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Bound states of « particle in a box »

Resonant state (leaky mode)
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Von Neumann and Wigner’s Bound states in the continuum
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Bound state 
in the continuum (BIC)

BICs = Confined states having infinite lifetime despite lying 
in the continuous spectrum of radiating/leaky states

J. Von Neumann and E. Wigner, Z. Phys 30, 465 (1929)
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« On curious discrete eigenvalues »



Interference of losses
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Origin of BICs

Radiative channel
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« …bound states in the continuum (BIC's) 
can occur due to the interference of 
resonances belonging to different 
channels. »

BIC

k

2U

Re( ) = 

1
(
)


k

2 (
)


k

« If two resonances pass each other as a 
function of a continuous parameter, then 
interference causes an avoided crossing of 
the resonance positions and for a given 
value of the continuous parameter one 
resonance has exactly vanishing width and 
hence becomes a BIC ».
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Radiative channel
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Radiative channel
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BIC

Friedrich– Wintgen interefence: super- and sub-radiance
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Superradiance Subradiance

How to make this subradiance feature in photonic analog ?
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Radiative channel
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Non-Hermitian degeneracy
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Exceptional Points

Eigenstates 
Coalesce !!!
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Eigenstates are self-orthogonal !!!

Complex degeneracy
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How to make exceptionbal point 
in photonic analog ?



Photonic crystal slab

Thin dielectric layer patterned with
in-plane periodic structure

Photonic crystal slab =
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Lossy vs Lossless band structure
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display, laser, lighting, 
solar-cells, detectors

Integrated 
photonics
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Momentum

effective non-Hermitian Hamiltonian 

Re()

-2Im()

𝐻 Ψ = 𝜔 Ψ
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h < 

Periodic
perturbation

a <  Planar waveguide

forwardbackward

From waveguide to photonic grating
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« Creating » 
guided modes « Coupling» between guided modes → gaps

« Leaking » to the radiative continuum → losses 
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Band structure of  1D photonic crystal
a < 

h < 
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Effective model at the first band gap: Hermitian physics
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• Below the light cones → No radiative losses

• Photonic modes is given by a Hermitian Hamiltonian

Numerical simulation Effective Hamiltonian
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x

Energy

kx

z

X X

Radiative 
Continuum

Second band gap: non-Hermitian physics

• Above the light cones → Can radiate to free space

• Photonic modes is given by a non-Hermitian Hamiltonian

Friedrich-Wintgen inteference
via loss channels
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X X

Radiative 
Continuum

Second band gap: non-Hermitian Hamiltonian
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5Non-Hermitian band inversion
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Eigenvalues at kx=0:
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At kx=0

AFM image

Real structures

Physical review letters 129, 083602 (2022)

Symetric      Antisymetric



Demonstration of non-Hermitian bandstructures

Observation of BIC = local vanishing of the resonance ! 

Physical review letters 129, 083602 (2022)



629BIC = Polarization vortex in momentum space

BIC

Polarization singularity
 in (kx,ky) plane

Velocity singularity
in (x,y) plane

Typhoon Matmo (Vietnam 10/2025)Farfield radiation
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BICs in photonic crystal

:  orientation angle

 of the polarization

Polarization singularity in of radiation pattern in the farfield

Topological charge = winding number

kx

ky

Topological nature of photonic BIC



2D effective HamiltonianExperimental demonstration of band inversion: Mode tomography

U<0 U>0

arXiv:2211.09884

https://arxiv.org/abs/2211.09884


2D effective HamiltonianExperimental demonstration of band inversion: Winding numbers

U<0 U>0

Upper
 branch

Lower
 branch

arXiv:2211.09884

https://arxiv.org/abs/2211.09884


5Closing non-Hermitian gap
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11Observation of exceptional points

Physical review letters 129, 083602 (2022)



U=

real() imag()

kx(µm-1) kx(µm-1) kx(µm-1)

kx(µm-1) kx(µm-1)

Observation of exceptional points

Physical review letters 129, 083602 (2022)



U=

LDOS at Exceptional point  >  LDOS of non-degenerated states

Enhancement of LDOS at Exceptional points: 1 + 1 > 2 

Squared Lorentzian Lorentzian



U=Demonstration of LDOS enhancement at Exceptional Points

perovskite 
quantum dots

Extraction of the experimental LDOS 
from the quantum dots emission

Enhancement factor = 2.56

Physical review letters 129, 083602 (2022)



Limitation due to non-radiative losses
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U=Reaching the theoretical limit: 1+1=4

kx= k0

Enhancement ~ 4 = theoretical limit

(unpublished data)
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Applications of Radiation Topology
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Energy
• Slow light at high 

oblique angle

• High quality factor at 
valley points

Directional Lasing at high
Oblique angle

Lasing emission in high oblique angle ?

BICBIC



Oblique BIC: Lasing emitting at high angle 

Perovskite metasurface

Nano Letters 23, 10, 4152–4159 (2023)



Vortex lasing emitting at high angle 

Nano Letters 23, 10, 4152–4159 (2023)
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Super BIC (Merging BIC) on a flatband

BIC

BIC BIC

k0

Energy

super
BIC

Valley
merging

Physical Review Letters 132, 173802 (2024) 



Super BIC on a flatband : experimental demonstration

Ultra-high quality factor  
+

Ultra-high density of states
over a broad-range of angles

Ideal for optical trapping


−


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FF < FF0 FF = FF0 FF > FF0

Physical Review Letters 132, 173802 (2024) 



Three-dimensional trapping
of individual particles

Super BIC on a flatband: Optical trapping application  
Physical Review Letters 132, 173802 (2024) 



Conclusion

• Complex band structure is dictated by Friedrich-Wintegen inteference

• Subwavelength-scale photonic crystal = Platform to study non-Hermitian physics
      → Non-hermitian objects: Bound states In the Continuum, Exceptional points

Physical review letters 129, 083602 (2022)
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• Lasing emission in oblique emission

Applications

• Three-dimensional trapping without cavity  

Micro lasers Optical trapping

Nano Letters 23, 10, 4152–4159 (2023)

Physical Review Letters 132, 173802 (2024) 
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Perspective: the strong coupling regime

Photonic BIC

𝑬𝑿𝑷 𝑺𝑰𝑴 

Polaritonic BIC Dang et al. Advanced Optical Materials 2102386 (2022) 

Ardizzone et al. Nature 605, 447–452 (2022)
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