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Fig. 1. Schematic illustration of the near-field transverse spin distribution for the
circularly polarized light with the same helicity incident on left-handed and right-

handed chiral spheres. The color on the sphere’s surface represents the magnitude of

the transverse spin, with red indicating its maximum value, whereas the arrows point in

the direction of the transverse spin. For incident light with well-defined helicity, the

direction and magnitude of the transverse spin depend on the handedness of the particle.
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Fig. 2. The spatial distribution of the transverse spin in the x-y plane (z =0) for (a,

d) achiral; (b, e) right-handed chiral; (c, f) left-handed chiral particles. The polarization

of incident light in the upper row is taken as left-handed circularly polarized, whereas

in the lower row it is taken as right-handed circularly polarized.
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Fig.3. Spatial distribution of circular polarization degree under different chiral
parameters (a) achiral particle; (b) right-handed chiral particle; (c) left-handed chiral
particle. In all cases, the distribution is shown in the x-z plane ( y =0).

T AN [F] -1 S50 B0k 3[R 35 B (circular polarization degree, CPD)FY)
a3 A, ATCASE G BRI 2 P ) B R AT ARG o [ IR S R )3
HH B IR AR IR R ORAF R, L SO

|, E"xE + puH xH |

CPD = d k
& | E|" +py | H |

(18)

LA MIREET 1, WD RIS 2R MRS 2B T CPD [%

1160 V73 7 L Sl R i SR ST B e A X G S v )2 O N |

H CPD (oA Ae okt — 0 7r Hrile S fdfR 4 b 1) i3, i W P S e ae

JE3 3R A A0 J g A 1] 5 T 22 8] A1 FR M o

FOURE PR3 (52 i I 2 P PR T o, 2 WY AE BRI JBUAE ST 37 [X 458 [B8) s 5 A ok
59, I BEMBRFPIEMBER AL, XTNE VR B R-PUBMIER, A
11133537 7 (R ] 9 ke A Vi B e 2 ) S vy B 2 A AR Ak

B 3 &R 12 e B IR e NS AN [R] 5 PR BRURE (1 158 i i 5 20 A1, HE TPk
BRBTORL ) 18] i IR 2 AR 32 B AT AE RO A2 A AN, AR DRFF X PRI G544 . 24751
NAFYEG, THURL A 00 60 (5 §% 2 A A SE R K S 1R 2(b) R ] B i HA) i e
ANV BT ARSI s 2 ST NZEFEa,  JBURE 9 00 53] i 41 F5€ A2 e B Y 428 ) DX 3
NI AR TRURCR T, XN B 2(c) BRI F e A, T DAE X — i
FE AR AR W] 1 B ie- B A AT A

el 2 5 3 AR, WRURBUE A B e PR R ) DA AR X T
CPD 73 A AL R 2 N B, X R FESHOR 8 SO ORI 3 () i 4ik 45 44



SRABE— R ] B A2 8] AT Y RIS B U B AR R 1 e (AR A 530 3 1
PRARZSAN E fie-BUE A AT = VIR

3.2 1) B e R =B

N T U M FAES BO R R B RN L B o AT R, B 4 45
TAFFESEESA TR B e 5B RN R, JFal LUt — D ik
P S T G PR 2 1) 3 A AR AL AR

B 4(a) i Sy e A () TS B VA — 40 1 e ff B B R O L AR o

P T R AR 3 AR R R e o 32 28 0F I A7 2% 1 PR 3 [ e I e e =1 1a,

O=7/2, ¢=0MsIpi HRRHUE. HiE 4@ LG, BEH TS

(RIAEAY, FE e A5 e IRl 3R A0 2% w3 (linear polarization, LP) A S X B fr) % 1]
H g & A E S, T IEANE T PR R T RA) 5 e i b 2 A 2 16 B i R
Ko LAETEFEmIRENS RG], B ETELE & =0 B0 i A4k fa 35 A e,
FHESH c BUGUE I, 8 ERE « (B AR RIS, G 4 S
HEAERT, 817 BB« (BRI — BN . X — e A 5B 2 AR
FELAE T W23 A A s MR . B 2 ol RS 0 41 TR IR 1) 1 e
ISR ATIE ] WA A, R 4@ RARRIUVEE T2
BOwAk, B BRI SRE R AR SO, i HAX R AR AR SRR .

5] 4(b)2 th T B (R 6 N SR I P A - WA T Re(ayby ) 1 T 2 B 1
IR AR NG S RA ), o, 1 by 43 5137 A AR AT ARG
PR O A2 72 Mie SO RIS T, Re(ab; ) i# T R or AL (H R 15 W18

AR 7 2 T R AR A A S i s i . L AB B S A AR A 5 T A LA 4




5 WAL 370 [0 2 18] 50 AT e A I A5 440, 1 A 1) e 58 UK 9 T Ry 3k L 3% 5

Wy B e AR A o

BEHE TS HN A, B R B AR A GLBSIAN R th 4 B 2 2R
AT S5 Re(a,by ) (B K LA . B 40)F W Re(aydy ) 7225 TR TS50
HIARAG I AR BR, 1 B e AR AN T8 2 00k v AR AR SR T A AR AR AR T A FH A9
IR RCRIFAHIR] . AT B et R i B o B EAE R AR AR A2
JERIYE, ASCH Re(ayb; ) 15 A S e v AR - AR T 52 R OR 4T 1 5
HOIE e B e AN . 4G B 4T LB S, & 4(0) T IR0 B
S DI, ORI PR T ) AR A It R i AR TR AR A 9 N [X 45K,
Bl B e A AR T 22 . IRl I, RS HOR R R B e 5 R

JEA WU S T BT SR R TSR B, AT RN 3 v BSR4 5 P B

A SCHTE S A A B T 98 W 85— Kerker S BT F 4 B - WA A B 20 X A ]

1 A U 24 P o 4 SBORE RST ), [ I A S i N B 9 A I A7 2 B —

Kerker 25, JASGTIRH LA IRE M ;40 R E A IEBEA 1081 nm A

SO i s 725 AN VA o o I L R A L O L1 D 2 O D it e e O

L R R - g A A A1 P R o A i e 140 A 41 P At 2 A N 55 o

0.69+

-

075{@) _LCP—RCP_LP| 0.2 o
g
0.1 T S,
0.72 = T2 ¢
5 >
& @ 0.0 ©
@ 2
. &
©
O
w

3 0.7
0.661 -0.2 S LT

1.0 05 00 05 1.0 1.0 05 00 05 1.0 1.0 05 00 05 1.0
Chirality parameter () Chirality parameter (k) Chirality parameter ()

Bl 4 (aylili @ TEBEFAESH c A1 (o) BB -G B4 T35 35 Re(a,by ) B



TS B B2 ()R] B ReAE B - T PRS0 i B i — i A B

Fig. 4. (a) The variation of the transverse spin component of the scattering field with
the chirality parameter; (b) The variation of the electro-magnetic interference term with
the chirality parameter; (c) Distribution of transverse spin showing its evolution with

chirality parameter and scattering angle.
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shows the direction of incident circularly polarized light.
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Modulation of Transverse Spin Angular Momentum in Near-
Field by Chiral Particles’
Xinyi Guan” Qian Jin" Kefan Li" Lei Gao'"” Dongliang Gao'”
1) (School of Physical Science and Technology, Soochow University, Suzhou 215006)

2) (School of Optical and Electronic Information, Suzhou City University, Suzhou 215104)

Abstract
Near-field spin structures in nanoscale scattering systems have attracted
considerable attention because they are closely related to the local polarization state,
energy-flow topology, and spin-orbit interaction of structured optical fields. In chiral
scattering systems, electromagnetic cross-coupling modifies the relative phases and

coupling among different field components and affects the spatial distribution of spin

angular momentum in the particle near field. In this work, the modulation of near-field

transverse spin angular momentum by the chiral parameter is investigated for a chiral

silicon sphere with a radius of 131 nm and a refractive index of 3.55. The incident

wavelength is set to 1081 nm, at which the electric and magnetic dipole scattering

coefficients satisfy the first Kerker condition, i.e. a; = b;. Based on the chiral-particle

scattering model and the generalized Lorenz-Mie theory, analvtical expressions for the

spin angular momentum density and its spherical components are derived. Combined

with numerical simulations, the effects of the chiral parameter on the near-field

transverse spin distribution and its physical mechanism are analyzed.

The results show that a pronounced transverse spin angular momentum exists in



the near field of an achiral particle under circularly polarized incidence, and its
azimuthal component remains unchanged when the incident helicity is reversed. By
introducing chirality, the transverse spin does not exhibit enhancement or suppression
but shows distinct distribution features for opposite signs of the chiral parameter. These
differences are mainly reflected in the asymmetric variations of the transverse-spin
intensity, spatial extent, and local deflection structure around the particle surface.
Moreover, the transverse spin remains unchanged when the signs of the incident helicity
and the chiral parameter are simultaneously reversed, indicating that the near-field
transverse spin in a chiral scattering system is determined by the polarization
handedness and the sign of the chiral parameter.

To clarify the underlying mechanism, the spatial distribution of the circular

polarization degree and the interference of the electric-dipole and magnetic-dipole

responses with the chirality parameter, and the three-dimensional distribution of the

total spin angular momentum density are further analyzed. The regions with significant

transverse-spin variation are found to correspond closely to the regions where the

circular polarization degree is strongly modified, which shows that the chirality

parameter affects the transverse spin through changes in the local polarization structure

and the associated spin-orbit interaction in the near field. Meanwhile, the interference

between electric and magnetic dipole responses evolves asymmetrically with the

chirality parameter, which further explains the different modulation behaviors for

opposite signs of the chiral parameter. This effect is also reflected in the three-

dimensional redistribution of the total spin angular momentum density around the




particle. Our results demonstrate that the chirality parameter can reshape not only the

distribution of the near-field transverse spin, but also the angular-momentum structure

in the scattering near field and may be useful for localized chiral-response detection

and near-field optical manipulation in chiral nanostructures.
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