Controllability and optimal control of spins coupled to a dissipative cavity
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We investigate theoretically the control of spin systems coupled to their environment. For that
purpose, we consider two similar models with different levels of complexity, which can be used to
describe one or several spins in interaction with a cavity whose degrees of freedom are quantized [1,
2]. Control tasks are performed by means of collective driving: coherent and squeezing light fields
[2–4] in the case of several spins (model 1) or modulation of the spin energy transition in the case of
a single spin under the restriction of a single quantum excitation at disposal in the system (model 2)
[5]. A sketch of the two models is given in Fig. 1.

Fig. 1: sketch of the two models.
We first analyze the controllability of the systems with Lie algebra computations and numerical
simulations. This allows us to characterize precisely the set of possible transformations. The role of
squeezing light fields and non-Markovian dynamical effects are discussed. Then, using optimal control theory [6] we investigate several control tasks, such as the generation of non-classical states in the
first model[7], or the selectivity of independent spins in the second model [8]. Control mechanisms
are highlighted and the physical limits of the processes are discussed. In particular, the detrimental
effect of the cavity damping is analyzed [7].
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