly on a chain of non-interacting fermions. A
presence of the external driving force is accounted by the introduction of an
extra Majorana site coupled to the chain. Single particle Heisenberg equations
of motion allow a simple solution of the fermionized model.

The second approach uses a quantum Monte Carlo method for the numer-
ically exact summation of diagrams on the Keldysh contour. Whereas all dia-
grams cannot accounted because of the sign problem, it is possible to sum up
all the diagrams connecting opposite branches of the contour. The intrabranch
processes are taken into account through the serial expansion.

We will present numerical results obtained for the playground problems
within the two schemes and discuss their applicability in a wider perspective.


