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Abstract

We use Floquet theory to theoretically investigate the influence of the external circularly pola-
rized light on the topological properties of the Lieb lattice with intrinsic spin-orbit coupling.
Firstly, we use numerical calculation method to compute the spin Chern number to study the to-
pological properties of the Lieb lattice. The variations of the spin Chern number with the ampli-
tude of the circularly polarized light are obtained for different amplitudes of the next near-
est-neighbor hopping of the model. Next, the effective Hamiltonian in the high-frequency limit is
given, and the variations of the energy gaps at different high-symmetry points with the amplitude
of the circularly polarized light are theoretically calculated. It is shown that the results from the
theoretical calculating in the high-frequency limit are qualitatively consistent with those by nu-
merical calculations. Finally, based on the computation of the Bott index, the influence of disorder
on the topological properties of the Lieb lattice with the external circularly polarized light is in-
vestigated.
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Figure 1. (a) The geometry structure of Lieb lattice. The dashed black arrow stands for spin-orbit
coupling, and a square dashed line surrounds one unite cell; (b) First Brillouin Zone of the Lieb
lattice
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Figure 2. The spin Chern number as a function of the amplitude of the circularly polarized light. (a) #=0;(b) #=0.3;(c)
#'=0.6; (d) #=0.9. Here, the amplitude of the nearest-neighbor hopping, the spin-orbit coupling strength and the fre-
quency of the circularly polarized light are taken as r=1, A,,=0.3 and © =10, respectively
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Figure 3. The Floquet-Bloch band structure of Lieb lattice model with parameters =1, =03, A,,=03,and »=10.(a)

4,=0.0;(b) 4,=2.0;() 4,=3.0;(d) 4,=40;() 4,=405;(f) 4,=417;(g) 4,=48;(h) 4,=49;() 4, =5.0
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(b) 4,=2.03 (c) 4,=3.0; (d) 4,=40; () 4,=405; (D 4, =417; (g) 4,=48; (h) 4,=49; ()4,=5.0
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Figure 4. The energy gaps at the different high symmetry points as a function of the amplitude of the circularly polarized
light. (a) #=0;(b) £=0.3;(c) £'=0.6;(d) ¢ =0.9. Here, the amplitude of the nearest-neighbor hopping, the spin-orbit
coupling strength and the frequency of the circularly polarized light are taken as =1, A,,=0.3 and ®=10, respec-

tively. The dashed line indicates the energy gap in the theoretical infinite-frequency limits, and the solid line denotes the gap
obtained by numerical calculation

E 4. FRISXMFRaEERMEERBIRETRIEZ WA XRERER. @) #=0; (b) #=03; (c) ¥=06; (d £=09. X
B, REMEcEREEE. BIE - BB BEMEBERIRES BB A =1, A, =03Mo=10. EERRE
SRR TR T H S EIRERR, ML R EITES LVEER

HE 5 FTRAE B, e lBd 2 iS4, 557057 IR A S EORAE AN IR w6/ H R B3R T T RE A,
BITESE 7 S 4 AE-F AR ZE 58 07 600 T Fe e Mo R R I, B T SR RO In, 7E58 0 &4 T,
ML BERR R, R R NIR I PRI S A o FRATT 2 56 Bt o AT B i iR AR Ak e SR B sz . R
TSR], 75— 72 Vi Bl A (G O O I M P 8 9 PR T SR AN AR A AR E . A 5(a) i, XHAZE
JEUGE ABA% S ERIE (B ¢ = 0), L ERIRGIRIE 4, 475108 0.5 1.0. 1.5 F12.0 I, &R B AH-EF RAH
AR NAR NV 2P AR SR A G AR LR T 5 Uy, 73 0N 6.40 5.8 4.6 F1 2.6,

PN RIATE SR UL A R IR 52 . M 5 A aRATRIN,  IRAT AR st 1) R 5 P P 384 m A5 )
TARINEP AR E . BATULR R EHRIE 4, = 2.0 J9B, UKL A0HR £URIPOE 58 5 73 38 0+ 0.3
0.6 F1 0.9 I, A& Z t#h 4 A1 AR F AR A3 $0-F i 2P AR R 48 G AR AR B R TG P 9 U, 73 9 e 2.6
3.4, 40 f1438.

DOI: 10.12677/app.2020.101004 32 I EEY/BEH


https://doi.org/10.12677/app.2020.101004

fifa [ e, D

. 1.0
1.0 W ©
—a—Ay=0.5
X » +A0=10
() () ‘ —4—Ag=1.5
B 2 o5 \ A2,
£ 05F = 05r x Ag=2.0
5 8 |
0.0 0.0 !
0 0 2 8
1.0 1.0
X X
%) ()
o o
£ 05 £ 051
2 g
m m —a—Ag=0.5
—o—Ay=1.0
—v—Ag=2.0
0.0 0.0 !
0 0 2

Ugis

Figure 5. The Bott index as a function of the disorder strength. (a) ¢ =0;(b) #=0.3;(c) #=0.6;(d) #=0.9. Here, the
amplitude of the nearest-neighbor hopping, the spin-orbit coupling strength and the frequency of the circularly polarized
light are takenas r=1, A4, =03 and =10, respectively
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