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Figure 2: Illustration of the crossover from sudden quench regime to adiabatic regime by four Bloch spheres
expressing the dynamics of spin vector. Spin polarization o (t) (colored arrow) and the unit vector of the
time-dependent effective field n(t) (black arrow) are shown with evolving time. (a) Sudden quench is
approximated with g = 0.025; (b) and (c) Non-adiabatic dynamics with different quench time, g = 5 (b)
and g = 10 (c). (d)Adiabatic limit plotted with g = 100.

H(t) = o - h(t);

h, = ¢ + cos @, hy =sin@cosp, h, =sinfsinp.
t

following Bloch equation derived from the Heisenberg equation of motion:

d t) = 2h(t t
o(t) = 20() x o (1),

we get the time averaged spin polarization in three regimes:

(0)sq = —ncost; (o) = (2P — )n; Had = —n;
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Generical Hamiltanion
H(K) = h(k) - v = g hik)y;:
ho(k) = 0; (BIS)
v(hg, hso) < wy_1(hso), (Bulk — Surface
dD < (d — 1)D; Correspondence)

Sudden Quench

On BISs, hy > |hso(k)| — 0,
= cos O(k) = 0;

:><o')5q = —ncosf =0;

Non-adiabatic dynamics
by =tso sin ky = hso,

h,(t) :% + m; — tgcos ky = ho(t);

On BISs, hg > |hso(kx)| — 0,
BUT ! (2P(ky) — 1) # 0,

Only ! (o)q = (2P — 1)ng = 0;

Slow Quench Hamiltonian

1D Case of Topological Quantum Phases

Figure 3: (a) 1D Case of Sudden quench in Liu's Paper

(Sci.Bull.2018). (b) (o) of 1D topological model after
Slow quench dynamics. with ts, = 0.2ty and m, = 0.
Here we set ty = 1. Two different kinds of zeros appear in
the the z component, which are highlighted by vertical
dashed lines (BIS) and gray lines (SIS, new), respectively.
The topological spin texture can be determined by the

values of x-component on the BIS. In this case, (ox) has
opposite signs on the two BIS points, and thus gives the
winding number +1.
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Slow Quench Hamiltonian

D Case of Topological Quantum Phases

Slow Quench Hamiltonian along h,

H(k) = h(k, t) - o;

hy = my + tl; sin ky,

hy = my + t;va sin ky,
g
hy; = = 4+ m; — tycos ky — ty cos ky;
t
Topological property of post-quench Hamiltonian:

For0 < m; < 2ty = G =-1,
While for —2tg < m; < 0 = C; = +1.

(02} (o) (o) Figure 5: Analytical results for 2D Chern insulators in
different post-quench regime with my = m, =0,
;Y = 0.2ty. Here we set tg = 1 and g = 5. (a).

(o) are plotted with m, = ty. pink dashed ring is
SIS, black dashed ring is BIS. The white arrows are

the vectors formed by — (o), indicating a nontrivial
topological spin texture with Chern number

K

C; = —1. (b). Same case with m; = —tg. As the
Figure 4: Slow quench along hy (k) axis. numerical winding of white arrows on BIS is opposite to that in
results, with m, = tg, mx =0, t}, = 0.5t), = to, (a), we identify the topological phase with the Chern
and we set tg = 1 and g = 1. There are two BISs number G = 1.
(black dash line). While the winding of —& (white . .
arrow) is trivial along k, = —, the non-zero winding Slow QuenCh Hamiltonian along hy

number along ky, = 0 indicates the topological phase

with Chern number C; = —1. hy(t) = g/t + my + t, sin ky;
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Quenching under Linear Quench Protocol

1D Linear Slow Quench Hamiltonian
H(k) = h(k, t) - o;
hx = tso sin kx = hso,
h(t) = Bt + m; — tg cos kx = hg(t);
Here, 3 describes how fast the quench is. The quench

starts from t = —oo to a finite value of t.

0.5,

Figure 6: Analytical results for the 1D topological
model with Coulomb-like quench protocol g/t.

1D Case of Linear slow quench

NIE Rl
°

[Ny
3

Figure 7: Numerical results for the 1D topological
model with linear quench protocol SBt.

Time-averaged components (o) (upper panel) and

(o) (lower panel) of spin texture (o) are shown for
different values of quench speed 3. The quench is
taken from t = —20 to t = 0 with m, = 0 and

tso = 0.6ty so that the post-quench Hamiltonian is
in topologically nontrivial phase. After the quench,
the system is under free evolution and the spin
polarization is averaged over a long time period. The
SISs and BISs are denoted by gray lines and dashed

lines, respectively. The opposite sign of — (o) on
BIS characterizes the nontrivial topology, and gives
the winding number +1.
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Figure 9: Numerical results for 2D topological phase with
different quench protocal 3t, with my = m, =0,

C o

Quenching !

under Linear b t;o’y = 0.6tp, and 8 = 0.8 by setting tg = 1.

SUC”Ch‘ 1 (a) Time-averaged spin textures are plotted after slow
1;0;253“‘”&” o quench from t = —10 (trivial) to t = 0 (topological) with
dltoy QUEmED | N my = tg. SIS is shown pink dashed ring with (o) = 0

20 Case of Linear ’ while BIS is shown by black dashed ring. The white arrows
Slow Quench i denote the topological spin texture, composed of —(ox,y),
of Higher X . indicating Chern number C; = —1. (b) Same case with
Dimensional Figure 8: Analytical results for the 2D m, = —tg. Here the BIS are located at four corners of
Phases topological model with Coulomb-like quench Brillouin gone. From the white arrows, we identify the
Q&A protocol g/t. topological phase with the Chern number C; = 1 opposite
S A p— to that in (a).
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1D Case of Linear For —tp < m; < ty Figure 10: Non-adiabatic characterization of 3D case. The quench is
;‘g”"ri:‘:f“l . simulated numerically from t = 0.015 to 1000, with ts, = 0.2ty and
slow quench = v3=2 g = 1 by setting tg = 1. (a)The BIS (sphere) defined by (vo(k)) =0
Slow Quench and the topological spin texture field —(~y(k)) (pink arrows),
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Any question about the "Minimal" scheme in detecting topological
phases, provided by Non-adiabatic Quantum Dynamics ?
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Theoretical derivation of &(t)
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é(t) :ethée—r'Ht‘7
=(7i - &) + cos 2¢t[& — (7 - &)7

— sin 2et(& x A);

Which means

With the evolution of time, the Pauli
vector revolves around the vector h with 2 > 52
a cyclotron resonance motion of angular 3’>— (n: Z) P
frequency w = 2¢. The resonant motion  Figure 11: Vector 3(t) precession sketch
may correspond to a physical image

where electrons with spin magnetic

moments do Larmor precession at an

ngular frequency of wy ., = 2¢ in the

ang
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In the Case of Sudden Quench
(@(1)) = (|G = |G|?)A = [~ cos (0 — 6p) — sin B sin B(cos (¢ — ¢o) — 1)]7
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Figure 14: The analytical solution
of 1D time average spin

polarization (ox,,)

Figure 15: After different quenching
processes, The analytical solution of 2D

time average spin polarization (o)
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Figure 21: Ring structure of spin polarization in Experiment Data. (a) Evolution of p(q, t) in the FBZ from
t = 0 to 1.6 ms, with parameters (Vp, Qp) = (4.0, 1.0)E, and 67 = 0. The upper row is from experimental
measurements, and the lower row is from theoretical calculations. (b) Spin polarization in the FBZ at fixed
evolution time t versus o¢ . The upper row is for (Vg, Qo) = (4.0, 1.0)E, and t t = 480us, and the lower
row is for (Vg, Qg) = (4.0,2.0)E, and t = 320us.

Sun W, Yi C-R, Wang B-Z, etc. Physical Review Letters, 2018, 121(25): 250403.
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