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Abstract

This study presents a terahertz metasurface sensor based on the coupling of Toroidal and Anapole
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modes, achieving highly localized electromagnetic fields and high-sensitivity detection through op-
timized metal resonator structures. The sensor consists of symmetrically arranged split rings and
metal strips fabricated on a high-resistivity silicon substrate, enabling dual-mode resonance. Sim-
ulation results reveal distinct Toroidal and Anapole mode resonances at 0.73 THz and 0.89 THz,
respectively, with the phase modulation between toroidal and electric dipole moments serving as
the key physical mechanism. Refractive index sensitivity tests demonstrate values of 260 GHz/RIU
and 250 GHz/RIU for the two modes, with highly synchronized frequency shifts, highlighting their
potential for multi-mode cooperative sensing. This work provides a novel approach for designing
high-performance terahertz metasurface sensors, particularly for applications in material detec-
tion.
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Figure 1. Schematic diagram of a metasurface unit cell
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Figure 2. Schematic of metasurface excitation modes: (a) Toroidal mode; (b) Anapole mode
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Figure 3. (a) Metasurface transmission spectrum; (b) Multipole scattering power spectrum

3.(a) BREEGHE; (b) SMTHHNERE

4 : : \
i i e PAH AT
f1=10.73 THz ! : THIfE
2k i f2 = 0.89 THz
5 of
g
E
E -2 F \/\
74 5
04 0.6 0.8 1.0 12 1.4

$Z (THz)

Figure 4. Phase diagram of electric dipole moment and toroidal dipole
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Figure 5. Schematic of the metasurface subunit: split-ring resonator
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Figure 6. (a) Terahertz transmission spectrum of the split-ring resonator; (b) Multipole scattering power spectrum
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Figure 7. Schematic of the single metallic strip structure
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Figure 8. (a) Terahertz transmission spectrum of the single metallic strip structure; (b) Multipole scattering power spectrum
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Figure 9. Simulated sensitivity results of the sensor: (a) Transmission spectrum; (b) Linear fitting of frequency shift
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