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Fig. 1. Sketch of the structure(a) with the defined paramet-

ers and coordinate axis(b).
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(100, 100), BCAREEJEEEE hy M 30 %] 50 nm

Fig. 2. When the parameters of the disc are unchanged (r; = 63 nm, r, = 97 nm, d = 10 nm, »; = 50 nm) that the scattering spec-

trum depond on geometrical parameters: (a) Vary [ with § = 45° hy = 50 nm, Oy, , = (100, 100); (b) vary 0 with | = 40 nm, hy =
50 nm, O, , = (100, 100); (c) vary O, , with I = 40 nm, 6 = 45°, hy = 50 nm; (d) vary hg with [ = 40 nm, 6 = 45°, O, , =

(100, 100).
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10 nm) 4514 1T 5 K, D 4% A BE E SO AR 4R O [6)
S854 Yihde f

Fig. 3. . Scattering spectra for various excitation polariza-
tions with the same parameters (I = 35 nm, hy = 50 nm,
O, 5 = (100, 100), r = 63 nm, 7, = 97 nm, d = 10 nm),

and the polarization angle is defined as the angle between

the polarization direction and the Y-axis.

FIAS[R) B8 =AY A B R 38 i B A A (] A 2 1]
oA, X SECARS 28t T FIZ . & 4(b) K
R Gepoars 252041, 1E 0 = 0°A1E
DL, TE 27 1) B A WL 21 T e B Jm FR ) 4 A
H Gspcars = 1.6 % 10M, T B HR S 55 0t ] LU
ERBFAE— RS Y G 9 X, Y 0 = 45°1,
e PO (8] B AL [R) I 8 T 224> ELA A ) i 2 F 4
)‘J—?” /ﬁ\: GSECARS =5 X 1012, Kﬂﬂﬂ?ﬁ%%ﬂgﬁﬁi
Hf KR ER SR A R AR 1 00 F e flRmd). 53 4h, nl
DL i R AT 255 A 38 22 1) ) B ok i — 20 4 5
HARKIAL ) Gypoars HT, XEAEEM R G H1G 2
TR B031],

4 % b
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AL G, FT5 1R Fano HHRA R E T
KA A IEIRTE ], HX PRI R 25 LR A )
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Bl 4 (a) ASCARAR 7 m vy 3R A9 Yl oy ) 5 AR G R AIR O 1) 5 3R A Yl A% e £ R 450 B 3R JIE R 1 912 nm, 1064 nm,
1275 nm =N K AL 1064 nm B FEJE o0 Y27 A 18 Ak A9 L 3 0 R S ) 43 A0 5 () 24 A SR IR O 1) W FR RS B9 Y il 1 e
04 0°, 15°, 30°, 45°MF 3 JiE 38 1 % 07 A3 3 Gpoans B B 8502 18] 40 A3

Fig. 4. (a)The spatial distributions of enhanced electric-filed amplitude (|E/Ey|) in the top surface plane of the structure at three

characteristic wavelengths for two polarizations; (b) the corresponding SECARS map for various polarizations. From the top to bot-

tom, the polarization angle 6 equals to 0°, 15°, 30°, 45°, respectively.
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Abstract

Plasma nanostructures are of particular significance for serving as a substrate for spectroscopic detection
and identification of individual molecules. By combining the excitation wavelength of the molecule with the
resonance wavelength of the nanostructure, the sensitive single-molecule Raman detection can be achieved. A
high and stable plasma substrate for coherent anti-Stokes Raman scattering(CARS) is very useful for developing
the surface-enhanced coherent anti-Stokes Raman scattering (SECARS). In the plasma nanostructures, the
strong coupling of plasmonic nanoparticles with an inter-particle gap smaller than the diameter of the individual
nanoparticles results in the hybridization of the optical properties of these individual nanoparticles. There are
also the charge transfer plasmons(CTP) appearing in conductive bridging nanoparticles. Their unique properties
make linked nanosystems a suitable candidate for building artificial molecules, nanomotors, sensors, and other
optoelectronic devices. In this work, we, starting from reality, theoretically design a new linked nanosystem
SECARS substrate where Fano resonance can be generated by the plasmon hybridization (PH) model resonance
and the charge transfer plasmon resonance. The introduction of charge transfer plasma improves the tunability
of structural resonance. By adjusting the conductivity of the conductive junction, the wavelength of the charge
transfer plasma resonance can be easily adjusted to change the wavelength position of the Fano resonance. The
data obtained by numerical simulation of the Raman mode at 1557 cm™ of L-tryptophan when a 1064 nm light
source is used as the pump light show that this spatially symmetrical structure can generate multiple high-
enhancement hot spots that do not depend on the polarization direction of the incident light. Ordinary CARS
signal can generally be enhanced by 10'2, and its maximum can reach 10'. Due to the ultrastrong field
enhancement and insensitive-to-polarization, this method of using charge transfer plasma to design a substrate
can be used in the practical substrate of SECARS and provide new ideas for designing other nonlinear optical

processes such as four wave mixing and stimulated Raman scattering.

Keywords: surface enhancement coherent anti-Stokes Raman scattering, Raman scattering, surface plasmon

resonarmnce
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