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We systematically investigate Landau-Zener-Stückelberg-Majorana (LZSM) interference under
chiral-mirror-like symmetry and propose its application to non-adiabatic topological transport of
edge states. Protected by this symmetry, complete destructive interference emerges and can be
characterized through occupation probability. This symmetry-protected LZSM interference enables
state transitions to be achieved within remarkably short time scales. To demonstrate our mechanism,
we provide two distinctive two-level systems as examples and survey them in detail. By tuning
evolution speed or increasing holding time, the complete destructive interferences are observed.
Furthermore, we make use of this mechanism for topological edge states of Su-Schrieffer-Heeger
(SSH) chain by taking them as an isolated two-level system. Through carefully designed time
sequences, we construct symmetry-protected LZSM interference of topological edge states, enabling
non-adiabatic topological transport. Our work unveils an alternative way to study quantum control,
quantum state transfer, and quantum communication via non-adiabatic topological transport.

I. INTRODUCTION

The Landau-Zener (LZ) transition represents a funda-
mental quantum dynamical process describing the evolu-
tion of a two-level system (TLS) driven across an avoided
level crossing [1–4]. When multiple LZ transitions oc-
cur in succession, Landau-Zener-Stückelberg-Majorana
(LZSM) interference emerges [5, 6], where the final oc-
cupation probability depends not only on individual LZ
transition probabilities but also on the phase accumu-
lated during the dynamic process. Furthermore, if these
LZ transitions are structured, certain types of interfer-
ence results can be generated such as complete remain-
ing in ground state, complete transition to excited state,
and 50 : 50 quantum beam splitters, with potential ap-
plication in interferometry and quantum control [5–16].
LZ transition and LZSM interference have been exten-
sively studied across diverse physical platforms, including
ultracold molecules [15], quantum dots [16], nanostruc-
tures [17, 18], Bose-Einstein condensates [19], Rydberg
atoms [20], atomic qubits [21], graphene [22], and waveg-
uide systems [23, 24]. Moreover, the study has expanded
to encompass nonlinear systems, multilevel configura-
tions [28, 29], and non-Hermitian frameworks [27, 30].
Although many relevant works have been developed for
specific systems, it is useful and meaningful to establish
a mechanism for discovering and analyzing qualified sys-
tems that can generate these intriguing LZSM interfer-
ences.

On the other hand, adiabatic topological transport,
aiming to transfer particle or quantum state utilizing
topological properties of a adiabatical modulated system,
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has attracted extensive concern in recent years. In gen-
eral, there are two typical kinds of transport: adiabatic
pumping via topological edge modes [31, 32] and quan-
tized Thouless pumping via topological bulk bands [33–
38]. Both of them have been widely applied in many fields
of physics, including quantum state transfer [39–45],
quantum interference [46–48], quantum gates [49, 50],
and quantum devices [51–54]. However, the strict adi-
abatic requirement often necessitates lengthy evolution
times otherwise the transport will be destroyed due to
non-adiabatic effects [55]. Thus it is important to find
an effective transport approach beyond adiabatic topo-
logical transport.

In this work, we demonstrate how chiral-mirror-like
symmetry can protect complete destructive LZSM inter-
ference. While chiral-mirror symmetry is a combination
of chiral and mirror symmetry [56–59], the chiral-mirror-
like symmetry reversing the axis of time instead of space
[see Eq. (3)]. The flexibility in Hamiltonian structure and
symmetry operator choice makes our mechanism widely
applicable across various systems. Notably, complete
destructive interference manifests distinct outcomes de-
pending on the relationship between the initial Hamilto-
nian and symmetry operator. Based on transfer matrix
(TM) method, a unified expression for occupation prob-
ability after LZSM interference will be given and then
the complete destructive conditions will be obtained. We
validate our mechanism through analysis of two distinct
TLSs with different symmetry operators, comparing TM
method predictions with numerical evolution results. As
a practical application, we demonstrate that symmetry-
protected LZSM interference can be extended to topolog-
ical edge states, enabling non-adiabatic topological trans-
port beyond conventional adiabatic approaches.

This paper is organized as follows. In Sec. II, we intro-
duce the mechanism, including the constraint of chiral-
mirror-like symmetry and the resulting expression of
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LZSM interference with TM method. In Sec. III, we pro-
pose two TLSs, involving two band minima or completely
flat bands, to elaborate and validate our mechanism.
And in Sec. IV, we apply this mechanism to propose non-
adiabatic topological transport of edge states. Finally,
the summary and discussion are included in Sec. V.

II. SYMMETRY-PROTECTED
LANDAU–ZENER–STÜCKELBERG–MAJORANA

INTERFERENCE

We begin with a generic TLS described by the time-
dependent Hamiltonian (ℏ = 1)

Ĥ(t)/J = d0(t)σ̂0 + dx(t)σ̂x + dy(t)σ̂y + dz(t)σ̂z, (1)

and the evolution of wave function is given by

|Ψ(t)⟩ = T̂ e−i
∫ t
0
Ĥ(τ)dτ |Ψ(0)⟩, (2)

with the time-ordering operator T̂ . Here J (1/J) is en-
ergy (evolution time) unit, σ̂0 is identity matrix, σ̂x,y,z

are Pauli matrices with basis {|0⟩, |1⟩}, and d0,x,y,z are
time-dependent real parameters. In this work, the key as-
sumption is that this system preserves chiral-mirror-like
symmetry during the evolution, that is

Ĥ(t) = −σ̂rĤ(T − t)σ̂r,

σ̂r = sin θ cosφσ̂x + sin θ sinφσ̂y + cos θσ̂z, (3)

where θ and φ are azimuth and elevation angles being
able to take arbitrary value, respectively. Thus we can
decompose Hamiltonian into

Ĥ(t)/J = d0(t)σ̂0 + dθ(t)σ̂θ + dφ(t)σ̂φ + dr(t)σ̂r,

σ̂θ = cos θ cosφσ̂x + cos θ sinφσ̂y − sin θσ̂z,

σ̂φ = − sinφσ̂x + cosφσ̂y, (4)

where d0,r(t) = −d0,r(T−t) and dθ,φ(t) = dθ,φ(T−t) un-
der the symmetry defined in Eq. (3). For the purpose of
generality, we do not specify the precise values of θ and φ
here. Under this symmetry, if a non-adiabatic evolution
occurs during [ti, tf ] with 0 ≤ ti < tf ≤ T/2, another
one will occur in the range [T − tf , T − ti]. Therefore,
we can divide the LZSM interference into three stages:
two non-adiabatic evolution stages, labeled as I and III,
and an adiabatic evolution stage, labeled II, where phase
accumulation occurs. Stage II may, in fact, be absent.

To study LZSM interference conveniently, we em-
ploy the adiabatic basis {|E−(t)⟩, |E+(t)⟩} with par-
allel transport gauge [60], which is eigenstates of

Ĥ(t): Ĥ(t)|E±(t)⟩ = E±(t)|E±(t)⟩ and satisfy
⟨E±(t)|∂t|E±(t)⟩ = 0, the adiabatic evolution matrix
during stage II is given by:

ÛII =

(
e−iϕ− 0
0 e−iϕ+

)
= exp(iϕdσ̂z), (5)

where ϕd is the dynamical phase accumulated during
stage II with

ϕ+ = −ϕ−, ϕd = ϕ+ =

∫ T−tf

tf

E+(t)dt. (6)

Here we use the symmetry of the energy spectrum under
chiral-mirror-like symmetry, i.e., E±(t) = −E∓(T − t).
Moreover, the chiral-mirror-like symmetry will also en-
force a non-trivial relation between two non-adiabatic
transition matrices. That is the transition matrix for
stages I will take the form:

ÛI = e−iγ(tf )σ̂z

(
Reiϕc − T ∗eiϕc

T e−iϕc R∗e−iϕc

)
eiγ(ti)σ̂z , (7)

and the one for stages III will be

ÛIII = e−iγ(ti)σ̂z

(
Reiϕc − T e−iϕc

T ∗eiϕc R∗e−iϕc

)
eiγ(tf )σ̂z , (8)

where the reflection coefficient R and transmission co-
efficient T can be extracted as R = ⟨E−(tf )|Ψ(tf )⟩
and T = ⟨E+(tf )|Ψ(tf )⟩ when the initial state

is set as ground state of Ĥ(0). Here |E±(tf )⟩
is from adiabatic basis with more easily obtained
gauge satisfying Im

[
⟨E+(tf )|0⟩⟨0|E−(tf )⟩

]
= 0 and

det
[
|E−(tf )⟩, |E+(tf )⟩

]
= 1. In addition, γ(ti), γ(tf ) and

ϕc ≡ 1
2 arg(cos θ + i sin θ sinϑ) with ϑ ≡ arg[dθ(T/2) −

idφ(T/2)] (dθ and dφ defined in Eq. (4)) are the phase
factors from gauge transformation (see appendix A). We
note that ϕc = 0 and π/4 when θ = 0 and θ = π/2,
respectively, independent of detail of Hamiltonian, while
other cases are just dependent on Hamiltonian at half-
time point Ĥ(T/2).
Now, we can obtain the complete evolution ma-

trix of the LZSM interference conveniently by the TM
method [6], where each stage is attributed to the respec-
tive matrices, that is

Û = ÛIIIÛIIÛI = e−iγ(ti)σ̂z Ûeiγ(ti)σ̂z , (9)

with

Û =

(
U11 U12

U21 U22

)
, Û =

(
U11 U12

U21 U22

)
, (10)

where

U11 = U∗
22 = R2ei(ϕd+2ϕc) − T 2e−i(ϕd+2ϕc),

U21 = −U12 = RT ∗ei(ϕd+2ϕc) +R∗T e−i(ϕd+2ϕc).(11)

Thereby if we start from the ground state |E−⟩, the prob-
ability P−+ of finding the system in its excited state |E+⟩
and remaining in the ground state P−− will be

P−+ = |U21|2 = |U21|2 = 4|R|2|T |2 cos2 ϕL,

P−− = |U11|2 = |U11|2 = 1− P−+,
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ϕL = ϕd + 2ϕc + ϕr, (12)

with ϕr = arg(RT ∗) is the relative phase between the
reflection coefficient R and transmission coefficient T .

As such, the complete destructive LZSM interference
corresponding to P−− = 1 is achieved when ϕL =
(n + 1/2)π, with n being an integer. After this pro-

cess, the end state will be ground state of Ĥ(T ) after
LZSM interference. However, this result will be associ-
ated with distinct significance associated with different
relation between initial Hamiltonian Ĥ(0) and symmet-
ric operator σ̂r. For example, this end state will come
back to initial states if they form anticommutation rela-
tion [Ĥ(0), σ̂r]+ = 0. And more importantly, when they

commutate with each other [Ĥ(0), σ̂r] = 0, indicating

Ĥ(T ) = −Ĥ(0), this process actually is associated with
a state transition |E−(0)⟩ → |E−(T )⟩ = |E+(0)⟩. In fol-
lowing of this work, we will mainly focus on the latter
situation.

III. RESULTS OF TWO-LEVEL SYSTEMS

In this section, we will provide two examples to demon-
strate the mechanism obtained in Sec. II. As discussed
following, despite these two examples hold far different
band structure and symmetric operator, the occupation
probability and complete destructive condition all can be
predicted by Eq. (12).

A. Example I: system with two sharp band minima

To begin, we illustrate our mechanism via a concrete
example with the symmetric operator σ̂r = σ̂z (θ = φ = 0
as defined in Eq. (3)) and take

d0(t) = J0 cos(πt/T ), dx(t) = Jx sin
2(πt/T ),

dy(t) = Jy sin
2(πt/T ), dz(t) = Jz cos

21(πt/T ).(13)

After setting parameters as J0 = 1, Jx = 1.5, Jy = 0.5,
and Jz = 2, two sharp band minima appear during the
whole evolution as shown in Fig. 1(a). As discussed in
Sec. II and displayed in Fig. 1(a), we can divide the whole
LZSM interference into three stages: non-adiabatic tran-
sition around the first band minimum in stage I, adiabatic
dynamical phase accumulation in stage II, another non-
adiabatic transition around the second band minimum in
stage III.

We start from the ground state |E−(0)⟩ of the TLS
at initial time t = 0. The occupation probability
of state remaining in ground state manifold, P−(t) =
|⟨E−(t)|Ψ(t)⟩|2, approaches to 1 until evolution arrives
near the first band minimum as shown in Fig. 1(b). Then
the TLS undergoes a non-adiabatic transition and the
occupation probability reduces to P− ≈ 0.5 after passing

the band minimum region. Next, the TLS evolves adia-
batically In stage II and P− does not vary with evolution
time t. Finally, another second non-adiabatic transition
occurs in stage III giving rise to final occupation proba-
bilities PT which is heavily dependent on total evolution
time T . For instance, the TLS will stay in the ground
state for T = 2 while is almost transition to excited state
for T = 8, as displayed in Fig. 1(b). More specifically,

we calculate the time derivative Ṗ− of occupation prob-
abilities P− as shown in Fig. 1(c), and the end point tf
of stage I is obtained as the first minimum of Ṗ−. And
then the stage II will be the time interval (tf , T − tf ).
After confirming the end point tf , we can extract the

absolute value of reflection and transmission index |R|
and |T |, as well as phase factor ϕL. In present sys-
tem, we have |R|2 = |T |2 = 0.5 and 4|R|2|T |2 = 1 in
diabatic limit (T → 0) as shown in Fig. 1(d), because
chiral-mirror-like symmetrty in Eq. (3) as well as the re-
lation between initial Hamiltonian and symmetric oper-
ator [Ĥ(0), σ̂r] = 0. With the increasing of total evo-
lution time T , the opposite trend of |R|2 (increase, blue
solid line) and |T |2 (decrease, red dashed line) is observed
and then 4|R|2|T |2 decreases from 1 slowly. Meanwhile,
the phase factor ϕL varies with total evolution time T
greatly, mainly because of ϕd, the dynamical phases ac-
cumulating in stage II, as shown in Fig. 1(e). After ex-
tracting 4|R|2|T |2 and ϕL, the probability P−+ and P−−
can be obtained through Eq. (12) We focus on the prob-
ability P−− = 1 − 4|R|2|T |2 cos2 ϕL that is associating

with the TLS evolves to ground sates of Ĥ(T ) (also the
initial excited state) after LZSM interference. As shown
in Fig. 1(f), P−− oscillates versus total evolution time T
demonstrating the feature of interference and the numer-
ical results (red asterisk) agree well with the TM method
solutions (blue solid line). In detail, the maxima are
kept constant as 1, independent of |R| and |T |, only
requires phase factor to satisfy ϕL = (n + 1/2)π with
n ∈ N [Figs. 1(e)-(f)]. Furthermore, we have P−− = 0
in diabatic limit (T → 0) due to |E+(T )⟩ = |E−(0)⟩
and the value of minima, occurring at ϕL = nπ with
n ∈ N, increases with T due to the reduction of 4|R|2|T |2
[Figs. 1(d)-(f)].

B. Example II: system with flat bands and holding
time

To proceed further, we consider a TLS with flat bands
and accumulate dynamical phase ϕd by holding the sys-
tem for a variable duration τ in this subsection. With-
out loss of generality, we chose the symmetric operator

σ̂r = 3
4 σ̂x+

√
3
4 σ̂y+

1
2 σ̂z (θ = π/3 and φ = π/6 as defined

in Eq. (3)) and take

dθ =


Jθ sin(πt/T0) 0 ≤ t ≤ T0/2

Jθ T0/2 < t < T0/2 + τ

Jθ sin
[
π(t− τ)/T0

]
T0/2 + τ ≤ t ≤ T
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Figure 1. LZSM interference of TLS with two sharp band minima. (a) Energy spectrum for TLS under chiral-mirror-like
symmetric Hamiltonian defined by Eqs. (1) and (13). (b) and (c) Occupation probability in ground state P− and its time

derivative Ṗ− versus evolution time t with different total time T , where blue solid (red dashed) line corresponds to T = 2
(T = 8). (d), (e), and (f) LZSM interference results starting from ground state |E−⟩ versus total evolution time T . (d)
Reflection and transmission coefficients |R|2 (blue solid line), |T |2 (red dashed line) and 4|R|2|T |2 (black solid line with dot).
(e) Phase factor ϕd (black circle), ϕr (blue square), and ϕL (red asterisk). The phase factor from gauge transformation is
ϕc = 0 due to θ = 0. (f) Transfer matrix (TM) method solutions (blue solid line) obtained from Eq. (12) and numerical results
(red asterisk) of occupation probability P−−. In all panels, parameters are set as J0 = 1, Jx = 1.5, Jy = 0.5, and Jz = 2.
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Figure 2. LZSM interference of TLS with flat bands and
holding time. (a) Energy spectrum of Hamiltonian defined
by Eqs. (4) and (14). The energy bands are flat during the
whole evolution. The end point is tf = T0/2 for stage I and
the total evolution time is T = T0 + τ . (b) and (c) LZSM
interference results starting from ground state |E−⟩ versus
different holding duration τ and constant normal evolution
duration T0 = 1.26. (b) Phase factor ϕd = τ (black circle)
and ϕL (red asterisk). The phase factor from parallel trans-
port gauge is 2ϕc = 0.282π while the relative phase between
the reflection coefficient R and the transmission coefficient
T at tf is ϕr = 0.966π. (c) Transfer matrix (TM) method
solutions (blue solid line) obtained in Eq. (12) and numeri-
cal results (red asterisk) of occupation probability P−−. It
oscillates periodically over holding duration τ with a period
of τJ = π. In all panels, parameters are set as θ = π/3,
φ = π/6, J0 = 1, Jx = 1.5, Jy = 0.5, and Jz = 2.

dr =


Jr cos(πt/T0) 0 ≤ t ≤ T0/2

0 T0/2 < t < T0/2 + τ

Jr cos
[
π(t− τ)/T0

]
T0/2 + τ ≤ t ≤ T

(14)

dφ =


Jφ sin(πt/T0) 0 ≤ t ≤ T0/2

Jφ T0/2 < t < T0/2 + τ

Jφ sin
[
π(t− τ)/T0

]
T0/2 + τ ≤ t ≤ T

We plot the energy spectrum versus evolution time t
in Fig. 2(a) where the parameters are set as Jθ =

√
2/2,

Jr = 1, and Jφ = −
√
2/2, As demonstrated here, two

separated energy bands are completely flat (E±/J = ±1)
during the whole evolution. The TLS undergoes two
LZ transitions in stages I and III. These transitions are
constrained by chiral-mirror-like symmetry and are sepa-
rated by an intermediate holding duration τ , which con-
trols the accumulation of the dynamical phase ϕd. Here,
the end point for stage I is represented by tf = T0/2 and
then the total evolution time will be T = T0+τ , as shown
in Fig. 2(a). Specifically, we study the LZSM interference
with differen holding duration τ and unchanged normal
evolution duration T0 = 1.26. With these settings, the
phase factors ϕc and ϕr as well as 4|R|2|T |2 are irrel-
evant to τ , which are obtained as 2ϕc = 0.282π and
ϕr = 0.966π and 4|R|2|T |2 ≈ 1. Meanwhile, the dy-
namical phase ϕd accumulating during the holding du-
ration τ will take simple form, i.e., ϕd = τ resulting to
phase factor ϕL increasing linearly with holding duration
as 2ϕc + ϕr + τ , as shown in Fig. 2(b). Therefore, the
destructive and constructive patterns of LZSM interfer-
ence can be predicted through the occupation probability
P−− versus τ . As demonstrated in fig. 1(c), probability
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P−− oscillates between 0 and 1 periodically over holding
duration τ with an period of τJ = π and the numerical
results (red asterisk) agree well with the TM solutions
(blue solid line) obtained in Eq. (12).

IV. NON-ADABATIC TOPOLOGICAL
TRANSPORT OF EDGE STATES

𝑛𝑛

𝑣𝑣 𝑤𝑤𝑤𝑤Δ
1 2𝑁𝑁

(a)

-2

0

2

0 0.5 1

-0.1

0

0.1

0 0.5 1
-0.1

0

0.1

-0.1

0

0.1

(c)(b)

(d)

0 1000 2000 3000
0

0.5

1 (e)

Figure 3. Non-adiabatic topological transport of edge states.
(a) Schematic diagram of the SSH model. Empty (filled) cir-
cles are odd (even) sites, which are grouped into unit cells.
The n-th cell is circled by a dotted line. ∆ is the local on-site
energy of site 1, v and w denote the intracell and intercell
hopping, respectively. (b) Energy spectrum for a finite-size
SSH model described by Hamiltonian in eq. (15). Black solid
lines represent the bulk states while blue and red dashed lines
represent the edge states |0−⟩ and |0+⟩, respectively. (c) En-
ergy spectrum for edge states, |0−⟩ (blue dashed line with
diamonds) and |0+⟩ (red dashed line with diamonds), and
reduced two-level model described in Eq. (17) ground state
|E−⟩ (blue solid line with circles) and excited state |E+⟩ (red
solid line with circles). (d) Effective coefficients ∆̃ (blue solid
line) and κ̃ (red dashed line) in Eq. (18) of reduced two-level

model. Here ∆̃(t) = −∆̃(T−t) and κ̃(t) = κ̃(T−t) ensure the
chiral-mirror-like symmetry of the reduced two-level model.
(e) Occupation probability P2N (red dashed line) starts from
|0−⟩ for the SSH model and P−− (blue solid line) starts from
|E−⟩ versus total evolution time T . In all panels, system con-
tains 2N = 32 sites while parameters are w = 1, v0 = 0.9 and
∆0 = 0.1.

In the last decade, numerous adiabatic topological
transport protocols have been proposed to transport
particle or quantum state by adiabatically varying the
Hamiltonian of topological states in time. However, the

transport speed is always limited by the adiabatic con-
dition in these works. In this section, we explore how
to achieve non-adiabatic topological transport of edge
states, edge-to-edge transport via topological edge chan-
nels beyond the adiabatic condition, based on our mech-
anism of chiral–mirror-like symmetry-protected LZSM
interference. We consider the SSH model [61], one of
the most prototypical models exhibiting topological edge
states, as a concrete example, although this mechanism
can easily be implemented in other topological models.
However, the transition between the two eigenenergy
branches, mediated by hybridized edge states, is forbid-
den due to inversion symmetry, as discussed in Ref. [48].
Hence, in addition to tuning the strength of the intracell
hopping, we also introduce a time-dependent local on-
site energy at the left end to break inversion symmetry.
The resulting total Hamiltonian is (ℏ = 1)

Ĥ(t)/J = ĤSSH(t) + Ĥ∆(t),

ĤSSH(t) = v(t)

N∑
n=1

b̂†2n−1b̂2n + w

N−1∑
n=1

b̂†2nb̂2n+1 +H.c.,

Ĥ∆(t) = ∆(t)b̂†1b̂1. (15)

Here N is total unit cells (the total number of lattice sites

is 2N), b̂†n and b̂n are creation and annihilation operators
acting on lattice site n, respectively, v(t) = v0 sin(πt/T )
and w = 1 represent the intracell and intercell hopping
amplitudes, and ∆(t) = −∆0 cos(πt/T ) represents the
on-site energy at the left end of the SSH model, as shown
in Fig. 3(a).
We plot the energy spectrum versus evolution time t for

a SSH chain with 2N = 32 sites in Fig. 3(b) with param-
eters being w = 1, v0 = 0.9, and ∆0 = 0.1. During the
whole evolution process, the system always stays in the
topological region and the in-gap topological edge states
|0−⟩ (lower, blue dashed line) and |0+⟩ (up, red dashed
line) are well separated from the bulk states (black solid
line). As a result, we can only focus on the edge states
manifold during the evolution. Obviously, the adiabatic
topological transport will cost a lot of evolution time be-
cause the energy gap between the edge states is really
small. However, the non-adiabatic topological transport
with a short evolution time can be constructed as ex-
plained below.
To be specific, the SSH chain is in the fully dimer-

ized limit at initial time t = 0 and the edge states are
|0−⟩ = |1⟩ and |0+⟩ = |2N⟩ as shown in Fig. 3(c). There-
fore, a particle initially injected in site 1 (|1⟩) will occupy
the edge state |0−⟩. Next, the path of the particle is
split around the first minimum of the energy gap due to
non-adiabatic effect and then merges at the second one
as illustrated in Fig. 3(c). As a result, the final occu-
pation probability of the particle at t = T depends not
only on the transition process around the two symmet-
ric energy gap minima but also the phase accumulation
process between them. Hence, this physical scenario is
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able to realize the LZSM interference of topological edge
states.

Moreover, the SSH chain returns to the fully dimerized
limit at the final time t = T . However, the edge states
exchange their forms, i.e. |0−(0)⟩ = |0+(T )⟩ = |1⟩ and
|0+(0)⟩ = |0−(T )⟩ = |2N⟩, due to the local on-site energy
taking odd function form ∆(t) = −∆(T − t). Therefore
we focus on the probability that the particle remains in
the lower branch of edge state |0−⟩ after LZSM interfer-
ence, which corresponds to topological transport of the
particle from one end to the other quantified by P2N =
|⟨2N |Ψ(T )⟩|2. Fig. 3(e) plots P2N = |⟨2N |Ψ(T )⟩|2 versus
total evolution time T as blue solid line, where the oscil-
lating behavior is observed. Remarkably, while the value
of minimum increases with T and reaches 1 in the adia-
batic limit T → ∞, these maxima are kept constant as 1
same to the symmetry-protected LZSM interference for
TLS discussed in Sec. III A. To sum up, the non-adiabatic
topological transport is realized with complete destruc-
tive LZSM interference and is far more efficient with the
first maximum of P2N = 1 at T = 170 while it requires
T > 3000 to satisfy adiabatic condition.
In order to gain a better understanding of the mecha-

nism inducing topological transport, we first provide the
form of topological edge states as follows:

|L⟩ = |1⟩+ η|3⟩+ · · ·+ ηN−1|2N − 1⟩,

|R⟩ = |2N⟩+ η|2N − 2⟩+ · · ·+ ηN−1|2⟩, (16)

which are obtained in thermodynamic limit with η =
−v(t)/w being the localization factor and only localize
in one site under dimerized limit (t = 0, T ), i.e., |L⟩ =
|1⟩ and |R⟩ = |2N⟩. Next, we derive an effective TLS

described by reduced Hamiltonian ĤR under base vectors
|L⟩ and |R⟩:

ĤR(t)/J =

(
∆̃(t) κ̃(t)
κ̃(t) 0

)

=
∆̃(t)

2
σ̂0 + κ̃(t)σ̂x +

∆̃(t)

2
σ̂z, (17)

with

∆̃(t) ≡ ⟨L|Ĥ|L⟩ = η2 − 1

η2N − 1
∆(t),

κ̃(t) ≡ ⟨L|Ĥ|R⟩ = ⟨R|Ĥ|L⟩ = ηN−1(η2 − 1)

η2N − 1
v(t),(18)

as plotted in Fig. 3(d). Interestingly, these effective co-

efficients satisfy ∆̃(t) = −∆̃(T − t) and κ̃(t) = κ̃(T − t),
ensuring that this TLS preserves chiral-mirror-like sym-
metry with ĤR(t) = −σ̂zĤR(T − t)σ̂z same to the one
discussed in Sec. III A. Meanwhile, the commutation re-
lation, [ĤR(0), σ̂z] = 0, ensures the fact |E−(T )⟩ =
|E+(0)⟩ = |R⟩ and |E+(T )⟩ = |E−(0)⟩ = |L⟩. More-
over, its energy spectrum (blue and red solid lines with
circles) also exhibits two sharp band minima as shown

in Fig. 3(c). Then the symmetry-protected LZSM in-
terference will occur where the complete destructive re-
sult P−− = 1 associates with the process of topologi-
cal transport from left edge state |L⟩ to right one |R⟩.
In Fig. 3(e), we plot P−− versus total evolution time
T (blue solid line) and its feature are as same as P2N .
However, because the tiny energy difference between the
SSH model and the reduced TLS especially the energy
gap of the latter is smaller in adiabatic region, dynami-
cal phase ϕd obtained for TLS is smaller than the one for
SSH model with same evolution time. As a result, P2N

takes short total evolution time T to reach its maximum
value comparing to P−− and their difference may grow
with T , as predicted by Eq. (12) and shown in Fig. 3(e).
Combining these results, we have constructed the non-
adiabatic topological transport and confirmed it is rooted
in the symmetry-protected LZSM interference of topolog-
ical edge states.

V. SUMMARY AND DISCUSSION

In this paper, we systematically investigated the LZSM
interference under chiral-mirror-like symmetry and cal-
culated the occupation probability based on the TM
method. It has been shown that complete destructive
interference can be observed in chiral-mirror-like sym-
metric systems, which cover a wide range of systems
benefiting from the relative arbitrariness of the symmet-
ric operator. To illustrate these results, two TLSs are
presented as concrete examples. Although they exhibit
different characteristics and are constrained by distinct
symmetric operators, the symmetry-protected LZSM in-
terference accompanied by rapid state transitions can be
observed. As a nontrivial application of this mechanism,
we have proposed a non-adiabatic topological transport
of edge states in the SSH chain, going beyond conven-
tional adiabatic approaches. Moreover, we point out
that our scheme can be extended to non-Hermitian sys-
tems [27, 30, 62, 63].
Lastly, we briefly discuss the experimental feasibility

of our mechanism. The TLS is one of the basic mod-
els in quantum physics, taking into account that var-
ious physical systems can be described by a two-level
model. LZ transition and LZSM interference have been
observed in a wide range of physical systems, including
ultracold molecules [15], quantum dots [16], nanostruc-
tures [17, 18], Bose-Einstein condensates [19], Rydberg
atoms [20], atomic qubits [21], graphene [22], and waveg-
uide systems [23, 24] etc. Thus, testing our mechanism
in such systems is convenient. On the other hand, pho-
tonic waveguide arrays represent a promising platform
for exploring topological features. Adiabatic control of
topological edge states, including non-quantized adia-
batic pumping of topological edge state [31] and quantum
interference of topological states of light [46], have been
observed on this system. Modulated photonic waveg-
uide arrays may serve as a potential platform for im-
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plementing non-adiabatic topological transport based on
symmetry-protected LZSM interference.
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Appendix A: The symmetric relation between two
non-adiabatic transition matrices

In this section, we will discuss the relation between ÛI

and ÛIII, and the choice of gauge in calculating them.
Obviously, under diabatic basis {|0⟩, |1⟩}, the chiral-
mirror-like symmetry will enforce non-adiabatic transi-
tion matrices in stages I and III holding a relation:

ŨI = σ̂rŨ
−1
III σ̂r. (A1)

However we need to express this relation in
{|E−(t)⟩, |E+(t)⟩} basis, and then the investigation
of parallel transport gauge is necessary.

Firstly, we define a set of eigenstates |E±(t)⟩ with

smooth gauge and require them satisfying

|E±(t)⟩ = σ̂r|E∓(T − t)⟩. (A2)

In the time point T/2, we have

[Ĥ(T/2), σ̂r]+ = 0, |E+(T/2)⟩ = σ̂r|E−(T/2)⟩. (A3)

Based on the transformation:

Ûrσ̂rÛ
−1
r = σ̂z, Ûrσ̂θÛ

−1
r = σ̂x,

Ûrσ̂φÛ
−1
r = σ̂y, Ûr = eiθσ̂y/2eiφσ̂z/2, (A4)

we have

[ÛrĤ(T/2)Û−1
r , σ̂z]+ = 0, (A5)

and then Ûr|E±(T/2)⟩ will be eigenstate of

ÛrĤ(T/2)Û−1
r satisfying

Ûr|E+(T/2)⟩ = σ̂zÛr|E−(T/2)⟩. (A6)

Thereby the ground eigenstates of ÛrĤ(T/2)Û−1
r will be

Ûr|E−(T/2)⟩ =
1√
2

(
e−iϑ/2

−eiϑ/2

)
, (A7)

with ϑ ≡ arg[dθ(T/2) − idφ(T/2)]. And another eigen-
state will be

Ûr|E+(T/2)⟩ = σ̂zÛr|E−(T/2)⟩ =
1√
2

(
e−iϑ/2

eiϑ/2

)
.

(A8)

Then the eigenstates of Ĥ(T/2) will be

|E−(T/2)⟩ =
[
cos(θ/2)e−i(ϑ+φ)/2 + sin(θ/2)ei(ϑ−φ)/2, sin(θ/2)e−i(ϑ−φ)/2 − cos(θ/2)ei(ϑ+φ)/2

]T
/
√
2,

|E+(T/2)⟩ =
[
cos(θ/2)e−i(ϑ+φ)/2 − sin(θ/2)ei(ϑ−φ)/2, sin(θ/2)e−i(ϑ−φ)/2 + cos(θ/2)ei(ϑ+φ)/2

]T
/
√
2.

From the above equation, we can get

⟨E+(T/2)|0⟩⟨0|E−(T/2)⟩ = cos θ + i sin θ sinϑ,

(A9)

which holds phase factor 2ϕc ≡ arg(cos θ + i sin θ sinϑ).
Therefore, it is reasonable to require this eigenstate basis
at the first half of the process satisfying

arg
[
⟨E+(t)|0⟩⟨0|E−(t)⟩

]
= 2ϕc, t ∈ [0, T/2]. (A10)

In addition, if we require transferring matrix S(t) =[
|E−(t)⟩, |E+(t)⟩

]
is unitary and unimodular, these eigen-

states with t ∈ [0, T/2] will be

|E−(t)⟩ = eiϕc

(
cos η(t)e−iχ(t)

− sin η(t)eiχ(t)

)
,

|E+(t)⟩ = e−iϕc

(
sin η(t)e−iχ(t)

cos η(t)eiχ(t)

)
. (A11)

What’s more, the eigenstate basis at the second half of
the process can be obtained through symmetry relation

|E±(t)⟩ = σ̂r|E∓(T − t)⟩, t ∈ [T/2, T ]. (A12)

Next, we define |E±(t)⟩ = eiγ±(t)|E±(t)⟩ with
γ±(T/2) = 0, which holds parallel transport gauge and
used in main text, i.e.,

⟨E±(t)|
∂

∂t
|E±(t)⟩ = 0, (A13)

giving rise to the limitation of phase factor γ±(t) during
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the first half of the process

∂tγ−(t) = −∂tγ+(t) = ∂tχ(t) cos[2η(t)], t ∈ [0, T/2].

(A14)

And the phase factor γ±(t) during the second half of the
process satisfies

∂tγ−(t) = −∂tγ+(t) = ⟨E−(t)|∂t|E−(t)⟩

= ⟨E+(T − t)|σ̂r∂tσ̂r|E+(T − t)⟩

= −∂tγ−(T − t), t ∈ [T/2, T ].(A15)

With the boundary condition γ±(T/2) = 0, we have

γ(t) ≡ γ−(t) = −γ+(t) = γ−(T − t). (A16)

We can define unitary and unimodular transformation
matrices Ŝ(t) and Ŝ(t):

Ŝ(t) =
[
|E−(t)⟩, |E+(t)⟩

]
, Ŝ(t) =

[
|E−(t)⟩, |E+(t)⟩

]
,

(A17)

transforming non-adiabatic transition matrices under di-
abatic basis to eigenstates basis:

ÛI = Ŝ−1(tf )ŨIŜ(ti), ÛIII = Ŝ−1(T − ti)ŨIIIŜ(T − tf ),

ÛI = Ŝ−1(tf )ŨIS(ti), ÛIII = Ŝ−1(T − ti)ŨIIIŜ(T − tf ).

(A18)

From Eq. (A12), we can know transformation matrices

Ŝ(t) at two halves of process must satisfy:

Ŝ(t) = σ̂rŜ(T − t)σ̂x. (A19)

Furthermore, according to above discussion about phase
factor γ in Eq. (A16), these two set of transformation
matrices will satisfy:

Ŝ(t) = Ŝ(t)eiγ(t)σ̂z , (A20)

Thereby we have:

ÛIII = Ŝ−1(T − ti)ŨIIIŜ(T − tf )

= σ̂xŜ−1(ti)σ̂rσ̂rŨ
−1
I σ̂rσ̂rŜ(tf )σ̂x

= σ̂xÛ−1
I σ̂x (A21)

So after supposing

ÛI =

(
R − T ∗

T R∗

)
, (A22)

with |R|2 + |T |2 = 1, we have

ÛIII =

(
R − T
T ∗ R∗

)
. (A23)

So the total effect of this LZSM interference will be

Û = ÛIIIÛIIÛI

= e−iγ(ti)σ̂z ÛIIIe
iγ(tf )σ̂zeiϕdσ̂ze−iγ(tf )σ̂z ÛIe

iγ(ti)σ̂z

= e−iγ(ti)σ̂z Ûeiγ(ti)σ̂z , (A24)

with

Û =

(
R2eiϕd − T 2e−iϕd −RT ∗eiϕd −R∗T e−iϕd

RT ∗eiϕd +R∗T e−iϕd R∗2e−iϕd − T ∗2eiϕd

)
,

(A25)

where the reflection index R (transmission index T )
can be extracted as R = ⟨E−(tf )|Ψ(tf )⟩ (T =
⟨E+(tf )|Ψ(tf )⟩) when we start from the ground state.
The eigenbasis {|E−(t)⟩, |E+(t)⟩} is defined in Eqs. (A11)
and (A12), i.e., with requirements (t ∈ [0, T/2])

arg
[
⟨E+(t)|0⟩⟨0|E−(t)⟩

]
= 2ϕc,

det
[
Ŝ(t)

]
= det

[
|E−(t)⟩, |E+(t)⟩

]
= 1. (A26)

For the convenience of calculation, we take a gauge trans-
formation:

|E−(t)⟩ → e−iϕc |E−(t)⟩,

|E+(t)⟩ → eiϕc |E+(t)⟩, (A27)

and the gauge requirements become (t ∈ [0, T/2])

Im
[
⟨E+(t)|0⟩⟨0|E−(t)⟩

]
= 0,

det
[
Ŝ(t)

]
= det

[
|E−(t)⟩, |E+(t)⟩

]
= 1, (A28)

with associating indexes being changed as

R → eiϕcR, T → e−iϕcT . (A29)

As a result Eqs. (9) and (11) of the main text have been
obtained.
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