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Table 1.  Choice of selected noble metal datasets.
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Fig. 1. Dielectric constant datasets for curve reconstruction: (a) Au; (b) Ag; (¢) Cu; (d) AL
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Fig. 2. Internal views of the dielectric constant of Au: (a) Pure sinc reconstruction; (b) Kaiser windowing; (c¢) SG filtering.
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Fig. 4. Comparison of dielectric functions obtained by sinc reconstruction and existing models: (a) Au; (b) Ag; (¢) Cu; (d) AL

DI 0L 2B, A5 IR 22 1
I g).

MFE 2 FTLUE ), FEEUETE 5 L, sinc AR
B T AR S BB ALK RS BE A B B e b
RMSE AJLIFH, LA Au A, sinc B RMSE ()
1k 0.4029, TifE%: Rakic-BB K| 2535 109.3,
Wi AH 220 270 1%, 7E Ag, Cu, Al %4 )8 |-, sinc
BEANRIRE AR RS T L S AL 2—3 MR iR
2% K. Hk Mg MAE(E 3 ) 5 MAE(K i)
FEhR, sine FBERUTE R %2278 B it 1 IX Sk SR B f’%h
WAk 2 (40 Al AYJE30 MAE 153 10-6 #4%). X
FoATUERH T aE i Kaiser B ALY S JEB AL H )
sinc @ BB A U AL 58 5 I AE R L AL 5
R B IRES RO, B [ A

EIMHTAE RN 2

3.4 sinc EEEE S Kramers-Kronig X &

B — BT
R T VEAR E LA W AR, A SGHEAT
T sinc % 5 Kramers-Kronig (K-K) 3¢ & 1) —
FHHET. KK R W Eéifiﬂﬂffﬂ & Y A
Yy 30 E ], B R A E L e(w) = e (w)+
ieo(w) MY SEHE 5 M FR a0 {fbﬁ/@}m%ﬂﬁ* il SIPS
F. FARWMRG r B FGA T 12

)— 1= P/ ©)

A, w AR, PRRIPE EERT. hTA
SCHIARS BRI vk AR S AR 2 SR I e
8 B O B 2 b, T I 2 B S ) B R AR

w.EQ

_w2

190401-6


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

¥ 3B % ¥ Acta Phys. Sin. Vol. 75, No. 19 (2026) 190401
y
2 BBARLETRERT AT
Table 2. Error comparison analysis of different models.
K] FEEY B /um RMSE(¢1 ) RMSE(¢e2) MAE (%) MAE(K:3)
sinc 0.0024—286 0.4029 1.424 3.39 x 10 0.4999
A Rakic-BB 0.248—6.20 109.3 6.264 7.772 161.9
u
Raki¢-LD 0.248—6.20 126.0 10.29 9.376 188.7
Werner-DFT 0.0176—2.48 5.313 10.73 0.3211 18.04
sinc 0.0024—286 0.4753 0.1761 5.504 x 102 0.2505
A Rakic-BB 0.248—12.4 330.4 38.29 27.52 444.5
& Raki¢c-LD 0.248—12.4 284.0 43.68 23.76 382.2
Werner-DFT 0.0176—2.48 9.009 21.36 0.4528 36.41
sinc 0.0024—286 0.7431 0.3702 5.20 x 10 0.4487
c Raki¢c-BB 0.207—12.4 54.48 26.23 0.6776 57.81
u
Raki¢-LD 0.207—12.4 66.94 17.67 0.7220 62.52
Werner-DFT 0.0176—2.48 4.553 3.446 9.11 x 102 4.851
sinc 0.0024—286 0.5699 2.669 8.54 x 106 1.027
Al Rakic-BB 0.062—200 927.1 2559 0.3509 2890
Raki¢-LD 0.062—200 1010 2984 0.3323 3264
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Fig. 5. Kramers-Kronig relation verification results: (a) Au; (b) Ag; (c) Cu; (d) AL
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Fig. 6. Dielectric function of Ag: (a) Real and imaginary parts of permittivity reproduced from Ref.[21] by using a modified Drude

model; (b) reconstructed by sinc model; (c) experimental measurements of real part of permittivity; (d) experimental measurements

of imaginary part of permittivity.
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Fig. 7. Comparison of normalized absorption spectra of Ag
nanospheres: (a) Comparison based on Ref.[21]; (b) compar-

ison based on different dielectric constant models.
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Fig. 8. (a) Comparison of SPP propagation lengths based
on different models; (b) comparison of skin depths based on

different models.
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Abstract

Accurate complex-permittivity data are essential for electromagnetic simulation and device design in
plasmonics, nanophotonics, infrared optics, and terahertz technologies. The complex permittivity,
g(w) =¢&'(w) +ie”"(w), determines the intrinsic electromagnetic response of metallic materials, including
reflection, absorption, scattering, surface-plasmon excitation, propagation loss, and field penetration. However,
reported optical constants of metals often exhibit significant discrepancies. These discrepancies arise from
differences in sample preparation, film thickness, surface roughness, measurement methods, and spectral ranges.
Moreover, many available datasets are limited to narrow wavelength intervals, which makes it difficult to
obtain continuous and reliable permittivity curves over a broad spectral range. Conventional parametric models,
such as the Drude, Lorentz-Drude, and Brendel-Bormann models, can describe free-electron and interband-
transition responses. Nevertheless, their accuracy strongly depends on the assumed oscillator form, fitting range,
and optimized parameters. Their applicability to broadband and cross-band simulations is therefore limited. To
address these issues, a data-driven non-parametric reconstruction method is proposed in this work to obtain
continuous, smooth, and physically consistent complex-permittivity curves for Au, Ag, Cu, and Al from the
extreme ultraviolet to the terahertz regime. Publicly available experimental optical-constant datasets are first
integrated. Reliable spectral segments are then selected according to spectral coverage, overlap, traceability,
physical consistency, minimal complex-permittivity deviation, and derivative continuity. Since the original data
are highly nonuniformly distributed over several orders of magnitude in wavelength, the wavelength variable is
transformed onto a logarithmic scale. Natural cubic-spline interpolation and equidistant resampling are
subsequently performed along the logarithmic wavelength axis. In this way, uniformly sampled data suitable for
signal reconstruction are generated. Based on the Nyquist sampling theorem, a local sinc reconstruction formula
is introduced to recover continuous dielectric spectra from the resampled data. To suppress truncation-induced
oscillations and high-frequency noise, the sinc kernel is localized using a Kaiser window. The reconstructed
sequence is further smoothed using a Savitzky-Golay filter. The window length and shape parameter are
optimized through reconstruction-error analysis, so that the main dispersion features are retained while
numerical artifacts are reduced. The reconstructed permittivity curves of Au, Ag, Cu, and Al exhibit continuous
and smooth wavelength-dependent behavior across the ultraviolet, visible, infrared, and terahertz regions.
Compared with representative Raki¢c-LD, Rakic-BB, and Werner-DFT reference models, the proposed sinc-
based method achieves lower errors in both the real and imaginary parts of the dielectric function. This
improvement is particularly evident near spectral boundaries, where conventional models often show noticeable
deviations. Kramers—Kronig consistency analysis further confirms that the reconstructed spectra preserve
physical self-consistency within the effective experimental bandwidth. To evaluate the practical value of the
reconstructed model, the obtained permittivity data are applied to localized surface plasmon resonance

simulations of metallic nanoparticles, surface plasmon polariton propagation-length calculations, and metallic
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skin-depth analysis. The results indicate that the proposed model predicts the LSPR resonance wavelength and
spectral line shape more accurately than traditional parametric models. The calculated SPP propagation length
and metal skin depth also agree well with reported experimental and literature data. These results demonstrate
that the combination of logarithmic-wavelength resampling, local sinc reconstruction, Kaiser windowing, and
Savitzky-Golay filtering provides a data-driven, non-parametric, and reproducible route for broadband complex-
permittivity reconstruction. Dependence on predefined physical fitting models is reduced, while the measured
dispersion characteristics of metals are preserved. The reconstructed permittivity curves provide accurate and
continuous material parameters for plasmonic, nanophotonic, infrared, and terahertz device simulations. They
also offer a practical route from material-data reconstruction to device-performance prediction in broadband

electromagnetic design.
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