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ABSTRACT

Among the most intriguing properties of honeycomb lattices is the presence of Dirac points that typically emerge in pairs, which
can be destroyed by physical effects breaking certain symmetries of the system and leading to nontrivial band topology. We propose
a nonlinear microcavity system supporting a condensate of exciton—polaritons, where the simultaneous breakup of inversion

and time-reversal symmetries results in unusual spectrum with unpaired Dirac cones, profoundly affecting the properties of

unidirectional edge states. Realized as an array of microcavity pillars, the inversion symmetry is broken by fission of pillar belonging

to one of sublattices of honeycomb array into three pillars, while time-reversal symmetry is broken due to interplay of Zeeman

splitting in the external magnetic field and spin-orbit coupling. Despite the absence of complete spectral gap, unidirectional edge

states may still emerge that can circumvent array corners. Resonant optical pumping leads to reach bistability effects and allow

selective excitation of the edge states. We obtain the first example of stable localized dissipative edge soliton that circulates along the

periphery of insulator over indefinitely long times without radiation. Our results suggest a new platform for nonlinear topological

photonics and reveal nontrivial interplay between unpaired Dirac cones and nonlinear effects.

1 | Introduction

The presence of specific degeneracies in linear spectra of certain
classes of lattices, such as Dirac cones in spectra of honeycomb
and kagome lattices, is one of the major prerequisites for real-
ization of nontrivial topological phases in such structures. Dirac
cones in spectra of such lattices usually emerge in pairs in non-
equivalent K and K’ points of the Brillouin zone. Such lattices
are paradigmatic platforms for the implementation of topological
phases under the action of physical effects breaking certain
symmetries of the system, leading to simultaneous opening of
all Dirac cones and the appearance of the complete topological
spectral gap. However, a particularly intriguing situation emerges
when unpaired Dirac cones appear in the spectrum of the system
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(i.e. when Dirac cones persist, say, in K’ points, but are opened in
K points of the Brillouin zone), as was predicted in the frames
of the Haldane model [1] and experimentally demonstrated in
ultracold atoms [2].

The investigation of the fate of the topological edge states in
such unusual situation without complete topological spectral gap
is of considerable interest for different areas of physics and is
still in its infancy. Thus, in photonic topological systems [3-
6] the settings, where the unpaired Dirac cones could emerge,
remain rather scarce. In particular, in topological waveguide
arrays the waveguide helicity (leading to effective gauge field
that breaks time-reversal symmetry [7]) for asynchronous waveg-
uide rotations (breaking also inversion symmetry [8] of the

Laser & Photonics Reviews, 2026; 20:€71547
https://doi.org/10.1002/1por.71547

10f9


http://www.lpr-journal.org
https://orcid.org/0000-0001-8692-982X
https://orcid.org/0000-0002-8675-7594
https://orcid.org/0000-0002-5715-2182
mailto:zhangyiqi@xjtu.edu.cn
https://doi.org/10.1002/lpor.71547
http://crossmark.crossref.org/dialog/?doi=10.1002%2Flpor.71547&domain=pdf&date_stamp=2026-07-24

system) may lead to the emergence of the unpaired Dirac
cones. A different approach to realization of the unpaired
Dirac cones relies on the introduction of detuning in two
sublattices in helical honeycomb waveguide arrays [9] thereby
combining physics of valley-Hall [10-13] and Floquet topological
systems. Other approaches to the realization of the unpaired
Dirac cones in magneto-optic or non-Hermitian systems [14-
16] have been suggested, but, to the best of our knowledge, the
only experimental demonstration of such unpaired cones has
been reported in gyromagnetic photonic crystals in microwave
range [17].

In this work we propose a new setting, where unpaired Dirac
cones can be observed, and where associated unusual edge states
can be registered. Our proposal relies on essentially dissipative
and nonlinear polariton microcavity platform. Etching of such
microcavities allows creation of a honeycomb or kagome array of
pillars, where condensation of polaritons is possible in the pres-
ence of non-resonant or resonant optical pumping. Microcavities
supporting polariton condensates represent a well-established
platform for realization of topological insulators of various types,
including Chern [18-26], valley-Hall [27-29], higher-order [30-
33] insulators and their one-dimensional counterparts [34]. It has
been also demonstrated that Floquet engineering [35] and non-
Hermitian topology [36] can be realized in polariton condensates.
Recent progress in the investigation of topological states in
polaritonic systems is described in reviews [37, 38]. However, in
all polariton Chern insulators constructed so far on honeycomb
or kagome arrays Dirac cones appear in pairs and are simulta-
neously destroyed upon breakup of time-reversal symmetry of
the system.

To realize polariton system with unpaired Dirac cones in spec-
trum, here we consider fissioned honeycomb array of microcavity
pillars, where inside each unit cell a pillar belonging to one of
sublattices is replaced by three close pillars. This transformation
breaks inversion symmetry of the system and leads to opening of
the Dirac cones in spectrum, but subsequent breakup also of time-
reversal symmetry due to combined action of Zeeman splitting
in the external magnetic field and spin-orbit coupling restores
the cones in K’ points of the Brillouin zone, while increasing
the gap around K points. We show that despite the fact that this
system does not feature a complete topological gap, unidirectional
edge states still appear in its spectrum upon array truncation,
and that they demonstrate signatures of topological protec-
tion by bypassing corners of the structure and nested defects
without backscattering or radiation into bulk. The proposed
system is dissipative and strongly nonlinear (this was previously
employed for demonstration of various nonlinear phenomena
with topological polaritons, such as modulation instability and
soliton formation [39-46], see also reviews [47, 48]) and requires
external optical pumping. We show that selective excitation of
topological edge states in system with unpaired Dirac cones can
be achieved with resonant optical pumping. For the first time to
our knowledge, we obtain localized topological edge soliton that
circulates under resonant pumping along the periphery of the
microcavity without any signs of decay or radiation, i.e. existing
as long as pumping is on. This contribution may lead to further
development of theory of topological edge solitons [49-59] to
dissipative nonlinear systems.

2 | Unpaired Dirac Cones in Structured Polariton
Microcavity

We consider here the evolution of spinor wavefunction
¥ =(¢,,_)' written in circular polarization basis
¥, =@, F19,)/2"/? and describing linearly and nonlinearly
coupled spin-positive 1, and spin-negative ¢_ components of
polariton condensate in the array of microcavity pillars, which
can be fabricated using microcavity etching [37]. The evolution
of the wavefunction components is described by the coupled
dimensionless Gross-Pitaevskii equations:
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where the first term on the right-hand side describes dispersion
of polaritons near the bottom of the lower polariton branch;
the term ~ 8 term describes spin-orbit coupling stemming from
TE-TM splitting of microcavity modes [60, 61]; the term ~ Q
stands for the magnitude of the Zeeman splitting induced by
the external uniform magnetic field applied to the microcav-
ity [18]; y is the coefficient of linear losses that we assume
identical in ¢, components; we also take into account repulsive
interactions of polaritons with the same spin, but weakly attrac-
tive interactions between polaritons with opposite spins, whose
strength is determined by the parameter o; while H, (x,y,t) =
h, (x,y)exp (—iet) stands for resonant optical pump that can be
spatially inhomogeneous, ¢ is the pump frequency detuning from
the bottom of the lower polariton branch. The function R (x, y) =
_sz,n exp[—(r— rm,n)2/52] approximates the potential energy
landscape in microcavity and contains contributions from all
microcavity pillars described by Gaussian functions with charac-
teristic width &, depth p, and coordinates r,, ,, = (X,.> Yinn)-

In Equation (1) we normalized X,y coordinates to the char-
acteristic spatial scale r, ~ 1um; evolution time is normal-
ized to hej', where ¢, = h*/mr] is the characteristic energy;
m = 2m,m,/(m, + m,) is the effective polariton mass with m,
being the effective masses of the TM (subscript x) and TE (sub-
script y) polaritons, respectively; spin-orbit coupling strength is
expressed as 23 = (m, —m,)/(m, + m,). All energy parameters
(including the depth of potential wells and Zeeman splitting)
in Equation (1) are normalized to the characteristic energy &,.
For details of normalizations, see [24, 39]. Further we adopt the
dimensionless values of parameters p = 10, § = 0.5, o = —0.05,
Q =0.9, and d = 1.4 (spacing between neighboring micropillars
in fissioned array).

We are interested in transformation of the linear spectrum of this
system under the action of fission applied to original honeycomb
array of microcavity pillars, Zeeman splitting and spin-orbit
coupling and consider first unconstrained, truly periodic array
schematically depicted in Figure 1(a). We preliminary omit
dissipative effects considering the system in the absence of
resonant pump and losses (b, = 0,y = 0) and polariton-polariton
interactions. Linear eigenmodes of bulk array are Bloch waves
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FIGURE 1 | (a)Honeycomb array with two sublattices indicated by orange and blue dots and its fissioned version, where pillars corresponding to

orange dots have been transformed into three pink pillars. Spacing in fissioned array is the same for all pillars and is given by d. (b) Band structure
of the honeycomb array at 8 = 0. (c-e) Top row shows band structures of the fissioned honeycomb arrays for different spin-orbit coupling strengths 3,
while bottom row shows corresponding Berry curvature for band 1. Unpaired Dirac cones appear in panel (e) at 8 = 0.43. White dashed hexagon shows
the first Brillouin zone with coordinates of the K points being (1/3, +1/ \/E)Kx and (-2/3,0)K,, while those of K’ points being (—-1/,+1/ \/E)Kx and

(2/3,0)K,, where K, = 27r/X and X = (/3 + 1)d.

P (x,y,8) = u,(x,y) exp(ik,x + ik,y — iet), where u,(x, y) is the
spatially periodic part of the Bloch wavefunction with energy ¢,
and k,, are the two components of the Bloch momentum k.
Corresponding Bloch waves and their energies can be calculated
with the above substitution from Equation (1) using plane-wave
expansion method.

Standard honeycomb micropillar array consists of two sublattices,
as indicated by blue and orange circles in Figure la. Spacing
between neighboring pillars in such array is set as d’ = (1+
1/ \/g)d. At 8 = 0 the spectrum of such array contains two iden-
tical groups of bands shifted along the ¢ axis by 2Q, with six Dirac
cones clearly visible between two lowest bands in each group (fur-
ther we consider only lowest bands characterized for our parame-
ters by the dominance of {)_ component over ¥, one), as shown in
linear spectrum e(k,, k,) in Figure 1b. Fission of pillars belonging
to orange sublattice into three pillars shown pink in Figure la
(they reside in the corners of triangle, whose center coincides
with center of former orange pillar, while spacing between
neighboring sites in the entire array after fission becomes equal
to d) substantially enriches the spectrum. Its lowest four bands
at 8 =0 are shown in Figure Ic. One can see that “fermionic”

Dirac cones between bands 1 and 2 are destroyed by fission
procedure that results in the appearance of the complete spectral
gap. Instead, one can observe the emergence of a “bosonic” Dirac
cone [62] between bands 2 and 4 intersected by nearly flat band 3.

Remarkably, increasing strength of spin-orbit coupling § leads
to gradual restoration of “fermionic” Dirac cones between bands
1 and 2 around K’ points of the Brillouin zone, while causing
further splitting of these bands around K points, as shown in
Figure 1d,e. As a result, three unpaired Dirac cones emerge in
spectrum around 3 = 0.43, as shown in Figure le. “Bosonic” cone
is instead destroyed with increase of 8. This transformation of
spectrum is accompanied by qualitative modifications in Berry
curvature B,(k), where n is the band index [63-65]. Representa-
tive B, (k) distributions for band n = 1 are shown in the bottom
row of Figure 1 for various amplitudes of spin-orbit coupling
B. These distributions are tightly connected with topological
properties of the bulk bands of this system characterized by the
Chern numbers C,,.

Thus, at 8 = 0 the Berry curvature around K and K’ points (in
corresponding valleys) has opposite sign, but equal magnitude,
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FIGURE 2 | (a)Fissioned array with integer number of cells on finite y-window (here y axis is horizontal) and its “projected” linear spectrum e(k,)

in (d), where unpaired Dirac cone is indicated by the red arrow. (b) Finite ribbon with zigzag-zigzag boundaries in y made from fissioned array, and its

linear spectrum in (e). (c) Finite ribbon with bearded-bearded boundaries in y and its linear spectrum in (f). Edge states in (e) and (f) are shown with
colored curves. (g) Density distributions in the edge states (only dominating |¢_|> component is shown) corresponding to the dots 1 and 2 in (e). (h)
Density distributions in the edge states corresponding to the dots 3 ~ 5 in (f). Distributions and arrays in the left column are shown within the window

—30d’ <y <30d" and —1.5X < x < 1.5X. In all cases § = 0.43 and Q = 0.9.

yielding Chern number C, = 0, which means that the complete
gap that lies above band 1 is topologically trivial. For intermediate
values of § ~ 0.3 the gap between two bands at K’ points is
substantially smaller than that at K points, leading to strong
positive peaks in B, (k) around K’ points, while around K the
curvature remains negative and broad. Still the integration in the
entire BZ yields C; = 0. The situation changes qualitatively when
unpaired Dirac cones appear in K’ points at § ~ 0.43. In this case
Berry curvature is not defined in K’ points, as two bands touch
each other. We are interested in properties of the edge states in
this critical case with unpaired Dirac cones, where topology of the
bands changes qualitatively. Indeed, further increase of § leads
to reopening of topological gap between two bands with Chern
numbers C;, = -1 and C, = +1, i.e. the transition to classical
Chern insulator phase. However, the Chern insulator phase exists
in a very narrow range of 3.

3 | Linear Topological Edge States

To understand whether edge states can exist in this system
with unpaired Dirac cones, we consider a ribbon finite in the
y-direction made from fissioned array of microcavity pillars.
Because the ribbon is still periodic in x, its eigenmodes are
Bloch waves ¥, (x,y,t) = u,(x,y)exp(ik,x — ict) depending on
the momentum k,. First we consider the array with integer
number of cells on finite y-window and assume periodicity of the
wavefunction , on the entire y-window, as shown in Figure 2a
(for illustration purposes y axis is made horizontal in this figure).
The period of this structure in x is X = \/§d’ =(\/§+ 1)d,
defining the width of the Brillouin zone K, = 27 /X. “Projected”
spectrum €(k, ) of such array at critical value of § = 0.43 is shown
in Figure 2d, where edge states are absent, since there are no
boundaries, while an unpaired Dirac cone is clearly visible, as
indicated by the red arrow.

Remarkably, truncation of the array leading to zigzag-zigzag
boundaries in y (Figure 2b) results in the appearance of the

edge state (orange curve in corresponding projected spectrum
in Figure 2e) above band 1 despite the absence of the complete
gap. Edge states also appear above band 2, inside complete gap.
Their representative profiles corresponding to dots 1,2 are shown
in Figure 2g. These states correspond to branches with opposite
slopes de/dk,; they are localized at the opposite array edges
and have notably different density distributions. The array with
bearded-bearded boundaries (Figure 2c) also admits edge states
with different internal structure above band 1 (green branch) and
above band 2 (blue branch), see projected spectrum in Figure 2f.
Examples of such states corresponding to dots 3,4 are shown
in Figure 2h along with bulk state corresponding to dot 5. All
states above band 1 emanate from Dirac cone at 2K, /3. When
they reside inside the gap, they may be strongly localized, but
delocalize when they enter band 1.

Since edge states can coexist in this system with such unusual
spectral features as unpaired Dirac cones, one can observe
drastic differences in propagation dynamics for excitations with
representative Bloch momenta k, =K,/3 and k, = 2K,/3 in
projected spectrum (corresponding to an in-gap edge state and
the vicinity of an unpaired Dirac cone, respectively). To illustrate
this, we designed a triangular array with zigzag edges shown
in Figure 3a. We used a linear bulk mode corresponding to the
unpaired Dirac cone at K’ point (k, = 2K, /3) modulated with
a broad Gaussian envelope as an initial state. When this initial
state is located in the bulk of the array, one observes pronounced
conical diffraction, whose characteristic feature is the appearance
of expanding ring of nearly constant width (Figure 3b). When the
same state is located at the edge of the array (we drop a part of
it falling outside the array), one also observes conical diffraction
into the depth of array, strongly modified by the array edge
(dotted white line) (Figure 3c) without any displacement along
the edge of the array. The radius of the ring agrees well with
theoretical prediction shown with green dotted line, according to
which the radius |te; _, | is determined by the slope of the band in
the vicinity of the Dirac cone. In sharp contrast, if the edge state
with momentum K, /3 along the edge (hence it is localized across
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FIGURE 3 | (a)Fissioned honeycomb array in a triangular configuration with zigzag edges. Inset shows the magnified sector of the structure. (b)

Excitation in the bulk of triangular array corresponding to K’ unpaired Dirac cone that results in conical diffraction. Density distributions [¢_|? in

different moments of time are shown. Green dotted ring shows theoretical prediction for the radius of conical diffraction pattern. (c) Excitation at the

edge of triangular array corresponding to the K’ cone. (d) Evolution of the edge state corresponding to the momentum K, /3 along the edge. The insets

show the density distribution in Fourier space with the hexagons representing Brillouin zones. All distributions are shown within —86 < x,y < 86

regions. White dashed triangle shows array boundaries. In all cases § = 0.43 and Q = 0.9.

the edge) is used as an initial state (here we placed it at the same
left array edge and imposed broad Gaussian envelope on it along
the edge), it moves along the edge and circumvents array corners
without backscattering and inter-valley scattering (Figure 3d)
thereby showing all features typical for topologically protected
states. The insets in density distributions at different moments
of time in Figure 3d show spectral density in Fourier domain,
where hexagons denote Brillouin zones. Notably, such edge state
populates only K valleys during evolution. Because this state is
linear it gradually expands along the edge of the insulator.

4 | Bistability of Topological Edge States and
Solitons Under Resonant Pump

Half-light half-matter nature of polaritons allow their resonant
excitation with structured pump beams, which can be highly
selective in topological microresonator arrays. To illustrate that
topological edge states can be excited in system with unpaired
Dirac cones, we now consider microcavity illuminated by pump
with functional shape H, = h, exp(ik,x — iet), where ¢ repre-
sents pump detuning, k, is the controllable pump momentum,
while h, is the pump amplitude. We now take into account polari-
ton losses described by the parameter y = 0.008 and polariton—
polariton interactions. Searching for solutions of Equation (1) of
the form 1, = u, exp(ik,x — iet), one arrives at the equation

2 2
1 o . 92 o . _.0
€U, ——z |:<$+lkx> +a—yz:|u++ﬁ[<§+lkx>+15:| Us
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describing nonlinear dissipative x-periodic states bifurcating from
representative linear modes of this system (see Figure 2) when
pump is in resonance with them. We first consider ribbon
configuration with zigzag-zigzag edges, whose linear spectrum is
presented in Figure 2e. Equation (2) was solved by Newton itera-
tions method combined with plane-wave expansion approach.

A major advantage of the resonant pump consists in highly
selective excitation of states with different symmetry and with
desired Bloch momentum k, that occurs when pump frequency
detuning € approaches the energy of corresponding linear mode
of the system (see Figure 2). Thus, by changing both k, and € one
can completely change the location, structure and localization of
the emerging polariton states. Coincidence of the pump detuning
€ with eigen-energy of desired state results in resonant increase of
its amplitude, provided that pump has nonzero projection on this
state. We further consider linearly polarized pump with h, = h_.
This type of excitation may be particularly fruitful in system with
unpaired Dirac cones, where the domain of existence of the edge
states in k, is rather limited, as shown in Figure 2e.

The dependence of amplitude A = max|i_| of the excited state
on pump frequency detuning ¢ is presented in Figure 4a for
pump momentum k, = 0.5K,. One can observe the presence
of several resonances that are tilted due to repulsive polariton—
polariton interactions, that results in bistability (coexistence of
three or more different types of solutions for a given ¢, with
more than one solution being stable) at sufficiently large pump
amplitudes. While in two outermost resonances extended bulk
states are excited (Figure 4b,e), two middle resonances occur with
edge states residing at the opposite edges (Figure 4c,d). Such
edge states feature small background, whose relative amplitude
gradually decreases toward the tip of resonance, where most
efficient excitation of the edge state occurs. Notice that stability
properties for edge states are different — the states on the right
side of the ribbon are dynamically unstable on considerable part
of the upper branch of resonance (see the branch labeled with
point d in Figure 4a), while for state at the left edge the upper
branch of resonance is stable (see the branch containing point ¢
in Figure 4a). Stability was tested in the frames of Equation (1)
by modeling evolution of the edge states in the presence of
broadband initial perturbations. Thus, stability properties of the
nonlinear edge states in this dissipative system are rather complex
and depend on the structure of the edge. One can conclude that
stability of the nonlinear edge state benefits from the fissioned
sites, since namely stable edge states from the upper branch with
state ¢ are located on the boundary with fissioned sites, while
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FIGURE 4 | (a)Peak amplitude A = max|i_| of the dominating 1_
component of the excited state in ribbon configuration with zigzag-
zigzag edges versus pump frequency detuning at k, = 0.5K, for pump
amplitudes h, = 0.001 and 0.004 (increasing as indicated by the green
arrow). Red and black curves represent to unstable and stable states,
respectively. Red dots on the horizontal axis correspond to energies of
linear modes of the array. (b—e) Density distributions of the bulk (b),(e)
and edge (c),(d) states (only dominating |¢)_|> component is shown)
corresponding to the dots in resonance curves from panel (a). Parameter
values are § = 0.43, Q = 0.9, y = 0.008.

FIGURE 5 | (a)Fissioned honeycomb array of microcavity pillars in
triangular configuration with bearded edges. Inset shows the magnified
sector of the structure. (b) Density distributions at t =0 and ¢ = 500
showing evolution of nonlinear edge state with initial Gaussian envelope
under the action of uniform resonant pump. (c) Excitation of the
edge state from a random noise illustrated by density distributions
at t =0,t =50 and t = 500. All distributions are shown within the
—72 < x,y <72 window. The parameters are f =043, €= -5.99,
y =0.008, and Q = 0.9. Pump amplitude h.. = 0.004.

the unstable states from the upper branch containing state d are
located on the traditional zigzag boundary.

To illustrate that edge states can be resonantly excited also in
finite arrays in the regime where unpaired Dirac cones are
presented in spectrum and to further test their robustness, we
designed a triangular structure with bearded edge depicted in
Figure 5a (the structure of the edge is similar to structure of
the right edge of the ribbon from Figure 2c). We initiate the
evolution in this structure with exact nonlinear edge state at
momentum k, = 0 produced by resonance with states from green
edge state branch in Figure 2f, see t = 0 density distribution in

t = 16850

33700 67400 4/ 101100 134800 ¢ 168500
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FIGURE 6 | (a) Stable circulation of topological edge soliton along
the edge of triangular array of microcavity pillars. Density distributions
are shown in different moments of time. Soliton is highlighted with
dashed white circle, while its circulation direction is shown by the arrow.
Pump detuning € = —5.97, while other parameters are the same as in
Figure 5. (d) Peak amplitude A = max |¢_| of the soliton during evolution.
The vertical red dashed lines indicate the soliton at specific times that are
shown in (a)-(c). (e) Same as (d) butin 0 < t < 16850.

Figure 5b. The initial broad Gaussian envelope was imposed on
this nonlinear edge state, so that it fits to one side of the triangular
configuration, and resonant uniform pump H, = h, exp(—iet)
was used. We find that upon subsequent evolution for pump
detuning € = —5.99 close to the energy of linear edge state at
k., = 0, the condensate uniformly populates the entire periphery
of the structure, being confined near its edge (see density at
t = 500 in Figure 5b). Moreover, similar edge state can be excited
even from low-density noise (see density distribution at t = 0 in
Figure 5c), which in the presence of resonant uniform pump also
evolves into stable edge state shown at ¢ = 500 in Figure 5c that
is identical to final state from Figure 5b. These results indicate on
exceptional robustness of corresponding edge states and suggest
that this system can serve as a promising platform for topological
lasing applications [18, 30, 33, 45].

A remarkable result is that the finite configuration considered
above can also support a new type of unidirectional dissipative
soliton that can circulate along the periphery of the triangle as
long as the resonant pump is on. This state resides on the nonzero
(on the periphery of the triangle) background state, and it has
clearly localized features, as shown in Figure 6. It can be excited
by locally increasing polariton density at the edge of the structure.
The soliton highlighted by white dotted circles in Figure 6
moves in a clockwise direction along the edge, with the moving
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direction indicated by white arrows. The circulation period in this
particular case with € = —5.97 is equal to T ~ 16850. The soliton
passes corners of the structure, and its most important feature
is that in this dissipative system, this state is never destroyed
(see distributions in Figure 6b,c in time moments ¢t = 5T and
t = 10T, respectively), in contrast to conservative topological edge
solitons that slowly lose energy to radiation upon their motion
along the edge of the insulator. To illustrate the evolution of
the soliton, we display the peak amplitude A = max |i_| versus
time ¢ in Figure 6d, which demonstrates persistent oscillations
without any signatures of damping. Figure 6e shows zoom of the
above dependence in the interval from ¢ = 0 to t = 16850 (one
circulation period T') to exhibit more details of the soliton during
evolution. The aperiodic disruptions in this dependence corre-
spond to the moments of time, where soliton is circumventing the
corners. For fixed pump frequency, the peak amplitude of such
soliton increases with increase of pump amplitude (thus, even
though the state shown in Figure 6 was found accidentally, by
evolving different localized inputs in the system, the whole family
of stable solutions can be constructed by continuously varying
pump amplitude or frequency. To the best of our knowledge,
this is the first example of a unidirectional edge soliton found
in a dissipative system with a resonant pump. The existence of
such solitons is tightly connected with the possibility of bistability
(coexistence of nonlinear states with different amplitudes for a
given detuning €) in this system. Given that solitons reside at the
edge with fissioned sites, such fissioned sites can be essential for
the formation of such solitons.

5 | Conclusion

Summarizing, we have proposed a polariton system where
unpaired Dirac cones can emerge in the linear spectrum under
the breakup of both both inversion symmetry of the system
and the time-reversal symmetry. The system is characterized by
the coexistence of the unpaired Dirac cones and edge states in
incomplete spectral gaps, which nevertheless show all features
typical for topological states. The advantage of the polariton
microcavity system is that the corresponding edge states can be
excited resonantly and selectively by pump beams with specially
adjusted frequency and spatial structure in both ribbon and finite
triangular configurations. Despite the absence of a complete
spectral gap, edge states show clear unidirectional signatures,
without backscattering or inter-valley scattering in corners or on
defects of the structure. This suggests that topological properties
can be encountered in a broad class of systems with unpaired
Dirac cones and that they can lead to unconventional dynamical
regimes with coexisting qualitatively different types of evolutions
of edge excitations. Fissioned honeycomb arrays of microcavity
pillars proposed here also suggest a promising platform for the
exploration of higher-order topological phases, effects associated
with fractality or global topological disclinations and defects
introduced into the structure, and flat-band physics in dissipative
polariton systems [66-70].
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