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Fig. 1. Energy level structure diagram of a five-level M-type
three-quantum-dot electromagnetically induced transparent
medium. Here |0) is the ground state, |1) and |2) are the
direct exciton state, |3) and |4) represent the indirect ex-
citon state, and Te; and Tea represent the strength of
tunneling coupling between the intermediate quantum dot

and the left and right quantum dot, respectively.
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Fig. 2. The ratio of the imaginary part to the real part of
(a) dispersion coefficient and (b) nonlinear coefficient as a
function of tunneling strength of the quantum inter-dot.

The parameters used are given in the text.
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Controlling collision properties of solitons in five-level M-type
triple quantum dot electromagnetically induced transparency
medium by inter-dot tunneling coupling”
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Abstract

Experimentally, the triple-quantum-dots system can be produced on a GaAs [001] substrate by molecular
beam epitaxy or in-situ atomic layer precise etching, thus enabling a triangle triple quantum dot (QD) aligned
along the [110] direction. According to this, we first propose a five-level M-type triple QD electromagnetically
induced transparency (EIT) model which consists of a triple QD molecule interacting with a weakly linearly
polarized probe field with two orthogonal polarization components under the action of a magnetic field parallel
to the light propagation direction. Subsequently, by using the multiple-scale method combined with the Fourier
integration method, the propagation characteristics of the optical solitons and the collision characteristics of two
solitons in the system are studied. It is shown that the optical solitons can form and propagate stably in this
system under the action of quantum inter-dot tunneling coupling whose formation mechanism is different from
the soliton-forming mechanism in ultra-cold atomic, single QD, and double QD EIT system. This is because the
necessary condition for forming a soliton is to use a strong light beam to modulate a weak light beam, whether
it is in an ultra-cold atom system, or a single quantum dot EIT medium or a double quantum dot EIT medium.
In a word, the formation of soliton in previous EIT systems needs an additional strong controlling field, while
the five-level M-type triple QD EIT system is dependent on the inter-dot tunneling.

Since the solitons can propagate stably, the collision properties of the solitons may be studied in this
system. Finally, by applying Fourier integration method, it is found that the collision behaviors of two solitons
are determined by their initial phase difference. When their initial phase difference is 0, the collision behavior
between the solitons is periodic elastic collision. While their initial phase difference is separately n/4, n/2, and
n, the collision behaviors exhibit separation phenomenon due to repulsive effect. Interestingly, the collision
characteristics of two solitons are controlled by the inter-dot tunneling strength. With the increase of inter-dot
tunneling strength, the collision period of two solitons with the initial phase difference of 0 decreases, and the
repulsive force of two solitons with the initial phase difference being separately n/4, n/2 and © increases. This
provides some theoretical basis for experimentally controlling the soliton dynamical properties in semiconductor

quantum dot devices.

Keywords: inter-dot tunneling coupling, solition collision behaviors, phase difference, electromagnetically

induced transparency medium

PACS: 42.50.Gy, 73.40.Gk, 05.45.Yv, 42.65.Hw DOI: 10.7498 /aps.69.20200141

* Project supported by the National Natural Science Foundation of China (Grant Nos. 11474245, 11374252, 51372214).

1 Corresponding author. E-mail: dlwang@xtu.edu.cn

174203-10


http://doi.org/10.7498/aps.69.20200141
http://doi.org/10.7498/aps.69.20200141
mailto:dlwang@xtu.edu.cn
mailto:dlwang@xtu.edu.cn
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

