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Abstract: The exciton polaritons in the semiconductor microcavity driven by light is a hot research field in
physics and optics in recent years, and the superposition quantized vortex of the Bose-Einstein Condensates
(BEC) driven by light in the microcavity has subversive potential application value in the field of quantum

sensing. An accurate mathematical model via Runge-Kutta Difference and FDTD finite element method was
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constructed to characterize the time-space evolution of the quantum vortex gyrotron polariton system. On this
basis, the influence of some key parameters related to pump light, signal light and semiconductor microcavity
materials on the evolution characteristics of the quantum vortex gyroscope exciton polariton condensate was
studied. For the pump light and signal light, the light intensity and geometric size of the annular spot were
considered. Meanwhile, the effect of the microcavity material on the exciton polariton system was converted into
the effect of the effective mass on the BEC system through mathematical transformation. By scanning a lot of
parameters, some key factors affecting the performance of the quantum vortex gyroscope were obtained,
including the geometric parameters and intensity of the pump light, the related influence of the pump light and the
signal light, and the material properties of the semiconductor microcavity. The relationship between material
properties and superposition state evolution of quantum vortex gyroscope was calculated by characterizing the
relationship between effective mass and properties of different microcavity materials, and the range of reasonable

values for effective mass was found to be narrow. These works provided an important reference for the

engineering prototype development of the quantum vortex gyroscope.
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Fig.1 Exciton polariton system in microcavity of quantum vortex gyroscope. (a) Flat microcavity structure driven by pump light; (b) System of exciton

polariton condensates on the rotational state; (c) Formation process of exciton polariton under light excitation!'”!
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Tab.1 Key parameters of the numerical model and the corresponding parameter meaning

Parameter meaning

Important parameters Parameter meaning Important parameters
to Time step n,
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r Microcavity inner diameter )
Dy Radial lattice length Dy
My Effective mass g
y Inherent loss of system n
P, Pump light size P omplitude
2 Pump optical center Ty
N hatfivave Radial half wavelength number ?o

Calculate the total time
Topological charge number
Angular lattice number
Microcavity outer diameter
Angular lattice point length
Nonlinear interaction
Saturation compensation term
Pump light intensity
Light center

Initial wave function

20220004-5



ISk A2

% 4 3

www.irla.cn % 51 %

GEAL i FERYSEE, I DL — 20K Hh R G RR sk
Fa Ry FE . HeAh, 8 R S G S 8L, W LI
AN [R) 25 R RIS [] 56 £ 25 3 D' X 28 G A 1 )
FE

2 ETFiRmEfeBUHXES YIS

1 I JE P IR A T AR AL IOT IR R S BR B
— ISR RS I R T AR T
P, RG0S 3h 12 P S WATRE, 2R 2 A FE
BRI B4 T BEME . SR R B MR St ry L
0] 2 B 2 3 A LA SRS B b RE 2 20 A T 1 73
Br T4 IR BEFE IR A BEC IR &R o EZ /M TiX
ANSEOS B INAS R G T | 5223 8] 70 A5 FAR (6270
A BN, B6IE T AR EROR Y T AT
21 RBRBERILASHESEFREFEESCRL S

PERX &

TR B SR A A T DX — M AR —
P48 B R BT R B 4 B R AR N A

THE 1) A FREAR > 2% 80 DX 358 J) [ 7 A B 0, 7 3%
S AT, S — Rl R, W
I, PO G0 LT S50 A 52 ) T 15 i P 18R
CE AL RRR E M SN R . O E MR T H
14 56 B RN PR ELAR B S

A 4 Jros, Y IRIE R 6 B AR T AR 1 AR 4k
B, BT WAk T BEC 02 i Jié 14 & 04 3 b i 7
BB AR o 1 HL 8] B & i/ me V, it T4 B [
6.582 1x 1073 so T~ SCHRHG FH 3K A~ Hif (1] B A7 e 4 38 T
FRIFIA] o AR 45 R T AR Y, M A0 Al X 5 i
I B, A0 & 4 (a) B, B TR ERE IR AL 5
S 1) T Ak i R AE AR B S 0 SR i 3, v Ak it £ an
Bl 4(d) iR o 2815 B & A8 7R Z T 3 B L
JEE ML, TN TE] 4(c) RN 4(F) Br7n o HRDOLAL T30
R (9 O B, Q] 4(b) BT, T AR 09 B 00 e P
WA TF AL TOT R SR ke 1), WL 4 (). BLA
R, MR T ARG D, R RN
{14 J8 b T PR M P R o X R] DL FE R 4 (d).

R, =6.5 pm R;,=7.5 pm R;,,=8.5 pm
(@
R,,=10 pm
- 70 - 30 -
35 1 (d) — Particle number 2(5) - (e) — Particle number 6] — Particle number
30 55 [
g 5 50 | 5
2 B < 35 | 2 20 t
g E 4| E
g 20 ¢ g 35 | g
% ol ,%:)) %(5) ; '%:; 10
E 10} E 20| g
~ ~ 15 } ~
5t 10 +
5 F
0 0 0

0 5 10 15 20 25 30 35 40 45
Time/fAi-meV™"

0 5 10 15 20 25 30 35 40 45
Time/Ai-meV!

0 5 10 15 20 25 30 35 40 45
Time/A-meV!

[l 4 AFIBERDGALE X T IRBERE SR EGHE LA, (a)~(c) DL S INE &7 BRI AL, P PRE & T B 3 1 6 2 el 9 382y,
95 um, AME 10 pm; (d)~(f) BT P BEREIRAUA R TPl TR AT BB i 3 A AL e, S AT ) 40 7/ meV

Fig.4 Influence of different pump light positions on the evolution of quantum vortex gyroscope. (a)-(c) Relative position of the pump light and the ring

quantum well, where the ring quantum well is the part surrounded by a white dashed circle, with the inside diameter of 5 pm and the outer

diameter of 10 pum; (d)-(f) Evolution law of exciton polariton in quantum gyro system with time in period of 40 7i/meV
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action of the pump light/signal light. (a) Influence of pump light size and pump light intensity on the evolution characteristics of the system only

under the action of pump light; (b) Joint influence of pump light and signal light on superposition state of vortex
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60 1/meV; (j)-(1) Vortex superposition state with orbital angular momentum +1@20 /z/meV, 40 7i/meV and 60 7/meV
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