Chinese Physical Society
Mﬂ#ﬁ Acta Physica Sinica :

€D Institute of Physics, CAS

AREANHZFERYBRE-PEEEERARHERE

FEL RRE RHE Tk

Spin—orbit interaction of a light beam under normal incidence at a sharp interface and its enhancement
Luo Hui-Ling  Ling Xiao-Hui ~ Zhou Xin-Xing  Luo Hai-Lu

5|5 &, Citation: Acta Physica Sinica, 69, 034202 (2020) DOI: 10.7498/aps.69.20191218
TEZER 1 View online: https:/doi.org/10.7498/aps.69.20191218
AN View table of contents: http://wulixb.iphy.ac.cn

BT BB A HAB S EE

Articles you may be interested in

Rashba H TEFLEHL G T square—octagon it 4R F M AR

Topological phase transitions in square—octagon lattice with Rashba spin—orbit coupling

PB4, 2018, 67(23): 237101 hitps:/doi.org/10.7498/aps.67.20180624

- BUE AR5 FH R B (-2 PR L E SR A2 RS ) B I 53k i
Landau critical velocity of spin—orbit—coupled Bose—Einstein condensate across quantum phase transition

YrH2EdR. 2017, 66(22): 220301  https://doi.org/10.7498/aps.66.220301

ﬁEDzyaloshinskii—Moriya*HEYEJEH T AREHIR L IR TEE AL
Mechanism of magnetic radial vortex under effect of interfacial DzyaloshinskiiMoriya interaction

WIHEAEAR. 2018, 67(22): 228502 https://doi.org/10.7498/aps.67.20181392

F TS AR e R BIE FA Sl B AT
Progress of detecting orbital angular momentum states of optical vortices through diffraction gratings

YA 2018, 67(3): 034201  https:/doi.org/10.7498/aps.67.20171899

BREERE T E BB RE 3 T P 23 b 3 (0~ PR ST SHLBE SR AR A S 25T 5
Ground state of spin—orbit coupled rotating two—component Bose—Einstein condensate in gradient magnetic field

YIFI£47. 2018, 67(11): 110302 https://doi.org/10.7498/aps.67.20180539

TP R 47 ) T 2% 1) S DU S AF s 4
Demonstration of four—state memory structure with perpendicular magnetic anisotropy by spin—orbit torque

YIBR2FA. 2018, 67(11): 117501  htips://doi.org/10.7498/aps.67.20180216


http://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.69.20191218
http://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.67.20180624
https://doi.org/10.7498/aps.66.220301
https://doi.org/10.7498/aps.67.20181392
https://doi.org/10.7498/aps.67.20171899
https://doi.org/10.7498/aps.67.20180539
https://doi.org/10.7498/aps.67.20180216

) 32 3R Acta Phys. Sin. Vol. 69, No. 3 (2020) 034202

FERIEANS ZE S EA B B ie-#iE
BEERAEIGRE

B B3 02)

A U

FHED BHEY

1) (RGP B S 7 TR B, B e AR R AL B 5 NI R 4 T S s, 500 421002)
2) (WG RS S i F R 2B, K7D 410081)
3) (im R EL S i FR#2EBE, K> 410082)
(2019 4£ 8 A 11 HUk#; 2019 4 10 A 25 HURE & k)

JCAIE A 28 34 2 5748 BT 1) 1 e - B0 AR ELAR 2 DA 3 Fr B0 2 B9« A B AT 45 A T BEAR 7. 9%
T, 2% 3 JRE A 32 F) 490 B8 A T LA B L TAT 9 P A 1 e - U R A P e R v e 0 oy o A4 Y, ik 2 ) R iR AT 15 A
R S N — A B I 0 T BT R R AR X MBI AR A O s EL e I A 3 SR —Fh
DUHL (Berry) JUf[ARAE , &0k IR T L SRS By 5 400 045 K9, T 53t TR0 A) 1 052 ) e - 0 0 R A0 D 19 2 4 2.
— AR OL T, FeA ORI, BRI T HER . P, BT BB, 48 H R DG AT T 5 1A 27 1) Y A

W Z AR, SR Rl 18 5iR X b B eI AR EL AR .

KSR D6 A BE-PUEH EAER], IREEAILL, JLATAIGE, Mgl

PACS: 42.25.-p, 42.25.Ja, 03.65.V{

1 5 =

JERERT LLEAT A BEff s, T4 i 1 )
. A R SRR IR O, anZe A e B fin I
JeT R 0 (4 A BEM SR, PUEMSIEA M
2 RN EL (intrinsic) MHLEE MR, 5K
BESCHA 5%, BACT 5 1n LB f Zhit, Hop
AT BEARBLIFH MR 73— N HPEL (extrinsic)
MBLE M B, FOCHRERRIBIEA K, & XAk
PRI EDER L RS S A SO, S48
KL AU A S L. DRy A e A 3h R AEILE f
By 2 6] A4 A A R B PR A - A

DOI: 10.7498/aps.69.20191218

fEH (spin-orbit interaction, SOI) i # & 2. B
S — RO, T AT A B SR
TS AR5 ) S BT SRR AR KL HUR
T PORIE T SR FR v, 70005 KON
S OIS A U R B R R A €, JTAER
R S R AR S S AL ORI RN LA K45
PP REGF-de 1 545 T o Hh B R 1 v
J3 =9 TR RPN R Ge b, DRy SOI R K H
JE T 22 IR BEAR AL I A (N BLEIE f Bl ); TETiE
X RRVEE B ) R GEh, BRI A e R IR AL
(FhELHIE ffy g ) 12,

DG A IR BN AFAE TARZ AR R b, il
T 8 ST Y RS 110171 — A (1839 A 7 R e -

* ER ARBREILS (S 11604087, 11874142, 11604095) . FEFKH S &R (S 2017YFA0700202) ., HIREE H AR #
4 @EHES: 20187J1001) . HIRIA BRI @HES: 2016TP1020) FIAEFHITYE S BE 3 A SRR (2015) WA IRAR.

T W(EVEE . E-mail: xhling@hnu.edu.cn
1 BIEYE# . E-mail: xinxingzhou@hunnu.edu.cn

©2020 HEHEFS Chinese Physical Society

http://wulixb.iphy.ac.cn

034202-1


http://doi.org/10.7498/aps.69.20191218
mailto:xhling@hnu.edu.cn
mailto:xhling@hnu.edu.cn
mailto:xinxingzhou@hunnu.edu.cn
mailto:xinxingzhou@hunnu.edu.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

) 32 3R Acta Phys. Sin. Vol. 69, No. 3 (2020) 034202

Ul B (Pancharatnam-Berry, PB) A v 7o 4 [5-21
A Rl R AR SR 128 2 | AT A A T A
ABAETT AR PB AT 2427 s SR A 25291
Pt ot A v ) £ i 01 SR R b . R, AR
I, OCHR AT 5T | 25 10 [R] P ) 98 A8 5t
T, AL RE A H BEAR O A BEAR AL P23, SEHGE
ASFIF, BN — BB NS R A AT (A2
JEAE Ay A B A AL S 2 ie), I AR F M 4R
R 4+2 WA TEAANL (] 1(a)). FENAEDLHI BN N 2
SOT, {H. 3 F AH 57 1y 4 B R U5 L Sk A1 F s 2L
N2 LA B AR H G S s e o A 6,5 — 2R 5
R, HRGIEAERE. 535, % SOI 5ot it
T B AL 25 0] Sk PBARALICH: =271 i 7 A i
AR LR A AL SEAR A SR i PB AR
TCFIS, — iR ASHEHUR R AR T4k A 2 A
T oo M B (q) B9 BEA AL K - 2¢9, Hith
¢ 5 PB ARALITI R R ER B DGRl ), S AR B
() R AR DX AR AL A 7RI T PB AT
AR YA R 5 ) Sk TR ST 4 21 1 T A%
] [ HA AT, X5 PB AR Jo A& 5 A ]
Ik Z DX 1) 2

Intcr%ace

[EP R YARE SERERE S U S TR S
A BRI E () SR, I &M= 4
(AR EAH 57 PRl 1SR JE oA B 4R N2, BAT
JUA P, & —F H BE S A4 9 DL HL (spin-redirection
Berry) FHA. S A0 R M ' TR A A5 R
PR R 4K, Jf g B4R T SOT MAIRER 4 Bl
PR, AT PB AN G, Sedt &
KA AEREE, 2007 SOL, 33815 PB iR et fL, {2
ICFPARA SRR F IR 5 ) S it — 25T
KIN, R IEAS 2 548 BT SOT 1 #e 0 %
B T i 45 LA S /S T % A9 T™M AT TE 43
AR TR 2. XTSRRI, X Rk
N AEH 55, SRR, X RS T e A, B
AR AT 31X T S5 DL iR . Clattoni 55 P9
BRI E4R SR 1 R A R BGE )
TGRSO, (EL R 45 i) [R) AR T R
H B2 R A R, L4 s80R S L AR IR F 20%
AiAr. TS I AR EAT B 2 AR B
PRI H0 2l o) AT T B TR 2 T ) A B A
Al RV, A K b 5 ARG SOI, fifi %
BCRAE RS S5 T T35 100%.

Intensity phase

Bl 1 JEHIEA ST E A [ 2848 B A SOL /R B (a) ZEHERImR G R IE A S =5, #5760 kA e I3 78 B
FHEE, RN EOY 2 MR BEAE AL (W) ] 43591 3 78 — b S 2 198388 TG ' 19 588 38 FNABSZ 43 A1 ); TR, SR K 2B SOT M JIR i
Sy B AR B i | 4+) B | =) 43R 22 AT B IR R 5 (b) B R 25 1 T 43 e 1 1 B S R S A R B R 1
Pl HC e [ ARG T 1 i, 2 €00 1 7 S 20 AR SRATE A VT ST TR A B 5, 8 €003 8 S 1980 /N 80 P 9 /s 4% 1 THT 19 f 91 2 1 7E 52 0
FAAR L BE (B AR YR), Q2 A A ARIER: 1 7S 18] e

Fig. 1. Schematic illustration of the SOI for a light beam normally impinging onto a sharp isotropic interface. (a) When a left-circu-
larly polarized beam normally passes through the interface, part of the incident beam converts into a right-circularly polarized
beam, and carries a vortex phase with a topological charge of 2. Note that the spin-maintained portion is not shown in the picture.
|[4+) and |—) denotes the left- and right-handed polarization, respectively. (b) Schematic illustration of rotational coupling between
the local coordinates and the spin of the plane wave components within the beam spectra. The cone represents the angular spec-
trum of the beam. The two green arrows represent the wave vectors of arbitrary two plane waves. The orange circles with arrows
indicate the projection of polarization vectors of each plane wave on the laboratory coordinates (all circularly polarized). £2¢ is the

spatial coordinate rotation.
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Fig. 2. Normalized intensity distribution of the abnormal mode (a) and normal mode (b) of transmitted light beam under the nor-

mal incidence of a left-handed circularly polarized Bessel beam at a sharp interface. The insets represent the phase distribution of

corresponding modes. Here, we take the working wavelength as A = 1 and wp = 20\.
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Abstract

The spin-orbit interaction (SOI) of light refers to the mutual conversion and coupling between the spin
angular momentum and orbital angular momentum. It is a fundamental effect in optics, and has been widely
found in many basic optical processes, such as reflection, refraction, scattering, focusing, and imaging. So it
plays an important role in the fields of optics, nanophotonics, and plasmonics, and has great potential
applications in precision measurement and detection, information storage and processing, particle manipulation,
and various functional photonic devices. Recently, it has been found that a circularly polarized light beam
normally passing through an isotropic sharp interface can undergo an SOI process, that is, part of the incident
beam experiences a spin-flip and acquires a spin-dependent vortex phase with a topological charge of +2.
However, the physical origin of this phase and the role of the interface played in the SOI process are still
unclear at present. In this work, a Fresnel Jones matrix is first established to describe the relationship between
the incident beam and the transmitted beam, based on which we unveil that the vortex phase is in fact a spin-
redirection Berry geometric phase, originating from the topological structure of the beam itself. The properties
of the interface affect the conversion efficiency of the SOI. This kind of SOI is very similar to that in the
azimuthal Pancharatnam-Berry phase elements. The difference lies in the fact that the Pancharatnam-Berry
phase originates from the external anisotropy of the composite material. Generally, the efficiency of this SOI is
extremely low, which limits its applications. The existing method of enhancing this SOI employs an isotropic
epsilon-near-zero slab, whose maximum efficiency can reach only about 20%. Since the anisotropic medium
(such as birefringent uniaxial crystals) has more degrees of freedom, we further point out that the weak SOI can
be greatly enhanced by an optically thin uniaxial slab whose optical axis is parallel to the normal direction of
the interface. And under certain conditions, the conversion efficiency can reach 100%. Our study not only
establishes a simple and convenient full-wave theory for this SOI, but also reveals the relevant underlying

physics, and further provides a possible scheme to significantly enhance the SOI.
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