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Fig. 1. (a) Honeycomb lattice shape; (b) the corresponding band-gap structure. The potential depth is Vo =1, A1(1.47, 1.65),

As(1.75, 1.65) , By(1.47, 1.76) , Ba(1.6, 1.76)
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Fig. 2. The 3D intensity distribution of initial input vortex beam (a) and corresponding top view (b), and phase distribution (c).

The parameters are A =2, 719 =+/2, [ =1.
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Fig. 3. Gap vortex solitons and their stability in the first gap when a = 1.75: (a)-(c) The gap vortex soliton solution; (d)—(f) the

output gap vortex solitons at z = 100 ; (g) the transmission evolution of gap vortex soliton in the a-direction of honeycomb lattice;

(h) the corresponding stable spectrum. The other parameters are the same as in Figure 2.
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Fig. 4. Gap vortex solitons and their stability in the first gap when a = 1.47: (a)-(c) The gap vortex soliton solution; (d)—(f) the

output gap vortex solitons at z = 100 ; (g) the transmission evolution of gap vortex soliton in the a-direction of honeycomb lattice;

(h) the corresponding stable spectrum. The other parameters are the same as in Figure 2.
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Fig. 5. Power P of gap vortex soliton versus Lévy index
a: (a) The power spectrum of first band gap; (b) the power

spectrum of second band gap.
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Fig. 6. Gap vortex solitons and their stability in the second gap: (a)-(c) When o = 1.75, the output of vortex soliton; (d)—(f) when

a = 1.47, the output of vortex soliton. The other parameters are the same as that in Figure 2.
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Fig. 7. Transmission evolution of gap vortex solitons in the
second gap with different Lévy indexs: (a) a=1.75;
(b) a=1.6; (¢) a=1.47. The other parameters are the

same as that in Figure 2.
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103 e AR~ T 25 0 79 55 AR R 1 2 I T AH 20 127 B
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1) B e | B R JAe s i, HAE AL i
PRI AR 25 2 = 3 B, 5 B IR BE ORI
BI e 45° 5 24 2z = 75, 7 B it e I U 1 e e
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PR¥e. SRR AL, ORI HT B iR e D7 [RlFF 52
I AL PR R, AR AR S i R b DL — 5 0
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z = 20 I, PRHT B iR e DI~ L1 I B ) A (] 26, I
AP iEs 1729 180° .

K8 Ma=18 W, FEH-HHE T, 2B ((al)—(ab)) FAHHAE ((b1)—(b5)) &k AL WA [FIAH {7 B i35 BE DN (9 F 4 4. LA

2R A 2

Fig. 8. When o = 1.8, the transmission characteristics of two gap vortex soliton with in-phase at adjacent lattices ((al)—(a5)) and

nonadjacent lattices ((b1)—(b5)) in the first gap. The other parameters are the same as that in Figure 2.
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K9 Ma=18 if, FELE KA, HELE ((al)—(a5)) HAHEE (b1)—(b5)) s Ak B A7 A I A BRI BE IR T 15 5 etk

55 2

Fig. 9. When a = 1.8, the transmission characteristics of two gap vortex soliton with out of phase at adjacent lattices ((al)—(a5))

and nonadjacent lattices ((b1)—(b5)) in the first gap. The other parameters are the same as that in Figure 2.

B 10 ZMNMERRIEMTREA (z=0) fAth (z =6) BGRAME (al), (b1) =N BRIRIEIT; (a2), (b2) K47 ik
EIT; (a3), (b3) FLAHEBRIRBEINT; (ad), (b4) 7B IR HEINT; Hfb S R 2

Fig. 10. Intensity distributions of multiple gap vortex solitons at z= 0 and 2z = 6: (al), (bl) Three gap vortex solitons; (a2), (b2) four

gap vortex solitons; (a3), (b3) five gap vortex solitons; (a4), (b4) six gap vortex solitons. The other parameters are the same as that

in Figure 2.
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TP e IR 1) Jie 5 T k722 5 7R 18] 10(a3) FE] 10(b3)
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ARV F 58 B A AN ST I FRROE B 72 10(ad)
FIEL 10(b4) Hr, 7544 Bt 168 e IR 1 55 IR A rh O
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Abstract

In this paper, the existence and transmission characteristics of gap vortex optical solitons in a honeycomb
lattice are investigated based on the fractional nonlinear Schrédinger equation. Firstly, the band-gap structure
of honeycomb lattice is obtained by the plane wave expansion method. Then the gap vortex soliton modes and
their transmission properties in the fractional nonlinear Schrodinger equation with the honeycomb lattice
potential are investigated by the modified squared-operator method, the split-step Fourier method and the
Fourier collocation method, respectively. The results show that the transmission of gap vortex solitons is
influenced by the Lévy index and the propagation constant. The stable transmission region of gap vortex
soliton can be obtained through power graphs. In the stable region, the gap vortex soliton can transmit stably
without being disturbed. However, in the unstable region, the gap vortex soliton will gradually lose ring
structure and evolves into a fundamental soliton with the transmission distance increasing. And the larger the
Lévy index, the longer the stable transmission distance and the lower the power of the bandgap vortex soliton.

When multiple vortex solitons transmit in the lattice, the interaction between them is influenced by the lattice
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position and phase. Two vortex solitons that are in phase and located at adjacent lattices, are superimposed
with sidelobe energy, while two vortex solitonsthat are out of phase are cancelled with sidelobe energy. These
vortex solitons will gradually lose ring structure and evolve into dipole modes in the transmission process. And
they are periodic rotation under the azimuth angle modulating. When two vortex solitons located at non-
adjacent lattice, vortex solitons can maintain a ring-shaped structure due to the small influence of sidelobes.
When three gap vortex solitons are located at non-adjacent lattices, the solitons can also maintain their ring-
like structures. However, when there are more than three gap vortex solitons, the intensity distribution of
vortex solitons are uneven due to the sidelobe energy superimposed. These vortex solitons will form dipole
modes and rotate under the azimuthal angle modulating in the transmission process. These results can offer

theoretical guidance for transmitting and controlling the gap vortex solitons in the lattice.
Keywords: fractional Schrodinger equation, honeycomb lattice, gap vortex solitons, interaction
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