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Fig. 1. (a) For any fixed momentum #, the cross section can
be viewed as a circle S! where the azimuthal angle repres-
ents the time t. After gluing k=0 and k= 2n (saffron
circles), the topology of the momentum-time manifold be-
comes T2; (b) if there are two fixed points k = k1 and k2,
the corresponding circle contracts to a point, then the mo-

mentum-time manifold reduces to a series of spheres S22,
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Table 1. Topological classification of parent Hamiltonian. TRS, PHS and CS represent the time reversal symmetry,

particle hole symmetry and chorial symmetry, respectively. The definition of s, ¢, d, d,, and additional symmetry P can be

U/A, 1-U/A

found in Ref.[37]. Original class represents the topological classification without additional symmetry. K:/"(Kg’") is the K

group. Dynamical realization means the topological classes which can be realized in quench dynamics. Stable against disper-

sion means entanglement spectrum crossing which is stable against band dispersion.

AZ class TRS PHS CS  (s,t,d, d,, original class,P) KICJ/A(K]E/A) Dynamical realization Stable against dispersion
A 0 0 0 (~vyy 2,7~ A ) 0 0
AL 0 0 1 (0,1,2,1,A,0) ALY/ 7 0
Al 1 0 0 (~y~, 2, AL 0 0
A+
BDI 1 1 1 (0,3,2,1, A, AY) 7 Zs
D 0 1 0 (2,~,2,1,A, AT) Zs Zy
i+
pIr 1 1 1 (4,1,2,1, AIT, AT) Zo D Lo Zs 0
AII -1 0 0 (~ym~, 2,  ALT ~) 0 0
cn o1 11 (4,3,2,1, AII, AT) z 0
C 0 -1 0 (6,~,2,1,A, A7) 0
CI 1 -1 1 (0,1,2,~, AL, A7) 0
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Fig. 2. (a) In SSH model, the initial state of 81 =1 is topologically trivial, evolution of entanglement spectrum for different post-

quenched 6fs are shown with different colors. If and only if the post-quenched Hamiltonian is topologically nontrivial, the entangle-

ment spectrum can cross at 1/2; (b) in Extended SSH model, the third-nearest-neighbor hopping carries a phase factor, and the

Hamiltonian belongs to class AIIl. The blue curve shows the dynamics of entanglement spectrum evolved by flattened Hamiltonian,

and the red curve shows the dynamics evolved by entanglement spectrum of real Hamiltonian. It can be seen that the band disper-

sion opens the gap of entanglement spectrum.
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Fig. 3. The scheme of experiment control sequence. The ini-
tial state is prepared at the state-initialization period by
control quantity Ag cos(wt + ¢o) for a fixed momentum k.
Then for a quantum quench, by controlling Ay and ¢y, we
adjust the direction of the rotation axis. (b), (c) the evolu-
tion of Bloch vectors for different momenta. The red points
and yellow rings are experimental and numerical datas. (b)
pre-quenched parameter h' = 0.2, post-quench parameter
M=15. (¢) pre-quenched parameter hi=0.2, post-
quench parameter hf = 0.5.
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SPECIAL TOPIC—The frontiers and applications of topological physics

Topological invariant in quench dynamics”
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Abstract

In this review, we give a brief review on the recent progress in the theoretical research of quench dynamics
in topological band systems. Beginning with two band models, we introduce conception of dynamical Chern
number and give the connection between the dynamical Chern number and topological invariant in the
corresponding equilibrium systems. Then by studying the 1 + 1 dimensional parent Hamiltonian, we show the
complete dynamical classification of Altland-Zirnbauer classes, and show the crossing of entanglement spectrum
as a feature of dynamical bulk edge correspondence. Furthermore, we consider the impact of the disorder and
band dispersion. At last, we show the experimental simulation of dynamical Chern number by a

superconducting qubit system.
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