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Fig. 1. Calculated results of vortex quantum number [ =3, 5, 8: (a) Total particle number of exciton polariton system changes

from 0 to 100 h/meV in evolution time; (b), (c), (d) particle number density distribution of exciton polariton system at

t = 100 h/meV with the vortex quantum number [ = 3, 5, 8.
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Fig. 2. Evolution image of the exciton polariton system with a large radius at [ = 8: (a) Particle number density distribution of the
system at ¢ = 100 2/meV ; (b) evolution of the total particle number of the system before ¢ = 100 i/meV .
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Fig. 3. After changing the radius of the annular microcavity, the calculated maximum number of bearing petals in the correspond-

ing system. (a) Relationship between the annular pumping radius and the maximum number of petals that can be accommodated.

The width of the annular microcavity is 5 um, the abscess is the inner radius of the annular microcavity, and the ordinate is the

maximum number of petals that can be accommodated. Points b, ¢ and d are the three value points in panel (a) respectively, which

correspond to the radii of the annular microcavity of 8, 15 and 22 um respectively. (b), (c), (d) Particle number density distribu-

tion of the three value points at evolution time ¢ = 100 i/meV .
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Fig. 4. Evolution of a single-loop pumping system with a pumping region of 5 — 7.5 pm . Panels (a), (b), (¢) and (d) correspond to
the particle number density diagram of the system at ¢ = 0 i/meV, 60 h/meV, 100 i/meV and 160 i/meV , respectively.
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Fig. 5. Evolution of vortex superposition state under multiloop pump. (a), (b), (¢) and (d) show the calculation results of single-

ring, double-ring, three-ring, and four-ring respectively. The first shows the schematic diagram of the multi-ring pumping region

constructed, with the red region representing the pumping region and the white region representing the empty ring zone construc-

ted. The second row corresponds to the particle number density distribution of the system evolution under the multi-loop pump,

and the value time is ¢t = 100 h/meV .
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Fig. 6. Analysis of the evolution of exciton field under double-ring pump with different void band widths. (a), (b) and (c) corres-

pond to the particle number density distribution of the system evolution when the void band region is 6.6 — 8.4 um, 6.9 — 8.1 um

and 7.2 — 7.8 um respectively, and the value time is ¢t = 100 i/meV .
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Abstract

Owing to its light effective mass, polariton can easily realize Bose-Einstein condensates (BEC) and can also
produce gyro effect under external drive. Therefore, it has a promising application prospect. Based on the
Gross-Pitaevskii equation, the evolution of the exciton polaron BEC system in the annular microcavity is
studied. Two key parameters affecting the characteristics of the exciton polaron system, namely the size of the
microcavity and the configuration of the ring-shaped pumped beam, are investigated. The size of microcavity
often directly affects the volume and power consumption of integrated devices. In addition, the number of
coherent petals of exciton polariton superposition state matter wave propagated in microcavity is closely related
to the precision and sensitivity of gyro, and the size of microcavity has a direct effect on the number of coherent
petals. At the same time, whether the pumping region is continuous or not also has a key effect on the evolution
of the system, and different pump configurations will affect the evolutions of the system. We find that in the
microcavity radius on a micron scale, the annular microcavity can excite the petal of vortex superposition state
when pumped by pumping light, and the petals can be stable, but circular cavity with a certain radius can
“accommodate” a limited vortex quantum number, when vortex quantum number is too large, the system will
be unstable and unable to support the formation of stable petals. However, with the increase of the radius of the
annular microcavity, the superposition petal number of the exciton polariton system contained in the annular
region will also increase, and the maximum petal number contained in the exciton polariton system has a
positive linear correlation with the inner radius of the annular microcavity. At the same time, we find that
when the pump laser configuration is changed, the system will evolve into a special form of steady state. The
calculation results show that when microcavity parameters are the same but for only changing the radial width
of single pump, the number of petals obtained is three times that before changing the radial width. In such a
case, the number of superposition petals not only exceeds the previously calculated maximum number of petals
accommodated by the annular cavity under the radius but also there appear the multiple petals combined
radially. Under the double-ring pump system, changing the width of the hollow ring may produce not only the
new exciton polariton condensation in the hollow ring, but also vortex states in the original petal. Under each of
the three-ring and four-ring pumping condition, the evolution of the system finally presents a multi-petal state
in the radial direction. Because these vortex superposition states contain the information about the density and
the phase, it has important guiding significance for designing the new system of gyroscope. Therefore, these
special evolutionary results open a new direction for studying the new system gyroscope.

Keywords: quantum vortex gyroscope, exciton polaron, superposition vortex states, ring-shaped pump
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