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Exceptional bound states in the continuum (EP-BICs) are hybrid singularities in non-14 

Hermitian systems that uniquely combine the non-radiating characteristic of bound 15 

states in the continuum (BICs) with the enhanced sensitivity of exceptional points (EPs). 16 

However, their experimental realization remains challenging because existing proposals 17 

typically require precise external excitation to control the loss and coupling strength. 18 

Here, we experimentally demonstrate an EP-BIC in a fully passive terahertz 19 

metasurface. Through simple geometric rotation, we modulate the internal coupling of 20 

two resonator modes to drive an isolated EP to coalesce with a line of BICs and finally 21 

form an EP-BIC, as clearly traced by transmission spectra measurements. Near-field 22 

terahertz scanning further observes the uniform phase distribution of EP-BIC, 23 

confirming its decoupling from incident light. Finally, the sensor performance of EP-24 

BIC is demonstrated in water mist detection and exhibits a distinct dip response that 25 

enables unambiguous signal identification, in contrast to the weak and spectrally 26 

crowded peak of conventional EP. Our work establishes a practical and robust platform 27 

for EP-BICs, opening avenues for ultra-sensitive photonic sensing. 28 



Introduction 29 

Exceptional points (EPs) are spectral singularities in non-Hermitian systems where at least two 30 

eigenstates coalesce in both their eigenvalues and eigenvectors [1–4]. This coalescence results in 31 

the eigenvalue splitting that depends nonlinearly (e.g., square-root near a second order EP) on 32 

external perturbations strength that surpasses the linear sensitivity of conventional resonances 33 

[5, 6]. Thus, photonic systems operating near an EP exhibit strongly enhanced sensitivity, making 34 

them highly promising for next-generation optical sensing [7–9]. However, the performance of 35 

EP-based sensors, especially in nanophotonic or integrated resonator systems, is fundamentally 36 

constrained by radiative losses [10–12]. These losses contribute a dominant imaginary part to the 37 

complex eigenfrequencies, broadening the resonance linewidths and thereby obscuring the 38 

enhanced spectral splitting induced by small perturbations [13–15]. Consequently, the resulting 39 

signal might be difficult to be distinguished from noise due to its poor detectivity, making the 40 

full sensitivity potential of an EP unattainable in practical passive systems where radiation 41 

losses dominate the mode decay. 42 

On the other hand, bound states in the continuum (BICs) represent another class of 43 

singularities in open systems [16]. They are non-radiative resonant states that arise from 44 

destructive far-field interference or symmetry protection, exhibiting theoretically infinite 45 

radiative quality (Q) factors and perfect energy confinement [17–21]. Crucially, recent theoretical 46 

proposals have explored the potential for several BICs to coalesce into an EP form of an 47 

exceptional bound state in the continuum (EP-BIC) [22–24]. Such a state would inherently 48 

combine the vanishing radiative losses of the BICs with the enhanced eigenvalue sensitivity of 49 

an EP, promising a breakthrough for ultra-sensitive photonic sensing [25–30]. Nevertheless, 50 



despite several reports on the coexistence or mutual transition between EPs and BICs within 51 

the same parameter space [31–34], a direct experimental realization of a genuine, coalescent EP-52 

BIC remains elusive. The main challenge is that the previous proposals [23, 31] rely on 53 

simultaneous and independent tuning of the external excitation for loss fine-tuning and the 54 

internal coupling between each resonant mode, which is extremely difficult to achieve reliably 55 

in experiment due to the difficulty in accurately controlling material losses and fabrication 56 

imperfections. 57 

In this work, we report the first experimental realization of an EP-BIC singularity in a fully 58 

passive terahertz metasurface, achieved without introducing external gain or loss. The unit of 59 

the metasurface is composed of two metallic split-ring resonators (SRRs), each supporting a 60 

distinct resonant mode. By rotating the inner ring, we geometrically tailor the internal coupling 61 

between the two modes, which drives an isolated EP to coalesce with a line of BICs state, 62 

thereby forming a unified EP-BIC. We trace this evolution through transmission spectra 63 

measurements at various rotation angles, observing that the characteristic resonant peak at the 64 

EP gradually vanishes as a dip when the system transitions into the nonradiative EP-BIC state. 65 

Via near-field terahertz scanning technology, the energy of EP-BIC state is found to be localized 66 

at the center of Brillouin zone, similar to conventional symmetry-protected BIC (S-BIC). 67 

Furthermore, we observe from the phase-resolved measurements that the spatial phase 68 

distribution of the EP-BIC is uniform, different from the conventional quasi-BIC (q-BIC), 69 

providing direct evidence for its decoupling from incident wave. Finally, by introducing a 70 

minute and reversible perturbation via water mist spraying on the metasurface, we demonstrate 71 

that EP-BIC exhibits a distinct spectral dip than the complex peaks at EP, highlighting its 72 



improved detectability in the spectral response. Our work establishes a fully passive platform 73 

for realizing EP-BICs and opens new avenues for ultrasensitive photonic sensors. 74 

 75 

Results 76 

Our designed metasurface is illustrated in Fig. 1(a), which consists of a two-dimensional array 77 

of metal SRRs embedded on a dielectric silicon nitride (Si3N4) substrate in Fig. 1(b). Each unit 78 

cell comprises two SRRs with radius ro and ri for the outer and inner ring, respectively. The 79 

outer ring has two splits that are symmetric with respect to the x-axis, whereas the inner ring 80 

has a single split oriented at an angle θ relative to the x-axis (Fig. 1(b)). The center of inner ring 81 

is offset from that of outer ring by a distance d along the positive x-direction. Here, only the 82 

terahertz wave polarized along the x-axis is considered. At a fixed rotation angle θ of the 83 

structure, Fig. 1(d) plots the numerically simulated real part of the eigenfrequencies by varying 84 

the offset distance d and the inner ring radius ri. The black line depicts the eigenfrequencies at 85 

a fixed ri where the “bulk Fermi arc” (ω+ = ω−) exists. The blue strip region indicates the states 86 

with ultra-low intrinsic loss, manifested as BICs state. At the rotation angle, a pair of EPs 87 

appears. It is found that the BICs state intersects with the “bulk Fermi arc”, but does not 88 

intersect with the EPs. As we gradually rotate the inner SRRs to decrease the θ, one of the EPs 89 

moves towards the smaller d region (ri remains unchanged at 68.87 µm) and finally merges 90 

with the BICs states, forming the pursued EP-BIC. To better understand the formation 91 

mechanism of our EP-BIC, we model our structure as an effective two-level Hamiltonian [35–37]: 92 

1 1 0

0 2 2

i i
H

i i

   
   

− − 
=   − − 

                         (1) 93 

where the ω1 and ω2 respectively denote the resonance frequencies of the outer and inner SRR. 94 



Here, 
1 ,

2  (
2 2 int   = + ) represent the losses of the outer and inner SRR. The intrinsic loss 95 

int  of the inner SRR originates from the C2 symmetry breaking [38–42]. The far-field and near-96 

field coupling coefficients between two SRRs are given by 0 1 2   =  and cosm   = +  97 

respectively, where   and m are assumed to be real. Here,    is related to the rotation angle 98 

θ, and is depended on the offset distance d between the two SRRs. The complex eigenvalues 99 

ω± of this system can be derived as: 100 

i   = −                               (2) 101 

where 2 2

0( ) ( )i i    = − + −  with
1 2( ) / 2  = +  ,and

1 2 int( ) / 2   = + +  ,102 

2 1( ) / 2  = − , 
2 int 1( ) / 2   = + − . The EP can be realized when 0 =  in Eq. (2), 103 

corresponding to the coalescence of two eigenvalues [37, 43]. For a single SRR with C2 symmetry, 104 

it supports a S-BIC in which far-field radiation loss is fully suppressed, yielding 
1 2 0 =，

[44, 45]. 105 

However, incorporating the unavoidable intrinsic loss 
int 0   even when the BICs conditions 106 

1 2 0 =，  are satisfied, leading to a modified BICs condition given by107 

2 2

1 1 int( ) ( )i       = − − [46]. This system can simultaneously satisfy the EP conditions 108 

int2  =  with 
1 2 = , here 

int 0.06 = , 0.03 = −  and m = 0.06 at θ = 0°. Notably, 
2 0   109 

when the rotation of the inner SRR breaks the mirror system symmetry [46]. Figure 1(e) plots 110 

the calculated eigenvalues of the Hamiltonian in the κ−δω parameter space, which is equivalent 111 

to the d − ri parameter space in metasurface. Clearly, as we modulate the parameter θ, similar 112 

profile and properties exhibit in Fig. 1(d), leading to the formation of an EP-BIC at θ = 0° [46]. 113 

Next, we fabricate a series of the terahertz metasurfaces performing different rotation 114 

angles and at the EP state [46], with their scanning electron microscopy (SEM) images shown in 115 

Fig. 2(a). Each sample contains an array of 20×20 SRRs integrated on a thin and low stress 116 



Si3N4 layer, and is held by a silicon with drilled holes to enable the transmission of terahertz 117 

waves [46]. The transmission properties of the samples are carried out by a high-precision 3D 118 

terahertz scanning system operating in the frequency range of 0.26−0.4 THz, with the setup 119 

illustrated in Fig. 2(b). The sample is placed between two terahertz antennas connected to a 120 

terahertz vector network analyzer. Initially at θ = 90°, a transmission peak emerges at 0.373 121 

THz between two resonance dips around 0.359 THz and 0.395 THz as shown in Fig. 2(c). The 122 

dips stem from the resonant responses of the inner and outer rings while the transparency 123 

window (corresponding to the peak) arises from the mutual interaction between SRRs, which 124 

is a typical feature of EPs [47]. As θ decreases, the peak reduces and finally vanishes at θ = 0° 125 

due to the gradual closing of the radiative channel when the EP merges with BICs. This 126 

manifests the formation of the non-radiative EP-BIC since it cannot couple to incident light [23]. 127 

Figure 2(c) also shows the simulated transmission spectra, which are in good agreement with 128 

the measurements. 129 

  To further characterize the spatial properties of the EP-BIC, we map near-field electric field 130 

distributions by raster-scanning a terahertz receiver 1 mm above the sample with a spatial 131 

resolution of 100 µm (Fig. 3(a)). For comparison, we also fabricate and scan a metasurface 132 

hosting q-BIC state with geometrical parameters (d = −12.5µm, ri = 67.12µm, θ = 90°) [46]. The 133 

Fourier transformed energy distributions in the momentum space of the two samples are 134 

presented in Fig. 3(b) and (c), respectively, demonstrating strong energy confinement near the 135 

center of the Brillouin zone for both EP-BIC and q-BIC states [46], which are similar to 136 

conventional symmetry-protected BIC. Figure 3(d)-(f) displays the corresponding phase 137 

profiles measured at 0.385 THz for the EP-BIC sample, the q-BIC sample, and a bare Si3N4 138 



film, respectively. The EP-BIC exhibits an essentially uniform phase distribution, consistent 139 

with its radiation-free property resulting from destructive interference that decouples it from 140 

the incident wave. In contrast, both the q-BIC sample and the bare film show a distinct annular 141 

phase pattern. This pattern originates from the non-ideal plane-wave emission of the terahertz 142 

emitter, which introduces a position-dependent optical path difference ∆L (Fig. 3(a)). Because 143 

the q-BIC and bare film remain coupled to the incident radiation, the transmitted wave carries 144 

this spatially varying phase profile, which is directly captured by the terahertz receiver. These 145 

results confirm the non-radiative property of the EP-BIC. 146 

  Finally, we validate the application potential of our EP-BIC metasurface in mist detection, 147 

with the experimental setup illustrated in Fig. 4(a). We spray water mist directly onto the 148 

samples and monitor their transmission spectra evolution. First, we spray water mist onto a bare 149 

Si3N4 film without SRRs structures (Fig. 4(b)), showing that the water spray alone induces no 150 

detectable spectral change. Upon spraying the metasurface samples, the resonant frequency of 151 

the conventional EP (blue circles) shifts from 0.389 THz to 0.387 THz, and that of the EP-BIC 152 

(orange circles) shifts from 0.383 THz to 0.355 THz (Fig. 4(b)), which are attributed to the local 153 

refractive-index change caused by the water mist. However, as clearly shown in Fig. 4(b), the 154 

resonant peak associated with the conventional EP is weak and often coexists with other 155 

unavoidable spectral peaks, making it challenging to unambiguously identify the water mist 156 

induced signal. In stark contrast, the EP-BIC metasurface produces a single and pronounced 157 

transmission dip that remains well-isolated from neighboring spectral structures. This distinct 158 

spectral signature enables direct and reliable recognition of water mist-induced frequency shifts, 159 

even for minute amounts of water mist. Our results demonstrate that compared to the 160 



conventional EP, the EP-BIC metasurface exhibits more pronounced, distinguishable, and 161 

reliable response characteristics in water mist detection, highlighting its significant potential as 162 

a high-performance sensor. 163 

Conclusion  164 

In conclusion, we experimentally demonstrate the existence of an EP-BIC singularity in a fully 165 

passive metasurface at terahertz region. Through simple geometric rotation, the internal 166 

coupling between the SRRs is modulated, enforcing the coalescence of the EP and BIC into an 167 

EP-BIC, which is clearly observed in the transmission spectra. Near-field terahertz scanning 168 

reveals the energy tightly confined at the center of momentum space and distinguishes non-169 

radiative EP-BIC from conventional q-BICs by the uniform phase distribution, confirming its 170 

decoupling from the incident light. Importantly, a reversible method confirms the distinct dip 171 

response associated with the EP-BIC, which is significantly distinguished from the complex 172 

peaks of conventional EP to minor perturbations. This work provides a robust and simplified 173 

platform for realizing EP-BIC in practice, paving the way for its application in ultrasensitive 174 

nanochip sensors. 175 

Material and methods 176 

Fabrications 177 

First, a 2-mm-thick pre-drilled and double-side polished crystalline silicon wafer is cleaned and 178 

coated with a low-stress Si₃N₄ film on both sides via low-pressure chemical vapor deposition. 179 

Next, a 30-nm-thick chromium layer is deposited to enhance interfacial adhesion, followed by 180 

the fabrication of a 200-nm-thick gold pattern using a lift-off process. Backside alignment 181 

lithography is then performed with a contact aligner, and reactive ion etching was used to etch 182 



windows in the Si₃N₄ layer. Finally, the suspended Si₃N₄ membrane is released by wet etching 183 

of the Si substrate, resulting in a final metasurface with an area of approximately 1×1 cm2, 184 

suspended over the holes in the Si substrate.  185 

Measurements 186 

The high-precision 3D terahertz scanning system consists of the following core components: a 187 

terahertz vector network analyzer (VNA) Ceyear 3674 series, a frequency extension module 188 

paired with the VNA that up-converts the instrument’s microwave output to the terahertz 189 

frequency range via frequency mixing technology, a pair of high-gain and broadband terahertz 190 

horn antennas serving as the transmitter and receiver, and a high-precision 3D scanning 191 

platform comprising a high-precision electric displacement stage and a 3D scanning gantry 192 

connected to a computer for control. This platform enables precise movement of the sample 193 

along the x,y,z axes, with a maximum positioning accuracy of 100 µm.  194 
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 349 

FIG. 1. Design of metasurfaces performing an EP-BIC. (a) Schematic illustration of the 350 

metasurface under x-polarized terahertz wave. (b)-(c) Illustration of the unit cell. P = 500µm, 351 

ro = 225µm, w = 18.75µm, g = 18.75µm, ri = 68.87µm, h1 = 200nm, h2 = 780nm. (d)-(e) 352 

Eigenfrequencies and eigenvalues of the SRRs metasurface in the d−ri space and the effective 353 

Hamiltonian H in the κ − δω space, respectively. The color manifests their imaginary part γ±. 354 

The blue and yellow star indicates the EP and EP-BIC singularities, respectively. Red lines trace 355 

the evolution trajectories of an EP into an EP-BIC. 356 

  



 357 

FIG. 2. Experimental setup and measurement of transmission spectra. (a) Scanning 358 

electron microscopy (SEM) image of the fabricated metasurfaces with different geometric 359 

parameters. (b) Schematic of high-precision 3D terahertz scanning system. The inset illustrates 360 

experimental setup for transmission spectrum measurement. (c) Measured and simulated 361 

transmission spectra, revealing the spectral evolution as the system transitions from the EP to 362 

EP-BIC. 363 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 364 

FIG. 3. Characterization of the spatial properties of the EP-BIC. (a) Schematic of the near-365 

field scanning system. Energy distribution in the momentum space of (b) EP-BIC and (c) q-366 

BIC, colored by the energy distribution. (d)-(f) Measured phase profile of the EP-BIC sample, 367 

the q-BIC sample, and the Si3N4 film at 0.385 THz, respectively. 368 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 369 

FIG. 4. Characterization of sensing performance of EP-BIC singularity. (a) Experimental 370 

setup and sample. Below are the photos of samples before and after the water mist spraying. (b) 371 

Measured spectral transmission of the Si3N4 film, the EP sample, and the EP-BIC sample. 372 
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