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Loss-Independent Anomalous Scattering in Metal Microstructure Cylinder
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Abstract This paper focuses on a kind of metal cylinder, which has artificial microstructures of periodic subwavelength
grooves on the surface, works in the terahertz band, and has been studied extensively. Losses are introduced into some of
the grooves to examine the influence of the material loss on the scattering properties of metal microstructure cylinders. The
results reveal that at a specific frequency, the absorption cross-section of the overall metal microstructure cylinder remains
almost zero regardless of how the loss changes. The analysis of scattered field distributions and eigenmodes demonstrates
that this loss-independent anomalous scattering is due to the loss-free bound state of the microstructure caused by
symmetry breaking. The electric fields of this bound state are mainly distributed in the loss-free grooves, whereas almost
no electric field is observed in the lossy grooves. This study provides a new method for designing high-performance
photonic devices based on lossy metal microstructure cylinders.
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Fig. 2 Scattering and absorption cross-sections of two-dimensional textured PEC cylinders. (a) Simulated normalized scattering cross

section of textured PEC cylinder varies with frequency w and loss factor y; (b) scattering spectra for y of 0.02, 0.04, 0.06,

0.08, and 0. 10; (c) simulated normalized absorption cross section of textured PEC cylinder varies with frequency w and loss
factor y; (d) absorption spectra for y of 0. 02, 0. 04, 0. 06, 0.08, and 0. 10
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Fig. 3 Underlying mechanism of lossless SL.SPs resonance mode. (a) Excited electric field distributions at w/w,= 0. 99 [absorption

dip in Fig. 2(d)] while loss factor is y = 0. 01 (right panel shows field of whole cylinder, and left panel shows enlarged view of

fan-shaped box with dotted line in right panel); (b) angular distribution of excited electric field at position p=0.6R (180°

direction is on left side of cylinder, and 0° direction is on right side of cylinder); (c) electric field distributions of eigenmode at

w/w,= 0. 99 while loss factor is y = 0. 01 (right panel shows eigenmode field distribution of cylinder, and left panel shows

enlarged view of fan-shaped box with dotted line in right panel); (d) angular distribution of eigenmode electric field at position
0=10.6R
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Fig. 4 Generality of lossless resonance mode. (a) Normalized scattering cross sections of textured PEC cylinder varying with
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frequency; (b) normalized absorption cross sections varying with frequency; (c) excited electric field distribution and (d) electric

field distribution of eigenmode at w/w, = 0. 987 while loss factor y = 0. 10
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