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Fig. 1. (a) The ground state energy E as a function of the confinement strength wp at different dielectric

constant ratio n; (b) the ground state energy E as a function of the spin-obit coupling strength ar at

different electron-phonon coupling strength a.
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constant ratio 7.
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Abstract

In this paper, based on the Lee-Low-Pines transformation, the ground-state properties of the bipolaron with the

Rashba spin-orbit coupling effect in the quantum dot are studied by using the Pekar variational method. The expressions

for the ground-state interaction energy Fint and binding energy Ey, of the bipolaron are derived. The results show that Eint

is composed of four parts: the electron-longitudinal optical (LO) phonon coupling energy FEe.pn, confinement potential

of the quantum dot Feousr, Coulomb energy between two electrons Ecou and additional term in the Rashba spin splitting

energy Er.pn originating from the LO phonon, where Ecous and Ecoul are positive definite. These indicate that Feous and

FEcoul are the repulsive potential of the bipolaron. Generally, it is unable to form the electron-electron coupling structure

in the quantum dot because two electrons repel each other by means of the screened Coulomb potential and confinement
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potential of the quantum dot. However, the numerical results show that the ground-state binding energy of the bipolaron
Ey, is greater than zero under the condition of the electron-phonon strong coupling (coupling strengtha > 6), so the
condition of forming the steady bipolaron structure in quantum dots is naturally met (binding energy Ey, > 0). In
addition, the ground-state energy of the bipolaron FE is always less than zero, thus the ground-state biplaron in the
quantum dot is in the steady bound state. This can be explained by the physical mechanism. Firstly, the electron-LO
phonon coupling energy Fepn in the ground-state interaction energy of the bipolaron is always negative. Secondly,
the electron-LLO phonon coupling interaction in the low-dimensional structures of II-VI semiconductors is great enough
(generally a > 6.0) so that the electron-LO phonon coupling energy Fe pn is dominant in the ground-state energy F and,
therefore the screened Coulomb potential and confinement potential of the quantum dot can be overcome and a steady
electron-electron structure can be formed. The numerical results also indicate that the binding energy of the bipolaron Ej,
increases with increasing the confinement strength of quantum dot wg, dielectric constant ratio of medium 7 and electron-
phonon coupling strength «, but it shows the direct opposite cases from linear increase to decrease with increasing the
Rashba spin-obit coupling strength agr; the ground-state energy of the bipolaron splits into three energy levels due to
the Rashba effect: E(11), E(J{) and E(1)), which correspond to spin orientations of two electrons respectively: “up”,
“down” and “antiparallel”; the absolute value of ground-state energy |E| increases with increasing ) and «, but it shows
the direct opposite cases from linear increase to decrease with increasing the Rashba spin-obit coupling strength ar; the
electron-phonon coupling energy obviously accounts for a larger proportion than that of the Rashba spin-obit coupling
energy in the ground-state energy of the bipolaron, but the electron-phonon coupling and Rashba spin-obit coupling
infiltrate each other and influence each other significantly. In short, the electron in narrow-gap II-VI heterojunctions
have higher Rashba spin splitting energy and larger application range. For these quantum dot structures, it is impossible
and unnecessary to inhibit the formation of bipolarons. It is more accurate that the bipolaron is chosen as the elementary
excitation than the single polaron when investigating the electron-phonon interaction and Rashba spin-orbit coupling,

and the bipolaron has more practical significances and potential application values.

Keywords: narrow-gap II-VI heterojunction, bipolaron, Rashba spin-obit coupling, ground-state energy

PACS: 78.67.Hc, 71.38.-k, 71.38.Mx DOI: 10.7498/aps.65.177801
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