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Fig. 1. Schematic illustration of a time-periodic Raman lat-
tice realized by laser coupling to alkaline-earth-like atoms
171yb. F and F’ are the quantum numbers labeling the
hyperfine ground states and excited states respectively, As
is the hyperfine manifolds, and the z axis is the quantiza-

tion axis.
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Fig. 2. The elliptic trajectory formed by h as the dimensionless quasimomentum k traverses the Brillouin zone: (a) Trajectory for

v=0, with m, = 2.05ts, ts = 0.2ts, t/l = 0.8ts, w = 0.1¢s;
0.32ts , w = 5t ; (c) trajectory for v =0, with m, =0, ts = 0.2t ,

(b) trajectory for v =1, with m, = 2.5t5, ts = 0.2t5, tih =

til = 0.32t;, w = 5ts. The magenta and green dots corres-

pond to two different types of fixed points, and the red and blue square dots correspond to critical quasimomenta k. .
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Fig. 3. Dynamical evolution of the unit vector np(k,t) on
the Bloch sphere: (a) mp,(k,t) rotates around the zaxis at
any k-index. mp(k,t) at the kp, -index points to the north
pole (the green point) or the south pole (the magenta point)
of the Bloch sphere, which corresponds to the intersections
of elliptical trajectories with the z-axis in Fig. 2; (b) np(k,t)
lies on the equator at the critical momentum k. -index, and
the Floquet dynamics evolves half a cycle after which the
unit vector moves to the opposite direction, at which point
the quantum state is orthogonal to the initial state. These
k¢ -index correspond to the intersections of the elliptical

trajectories with the z axis in Fig. 2.
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Fig. 4. Loschmidt eco |Gy, (t)|?> and the corresponding rate functions g—(t): (a)~(c) The density plot of |Gy (t)|*> versus ¢ and k,
where the numerical calculations are performed using the same parameters as in Figs. 2(a)—(c), respectively. The corresponding rate
functions are shown in (d)—(f); Floquet dynamic quantum pahse transitions occur in (a), (b), where two critical quasimomentas are

identified in each period, and the corresponding rate functions appear nonanalytic at the critical time. The magenta and green

dashed horizontal lines indicate the locations where two different types of fixed points appear, respectively.

i, Pancharatnam JU[ A7 iR AN % . HEAELE
A, VP () A SRR U, (H A AEAR
[FIZE BB AN B A, B BIE A 3 Bl B ] & AR R
i 5(b) FE 5(e) Fizs.

Bl 5851 T ¢S () FlvPHE 3 M SEURIE T 1Y
BUEZER, Jr 5% BT 18 2 R 4 pis 3 R o
Bl 5(e) W8l J1 D P 2 oL (¢) BE I TR] ) 82K AR
REME AL S HLERAE Floquet 2 71 2# 1 F4HAE, [&] 5(f)
H P () I 2 Z IR TS s TR A2 A (0
Kl 2(c)), FEl 5(d) H P (t) A B84 57 A BUE 2
T Z A (WA 2(a)).

3.3 Floquet &% Iz 1= HTi& A F 414

2 J A NG o5 — A ] DR LI 5%
JSE e 3 A3 2 AR W 145, X R A AL R h Bl -
()35 19 8l 7 22 RO 9 i 29, AR 33 SCRIK [45],
Floquet 38l 127 id R rh A7 e X M 3l ) 27 ks
¥ A E4N AL . 3k L IRy i [ S SO S 2 ks R 58
(3 DT A 2L Floquet M 25 1 i 23 -4 R 40
HORRIZR TSR ) . e T Ik SEA Sl AR, o m] L7
Floquet R4t HE X3 J1 72 HRkg 254)

1 kn T
. /k Ca /O dt[rn (k, 1)
X 8tnh(k,t)] . Gknh(lat). (].5)

MARGAAEA B SR, 12 BREUR 4 2
B SEACRIE. ARSI AN kb, B ke, JBTA
RIS, O BT AR, IR AR A 3 2 T
HFIZEEY, W Cpn = 0, 3 1 2ABRECR i L $id A
TELEHY mup, (K, t) HHTAE T UECH . R Floquet
#i+h Y5 Floquet 3l J) % 5 1 AHAZ LU K3 3h 3l g2
Tt rp A S A B 7 45 4 % U AH G, Floquet 4 44
A LMR P RGP AR AR I X PR 8l ) 2 i fh I 4
Kl 6(a)—(c) HEUETTE T —>J I N 2l & - 1]
BBy AL, BS80S E 2(a)—(c)
SE—3, AT SRS R 2B AN Bl S AR A AR
1 Effige A2t B B0 ) 2 e B 4 A, anf&l 2(b)
fiizs. B, B 2L Floquet My 215 B i FhEF
A PRV I Bl g 2 B I 1 5 A8 ) ST AR A

3.4 SRIGERMAER

ARG AT ST, BEAE S L WL i [a] J] S5 R 5
P2 A% R G Y Floquet 2l 12 5 T AHAE F 8

140301-6


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 1B % R Acta Phys. Sin. Vol. 73, No. 14 (2024) 140301
oF
~2 ~ =

0

3 3 3

(d) (e) (f)

2 2r 2F

1 1t 1F

0 0 L 0

0 1 2 3 0 1 2 3 0 1 2 3

t/T /T t/T

&l 5  Pancharatnam JLJAHAZFI 8 T2 HiibNFS8# (a)—
B, 3 B A T4 50 R FH 5 18] 2(a)—(c) AR TR A S 880, AN 1 3h 31 280 #7214 il B (d)—
B4R 0 ) 3R P FP R [R] 2T (0 2 3 B o

Fig. 5. Pancharatnam geometric phases and dynamic topological order parameter: (a)—(c) The density plot of the Pancharatnam

(¢) Pancharatnam JU]AH A B8 I E] ¢ 10 ik 240 B9 1 3l i & 728 10 ) 2% B2
(f) B JElop il 20 (B R g 40

geometric phases with time ¢ and k, where the numerical calculations are performed using the same parameters as in Figs. 2(a)—(c),
respectively. The corresponding dynamic topological order parameter are shown in (d)—(f). The magenta and green dashed horizontal

lines indicate the locations where two different types of fixed points appear, respectively.
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Abstract
According to the recent experimental progress of simulating energy band topology and dynamic quantum

phase transitions (DQPTSs) in ultracold atomic systems, we develop a periodically driven one-dimensional (1D)

Raman lattice system to simulate dynamic topological phenomena. By utilizing amplitude-periodically
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modulated Raman beams to couple the {!So,®P1} manifolds of alkaline-earth-like atoms "*Yb, we can realize
the desired periodically driven Raman lattice. Utilizing the single-band, tight-binding Hamiltonian of the time-
periodic system, we analytically determine the effective Floquet Hamiltonian and the micromotion operator.
These allow us to investigate the conditions under which Floquet dynamic quantum phase transitions and
dynamic skyrmion structures emerge at any driving frequency in the 1D Raman lattice. When the
corresponding vector trajectory of the effective Floquet Hamiltonian has a non-zero winding number (v #0),
the system exhibits both Floquet dynamic quantum phase transitions and dynamic skyrmion structures. For
v =0, Floquet dynamic quantum phase transitions may still occur, but dynamic skyrmion structures will
definitely disappear. Therefore, the topologically nontrivial nature of the effective Floquet Hamiltonian is a
sufficient but not necessary condition for the onset of the Floquet dynamic quantum phase transitions. But it is

a necessary and sufficient condition for the onset of the dynamical skyrmion structures.
Keywords: topological phase, dynamical quantum phase transition, ultracold atoms, Raman lattice
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