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An extended Su–Schrieffer–Heeger (SSH) model containing four periods of the hopping coefficients, called SSH4
model, is constructed to explore robust quantum state transfer. The gap state protected by the energy gap plays the role of
the topological channel where the particle initially located at the last lattice site has the probability to arise at the first and all
even lattice sites equally. Serving those sites as ports, a multi-port router can be realized naturally, and the fidelity reaches
unity in a wide range of parameters under the long chain and random disorder. Further, when we reduce the third intracell
hopping to a small value, the occupancy probability of the second lattice site in every unit cell will reduce to zero, by which
a new topological router can be induced. In addition, our SSH4 model can work as a 1/3 beam splitter. Namely, the particle
initially occupies the first lattice site and finally appears with equal probability at three lattice sites. We can also realize a
1/2 beam splitter. Our four-period SSH model provides a novel way for topological quantum information processing and
can engineer two kinds of quantum optical devices.
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1. Introduction
Large-scale quantum information processing has drawn a

great deal of attention in recent years.[1–16] Undoubtedly, the
core concept to achieve quantum information transmission be-
tween distant nodes is the robust quantum state transfer.[17–21]

Various systems have been explored to realize this process,
for example, cavity electromechanical systems,[22–24] spin
chain and spin-wave engineering,[5,6,18,21,25] and quantum
dots.[26,27] However, one can find that the imperfect (disorder,
defect and impurities) of the usual devices and the environ-
ment noise inevitably have a negative influence on the fidelity
of quantum state transfer.

The role of topology in the field of physics has been stud-
ied in many fashions.[28–33] To date, we know that the typical
feature of the topological insulators is the existence of the ro-
bust edge state protected by the energy gap,[34–38] which pro-
vides global protection with respect to the local deformations
of the system.[39–43] The invariance under continuous defor-
mations endows the topological insulators with boundless po-
tential applications in quantum information processing and en-
gineering. Correspondingly, there has been a significant surge
of interest in investigating robust quantum state transfer using
the topological system.[9,12,15,28,44–47] In Ref. [28], Dlaska et
al. displayed the robust quantum state transfer via topologi-
cally protected edge pumping in a two-dimensional topolog-
ical spin system. Mei et al.[44] showed robust quantum state
transfer via topological edge states in superconducting qubit
chain. Zheng et al.[46] proposed an effective scheme to realize
robust quantum state transfer with the topological protected

channel in a superconducting flux qubit chain with controlling
by defect. In addition, Qi et al.[47] studied the one-dimensional
modulated Su–Schrieffer–Heeger chain and implemented the
various kinds of topological routers. However, the realization
of the topological channel with multiple functions in practical
applications is still an open question. Regretfully, most of the
previous studies only involve a single quantum state transition.

Motivated by the discussions mentioned above, we con-
struct a topological channel in an extended SSH model with
four-period hopping coefficients in one unit cell, dubbed
SSH4, to study the robust quantum state transfer. In our multi-
band system, the topological channel is determined by the gap
state protected by the energy gap, in which the particle initially
accommodated at the last lattice site will arise in the first and
all even lattice sites equally. Then, a multi-port router, being
immune to mild-disorder, can be realized if we treat those sites
as ports. Further, the probability of the second lattice sites
in every unit cell will reduce to zero in certain cases, which
demonstrates that a new topological router can be obtained.
In addition, our SSH4 model can have the application of 1/3
beam splitter. Namely, the particle occupied at the first lattice
site will appear with equal probability at three lattice sites with
time evolution. This system can realize a 1/2 beam splitter.
Our four-period SSH model can engineer two kinds of quan-
tum optical devices, which is of great significance for quantum
information processing.

This paper is organized as follows. In Section 2 we
present the extended SSH4 chain with four-period hopping co-
efficients in one unit cell. In Section 3 it is demonstrated that
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our multi-band system can realize different types of topologi-
cal routers with multiple output ports and we explore the effect
of the third intracell hopping strength on topological router.
In Section 4 we display that our model can realize a 1/3 and
1/2 topological beam splitter. Finally, the conclusions are pre-
sented in Section 5.

2. The four-period SSH chain
We consider a one-dimensional four-period SSH chain

comprised of 4N + 1 lattice sites, with N even, as schemati-
cally shown in Fig. 1. In this chain, each unit cell contains
four lattice sites labeled by A, B, C, and D, respectively. The
extended SSH chain can be described by

H = ∑
n

t1C†
n,ACn,B + t2C†

n,BCn,C + t3C†
n,CCn,D

+ t4C†
n,DCn+1,A + JnC†

1,ACn+1,A +H.c., (1)

where C†
n,Q (Q = A,B,C,D) and Cn,Q are the creation and

annihilation operators on sublattices A, B, C, D of the nth
unit cell; t1, t2 and t3 are the intracell hopping amplitudes;
t4 is the intercell hopping amplitude. The long-range hopping
strengths are represented by Jn in which the first site A1 can
jump to an arbitrary A-type site in the nth unit cell. For the
sake of simplicity, we choose the long-range hopping ampli-
tudes J1 = J2 = · · ·= JN ≡ J in this study.
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Fig. 1. Schematic diagram of the one-dimension extended SSH chain
with odd number L = 4N + 1. Here, N is the number of unit cell
and each one contains four lattice sites labeled by An, Bn, Cn, and Dn
(n = 1,2, . . . ,N). The intracell hoppings are t1, t2, and t3, respectively.
The intercell hopping is t4, and the long-range hopping is Jn.

3. Different types of topological router in four-
period SSH chain
In this section, we take the parameter t1 = 1 + cosθ ,

t2 = 2, and t4 = J = 1−cosθ . Next, the quantum state transfer
will be explored by selecting different values of t3.

3.1. Topological router induced by t3 = t2

In this subsection, we focus on a strong intracell hopping
t3 = t2 = 2. The corresponding energy spectrum, as shown in
Fig. 2(a), always has a state in the energy gap, which provides
a cornerstone to realize the robust quantum state transfer. Fur-
ther, the distribution of the gap states with the varying of θ

is displayed in Fig. 2(b). It can be found that the gap state
is occupied at the last site when θ = 0, whereas it is equally

localized at A1,B1,D1, . . . ,DN with θ = π . The numerical re-
sults mentioned above can be understood physically as fol-
lows. When θ = 0, the strengths of all intracell hopping am-
plitudes are larger than those of the intercell hopping and long-
range hooping amplitudes, i.e., t1, t2, t3 = 2 > t4 = J = 0. This
phenomenon is similar to fully dimerized limits.[48] Namely,
these four sublattices in each unit cell form a tetramer, which
causes the final lattice site being isolated. Therefore, the gap
state occupies the last site totally. Further, when θ = π , cor-
responding to t1 = 0 and t2 = t3 = t4 = J = 2, the four-band
SSH chain can be divided into several components in the unit
of three sites. According to Refs. [47,48], we find that our sys-
tem contains two kinds of domain walls, which are expressed
as two trimers. A set is Cn, Bn, and Dn, and the other set is An

(n 6= 1), A1, and Dn. As a result, the gap state is mainly local-
ized at sites A1, B1, D1, . . ., and DN with θ = π . This transfer
process by changing the parameter θ indicates that the gap
state can be served as the topological channel to realize the
state transfer between the initial state |Ψ〉i = |0,0,0, . . . ,0,1〉
and the final state |Ψ〉f = 1√

2N+1
|1,1,0,1, . . . ,1,0〉.
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Fig. 2. (a) The energy spectra of the generalized SSH chain with
t1 = 1 + cosθ , J = t4 = 1− cosθ and t2 = t3 = 2. It always has a
gap state. (b) The corresponding state distribution of gap state. When
θ = 0, the gap state gathers toward the last lattice site but θ = π , the
gap state localizes at the site of A1, B1, D1, . . ., and DN .

To further estimate this result, we take the parameter θ as

θ(t) = Ω t, (2)

where Ω represents the ramping frequency, and t is the
time.[44] Then, we can perform the time evolution of the initial
state by the Schrödinger equation i ∂

∂ t |Ψ〉t = H(θt)|Ψ〉t (here,
we set h̄ = 1 for simplicity). As we all know, the quantum
state transfer by dint of the gap state is protected by the en-
ergy gap. In Fig. 3(a), the energy gap ∆E (the gap state and
the nearest state of the up band) versus the number of the lat-
tice sites is plotted. Obviously, as the number of unit cells
increases, the energy gap becomes smaller. Meanwhile, the
adiabatic conditions need to be obeyed in the process of state
evolution. Therefore, if the size of the system is larger, Ω will
be smaller. On the contrary, a small size means that there is a
larger Ω , and the adiabatic condition is easier to achieve.[46]

In addition, Fig. 3(b) indicates that the fidelity between the
ideal state and the final state keeps a wide plateau at the value
of unity when L = 25, which ensures perfectly the quantum
state transfer in a long chain. Moreover, in order to verify this
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result, in Fig. 4(a), when Ω = 0.0038, the numerical results
unveil that the state transfer between |Ψ〉i = |0,0,0, . . . ,0,1〉
and |Ψ〉f = 1√

2N+1
|1,1,0,1, . . . ,1,0〉 can be achieved.
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Fig. 3. (a) The energy gap (the gap state and the up band) ∆E versus the
size of the lattice site. (b) The fidelity of the topological router versus
the ramping speed Ω . The black circle, red triangle and blue square
lines correspond to the size of the lattice as L = 9, L = 25, and L = 29,
respectively. Other parameters are t1 = 1+ cosθ , J = t4 = 1− cosθ ,
and t2 = t3 = 2.
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Fig. 4. (a) The state transfer process of |0,0,0, . . . ,0,1〉 corresponding
to Ω = 0.0038. (b) The fidelity between the evolved final state and
the ideal final state versus the ramping speed Ω and disorder W . Here,
t1 = 1+ cosθ , J = t4 = 1− cosθ , and t2 = t3 = 2.

Finally, we note that there always exists imperfection in
the real system, such as defects and impurities. The Hamil-
tonian with imperfection, i.e., on-site disorder, has the form
of

H = ∑
n

Wδ (C†
n,ACn,A +C†

n,BCn,B

+C†
n,CCn,C +C†

n,DCn,D)

+∑
n

t1C†
n,ACn,B + t2C†

n,BCn,C + t3C†
n,CCn,D

+ t4C†
n,DCn+1,A + JnC†

1,ACn+1,A +H.c., (3)

where W is the strength of the disorder, and δ is a ran-
dom number in the range of [−0.5,0.5] uniformly. In this
case, the fidelity between the evolved state and the ideal fi-
nal state versus the ramping speed Ω and the disorder strength
W is numerically displayed in Fig. 4(b). The yellow regions
undoubtedly show that, for the slow enough ramping speed
log10 (Ω)<−2.5 and the disorder strength W < 2.5, the state
transfer between |Ψ〉i and |Ψ〉f can be realized with high fi-
delity.

3.2. A topological router by t3 = 0.015

We have demonstrated that a multi-port topology router
can be formed if t3 = t2 = 2. In this subsection, we take the
parameter t3 = 0.015 to explore the quantum state transfer.

As we will exhibit, the topological channel can be
changed essentially when we reduce the parameter t3 to 0.015,
which implies that it can achieve another type of router. In this
way, we reveal the energy spectrum in Fig. 5(a), in which the
gap state as a topological channel still exists while the mini-
mum energy gap is small, as shown in Fig. 5(b). Further, the
distribution of the gap states is shown in Fig. 5(c). Obviously,
the new gap state is localized at the last site primitively, while
finally localized at A1, D1, D2, . . . ,DN uniformly, which in-
dicates that the feasibility of implementing the state transfer
between the initial state |Ψ〉i = |0,0,0, . . . ,0,1〉 and the final
state |Ψ〉f = 1√

N+1
|1,0,0,1,0,0,0,1, . . . ,0,0,0,1,0〉.
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Fig. 5. (a) The energy spectra of the generalized SSH chain with
t1 = 1+ cosθ , J = t4 = 1− cosθ and t2 = 2 and t3 = 0.015. (b) The
distribution of gap state. (c) The fidelity of the state transfer between
the evolved final state and the ideal final state versus the varying rate of
θ . (d) The state transfer process corresponding to Ω = 10−5.

To further confirm this result, we plot the fidelity of
the state transfer versus the ramping speed Ω , as shown in
Fig. 5(d). A small Ω is required to meet the adiabatic evo-
lution condition since the energy gap is narrow at this point.
Moreover, to make the results more intuitive, in Fig. 5(e), we
choose an appropriate value of Ω = 10−5. This numerical re-
sult reveals exactly the state transfer between |Ψ〉i and |Ψ〉f.
Compared with Fig. 4(a), we find that when t3 reduces to a
small value, the probability of the second lattice site in every
unit cell will reduce to zero, by which a new topological router
can be induced.

The processes mentioned above can be comprehended as
follows. When θ = 0, all intracell hopping amplitudes are
large than intercell hopping and long-range hooping ampli-
tudes, namely, t1, t2, t3 > t4 = J, which leads to the four sublat-
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tice sites belonging to one unit cell and the final lattice being
isolated. Hence, all states locates at the last site. On the other
hand, when θ = π , An, A1, and Dn constitute a domain wall.[48]

Therefore, the sites A1 and Dn can be isolated. Finally, the gap
state is localized at sites A1, D1, . . ., and Dn uniformly.

From above all, two types of topological routers can be
realized in our SSH4 model, only via designing the third intra-
cell hopping t3 appropriately. Therefore, we can control this
parameter to realize the distribution of information to some
ports.

4. The topological beam splitter
We have discussed the impact of t3 on the topological

channel. Here, we propose the question for our long SSH4
chain: if other parameters are changed, is there a new channel
for state transfer precisely? In the following, the parameters
t1 and t4 change as t1 = J = 1− cosθ and t4 = 1+ cosθ , re-
spectively. We find that, in this set of parameters, our SSH4
system can functionally implement the 1/3 and 1/2 topolog-
ical beam splitter similar to traditional beam splitter[49–52] in
quantum optics.
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Fig. 6. (a) The energy spectra of the extended SSH chain with t4 =
1+ cosθ , J = t1 = 1− cosθ , t2 = t3 = 2. (b) The corresponding the
distribution of gap state. (c) The fidelity of the state transfer between
|1,0,0, . . . ,0,0〉 and |0,1/3,0,1/3,0,0, . . . ,0,0,1/3〉 versus the varying
rate of θ . (d) The state transfer process corresponding to Ω = 0.006.
(e) The fidelity between the evolved final state and the ideal final state
versus the ramping speed Ω and disorder W .

4.1. The 1/3 topological beam splitter

Under this condition, we further choose t2 = t3 = 2 to in-
vestigate the state transfer. As shown in Fig. 6(a), the energy
spectrum tells us that the gap state always exists in our long
SSH4 chain. The corresponding distribution of the gap state

is shown in Fig. 6(b). It can be found that the gap state is
mainly localized at the first site in θ = 0, and yet it will pile
up at the second, the fourth and the last sites with the same
probability in θ = π eventually. One can then get some infor-
mation that, through the gap state, the state transfer between
the state |1,0,0, . . . ,0〉 and |0,1/3,0,1/3,0, . . . ,0,0,1/3〉 can
be achieved. To estimate the above result more precisely, one
can take θ =Ω t and utilize the time-dependent Hamiltonian to
evolve the initial state |1,0,0, . . . ,0〉. In Fig. 6(c), the fidelity
between the ideal state |0,1/3,0,1/3,0, . . . ,0,0,1/3〉 and the
evolved final state versus the parameter Ω is displayed. The
numerical results clarify that some value of Ω can ensure the
achievement of the state transfer between the initial state and
evolved state. A concrete example can be revealed in Fig. 6(d)
with Ω = 0.006, and we find that the state initially in the first
site can be transferred to the second, the fourth and the last site
with the same distributions.

As we explained above, the process of the realization of
the topological router is immune to on-site disorder. Here,
we also numerically show that the effect of the on-site dis-
order on our beam splitter. The disorder has the form of
∑n Wδ (C†

n,ACn,A +C†
n,BCn,B +C†

n,CCn,C +C†
n,DCn,D) (with W

being the disorder strength and δ being the a random num-
ber within [−0.5, 0.5]). In Fig. 6(e), the fidelity between the
evolved state and the ideal final state is displayed versus the
ramping speed Ω and the disorder strength W . It can be found
that the state transfer between |Ψ〉i and |Ψ〉f can be realized
with high fidelity under slow enough ramping speed and mild
disorder.
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Fig. 7. (a) The energy spectra of the generalized SSH chain with
t1 = 1+cosθ , J = t4 = 1−cosθ , t2 = 0.015, and t3 = 2. (b) The energy
gap at θ ∈ [0,0.3π]. (c) The distribution of gap state. (d) The fidelity of
the state transfer between the evolved final state and the ideal final state
versus the ramping speed Ω .

4.2. The 1/2 topological beam splitter

Analogously, one can choose t2 = 0.015 and t3 = 2. In
Figs. 7(a) and 7(b), there always possess the energy gap even
though t2 is small, which can be used as a topological channel
to achieve topological state transfer. As shown in Fig. 7(c), we
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plot the distribution of the state with θ . It can be found that the
initial state (θ = 0) lies in the first sites while the final states
(θ = π) occupy the second and the last sites, which illustrates
that the gap state can be served as a channel to actualize a 1/2
beam splitter.[49] Further, to prove our idea, one can choose
θ = Ω t and numerically calculate the fidelity in Fig. 7(d). It
can be found that the fidelity F = 1 when Ω is small, imply-
ing that our SSH4 system can functionally implement the 1/2
topological beam splitter.

5. Conclusion
We have constructed an SSH4 model containing four pe-

riods of the hopping coefficients to investigate robust quan-
tum state transfer. A topologically protected channel where
the particle initially pinned at the last lattice site and finally
appeared equally at multiple lattice sites can be formed. Then,
a multi-port router can be realized provided that we treat those
sites as ports. Moreover, the transfer fidelity displays a wide
plateau at the value of unity even if the disorders are con-
sidered. When the third intracell hopping reduces to a small
value, it can generate a new topological router in which the
occupancy probability of all the second lattice sites becomes
zero. In addition, the long SSH4 chain can have the function
of a 1/3 beam splitter. Namely, the particle initially occupies
the first lattice site and finally appears with equal probability at
three lattice sites. We can also realize a 1/2 beam splitter. The
SSH4 system may play a key role in multiple function topolog-
ical channel, which is vital in quantum information processing.
Our four-period SSH model can engineer two kinds of quan-
tum optical devices, which provides the potential applications
for topological quantum information processing.
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