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The Fano resonance is a widespread wave scattering phenomenon associated with a peculiar asymmetric
and ultrasharp line shape, which has found applications in a large variety of prominent optical devices.
While its substantial sensitivity to geometrical and environmental changes makes it the cornerstone of
efficient sensors, it also renders the practical realization of Fano-based systems extremely challenging.
Here, we introduce the concept of topological Fano resonance, whose ultrasharp asymmetric line shape is
guaranteed by design and protected against geometrical imperfections, yet remaining sensitive to external
parameters. We report the experimental observation of such resonances in an acoustic system, and
demonstrate their inherent robustness to geometrical disorder. Such topologically protected Fano
resonances, which can also be found in microwave, optical, and plasmonic systems, open up exciting
frontiers for the generation of various reliable wave-based devices including low-threshold lasers, perfect
absorbers, ultrafast switches or modulators, and highly accurate interferometers, by circumventing the
performance degradations caused by inadvertent fabrication flaws.
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The Fano resonance [1] is a ubiquitous scattering wave
phenomenon, commonly found in various branches of
science and engineering like atomic and solid states physics
[2,3], electromagnetism [4–6], electronic circuits [7,8],
photonics [9–15], nonlinear optics [16,17], and acoustics
[18,19]. Such an intriguing type of resonance occurs as a
result of constructive and destructive interferences between
two overlapping resonant scattering states with different
lifetimes: a wide-band “bright” resonance, and a narrower
“dark” resonance. The dark resonance serves as a quasi-
isolated (localized) state whose coexistence in the continuum
of the bright resonance gives rise to the asymmetric and
ultrasharp line shape profile of the Fano resonance [20].
While originally developed to explain the inelastic scat-

tering of electrons in helium [21], the ultrasharp spectrum
of Fano resonances has established itself as a centerpiece in
the realization of many modern optical devices, including
low threshold lasers [22], low energy switches [23], ultrafast
modulators [24], high quality factor filters [25], compact
electromagnetically induced transparency (EIT) devices
[26], ultrathin perfect absorbers [27], and highly accurate
interferometers [28]. Moreover, apart from its steepness, the
peculiar asymmetric line shape of Fano resonances is found
to be excessively sensitive to environmental changes, a
characteristic which has enabled the realization of highly
sensitive and accurate sensors [29,30].
Unfortunately, this extreme sensitivity also comes with a

price: guaranteeing a Fano resonance near the frequency of
interest requires extreme control over the system’s geom-
etry as fabrication imperfections can shift the bright and
dark modes away from each other. Even worse, disorder
may introduce extra parasitic resonances, completely

destroying the much-sought Fano line shape. Therefore,
the performance advantages obtained from Fano interfer-
ences are often mitigated by the costs associated with the
required fabrication technology. Although they work quite
well in theory, the performance of Fano-based devices
degrades significantly upon fabrication due to inevitable
flaws [31].
The recent development of topological wave physics

[32–36], which has demonstrated a wide class of topo-
logically protected photonic [37–45], mechanical [46–49],
or acoustic states [50–59], may offer an unprecedented
solution to this vexing problem. It has been demonstrated
that, depending on the characteristics of the topology of the
bulk bands, topological edge modes can be protected to
certain classes of defects [60–66]. Such protection has
inspired the realization of a new generation of topological
devices, such as lasers and modulators, with unprecedented
robustness to fabrication flaws [67,68]. Following these
pioneering works, one may wonder whether topology may
be leveraged to build a novel form of sturdy topologically
protected Fano resonance, which may be largely appealing
for a wide range of applications in different areas of
physics, from photonics to mechanics and acoustics.
In this Letter, we extend the reach of topological wave

physics by introducing the general concept of topological
Fano resonances. We demonstrate that the ultrasharp
spectrum of Fano resonances can be guaranteed by design
without stringent geometrical requirements, and with a
complete immunity to structural disorder, while retaining
its ability to shift under environmental changes and act as a
sensor. We further provide an experimental demonstration
of topological Fano resonances in an acoustic system.
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The underlying idea of our proposal is conceptually
sketched in Fig. 1. Let us first consider the conventional
Fano resonance [Fig. 1(a)]. It is typically achieved by
overlapping two resonant states with different lifetimes:
one needs a bright and a dark mode that coexist in a certain
spectral range. Upon coupling, the resonant interaction
of these two states leads to constructive and destructive
interferences, which creates the archetypal asymmetric
peak-and-dip Fano line shape [69]. Since the Fano reso-
nance is a resonant scattering state obtained from an
interference phenomenon between only two modes, it is
intrinsically sensitive to perturbations in the geometry and
environment. More specifically, even a small amount of
disorder can shift the resonance frequencies and coupling
phase of the two resonating modes, and introduce new
resonant states that uncontrollably deform the peculiar
Fano spectral signature. This is schematically represented
in the right panel of Fig. 1(a), where disorder has created
new dips and peaks in the spectrum. Our proposal is,
instead, to start from bright and dark modes whose
existence is topologically guaranteed [Fig. 1(b), left].
Upon coupling, a topological Fano resonance may be
created, whose line shape can be preserved even in the
presence of geometrical disorder. Environmental changes
may shift the bright and dark modes, but not suppress them
nor introduce new modes. As a result, the Fano shape
inherits some form of topological immunity against dis-
order, as we demonstrate in the following.
Following our initial vision, we need a topological dark

mode to interact with a topological bright mode. Here, we
achieve this in an acoustic system (see Ref. [70] for an
electromagnetic equivalent), by creating two topological

subspaces based on the physics of symmetry-protected
bound states in the continuum. Consider a two-dimensional
acoustic parallel-plate waveguide with a plate separation of
2h ¼ 10 cm, containing cylindrical obstacles placed at the
centerline and arranged in a periodic lattice with lattice
constant of a[Fig. 2(a), top]. The corresponding band
structure of the crystal is shown in the bottom panel. It
is instructive to divide the dispersion bands into two
categories according to the symmetry of their correspond-
ing mode profiles, which are represented in Fig. 2(b) for
kx ¼ 0 and kx ¼ �π=a. The first category is associated
with eigenmodes having even symmetry with respect to the
centerline of the waveguide. These bands, marked in blue
in Fig. 2(a), possess the typical frequency dispersion of a
one-dimensional sonic crystal made of far-field coupled
scatterers, with waves propagating down to the quasistatic
limit. The second category (the red band), corresponds to
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FIG. 1. Topological Fano resonance. (a) Interaction between a
bright resonance and a dark narrower resonance can lead to an
ultrasharp and asymmetric line shape, characteristic of a Fano
resonance. Even small levels of disorder, however, can severely
destroy the line shape of the resonance, by introducing new dips
and peaks. (b) To make Fano resonances immune to disorder, one
can instead start from bright and dark modes whose existence is
topologically guaranteed. The resulting topological Fano line
shape is robust against a large class of geometrical imperfections:
the occurrence of new disorder-induced dips and peaks is
prevented by topology.
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FIG. 2. Independent topological subspaces in an acoustic wave-
guide. (a) Band structure of an acoustic parallel plate waveguide
(with a plate separation of 10 cm) containing obstructing cylinders
(with a diameter of 5 cm) placed on its center line, arranged in a
periodic lattice (a ¼ 16.3 cm). The red band is the dispersion of an
odd-symmetric eigenmode (originating from evanescently coupled
symmetry-protected bound states in the continuum), while the blue
bands correspond to regular sonic crystal bands with even mode
symmetry. The gray area represents the empty waveguide con-
tinuum. (b) Profiles of the odd and even modes at specific Bloch
wave numbers. (c) Band structure of the crystal when considering
the extended unit cell (which includes two periods), and reducing
the distance between the two obstacles with respect to the folded
case. (d) Same as panel (c) except that the distance between the
obstacles is increased. Calculations of the Zak phases of the bands
(purple) demonstrate that panels (c) and (d) correspond to distinct
topological phases. The band gaps of the two topological sub-
spaces overlap around 1.5 kHz.
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odd-symmetric eigenstates, exhibiting the typical cosine
band characteristic of evanescently coupled resonators.
Such odd-symmetric modes originate from symmetry-
protected bound states in the continuum (BICs)
[70,74,76–78], which are prevented to leak into the
continuum of even-symmetric waveguide modes.
Interestingly, the odd band behaves differently than the
even bands upon scaling: while shrinking the lattice
constant shifts all the even bands up in frequency, the
position of the BIC band stays constant [70]. This allows us
to overlap the second blue band and the first red band in
Fig. 1(a) (setting a ¼ 16.3 cm), creating two uncoupled
physical subspaces whose topological properties can be
further simultaneously engineered, as we now demonstrate.
To induce a nontrivial topology in such one-dimensional

periodic structure, we first double the size of the unit cell,
now considering the lattice as a repetition of cylinders pairs,
which effectively folds the band structure. Next, we lift the
degeneracies of the new band structure at the folding points
by reducing or increasing the distance between the two
cylinders within the new extended unit cell. The top insets
of Figs. 2(c) and 2(d) illustrate the geometries of the
obtained shrunk and expanded lattices, respectively. The
bottom insets report the corresponding band structures,
where the bands are colored according to the previously
explained symmetry classification. While both configura-
tions exhibit exactly the same band structure, they are
topologically distinct, as confirmed by the Zak phase
calculations [70], whose results are summarized in purple.
We emphasize, however, that in contrast to prior arts about
1D topological insulators [47,51,75], our configuration
supports two distinct topological subspaces characterized
by their different symmetries. This allows two edge modes
with distinct lifetimes to coexist at a phase transition
interface (instead of only one), and induce a Fano-type
spectral line shape (instead of a Lorentzian one), as we will
show below.
To form the topological Fano resonance, we now

consider the topological edge states that form at an interface
between these two crystals around 1.5 kHz (by design, the
topological band gaps of the even and odd subspaces
overlap around this frequency). In Fig. 3(a), we form a
finite-size system made of four crystal cells on each side
of the interface (top inset). For the sake of simplicity, we
have removed the last obstructing cylinder from the non-
trivial sample so as to avoid an extra BIC topological edge
mode to form at the right-hand side interface with the
empty waveguide (which is a trivial insulator in the odd-
symmetric subspace). Removing this last cylinder does not
fundamentally change our results, but creates a single Fano
resonance instead of a double one. Similar to our previous
classification, the obtained edge states can be categorized
into two classes: the dark edge state stemming from the BIC
mode, distinguished by its odd profile, and the bright one
originating from the even modes (see Ref. [70], Sec. IV).

The two-port system is then excited by a plane wave
incident from the left and the transmission coefficient is
extracted [bottom plot in Fig. 3(a)]. As observed, the
spectrum shows a single peak right at the resonance
frequency of the bright edge mode (the red dashed line),
because the incident plane wave cannot excite the odd-
symmetric (dark) edge mode. To let, instead, the bright and
dark modes interact and create a topological Fano reso-
nance, we must break the vertical inversion symmetry and
slightly move all cylinders up (or down) from the center
line. Doing so indeed yields the expected Fano line shape
(the solid blue line). It should be emphasized that the slight
movement of obstacles from the centerline does not change
the topological classification of the bands (see Ref. [70];
Sec. III). Consequently, in contrast to prior arts [34,35],
both of the obtained bright and dark resonances are of
topological nature, and the origin of the Fano resonance is
indeed rooted to the topological properties of the surround-
ing bulk insulators. Therefore, we expect the presence of
the Fano resonance to be guaranteed even in the presence
of disorder, as long as it is not strong enough to close the
band gaps. To test this hypothesis, we randomly change the
positions of the obstructing circles in Fig. 3(b) (1.5 cm
average shift with no preferred direction) and repeat the
scattering experiment. The transmission spectrum of the
waveguide, represented in Fig. 3(b) (bottom panel), reveals
three important properties. Despite the large degree of
disorder, (i) the Fano resonance is still present, (ii) the Fano
shape is not disturbed by any new localized mode (which
would add new peaks or dips), (iii) the Fano resonance
can shift and is still sensitive to environmental changes.
These features remain true for any realization of disorder.
This is illustrated in Fig. 3(c), which reports the evolution
of the transmission spectrum versus disorder strength.
This plot confirms that not only disorder slightly changes
the resonance frequencies of the bright and dark edge
modes, but also it does not affect the presence and
representative peak-and-dip shape of the Fano resonance.
Next, we compare the robustness of the topological Fano
to the one of a topologically trivial Fano resonance, like
the one considered in Fig. 3(d), which is based on bright
and dark resonant defect tunneling through a Bragg band
gap [79]. In this case, the trivial Fano spectrum is deeply
affected by the presence of disorder, which induces
new localized states that destroy its characteristic shape
[Fig. 3(e)]. Comparing the parametric plot of Fig. 3(f)
to the one of Fig. 3(c), we see that the topological Fano
resonance survives disorder levels that are 10 times
stronger than the ones required to break the trivial Fano,
which is quickly destroyed by a disorder-induced local-
ized mode.
We constructed a prototype to demonstrate experimentally

the robustness of the topological Fano resonance [Fig. 4(a),
top panel]. The sample consists of an acrylic extruded clear
square tube (ρ ¼ 1.18 g=cm3 and B ¼ 3300 MPa) serving
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as the acoustic waveguide (cross section is 49 cm2), and
nylon black rods (ρ ¼ 1.15 g=cm3 and B ¼ 3400 MPa)
with diameters of 3.5 cm. We then consider a scattering
experiment similar to that of Fig. 3(a). Numerical finite-
elements simulations including realistic viscothermal losses
predict a topological Fano resonance around the frequency
f0 ¼ 2.3 kHz. To confirm this prediction, we sent burst
noise from the left of the system, whereas the right-hand side
port was connected to a broadband anechoic termination (see
Ref. [70], Sec. VIII). We then measured the corresponding
transmission coefficient, which is represented in the bottom
panel of Fig. 4(a) (blue line) and compared it to the
simulation results (dashed red line). As expected, we observe
the topological Fano transmission spectrum (circled in
green), with very good agreement with simulations. Next,
we randomly moved the obstacles from their real positions
to get the disordered configuration shown in the top panel of
Fig. 4(b). The measured transmission coefficient, repre-
sented in the bottom panel, demonstrates that the Fano line

shape is indeed perfectly preserved, despite the large level of
disorder (1 cm average shift, i.e., 14% of the waveguide
width, with no preferred direction). To confirm the topo-
logical origin of this property, we repeated the scattering
experiment for a (trivial) Bragg-induced Fano resonance
obtained from a periodic lattice with a missing center rod at
the center [total of six rods, slightly up-shifted with respect to
the center line, see Fig. 4(c)]. Numerical simulations show
that the missing rod creates an even defect mode overlapping
with an odd dark state carried by the Bragg structure, i.e.,
a trivial Fano resonance. The measured spectrum exactly
confirms these predictions. By adding, in Fig. 4(d), the same
level of disorder as in Fig 4(b), it is clear that the initial Fano
shape of the resonance is extremely affected: the character-
istic peak-and-dip shape of the Fano is completely destroyed,
and a new dip is added to the spectrum. Such drastic
deformations would be highly detrimental in any sensing
application, which are usually based on tracking the shift of a
single Fano dip.
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FIG. 3. Full-wave numerical demonstration of topologically protected Fano resonances. (a) Four unit cells from the trivial lattice of
Fig. 2(c) are connected to four cells from the nontrivial system of Fig. 2(d). Even and odd topological edge modes accordingly form at
the interface between the two insulators. By sending a plane wave from the left, however, only the even edge mode can be excited (the
red dashed line), leading to only one resonance in the transmission spectrum. This is no longer the case if the obstacles are slightly
shifted away from the centerline, allowing even and odd modes to interact, and inducing a topological Fano resonance (the solid blue
line). (b) Transmission spectrum of the waveguide when the obstacles are randomly moved from their original places. The Fano line
shape is preserved due to topology. (c) Evolution of the transmission spectrum versus disorder strength (d),(e),(f), Same as (a),(b),(c) for
a similar acoustic system with a topologically trivial Fano resonance. Unlike the topological Fano resonance, the trivial Fano resonance
only survives very low disorder levels.
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To conclude, we have introduced and demonstrated the
concept of topological Fano resonance. Our theoretical and
experimental findings demonstrate the superior robustness
of topological Fano resonances over trivial Fano resonan-
ces. Topology forces the archetypal Fano line shape to
occur in the desired frequency range, as long as the level of
disorder is not strong enough to close the surrounding
topological band gaps. In addition, topological Fano
resonances are still sensitive to environmental changes,
and tracking the shift of the Fano dip may allow for a new
generation of sturdy sensors. Our experiment shows that
obtaining a topological Fano resonance does not require
tight geometrical tolerances, very different from trivial
Fano resonances. We believe that the concept of topological
Fano resonance can offer new perspectives in many
applicative fields, including phononic, photonic, and plas-
monic sensing technologies, all-optical information
processing, or biomolecular detection.
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FIG. 4. Experimental validation of topological Fano resonances
and their robustness. (a) Nylon black rods are embedded inside a
transparent square acoustic waveguide, implementing a scattering
experiment analogous to Fig. 3(a). The structure supports a
topological Fano resonance around the frequency f0 ¼ 2.3 kHz
as observed in the bottom panel. (b) The obstructing rods are
randomly moved away from their original positions, introducing
position disorder. The Fano line shape is maintained. (c),(d) Same
as (a),(b) for a trivial Fano resonance induced when coupling a
topologically trivial Bragg defect mode and a BIC. The initial
Fano line shape is destroyed when applying disorder of the same
strength as in panel (b).
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