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Abstract:

Efficient generation of terahertz (THz) radiation with both high emission strength and near-
unity chiral purity remains a central challenge in nonlinear chiroptics. Here, we numerically
demonstrate a framework for chiral THz generation from asymmetric lithium niobate (LN)
metasurfaces enabled by chiral quasi-bound states in the continuum (g-BICs). By simultaneously
breaking in-plane and out-of-plane symmetries, structural chirality is directly transferred to the
optical-rectification process, enabling deterministic control of nonlinear THz emission. The
resulting metasurface achieves a full-spectrum averaged THz circular dichroism (CD) of 0.99, while
maintaining THz emission amplitudes comparable to nonlinear metasurface emitters under 100 fs
excitation. The same symmetry-engineered mechanism yields an SHG-CD of 0.99, confirming the
robustness of the nonlinear chiral response. In addition, the platform supports dynamic spectral
tuning through pump-pulse engineering without sacrificing strong chiral selectivity. These results
establish chiral g-BICs as a general strategy for engineering nonlinear chiro-optical interactions and
provide a scalable route toward chip-integrated chiral THz photonic devices based on the lithium-
niobate-on-insulator (LNOI) platform.
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1. Introduction.

Chiral electromagnetic responses play a central role in light-matter interactions!!
involving spin angular momentum and are essential with applications in enantiomer
discriminationl®, molecular spectroscopy!®, and polarization-resolved imaging!”). Extending
chirality into the terahertz (THz) regime is of particular importance, as THz radiation'® *) probes
low-energy excitations in molecules and condensed matter systems, offering unique sensitivity
to structural and dynamical properties!'”’. Recent advances in THz metasurfaces have enabled
circular dichroism (CD), asymmetric transmission!'!l, and polarization manipulation'*
Blthrough subwavelength structural engineering. These approaches primarily operate in the
linear regime, where chirality is imposed on incident radiation rather than generated
intrinsically. Chiral THz emission has been demonstrated in spintronic heterostructures and
quantum materials, where ultrafast spin currents, inverse spin Hall effects, and photogalvanic
or spin-orbit-coupling-induced mechanisms generate polarization-controlled THz radiation!!*
171, For example, metasurface-integrated spintronic emitters can produce broadband THz waves
with tunable chirality!'*. Nevertheless, these approaches rely on material-specific electronic
processes rather than structurally engineered photonic chirality, and often require complex
magnetic multilayers, limiting scalability and design flexibility for photonic integration.

All-dielectric metasurfaces provide an alternative route for manipulating and generating
THz radiation through engineered optical responses. In particular, optical rectification, a
second-order nonlinear process, has been widely employed for broadband THz generation in

18-20

bulk crystals!'®?”! and nanostructures?" 22, Resonant dielectric metasurfaces can significantly

enhance local electromagnetic fields and improve THz generation efficiency, enabling compact

23. 24" As a result, the generated THz radiation in such systems is

and efficient THz emitters!
typically linearly polarized or only weakly dependent on the circular polarization of the
excitation, as the nonlinear emission process is not intrinsically coupled to structural chirality.

This limitation highlights a central challenge of directly encoding chirality into nonlinear

emission within a purely photonic platform. Bound states in the continuum (BICs)!*>"! support

high quality (Q) factor resonances through symmetry protection, enabling strong field



confinement and enhanced light-matter interactions. By introducing symmetry breaking, quasi-
BIC (g-BIC) modes allow controlled radiation coupling while preserving large field
enhancement, which is essential for nonlinear optical processes 32, Symmetry engineering
further enables selective coupling to circularly polarized states, giving rise to pronounced chiral

33371 Recent advances in nonlinear chiral

responses with near-unity circular dichroisml
metasurfaces have demonstrated that resonant dielectric platforms, including q-BIC systems,
can simultaneously enhance nonlinear optical processes and enable pronounced chiral
responses % 3% Yet their role in directly linking nonlinear THz generation with intrinsic
chirality remains unresolved.

Realizing such a mechanism requires a material platform that simultaneously supports
strong second-order nonlinearity and scalable photonic integration. Lithium niobate (LN)!0-42!
provides a suitable candidate due to its large second-order nonlinear susceptibility and broad
transparency window spanning from the visible to the terahertz regime. More importantly, the
development of thin-film lithium niobate on insulator (LNOI) has enabled wafer-scale
fabrication of low-loss, high-confinement photonic structures, establishing LN as a versatile
integrated photonic platform capable of supporting complex on-chip functionalities!*-%,
Recent advances have demonstrated that LN photonic circuits can achieve high-efficiency
nonlinear conversion, ultrafast modulation, and scalable integration, positioning LN as a
promising platform for nonlinear and active nanophotonics beyond conventional silicon-based
systems! 4647,

Despite these advances, translating the extreme field enhancement and linear chiral
selectivity of three-dimensional g-BICs into the nonlinear regime remains a significant
challenge, particularly in the THz regime. The difficulty lies in efficiently mapping symmetry-
governed mode characteristics onto nonlinear source terms to dictate emission dynamics while
reconciling radiation power with polarization purity. This physical gap hinders the realization
of high-performance chiral THz sources that maintain strict selectivity across broad spectral
bandwidths.

In this Letter, we demonstrate an asymmetric LN metasurface supporting a chiral g-BIC

resonance for nonlinear THz generation. The simultaneous breaking of in-plane and out-of-

plane symmetries enables strong polarization selective coupling and efficient nonlinear
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emission. The dual symmetry breaking produces circular-polarization-selective g-BIC coupling
at the pump wavelength, so that the resonantly enhanced E, field drives a strongly asymmetric
second-order nonlinear polarization and, consequently, chiral THz generation. In the following,
we systematically investigate the chiral response, nonlinear THz emission, and dynamic

tunability of the proposed metasurface.

2. Results
2.1 Metasurface Design and Nonlinear Excitation Scheme.

The proposed chiral metasurface and its operational principles are delineated in Fig. 1. As
schematically illustrated in Fig. 1(a), the proposed metasurface facilitates chiral-selective
coupling to q-BIC, enabling asymmetric local field enhancement. The unit cell geometry,
shown in Fig. 1(b), consists of x-cut LN nanorod dimers arranged in a square lattice with the
optical axis (c-axis) aligned along the laboratory z-axis. The rectangular prism nanorods are
characterized by their length (L), width (w), and height (H). In this x-cut configuration, the
incident field component E,, which drives the dominant d;3; nonlinear response, interacts
with the extraordinary refractive index (n, = 2.21 at 640 nm), while the y-component
experiences the ordinary index (n, = 2.28).The entire structure is supported on top of a silicon
dioxide layer (n = 1.45). These real-valued refractive indices are used in the present transient
model. The resulting transient fields are subsequently analyzed via Fourier transform to extract
the spectral components across the fundamental, harmonic, and THz regimes.

In the present transient model, the second-order response is treated using an instantaneous
effective (2, while the subsequent discrete Fourier transform (DFT) is employed only to
extract the frequency-domain spectrum from the calculated time-domain fields. Frequency-
dependent linear and nonlinear material dispersion from the optical to THz regime are therefore
not explicitly included. This approximation may affect the absolute THz amplitude and detailed
spectral weighting, particularly at higher THz frequencies. Accordingly, the calculated THz
spectra are interpreted primarily in terms of the g-BIC-induced polarization contrast and
structural trends rather than as absolute material-limited prediction of THz output. Because the

same material model is applied to both LCP and RCP excitation, the relative polarization



contrast is expected to be less sensitive to these common material-dispersion effects than the
absolute THz amplitude.

By simultaneously introducing an in-plane rotation 6 and an out-of-plane height disparity
Ah, the intrinsic mirror symmetries are broken, driving the transition from a symmetry-
protected BIC to a radiative g-BIC mode characterized by a pronounced chiral response. For
the precise modeling of transient nonlinear dynamics, the metasurface is illuminated by a
normally incident, spatiotemporally modulated ultrafast Gaussian pulse. Following the
software’s vectorial representation for LCP (+) and RCP (—) excitation along the x-direction,

the incident electric field is expressed as

2422 , t—t0)?] A
E.(x,y,z,t) = Re {EO /%exp [—y z ]exp[lcb(x,y,z, t)]exp [—( dt‘z’) ]ei} (1)

w2 (x

where w(x) is the beam radius, ®(x,y,zt) incorporates the phase evolution and
wavefront curvature. The pulse follows a temporal Gaussian envelope centered at t, = 0.5 ps
with a temporal width dt = 100fs . The polarization vectors are defined as &, =
(y + i2)/V/2, corresponding to left- and right-circular polarization (LCP/RCP), respectively.
This complex formulation accounts for diffraction effects and temporal oscillations essential
for high-fidelity simulation. The excitation is accurately modeled using spatiotemporally
modulated Gaussian pulses, with the full vectorial expression detailed in Supplementary S1.1.
The nonlinear response in LN is dictated by the second-order susceptibility tensor y . Under
the x-cut configuration, the response is dominated by the d;3 coefficient. Consistent with the
ferroelectric crystallographic convention and to account for dispersive enhancement at the 640
nm excitation wavelength, we set d33 = —38pm/V*®. The resulting second-order nonlinear

polarization along the optical axis is
PP ~ egdss B2 (D) @)
This induced polarization serves as the driving source for both harmonic generation and
broadband THz emission. As illustrated in the frequency-domain representation in Fig. 1(c),
the optical rectification process can be interpreted through energy conservation: pairs of
frequencies wgy + Aw from the pulse’s finite bandwidth coalesce to generate low-frequency
radiation at 2 = 24Aw. In the time domain, this manifests as a slowly varying component

proportional to the intensity envelope EZ2(t), directly translating to THz emission whose
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bandwidth is inherently determined by the pulse duration.

Numerical simulations were conducted using the finite element method with periodic
boundary conditions in the y and z directions and open boundary conditions in the x direction
for meta-atom unit cell calculations. In the present simulations, material absorption is neglected
and real-valued refractive indices are used. In realistic devices, both LN and SiO: exhibit
frequency-dependent dispersion and absorption in the THz regime. For reference, room-
temperature measurements of LN report THz absorption coefficients of approximately 3.3 and
33.2 cm™ at 0.4 and 1.6 THz, respectively, corresponding to characteristic absorption lengths
1/a of about 3.0 and 0.30 mm!*’!. These lengths remain more than three orders of magnitude
larger than the 132-nm LN resonator thickness, indicating that THz self-absorption within the
nanostructure should have a limited effect on the locally generated field. Propagation through
a finite SiO: substrate may nevertheless attenuate the experimentally collected THz amplitude,
particularly at higher frequencies. Such common propagation loss is expected to affect the
absolute THz output more strongly than the relative LCP-RCP contrast, although frequency-
dependent losses may modify the broadband spectrum.

The emitted fields are obtained by solving the time-dependent Maxwell’s equations with
the nonlinear polarization as the source term. The resulting transient fields are subsequently
analyzed via Fourier transform to extract the spectral components across the fundamental,
harmonic, and THz regimes. Owing to the symmetry-engineered q-BIC resonances, the local
field enhancement becomes intrinsically handedness-dependent (chiral response). This leads to
a marked disparity in the nonlinear polarization under LCP versus RCP excitation, ultimately

manifesting as chiral THz emission.
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Fig. 1. Chiral quasi-BIC metasurface for nonlinear processes. (a) Schematic of the chiral quasi-
BIC metasurface with maximized chirality. (b) Schematic and top view of a single unit cell,
illustrating the geometric parameters of the LN nanobars: length (L), width (w), height (H), Period
(a) and in-plane asymmetry parameter (8), where L =310 nm, w = 100 nm, H = 132 nm, a=514 nm
and a fixed height difference Ah=H—w =32 nm is maintained. (c) The Energy diagrams illustrating

the nonlinear processes of OR, SHG and THG.

2.2 Chirality Implementation.
The chiral response of the proposed metasurface is quantified by the transmission CD,

defined as

CD = Trep—TLcP (3)

Trep+TLcP

Where T,cp and Tgcp denote the transmittance under LCP and RCP illumination,
respectively. Figure 2(a) illustrates the evolution of the CD and the quality factor (Q-factor) as
a function of the in-plane rotation angle 8 with the height disparity fixed at Ah = 32 nm. As
6 increases, the CD rapidly approaches unity, while the Q-factor decreases monotonically.
This trend reflects the transition from a symmetry-protected BIC (see Supplementary Note S2)
to a radiative g-BIC mode where increased symmetry breaking enhances radiative coupling at
the expense of mode confinement. A similar behavior is observed in Fig. 2(b) when varying
Ah atafixed 8 = 12° confirming that both in-plane and out-of-plane asymmetries contribute

synergistically to chirality generation.
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Fig. 2. Symmetry-engineered chirality via chiroptical selective q-BIC coupling. (a) CD and
Q -factor versus in-plane rotation (6) at fixed Ah = 32 nm, increasing 6 enhances radiation
coupling, yielding higher CD and reduced Q-factor. (b) CD and Q-factor versus height difference
(4h): At fixed 8 = 12°, showing a similar trade-off driven by out-of-plane symmetry breaking. (c)
Chiral-selective transmission spectra: At § = 12° and 4h = 32 nm, the metasurface achieves a
near-unity CD (= 0.999) at 640 nm (d) Near-field distributions reveal asymmetric excitation of the
g-BIC mode, with strong localization under LCP and suppressed response under RCP. (e) Reactive
helicity density (RHD) reveals an unbalanced chiral near-field induced by simultaneous in-plane

and out-of-plane symmetry breaking, consistent with the far-field CD.

The polarization selectivity originates from the interference between the geometric phase
introduced by the in-plane rotation 8 and the propagation-induced phase associated with the
height difference AR, As derived in Supplementary Note S3, the coupling coefficients for
the two circular polarization states follow m, o sin(kAh/2 + 6). Either 6 or Ah alone
gives identical coupling strengths for the two circular polarizations and therefore cannot
produce a chiral response. When both asymmetries are introduced, however, the two coupling
coefficients become unequal. Near the destructive-interference condition k4h/2 + 6 = 0, one
circular polarization channel is strongly suppressed, whereas the opposite polarization remains
resonantly coupled to the BIC mode. For 6 = 12° and Ah = 32 nm, this interference
produces a near-unity linear CD of 0.999 at 640 nm while retaining strong resonant field
localization under LCP excitation [Fig. 2(c, d)]. At this wavelength the mode position is

dictated by the extraordinary refractive index of the x-cut LN. The corresponding transmission
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spectra in Fig. 2(c) exhibit a pronounced resonant dip under LCP excitation, whereas the
response under RCP remains suppressed due to the effective decoupling of the g-BIC mode.
To characterize the chiral near-field, we evaluate the reactive helicity density®®52 (RHD),

defined as
RHD = %Re(D -B%) (4)

As shown in Fig. 2(e), the simultaneous breaking of the in-plane and out-of-plane
symmetries removes the cancellation between oppositely signed local RHD contributions,
producing an unbalanced chiral near-field. Here, RHD serves as a near-field indicator of the
polarization-selective g-BIC excitation rather than as the nonlinear source itself. The same
resonant asymmetry produces a pronounced difference in the locally enhanced E, field
between LCP and RCP. In x-cut LN, the optical-rectification source is dominated by the d;5-

mediated nonlinear polarization driven by E,. The resulting field imbalance is therefore

transferred to PZ(Z) and ultimately to the generated THz radiation.

The nonlinear response of the proposed LN metasurface is investigated using both
transient time-domain simulations and steady-state frequency-domain calculations. Under LCP
excitation, the temporal evolution of the electric field (Fig. 3(a)) consists of a prompt
transmitted pulse followed by a long-lived resonant tail arising from the g-BIC mode. The
sustained oscillations in the resonant tail indicate efficient energy storage and delayed radiative
release associate with the high-Q g-BIC resonancel™. In contrast, the RCP response shown in
Fig. 3(c) is dominated by the directly transmitted pulse, while the absence of a pronounced
secondary wave packet or resonant tail indicates efficient decoupling from the g-BIC mode.
This strong asymmetry between LCP and RCP excitation directly reflects the polarization-
selective coupling mechanism established in Fig. 2 and Supplementary Note S3.

The frequency spectrum in Fig. 3(b), obtained via DFT of the transient electric field E(t)
in Fig. 3(a) (see Supplementary Note S4), resolves THz radiation, the fundamental frequency
(FF), second-harmonic generation (SHG), and third-harmonic generation (THG). The
broadband THz response originates from optical rectification, where frequency components
within the pulse bandwidth undergo difference-frequency mixing. Although the absolute

nonlinear conversion efficiencies obtained from transient and steady-state simulations differ
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due to finite cavity-buildup dynamics, both approaches consistently predict strong polarization-
selective enhancement, with LCP excitation producing substantially higher nonlinear output
than RCP excitation. This agreement confirms the robustness of the underlying g-B1C-mediated
chiral nonlinear mechanism (see Supplementary Note S7 and Table S1).

A pronounced enhancement of the nonlinear response is observed in the g-BIC
metasurface. Compared with an unpatterned LN thin film, the optimized structure achieves a
five-order-of-magnitude enhancement in SHG efficiency under LCP light (Supplementary Note
S5). Simultaneously, the SHG efficiency under LCP illumination exceeds that under RCP
excitation by nearly two orders of magnitude, yielding a near-unity SHG-CD value of 0.99.
This benchmark places the device among the best-performing nonlinear chiral metasurfaces

reported to date (see Supplementary Notes S5, S11, and Table S3).
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Fig. 3. Transient time-domain dynamics and normalized spectral characteristics under chiral
excitation. The metasurface consists of LN dimers (8 = 12°, 4h = 32 nm) illuminated by an
ultrafast pulse (E, = 2 X 107 V/m, dt = 100 fsand t, = 0.5 ps). (a, c) Temporal evolution of
E, under LCP and RCP excitation, showing a prompt transmitted pulse followed by a long-lived
resonant tail under LCP excitation, while the resonant tail is strongly suppressed under RCP
excitation. (b, d) Normalized frequency spectra scaled against the incident reference pulse, resolving

the THz, FF, SHG and THG components.
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The THz emission also exhibits similarly strong polarization dependence. As shown in Figs.
3(b) and 3(d), the normalized THz spectral amplitude under LCP excitation reaches 2.4 x 107>,
which is comparable to that of previously reported nonlinear metasurface emitters®l. A broader
comparison of THz field strength, generation mechanism, and chiral performance with
representative experimental THz sources is provided in Supplementary Note S13 and Table S4.
Whereas the corresponding RCP background is strongly suppressed by approximately one order of
magnitude. To quantify the broadband chiral purity of the emitted THz radiation, the frequency-
dependent terahertz circular dichroism, THz-CD(w), is defined as
THz-CD(w) =

I cp(w)=Igcp(w)
Icp(w)+Igcp (W) ®)

where I;cp(w) and Izcp(w) denote the normalized THz spectral intensities under LCP and
RCP excitation, respectively. Beyond the peak THz-CD evaluated at the peak frequency of
emitted THz spectrum, the overall chiral performance is further characterized by the full-
spectrum averaged THz-CD (THz-CDy,4), evaluated over entire simulated THz range of 0-10

THz (Supplementary Note S8 and Table S2).

2.3 Geometric Modulation: Balancing THz Efficiency and Chiral Purity.

The effects of the two structural asymmetry parameters, 4h and 6, on THz generation
and chiral purity are summarized in Fig. 4. The corresponding resonance evolution, THz-CD
definition, and extracted spectral parameters are provided in Supplementary Notes S6, S8 and
S9, respectively. The corresponding RCP results are presented in Supplementary Note S10. In
Fig. 4(a), the THz spectral intensity increases continuously with increasing height difference,
whereas the peak frequency and spectral bandwidth remain nearly unchanged. As discussed in
Supplementary Note S6, the excitation wavelength is adjusted to track the resonance
wavelength of each specific configuration, ensuring efficient resonant excitation throughout the
resonance sweep. Consequently, the THz output remains strong despite the gradual reduction
of the resonance Q-factor.

The evolution of THz chirality reveals a more stringent optimization criterion. As shown
in Fig. 4(c), the peak THz-CD reaches approximately 0.96 at Ah = 24 nm, whereas the average

THz-CD remains limited to about 0.93. Increasing the height difference to 32 nm elevates the
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average THz-CD to 0.99, indicating that broadband chiral purity requires a stronger degree of
symmetry breaking than single-frequency chirality. Although the maximum THz output is
obtained near Ah =30 nm, the Ah =32 nm configuration provides a superior balance
between THz intensity and broadband chiral performance. A similar trade-off emerges in the
6-dependent study. With 4h = 32 nm fixed, the THz output exhibits a strong dependence on
the rotation angle (Fig. 4(b)). The emitted THz intensity increases substantially with increasing
6, while both the peak and average THz-CD increase monotonically and gradually approach
saturation. Notably, the average THz-CD already exceeds 0.95at 6 = 6°, indicating that robust
chirality can be achieved over a relatively broad parameter range. Further increasing 6

enhances the broadband chiral purity and ultimately drives the average THz-CD to near unity.
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Fig. 4. Geometric tuning of THz emission and chirality. (a, b) THz spectra as functions of the
height difference Ah at a fixed rotation angle of 8 = 12° and the rotation angle 6 at a fixed
height difference of Ah = 32 nm, respectively. (c, d) Evolution of peak and full-spectrum average
THz-CD as function of geometric asymmetry. The average THz-CD converges more slowly than
the peak THz-CD, indicating that broadband chiral purity requires stronger symmetry breaking. The
optimized configuration (8 = 12°, Ah = 32 nm) simultaneously achieves both maximum THz

output and near-unity chirality.
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Considering both THz output and chiral purity, the configuration (6, 4h) = (12°,32 nm)
is selected as the optimal operating point. This geometry provides a balance between
suppressing the undesired circular-polarization coupling channel and preserving strong g-BIC-
mediated field enhancement, thereby maintaining an efficient d;; -dominated optical-
rectification source. The resulting combination of polarization-selective coupling and resonant
field enhancement accounts for the simultaneously strong THz output and near-unity broadband
chirality. From a fabrication perspective, 6 can be lithographically defined, while Ah can be
introduced through calibrated shallow etching on the LNOI platform[®l. Moreover, the high
chiral response persists over a finite parameter range, for example, the average THz-CD
remains approximately 0.98 at Ah =28 nm compared with 0.99 at 32 nm, indicating

reasonable tolerance to moderate fabrication deviations.

2.4 Pump Pulse Dynamics and Robustness of Chiral THz Emission.

The excitation pulse duration provides an additional degree of freedom for dynamically
controlling the emitted THz spectrum in the optimized structural configuration (6 = 12°, Ah =
32 nm). Figure 5(a) presents the time-domain THz waveforms generated under LCP excitation
for pump pulse widths ranging from 50 to 140 fs. Throughout this pulse-duration sweep, the
incident peak electric-field amplitude E, and beam waist are kept fixed, so that the peak
optical intensity and peak power remain unchanged. The emitted signals exhibit a characteristic
bipolar profile identifying them as Ricker wavelets (Mexican-hat) profiles®¥. As the pulse
duration increases, the temporal waveform broadens and its peak amplitude gradually decreases,
while the overall waveform symmetry is preserved.

As shown in Fig. 5(b), increasing the pump pulse width induces a pronounced redshift of
the spectral peak, together with progressive spectral narrowing. Since the emitted THz field is
proportional to the second temporal derivative of the nonlinear polarization, the time-domain

waveform can be expressed as

Erp, () « (1 -

2t2 t?
a) o (- 7z) Q
which directly links the THz spectral characteristics to the temporal envelope of the excitation

pulse (see Supplementary Note S1).
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Quantitative extraction of the spectral features in Fig. 5c reveals that both the peak
frequency and the FWHM decrease monotonically with increasing pulse duration. The Fourier
transform of Eq. (6) yields Ery,(f) « f2exp(—m?f2dt?), form which the scaling laws
fpear = 1/(mdt) and FWHM ~ 1.15/(ndt) ¥ are obtained. The excellent agreement
between the numerical simulations and theoretical predictions confirms that the THz center

frequency and bandwidth can be continuously tailored through pump-pulse engineering.
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Fig. 5. Dynamic control of THz emission through pump pulse widths (dt). (a) Time-domain
THz waveforms under LCP excitation for pulse durations ranging from 50 to 140 fs. (b)
Corresponding THz spectra. (c) Extracted peak frequency and spectral FWHM as a function of dt,
with solid lines representing numerical fits based on fi,coc = 1/(mdt) and FWHM ~ 1.15/(mdt).
(d) Peak THz-CD and average THz-CD versus dt.The decrease in average THz-CD at long pulse
durations originates from the attenuation of high-frequency chiral spectral components.

As shown in Fig. 5(d), both the peak THz-CD and the full-spectrum averaged THz-CD
remain close to unity over a wide range of pulse durations. In particular, under the 100-fs
excitation used for the optimized configuration, the frequency-resolved THz-CD remains close
to 0.99 throughout the simulated 0-10 THz range, as further confirmed in Supplementary Fig.
S6(d). The full-spectrum averaged THz-CD exceeds 0.98 for pulse durations up to 130 fs and

remains above 0.92 even at 140 fs. A frequency-resolved analysis reveals that the slight
14



reduction observed at longer pulse durations originates primarily from the attenuation of high-
frequency chiral spectral components (see Supplementary Note S12 and Supplementary Fig.
6(d)). These results demonstrate the exceptional robustness of the g-BIC-mediated chiral

emission mechanism against variations in pump-pulse duration.

3. Conclusion.

In conclusion, we have theoretically demonstrated a chiral THz emitter based on an
asymmetric LN metasurface supporting a chiral q-BIC resonance. The simultaneous breaking
of in-plane and out-of-plane symmetries enables near-unity THz CD (= 0.99) and strongly
enhanced nonlinear THz emission. The underlying structural chirality is further corroborated
by the pronounced polarization selectivity observed in both the linear response and second-
harmonic generation. The platform further supports dynamic spectral tuning via pump-pulse
engineering while maintaining high chiral purity over the dominant THz emission band. The
proposed symmetry-engineering strategy is not restricted to LN and can, in principle, be
extended to other y@® dielectric platforms supporting suitable g-BIC resonances and
nonlinear tensor components. This general framework provides a scalable route toward

integrated chiral THz sources for sensing, spectroscopy, and communication applications.
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