Control of entanglement between driven three-level atom in ladder-type configuration and its spontaneous emission
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Investigation of atom – photon entanglement attracts the attention in the past decades due to its application in the areas of quantum communication and quantum computing [1]. The numerous papers, dealing with that subject, are devoted to entanglement between the atom and its spontaneous emission. The study is based on the model of multi-level atom in different configurations dressed by coherent field [2], [3]. 
Here, we study the entanglement between the three-level atom and its spontaneous emission. The atom is driven by two coherent laser fields: one field induces transition between the ground and the first excited level, while the other field induces transition between the excited levels, making the ladder-type configuration. The optical Bloch equations, describing the density matrix evolution, are derived in semiclassical approach under rotating wave approximation and then solved numerically in the steady-state regime. Reduced entropy, based on atomic density matrix, is used as the measure of entanglement.  
The effect of the system parameters, like spontaneous decay rates of the excited levels, Rabi frequencies and detunings of the laser fields, on entanglement is investigated in details. The influence of Rabi frequencies is studied in two cases: when one of them is much less then the other and when they are comparable. Also, the effect of detunings is considered in the case of two-photon resonance and beyond it. Another way in investigation is devoted to the control of entanglement by the vacuum induced coherence, which is achieved in the quantum system with equidistant levels. 
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Figure 1. Effect of Rabi frequencies of the laser fields on the degree of entanglement. 
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