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2.1 Bessel U EE

BL 2 X FR A4 ml R 34, B r ik
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wEmleds . LG T AR Vo = 1
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(c) (d)
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1 AIFEIB 4L n 1) Bessel 15 s A% 3835 1 25 0] 43 1
(a)n=0; (b)n=1; (c)n=2; (d)n=3. z,y € [-8,8].
B EE R B —VoI2 (V2br), K 1V =1, b=0.5
Fig. 1. The BL potential —VpJ2(v/2br) with different n:
(a)n=0; (b)n=1; (c)n=2; (d)n=3. =,y € [-8,8],
Vo=1,b=05.
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RS, DL RS S M AL e o i v BT [ ) v
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WG A AR R (2, y) ZAIHYSE RN 2/ = @ cos(2t)+
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2.3 HEAEMSEIRE

S TSR RGN FAAS G, B R i AL Ty
2B SR AE RS (1), MEREAL TR TR (1) T
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o 30T 7R B R LR TR B B ISR R iR A5,
BN R HE 1T - Q0.

J T WA TRASESM, A SCRH T IE
iR e B JIn A 130)
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YERPTha A, Horbra, B2S4K, fifFa? 4+ 62 =1,
HAF I R IE AR AR A T I L, AT
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1o 4350 367 1E BRI ) 1 3 i T4, XN 1 ff
S s LA, oh.

PIGEEI N R G SEOT RS S5 E .
BL (PSS 5053 i 2 353750 B Vo AR ) Wie 4 A
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JCIE) A EAEF, VA K SOC M EAEH, 7EA ST
BT, B g =92 =1, g12 = —0.05, KI5
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HAEH. 756, ek 275 2 m e Mk R AE ek 2
% R PR E SR, AR 2 € [0,1].

3 Lo E AR R AR HOT R R B

AT AE LI = AR ZR PR AR JC SOC 1 AN
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31 X SOCIERBLIGELIRRPRML
HITRRNRESEN

SRS ZRT, 2 =0. H4EITE 0 B Bessel
g (n = 0) PHALEOCEER WSS, %3
FEH T RSB, e PRI 2 AL T il 4 7 34
BIF, SOANSE AR T RISABE, i Je iR Bk R
AT LA A 4 B Y A AR A B O BR IR
BIE. O B Bessel #4375 (n = 0) RS L5 49 an & 2
FioR, B 2(a) 45 A2 S RIS, T2 BE A AT,
W RIINST TR T RSB R AR, 8 2k
BEIRST T2, 215 5 B B PIST 7 1 A d0i J 2:
Vo =1. & 2(b) A 2(c) Fmm W IR7 7% B 7
A3, 43 S AR AR AN DU A% IS, W LAE Y, 2
AN, T T B ERIFIGREE, T 0 2% Bessel
PG R RSB R B A5 2, AV4ERE 2
W IRST 75 B2 BB B e 4B B 2R AT T 1
W np Rw, Wony =207, Vo=4; n, =48],
Vo = 20, FEEERIEIN, S s, i He
SR P AR M S PR AR AR AR T, Bl
PR AR, B 2(c) IIFEVERLE 2,y € [-3,3],
Ml 2(a) K 2(b) BITHHEEE R 2,y €[-8,8], 7]
DUE Y, Bl S B i 38, 2 9T 8ok b

(a) (b)

[h1,2]? [41,2]?

0.0814 0.1397

(c)
0.3051

arg(y1,2)

[t 2/

K2 0B BL H e 3R ABF Y (a) R ZLIRSE T (b) R INSL 571 (c) PURRAIRSL T 59 %5 B A3 A 5 (d) 51 (c) X B A4 AR 2 43 A .
K (a) A (b) B3T3 B @,y € [-8,8], B (c) FIIE (d) B3 B2 =,y € [-3,3], BLZ U JE (a) Vo = 1; (b) Vo =4,

b=0.4; (c), (d) Vo =20

Fig. 2. Densities of (a) Gassian, (b) dipolar, (¢) quadrupolar solitons and (d) the phase of the quadrupolar soliton in the central

deep potential well of the BL, where z,y € [—8,8] for panels (a) and (b), z,y € [—3,3] for panels (¢) and (d). Values of other

parameters are Vo = 1 for panel (a), Vo = 4,b= 0.4 for panel (b), Vo = 20 for panels (c) and (d).
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SRR SR R AR 2 AR, [ 2(d) B S A
] 2(c) XN AN o3 A, AT LAE th, AHAIFE 0 Filn
Z ISRk

B RIS, FRAR I B e AR TR T
% Bessel ik 37 E n BN/, AR RE
EHVEC n B3EIITEG 0. AR B PR A OoTRE
RifagitaanE 3 fEl 4 s, B 3 4 R
ARIRSZF, FTLLE Y, VRFBIF rh AR ST F RO 45 1)
e T IRRFBE, HPE AR E PR n (93 i
AR, YeFpha e RIS 74544 1Y B dgmis 5 Bt o By
Bon MEGRIMIEIN. 5350, B TASGERIRT RE,
i (eAkioe, TR BowizsriE, g BL Bk
n WIS, Al GRIE S AR, PR ) kE

Z A, R FRARANST 10 e R BERE A B4 n 1Y)
K0S, FRIREFBI rh il A BT ERE SR ) Z2 A AR
ST RS ME 4 s, B R RS BEAE L, 2R
REBIH JefrAE S &2 v DABH (R ) o e f8 3
B F 2L T HIE K. E 4 25 27 T 11
WL n, = 2,4,6,8,10,12, ATLIA Y, BURMEL.
SEPR b, P AR RS 1T LA R I SR IR e Y &
A, M0 =1y = I8, JE & IS NIRECE 21, it
A 1E R I THE R £ Sl s KT, AR R f Bk 0,
WIR L # by, FTLUERBCh A B & s, (B2
Iy # by, BIRSINEA T ARG, FILERE
ZARIRS TR EC L B AR 0 RS
45K,

AN, TE R — B B0 Bessel #d7 b a] LIIE i
WECAS R Z AR T, K] 4 BL #3789 502

(a)
0.0344

o

Oﬂ

(c)
0.0175 0.0140

O

& 3 BL ARIR B i R A BOTHE R FRORAST TR A5 G54 09 %8 BE 50 A0 |1, 2|2 B EL n 928 4L, THEVE M 2,y € [-8, 8], M
N =0,S0CYEH#E a=0. BLZHHHE (a) Vo=10, n=1;(b) Vo =10, n=2;(c) Vo =20, n=3
Fig. 3. Densities [11,2|? of ring-shaped solitons in the ring-shaped shallow potential well of the BL with different (Vp,n): (a) (10, 1);

(b) (10, 2); (c) (20, 3). =,y € [-8,8], =0, a=0.

(a) (b) (c)
0.0301 - 00310 0.0312
0 - 0 A 0
(d) (e) (f)
- 00377 0.0377 ® o 00393
™
’ - ’ ™ P P
L) ’ ] . . .
. .
- ’ Al .
- 0 0 Se* 5
‘wl,Z‘Q

4 BL RSB iR BT 5 R 2 W I F R ARSI BB A3 A b1 ,2|?, R 2,y € [-8,8], AR 2 =0, SOC{E
M a=0, n=3. VoM n, 2 illJ& (a) Vo =30, np=2; (b) Vo =30, np =4; (c) Vo =230, np=6; (d) Vo =60, np =8;

(e) Vo =60, np =10; (f) Vo =70, np = 12

Fig. 4. Densities ([1,2]?) of multipole solitons in the ring-shaped shallow potential well of BL with different (Vp,np): (a) (30, 2);
(b) (30, 4); (c) (30, 6); (d) (60, 8); (e) (60, 10); (£) (70, 12). =,y € [-8,8], 2=0, a =0, n=3.
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Fig. 5. Densities |11,2|? of fundamental solitons in the central deep potential well of the BL with different a: (a) « =0.3;
(b) =04; (c) «=0.495;(d) «a =0.499. z,y € [-3,3], =0, Vh =1.0,n=0.
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Fig. 6. In the presence of SOC, the densities (|11,2]2) of stationary state structures in the ring-shaped shallow potential well of the
BL with different V and n: (a) Vo =10, n=1;(b) Vo =10, n=2; (¢), (d) Vo =20, n=3. z,y € [-8,8], =0, a=0.2.
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Fig. 9. Densities and phases of stationary vortex structures in the central deep potential of the BL with different b: (a) b=0.1;
(b) b=0.2;(c)b=0.3;()b=04. z,y € [-2,2], « =04, Vp =40,n =0, 2 =0.95.
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Fig. 10. Evolution dynamics of the multipolar solitions in the BL with £ =0.1.
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Abstract

Bessel optical lattice yields a non-spatially periodic column-symmetric optical lattice potential field, which
has the characteristics of both infinite deep potential well and the ring-shaped potential well. A deep potential
is formed in the center of the 0-order Bessel optical lattice. In the non-zero-order Beseel optical lattice, a ring-
shaped shallow potential well with a central barrier can be formed. Exciton-polariton is a semi-light and semi-
matter quasi-particle, which can achieve the Bose-Einstein condensate phase transition even at room
temperature to form a polariton condensate. In addition, the polariton condensate is likely to realize sufficiently
strong spin-orbit coupling due to the cavity-induced TE-TM splitting of the polariton energy levels. The
polariton condensate can be realized at room temperature, and there can be spin-orbit coupling in it, which
provides a new platform for the studying of quantum physics.

In this paper, the Bessel optical lattice is introduced into a polariton condensate. The stationary state
structure of spinor two-component polariton condensate with spin-orbit coupling is investigated. By solving the
Gross-Pitaevskii equation, we first give a stationary state structures of the polariton condensate both in the
laboratory coordinate frame and in the rotating coordinate frame. Owing to the introduction of the Bessel
optical lattice, the stationary state structures of polariton condensate are diverse. We dispaly the stationary
state structures of the basic Gaussian solitons and multipole solitons in the central deep potential well in the
laboratory coordinate frame, and the ring solitons and multipole solitons in the central shallow potential well.
We also dispaly the vortex ring soliton that exists in the rotating coordinate frame, and the stationary state
structure of the component separation caused by the spin-orbit interaction. We analyze not only the influences
of the spin-orbit coupling on the stationary state structures in the two coordinate frames, but also the stability
of the multipole solitons in the rotating coordinate frame. It is found that the multipole solitons formed in the
ring-shaped shallow potential well have better stability than in the central deep potential well, and they can
maintain the relative structure and spatial distribution for a long time in the rotation process. In the rotating
coordinate frame, even if the two-component separation conditions are not satisfied, the introduction of spin-

orbit coupling can cause the two components to separate.

Keywords: exciton-polariton condensates, Bessel optical lattice, soliton, stationary state
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