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Two-Dimensional Electron.Hole System under the Influence of the

Chern–Simons Gauge Field Created by the Quantum Point Vortices
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The Chern–Simons (CS) gauge field theory was widely used to explain and to deeper understand the fractional

quantum Hall effects. In this work, we apply the Chern. Simons gauge field theory to a two-dimensional (2D)
electron–hole (e−h) system in a strong perpendicular magnetic field under the influence of the quantum point

vortices creating by the Chern–Simons (CS) gauge field. The composite electron–hole particles with equal integer

positive numbers φ of the attached quantum point vortices are described by the dressed field operators that obey to

either the Fermi or Bose statistics depending on the even or odd numbers φ. It is shown that the phase operators,

as well as the vector and scalar potentials of the CS gauge field, depend on the difference between the electron and

the hole density operators. They vanish in the mean field approximation, when the average values of the electron

and of the hole densities coincide. Nevertheless, even in this case, quantum fluctuations of the CS gauge field lead

to new properties of the 2D e−h system. It is found that the numbers of vortices attached to each electron and hole

are the same. This result is not obvious, and a different distribution of vortices in the environment of electron–hole
pairs could be expected. A simple analytical formula is obtained for the shift of the magnetoexciton energy level at

the point
→

k = 0 due to the influence of the CS gauge field.
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