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Topologically protected bound states in the continuum in the Su-Schrieffer-Heeger chain

Dunkan Martínez ,1,* Rodrigo P. A. Lima ,2,3 Alexander López ,1,4

Francisco Domínguez-Adame ,1 and Pedro A. Orellana 5

1GISC, Departamento de Física de Materiales, Universidad Complutense, E-28040 Madrid, Spain
2GISC and InterTEP, Departamento de Física, Facultad de Ciencias Ambientales y Bioquímica,

Universidad de Castilla-La Mancha, E-45071 Toledo, Spain
3GFTC, Instituto de Física, Universidade Federal de Alagoas, Maceió 57072-970, AL, Brazil

4Escuela Superior Politécnica del Litoral, ESPOL, Departamento de Física, Facultad de Ciencias Naturales y Matemáticas,
Campus Gustavo Galindo, Km. 30.5 Via Perimetral, P.O. Box 09-01-5863, Guayaquil, Ecuador

5Departamento de Física, Universidad Técnica Federico Santa María, Casilla 110 V, Valparaíso, Chile

(Received 13 January 2026; accepted 23 September 2026; published 2 November 2026)

Bound states in the continuum, originally proposed within the framework of quantum mechanics, have since
been observed in a variety of physical contexts, including optics, acoustics, and related fields. Of particular
interest are those bound states in the continuum that are protected by continuous symmetries, as their stability
makes them resistant to structural imperfections and material disorder. In this study, we demonstrate the existence
of topologically protected bound states in the continuum by coupling a finite Su-Schrieffer-Heeger chain to a
metallic lead. These states are characterized by distinct features in the electrical response of the system, serving
as a direct indication of their topological origin. The inherent robustness of such topologically protected states
highlights their potential applications in fault-tolerant quantum information processing as well as in the design
of advanced electronic and photonic devices.
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I. INTRODUCTION

Bound states in the continuum (BICs) are counterintu-
itive quantum states that, despite residing within the energy
range of extended states, remain perfectly localized and de-
coupled from the continuum. The absence of coupling gives
these states an extremely long lifetime. First introduced by
von Neumann and Wigner in 1929 for quantum particles in
tailored potentials [1], BICs have been identified across di-
verse physical platforms, including optics [2–22], acoustics
[23–28], and water waves [29–31]. These states can emerge
via several distinct mechanisms such as symmetry protection
[4,21,22,32–36], separation of coordinate variables [14,37],
parameter tuning [2,3,7–9,23–25,38], and inverse construc-
tion [5,6,29]. A key characteristic of BICs is their extremely
high quality factor, which arises from their decoupling from
the continuum spectrum states. Furthermore, in some cases,
the quality factor can be finely tuned, making BICs attractive
for use in applications such as narrow-band filters, highly sen-
sitive sensors, and low-threshold lasers [39–45]. However, this
sensitivity can also be a double-edged phenomenon: Small
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perturbations or imperfections can hybridize BICs with the
continuum, destroying their localized nature.

On the other side, topological systems have attracted a lot
of attention [46–50] due to their unique properties, such as the
protection of topological states against specific classes of de-
fects [49–52], as well as their inherent robustness for quantum
computation technologies [53–60]. The recent convergence
of these two concepts has given rise to a new paradigm:
topological BICs (TBICs), which combine the spectral isola-
tion of BICs with the disorder resilience of topological states
[61–74].

In this work, we uncover TBICs in electron systems that
arise from the coupling between a topological chain and a
conventional metallic contact. Specifically, we study the effect
of attaching a finite Su-Schrieffer-Heeger (SSH) chain [46]
by one of its ends to a metallic lead. Despite the simplicity
of the setup, we find that the SSH spectrum leaves a clear
fingerprint on the lead’s conductance. Most remarkably, a
TBIC emerges at zero energy: a spatially confined state within
the continuum, protected by the SSH chain’s topology rather
than by conventional parameter fine-tuning. This setup offers
a minimal but robust platform for realizing TBICs in quantum
systems.

II. MODEL

The system under study consists of an SSH chain of N
dimer cells (2N sites), which is side-coupled at one of its ends
to an infinite one-dimensional lead, as shown schematically
in Fig. 1. This arrangement enables the detection of SSH
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FIG. 1. Sketch of the system. The red bar represents the infinite
lead, while the blue boxes show the dimer cells of the SSH chain
with N cells. The spheres within the boxes represent the sites of the
aforementioned elements: Red spheres correspond to the sites of the
lead, while dark (light) spheres indicate sites in the sublattice A (B).
Black curved lines indicate the hopping considered in our model.

chain states as antiresonances in the conductance of the lead.
The system under study can be conveniently described by
a tight-binding Hamiltonian given by H = Hch + Hl + Hc.
Here, Hch is the Hamiltonian of the isolated SSH chain, Hl

denotes the Hamiltonian of the isolated lead, and Hc stands
for the coupling between the lead and the SSH chain. To be
specific, these terms are defined as

Hch = − v

N∑
�=1

(a†
�b� + H.c.) − w

N−1∑
�=1

(b†
�a�+1 + H.c.),

Hl = − J
∑

j

(c†
j c j+1 + H.c.),

Hc = − tcc†
0a1 + H.c. (1)

Here, c j is the annihilation operator of an electron at site j of
the lead, while a� (b�) is the annihilation operator of the SSH
chain at cell � and sublattice A (B). J is the hopping parameter
in the lead, v is the intracell hopping in the chain while w is
the intercell hopping, and tc is the coupling parameter between
the lead and the chain (see Fig. 1). We have assumed that all
site energies are identical and set them to zero, without loss of
generality. A more detailed description of both SSH chain and
BICs along with a discussion about the chiral symmetry of the
whole system after the lead is coupled is presented in Secs. S1
and S2 of the Supplemental Material [75], respectively.

Since the coupling between the lead and the chain is local,
we can assume that the conductance of the system can be cal-
culated using the Landauer-Büttiker formalism in the ballistic
regime as follows:

G(E ) = e2

h̄

∣∣̂t (E )
∣∣2

, (2)

where t̂ (E ) is the energy-dependent transmission amplitude at
Fermi energy E and −e is the electron charge. To determine
the transmission amplitude, we write the wave function for
each subsystem as follows:

φ j =
{

eik j + r̂ (E ) e−ik j, if j < 0 ,
t̂ (E ) eik j, otherwise,

ψ� =
(

ψA
�

ψB
�

)
= α̂ (E )

(
1

eiθ

)
eiq� + β̂ (E )

(
1

e−iθ

)
e−iq�, (3)

where φ j is the wave function at the site j of the lead, while
ψ� corresponds to the wave function in the cell � of the chain.

In addition, r̂ (E ) is the energy-dependent reflection ampli-
tude, while α̂ (E ) and β̂ (E ) are the amplitude coefficients
of the wave function inside the chain. Here, we have taken
into account that the difference between the wave function of
the two sublattices in the same cell is just a complex phase,
exp(iθ ) = −E/[v + w exp(−iq)] [76]. In addition, the wave
numbers k and q can be found from the dispersion relation of
the lead and chain, respectively, namely, k = − arccos(E/2J )
and q = arccos[(E2 − v2 − w2)/2vw]. Thus, the boundary
conditions for this problem can be written as

Eφ−1 = − J (φ0 + φ−2),

Eφ0 = − tcψ
A
1 − J (φ1 + φ−1),

EψA
1 = − vψB

1 − tcφ0,

EψB
N = − vψA

N . (4)

After some lengthy but straightforward calculations (see
Sec. S3 of the Supplemental Material [75]), the transmission
amplitude is found to be given by

t̂ (E ) = 1

1 − i�
sin[q(E )N]

sin k(E ) sin[q(E )(N + 1) − θ (E )]

, (5)

where � = t2
c /2Jw is an energy-independent parameter in

the wide-band limit describing the effective hopping between
the SSH chain and the lead. Once we know the expression
for the transmission coefficient, we can find the values of
the parameters α and β to obtain the electron wave function
in the chain ψ�. This can be used to find the density of the
states (DOS) in the chain as ρch(E ) ∼ ∑

�∈chain {|ψA
� (E )|2 +

|ψB
� (E )|2}.

III. TOPOLOGICAL BIC

From Eq. (5), we can see that the transmission at the Fermi
energy can be tuned by the parameters v, which effectively
controls the occurrence of the topological state of the chain,
and �. For the present study, we consider w as a unit of
energy. Therefore, the topological state arises if v < w. As
we are dealing with a perfect lead with an SSH chain attached
to it, we expect the transmission to be unity for all energies
except the ones that match the energy spectra of the latter [see
Fig. 2(a)].

We see from the results shown in Fig. 2(b) that the DOS
remains almost independent of energy except near E = 0,
where a resonance appears, exhibiting the expected behavior
of a TBIC. This TBIC comes from the exponential decay that
characterizes the topological state in the SSH chain. When v is
close to zero, the exponential decay is very abrupt, causing the
wave functions at either end to barely overlap. This fact allows
us to combine both topological states in a symmetric and
an antisymmetric way, resulting in a state that is effectively
disconnected from the lead.

Since the TBIC originates from the proximity of the lead
to one of the ends of the chain, it will be protected as long
as the topology of the SSH chain remains; i.e., perturbations
such as disorder in the chain hoppings or an increased cou-
pling strength between the chain and the lead do not cause
the TBIC to leak. To demonstrate this robustness, disorder
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FIG. 2. Conductance and DOS of an SSH chain of N = 10 cells
hanged to the lead; � has been set to 0.3 and J = w. (a) Conductance
in units of e2/h; in white dashed lines, the spectra of the SSH has
been plotted. Vertical lines represent the value of v, where the DOS
has been calculated. (b) DOS in arbitrary units for v = 0.1w (red
solid line) and v = 0.15w (green dashed line) near E = 0 (notice the
energy scale factor).

is introduced by adding to each hopping a random value
drawn from a uniform probability distribution over the inter-
val [−W/2,W/2]. As shown in Fig. 3, the zero-conductance
regions are progressively smeared out as the disorder strength
W increases. Nevertheless, the one centered at zero energy
remains unaffected for large magnitudes of disorder, which
proves the topological protection of this state.

To explain the emergence of TBICs, we consider an ef-
fective model, similar to that presented in Refs. [77,78], in
which the influence of the infinite lead is embodied through a
renormalized site with complex self-energy εL, coupled via an
effective coupling constant ξ to the two topological states of
the SSH chain with energies μ ± δ (see Fig. 4). The effective

FIG. 3. Average conductance in units of e2/h of an SSH chain
of N = 10 cells averaged over M = 50 disorder realizations, as a
function of the Fermi energy and the magnitude of disorder W . The
pristine value of v has been set to 0.7w and J = w.

FIG. 4. Sketch of the effective model that illustrates the forma-
tion of the TBIC. (a) The entire lead is effectively replaced by a single
site with complex energy εL that is coupled with coupling constant
ξ to two topological states with energies μ ± δ (see main text for
an explanation). (b) After performing a unitary transformation, the
antisymmetric state A is decoupled from the rest of the states, and it
can be regarded as a TBIC.

Hamiltonian reads

Heff = εL|L〉〈L| + (μ + δ)|ψ+〉〈ψ+| + (μ − δ)|ψ−〉〈ψ−|
− ξ |L〉

(
〈ψ+| + 〈ψ−|

)
− ξ ∗

(
|ψ+〉 + |ψ−〉

)
〈L| . (6)

By performing a linear transformation to the symmetric
and antisymmetric states |ψS〉 = (1/

√
2)(|ψ+〉 + |ψ−〉) and

|ψA〉 = (1/
√

2)(|ψ+〉 − |ψ−〉), and taking the limit δ → 0,
i.e., the topological regime, the Hamiltonian takes the form

Heff = εL|L〉〈L| + μ|ψS〉〈ψS| + μ|ψA〉〈ψA|
−

√
2ξ |L〉〈ψS| −

√
2ξ ∗|ψS〉〈L| . (7)

Therefore, the antisymmetric state is an eigenstate of the en-
tire system and thus a TBIC, a bound state in the continuum
protected by the system’s topology. Figure 4 shows a sketch
of the effective model that illustrates the formation of TBICs
through the linear transformation described above. In Sec. S4
of the Supplemental Material [75], the DOS of the effective
model has been calculated to show that it holds TBICs.

IV. DYNAMICS OF THE TBICs

The localized nature of the state can be assessed by the time
evolution (we take h̄ = 1 hereafter) of a wave packet initially
localized at one of three representative sites within the SSH
chain: the nearest site to the lead; where the wave function
amplitude decays exponentially as it leaks into the lead, a
second site within the bulk of the chain, where the dynamics
consists of multiple reflections between the inner boundaries
of the chain, producing Fabry-Perot-like interference; and fi-
nally, at the farthest site where the TBIC is located, the wave
function should remain localized and time invariant.

Figure 5 displays the time evolution for the three ini-
tial conditions described above. The red line corresponds to
the site nearest to the lead, where the probability amplitude
decays approximately exponentially as it couples to the con-
tinuum. The blue line represents a state initialized at the
farthest boundary of the SSH bulk, which propagates along the
chain and undergoes Fabry-Perot-like reflections, leading to
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FIG. 5. Return probability as a function of time of two topolog-
ical states (dotted red and solid black curves) and one trivial state
(dashed blue curve) in an SSH chain of N = 10 dimer cells attached
to a lead consisting of 601 sites, with � = 0.3, J = w, and v = 0.1w,
for three specific sites: j = 1 (dotted red line), j = 19 (dashed blue
line), and j = 20 (solid black line). Time is expressed in units
of w−1.

maxima in the probability of site occupation, with a periodic-
ity of approximately 220w−1 (in Fig. S7 of the Supplemental
Material [75], we show that the dynamical evolution of any
other bulk state is qualitatively similar to that of the j = 19
state). Finally, the black curve corresponds to the BIC located
at the farthest end, slight initial decay is observed due to leak-
age in the bulk, consistent with the finite value of the coupling
parameter v, and subsequent scattering with the bulk states
occurs when their Fabry-Perot maxima coincide, giving rise
to a small-amplitude beating.The behavior of the probability
as a function of time, depending on the initial condition, can
be explained as follows. If the initial condition is that the
particle is in the site j = 1 (red line in Fig. 5), the closest
site to the infinite lead, the state of the system corresponds
closely to the symmetrical state; this state is strongly coupled
to the continuum. It decays exponentially with a rate γ , with a
beating that takes into account the coupling with the rest of the
sites of the SSH chain. As a consequence, the probability of
this site, Ptrivial(t ), is proposed as a phenomenological ansatz:

Ptrivial(t ) =
(

a cos2(wt ) + b
)

e−γ t , (8)

where a, b, and γ are parameters such that a + b = 1.
On the other hand, the initial condition corresponding to

the particle localized in j = 19 (blue line) shows that the
particle feels a trivial chain with loss, coupled to a localized
state. The behavior of the return probability can be explained
by a phenomenological model in which we consider a uniform
chain with diagonal losses. By directly using the well-known
analytical solution for the eigenstates and eigenvalues of such
a uniform tight-binding chain of length N , the probability of
finding a particle at the site j = 19 at t > 0 (Pbulk (t )) is given
by the following equation:

Pbulk (t ) = cos2(wt )

∣∣∣∣
N∑

n=1

cne−iεnt e−�nt

∣∣∣∣2

, (9)

where cn = 2/(N + 1) sin[nπ/(N + 1)], εn = −2v cos[nπ/

(N + 1)], and �n = [V 2
0 /vc(N + 1)] sin[nπ (N + 1)]. In this

FIG. 6. Probability density of two topological states (red and
black curves) and one trivial state (blue curve) on an SSH chain of
N = 10 dimer cells attached to a lead consisting of 601 sites, with
� = 0.3, J = w, and v = 0.1w, for three specific sites: j = 1 (red
line), j = 19 (blue line), and j = 20 (black line). Time is expressed
in units of w−1.

case, the particle is scattered and partially reflected at the
SSH-lead junction. This backscattering effect accounts for
the second peak in the probability distribution around t =
220w−1.

Finally, if the particle is initially located at the end of
the chain, it is almost in an antisymmetric state, indicat-
ing that it occupies a BIC. By employing a minimal model
with two dimers as a closed system and expanding the states
of the system in terms of its eigenstates, we can determine the
probability of finding the particle at the end site of the chain
(PTBIC(t )) as

PTBIC(t ) = 1 + 2λ2 cos(wt ) cos(vλt ) + λ4 cos(wt )

(1 + λ2)2
, (10)

where λ is the ratio v/w. The numerical evaluation of the
above equations and the comparison with the results shown
in Fig. 5 can be found in Sec. S5 of the Supplemental
Material [75].

Figure 6 shows the probability density as a function of
time and space for the same three initial conditions in Fig. 5.
For j = 1 (red line), the probability decays exponentially in
the continuum without coupling with the rest of the chain. In
contrast, when the wave packet is initially located in the bulk
(at j = 19, represented by the blue lines), it oscillates back
and forth due to the system’s finite size. This bouncing be-
havior explains the non-Markovian nature of the probability.
For j = 20, the particle remains primarily localized at the end
of the chain, exhibiting weak oscillations due to its coupling
with the nearest neighbors. As a result, the particle is found in
a TBIC and does not decay into the continuum.

V. CONCLUSIONS

In summary, we demonstrate the existence of topologically
protected BICs in an SSH chain. Their robustness originates
from a topological obstruction that forbids hybridization with
extended states, ensuring their persistence without parameter
fine-tuning. We further show that these states can be un-
ambiguously identified via electrical transport measurements,
whose dynamical response provides direct signatures of their
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properties. Photonic and acoustic platforms offer promising
routes for realizing TBICs. Based on the analogy of topo-
logical photonics and condensed matter systems [79], Real
et al. have experimentally demonstrated the excitation of edge
modes in an SSH photonic lattice [80]. Conventional BICs
are widely employed in applications involving trapped light
and sound due to their high quality factor. However, they are
notably sensitive to external perturbations. In contrast, TBICs
exhibit greater robustness against weak perturbations, leading
to more stable and efficient particle confinement and high-
lighting their significance as resilient excitations embedded
in the continuum, with important implications for electron
transport and wave-control phenomena, such as high-fidelity
qubit readout or applications involving trapped light.
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Tang, D. Song, R. Morandotti, Z. Chen, and H. Buljan, Sub-
symmetry-protected topological states, Nat. Phys. 19, 992
(2023).

[70] X. Wang, D. Bongiovanni, Z. Wang, A. Abdrabou, Z. Hu, D.
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