Transient properties of electromagnetically induced transparency in spherical quantum dot with hydrogen impurity
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The electromagnetically induced transparency (EIT) is the effect based on the destructive quantum interference of the probability amplitudes, corresponding to the possible paths of excitations between specific atomic levels by coherent laser fields. It makes the otherwise opaque medium transparent with respect to the weak resonant laser in the presence of the strong control laser field [1, 2].  The study of the transient properties of the EIT corresponds to the study of the time response of the medium interacting with laser fields. This study is important due to the application of the EIT in all-optical switches and transistors [3, 4].
In this work, the temporal behavior of the level populations and susceptibility to the probe laser of the GaAs spherical quantum dot (QD) with an on-center hydrogen impurity is studied when the EIT effect is achieved. The interaction of the QD with the weak probe and strong control laser is described through the three-level ladder-type model and the density matrix approach is used to describe the dynamics of the system. In order to obtain corresponding density matrix elements, Optical Bloch equations are solved numerically with the chosen values of laser intensities and for different values of the QD radius, for the case of zero detuning of both fields.
It is found that the quantities under consideration show the oscillatory behavior before reaching their stationary values. The oscillations in the populations are more prominent for the QD with the large radius and the transient regime becomes shorter with increasing the QD radius. The duration of the transient regime for the imaginary part of the susceptibility is almost the same for all the values of the QD radius we considered here. For the chosen values of the parameters, the duration of the transient regime for both populations and susceptibilities of the order of nanoseconds is obtained. The value of the imaginary part of the susceptibility in the stationary regime increases with the decrease of the QD radius, which is in accordance to the results from our previous work [5]. Moreover, it is observed that with increasing the value of the QD radius, the imaginary part of the susceptibility takes the positive values, meaning that there is the gain in absorption of the probe laser before its stationary value is achieved.
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