#) 32 2 3R Acta Phys. Sin. Vol. 75, No. 14 (2026)

140405

FEZ- T RE-REIO KGR FIENF
finl Rz 55 337 SE 45 1

MERE BEN NFH

R AT EHAN

(FFEREY S TRE2ERE, T 416000)

(2026 4E 1 A 28 HUkE]; 2026 4F 4 A 22 AU EIMEHH)

TG TR A W A% 5 Ol 2 S S U B AT T ) B 102 T T3, (EL R AR T P AR 8% Dl o 12555 , 10 366 1 52
T T PRGN 2540 ] 1 35 19 58 T PG 2 B AR SO F 4l T A B sk 5 Ah 25 B0 2 7 5l 38 A B e 1 [
EREEH , S LTFERZ A0 TR - 4R 52 R0 BREGS H T 2 51 A TR S5 R TC i, U e 1T 20 A0 i B R i 52 B 1Ok
SEATURE  T  RE Y  EH  D' TLRE A H  ER R IR T OGS R T Y S R
BEA AT R TR AT A, 3 i R T ) S o . R — 2 BE S 3 B 5 R R ST S VR I 5 A T
S, 3 DR T A B AR X A f R 40 o R 2 IR i T o 45 R T O ) 6 58 A7 A e IR, R
T JZ2 0 3 55 258 2 7 394 i v 8 A0 M 7 5 2 R W 7 £ [ B0 o) L DA O 2. AR SC R GRS T A KB R LA
SO TV 2 i L A 845 R, by R AR AR B 20 A0 TG 2 AR LUK TR T 1R S A I B 4R

M7 B L

KR TS, oesitl, Ty, St

DOI: 10.7498/aps.75.20260149

1%

1 3

KR TR bR 388 A7 A2 T 0 T IEW) R 40
U, R )L AR R B S TR D RE R
MR T H TP T ORI, GX L8R IR TR RS T
PR SS, AT HAE = REBUE TR TR
S AR AR U T A L P e e R A B )
JerA N A R, Al RIS 505 T A AR LA
FHUSL {510 o 0T Bk S D5 = X6 Bk N B B 5 25
WOCHURALAR, T RLAE R = A otk TR R, SR
X TR A RO B 1o D e 55 20 1. 5 R AR A
B LE, T S 45 Ry e o 5 25 ) 254 5 bR i
T SR T SR A TR, Sy B RECTE
VA Rl NI B o o 6 i I VA T oS

CSTR: 32037.14.aps.75.20260149

T AT B2

AL L g, B [ HEA Bt (spin
angular momentum, SAM) FI#HE f 8l & (orbital
angular momentum, OAM). MR AL
TN EEIT, 237 A, gt & A i
B 3K — O A O R BE T DG ) A R T e
HHME. 5SRATH T, AR
F AL U AR T R RG24, AT
ST SR A AR (AR | 2 RS S
W, AR TSR TR BETE R R AR O
HEURE T B8 380 A 3 9 1 G2 R S8 I 2 W AR AR % 5%
STt 0 A, Al & 00 B2 H A 5 4
D8 S IS 5T TR 9K ORL 1 X B M AR
FTAE, R LM TR TS5 | AN T 253
SRAKBITERE G A AR, S P e AT 1R

*ER A RPIAES (HEES: 12464049) M A B HETHAWH (S 22A0377) FBIHTHREL.

t BIEVEE. E-mail: wxyyun@163.com
T BIEYEHE. E-mail: huang122012@163.com

© 2026 FEIEZFS Chinese Physical Society

http://wulixb.iphy.ac.cn

140405-1


http://doi.org/10.7498/aps.75.20260149
https://cstr.cn/32037.14.aps.75.20260149
mailto:wxyyun@163.com
mailto:wxyyun@163.com
mailto:huang122012@163.com
mailto:huang122012@163.com
http://wulixb.iphy.ac.cn
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

Y] 32 2 3R Acta Phys. Sin. Vol. 75, No. 14 (2026) 140405

FABURLTPE. SR, B THEE5 1 B G2 A 3 o
ZET T A WOGE B, A ZEE R, IR 7 HAE
AR AT B .

BR 1 G AR R A A A B Ah, TR
YR LR L 1 TP A 373 BT T3 ik B 3 )
JBT B S 2 TP G AR 320 RGN 2 7E R
7P BT R TR 0 s S FL R 3, RO T
(superchiral field). BT 18 T 8 TR
s X, HR A (circular dichroism, CD) {&
AT I TROKR, DT S B v R AR Y o T
PEAS . 3] 000 pR XS AR AR 0 K ST T R R AR
TP BRI, 70T WG D™ A 1 20 %
L TR BB 0, AR S B rh Sl TR IR
W25y ¥29 12 £ 1) CD {55458 19, A 5T A 51
P — AP T IE S R 2835 (bound state in the
continuum, BIC) 7| SR A i i B K -l
s, 38 3 A RE ML SR B (i 4R Y 7R T 2 i
JEE N AR FEAL 1. TR IR R ] S s b
400 565 T PR35 B B SR AN 5025 £ 1Y CD 5%
TR T 3 BEAIF 5 2 T e T B 2 2
Ha 08210 AR Fe A A S — R AT B T -
HP I 04 5 1 ) 1 R Ak SE47 48

A W5 R T 45 B TR oA B A
(chiral plasmon-dielectric coupling) #1511 1R
FEIRAZ TN AR, FT LA 0K a8 T2 e 1
FiRE AT LIAMNX I, 22, Ak, Chen 5523 0B T Ag/
SiOy/Au = JZHEFEAUORFLIESY, it 5] AS B2
FHER T PG . AH X SR AR LA
SEF T (ANIRETEIRAR | AEXTFRHES]) K= A T
5, S MRAGE A DG 52451, H M)
= AT

BT, AR SR —Fh PR B2 - e =
JERLCERGSHE, Bt I, AT LI E
SEIL OGRS TR R R PG 0. O
AR 2 B R S5 M P RO A RaRE, THR R
R B S P AR T, PR SRR
B ST T T A I 0. 3 7 2 43 B T S5 A
5T 2 T B TG B . SR TE A
258 (Ag) e MR G B HOTILR (surface
plasmon resonance, SPR) #&, MK T2
M 17 14) 348 5 07 B e A 41Xk, AHA TR 5T
PERZ- & RS A B, P - B2 R e 4 i 7E
A WIARAS R DT T A BB A, ARG

FET Ag eRIE | FAHERAHX Y B R A R R
JE ST SR RS TG A e 1 IR P L, B
W Ag Feid IR 5RO B TR RN | A BURAF R
DUIEERE LIS T TR e i i . 5 i A R
TGk B T SR U R Ot R ROt
FHERERE, WL T 2i TR PR B, T
PiRz-Ag 52 TN BUR-ARFE RO ER DU RPZE
AR AR DEFESS RN M A AR AR A 205 T
PEotar R G TR R RS T BB K H.

2 ITEEA 5T %
2.1 JHEER

ASCHRFFENT G R LRSI N ] 1 s . S549 1)
BARSEWT: 0 F AR, FRE A
ro = 70 nm, THESE k = 0.5, XN HEEL e, =
2.5; a2 RS ar R s, Pt n, = 3.5, 8
JEH t. BANZER Ag BB, JEEN by, HATHLER
BRI Johnson 5 Christy?0 9 525610 & {H,
BAGHETAESE . ASDOESRE M+
B 7y ) A% B 0 B IR ST T U8, R 3 O i ) TR
2l HATPRDERE— A ) = 1 mW/pm? J5
SR ST AN TR AR, U FH 25 H S5 AT RS

K 1 chiral@dielectric@Ag JLAi i K
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particle.
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Fig. 2. For the four configurations: (a) Scattering cross sections (the inset shows a magnified view of the scattering cross section for

a pure chiral dielectric sphere) and (b) torque.
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Fig. 3. Electric field distributions of the four structures at 315, 465, 655, and 1090 nm under left-handed circularly polarized (LCP) (a)
and right-handed circularly polarized (RCP) (b) excitation; (c) optical chirality distributions of the four structures at the same

wavelengths under LCP (c) and RCP (d) excitation.
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Fig. 5. (a) Scattering cross section and (b) torque of the chiral@dielectric@Ag as a function of the Ag layer thickness #,,.
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Chiral optomechanical effects and near-field optical properties
of chiral core-dielectric-Ag concentric sphere structures’
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(College of Physics and Electromechanical Engineering, Jishou University, Jishou 416000, China))
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Abstract

Natural chiral materials have an intrinsically weak chiroptical response, limiting their wuse in
high—sensitivity detection and optical manipulation. Although artificial chiral nanostructures can enhance this
response, most studies focus on the visible range, where poor tissue penetration hinders biomedical applications.
Core-shell architectures offer a versatile platform, but current designs mainly rely on complex geometric
chirality, while structures based on intrinsic material chirality remain largely unexplored. Designing simple core-
shell configurations that provide strong near-infrared (NIR) chiroptical enhancement remains a challenge.

Here, the finite element method is employed to calculate the scattering cross—section, optical torque, and
optical chirality density. Four configurations are compared: a pure chiral sphere, a chiral core with a dielectric
shell (chiral@dielectric), a chiral core with an Ag shell (chiral@Ag), and the full three-layer chiral core-
dielectric-Ag shell concentric sphere (chiral@dielectric@Ag). A systematic parametric study is performed to
reveal the tuning rules of the chiral optical response.

The results show that the proposed three-layer structure simultaneously achieves significant enhancement
of both optical torque and optical chirality density in the NIR band. Compared with chiral@Ag, the dielectric
layer shifts the enhanced response to the NIR region and improves biocompatibility. The parametric study
reveals key tuning rules: an excessively thick Ag shell suppresses the internal chiral response; increasing the core
permittivity red-shifts the electric multipole resonances; the dielectric spacer has an optimal thickness that
maximizes the chiroptical enhancement; and increasing the spacer refractive index red-shifts all resonances and
differentially affects the intensities of the electric dipole, magnetic multipole, and electric quadrupole responses.

In conclusion, the proposed chiral@dielectric@Ag concentric sphere structure extends the enhanced
chiroptical response to the NIR region while enhancing both optical torque and chirality density. The design is
structurally simple and biocompatible, and provides new strategies for optical sorting and precise manipulation

of chiral particles.
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