) 32 % 3R Acta Phys. Sin. Vol. 72, No. 1 (2023) 014201

BURFEF L IE M A E X B RY
N BREAME

ZmEY ZWhAY HmY I

LY HED HHEV

1) (TR Wy HE 5 o TR g, TR0 S R DRI AT O, (IRMERE T-450 ST 30 I A S0, Kb 410081)
2) (BRI CrA T2 T, — et RO R E PR S RIS S804, BRI 510086)

(2022 4F 8 18 HIH; 2022 4E 9 A 20 HUEMEEH)

01 50 RS8O A AL T T 0 v 4 D SR R AR 2 T i A B IS S S 01 4 4 TR X AR DG 2 A e B 1
Py BRI, & W T BT 5t FEE T o P ARG 2 R B A 2 M) R A B 4 1 D' e R SO0 WU e 5 R DI R A
SRR FRAE, PRI X R 0 RO ATOR Al DO e AT TR B AR R S DT R R RN SR B D AR A S RO [
(A o S T b A el T BP0 AR AR W AR DG T AR MR i R RZEW R A AL T AR
ORI [ R 11 25 TR A2 % o FRAE WG o K. SR, IR A 2% B8 T SRS it 7 0 1) (D' S JRBONE, JF HLil 1
T/ IS 1 T 2 i) 52 1 8 B3 ) SR 2R ) S5s 0 k BR . AS SO BRI b R TRERSE 1 3 R ' 5w K 3O 25 T A T
WA BE A AL RS, e BRI aod A0 R 7 T 1) RN R AR B9 VR BE (P R AR R W) R LA S X Ol 1 1 R 2K R
A AT RN (R , ST S0 B 1 — ol e 0 OGRS R N LR T N AR 2 RS
K FAERECH RO IRIF5 AL 2T AT Z S AR RS, ARG R IR A T FHA 80K

B HY R T ABOL T AR

REEIR: 6T ABERIRAN, BEE v /RN, S F - BB AR AR H]

PACS: 42.25.-p, 42.79.—e, 42.70.-a, 78.20.-Ls

il

1 g

UTARSK, WEVEAT R TR G AT L
P, TEREATAE . e T2 Rl i G Al A 2
IR 2 RAFPERE U4, BEE REVEARL N 2
R A K Ji o B P 00 AR ) 5 SR o 7 T 4
K WEIETE/RARN P IE SR A R TN A i
Z—, HAREBU L Am IO TERENE AR T RS i
D i A2 e, FLIERG 1B T AR SRR He ik
Yyl WL v R ARNE DR AU v | AR Ak A
R VAT e WSR3 P 2 A N (S TN

DOI: 10.7498/aps.72.20221643

RO A ) B A ' RS Mt 0
FAEHA H B R TSN A (.

BT, A A B AR DG B 2RO n] BT T
REVER R BIETE (1218, 3 5 PO 1 A AR 2R 3K
O A ) 2 ) o7 B A O B OIG w R E  f e RAE
JEH R RN 00211 Ff e 1o 0 o 2K e £ 120 1Y
JIERE TR G BRI AT AT, Hodr, T
FIE B IR B8N S48 E A IR A PR AS [R) 9T 43 3 19
A T _L S ST, ZE e A A i R i PR 't
AR T IR R A BEAR SC o R A BB 22,
Py BEALH R THE T A - P AH AR 2320 Ak
ZWFTE T30 RIS R FiE 2457 S EL

* O EKARBRAREE (S 11604095), WIREA H AR RES: (IEMES: 20170J3209) AV TN R AURHF RS (LS

KQ2107013) ¥% By IS
t iBfE1E#E . E-mail: yuchen@szu.edu.cn
1 BIEYE# . E-mail: xinxingzhou@hunnu.edu.cn

©2023 HEHEFS Chinese Physical Society

http://wulixb.iphy.ac.cn

014201-1


http://doi.org/10.7498/aps.72.20221643
mailto:yuchen@szu.edu.cn
mailto:yuchen@szu.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. 72, No. 1 (2023) 014201

AR A S GRS R EAEAR G, AN, SLT A e
B2 IR BUNAE DA T AR B AR g 5233 R
T BT B AR B ) A B R B S5 4
HATPAERINI . 16T A Bes /R XA i)
SR A B A AR H SR AR AL e T
Gk, B BN T A A RS A B ST (045
PRBA A} 758 S o 2 A 59400 1A S 0 [1—431) A
A B BE SR RE A IN  (191 A <5 R AN A
PG JEE R T A s A ) J2= 1) A Bl oK RE G 1,
AR 5 G i i O R 1T FIRDIE T A e
BEIRASIR T RARH My B2 HO0 R U R, T
TGN  BEIG H BAE J  ' 5 IR A8 7 A Y
SEY N, IE4F R LR P AR 45 A AR D T 5T 5
fifl. RV I 0T R R AL C A T R A
BHBOEH L, ABAFAE—E B RERYE 1921 1) KT
o TAE R % 18 B — R 777 10 AR e ve /R, HR
RS R EE R RETERA R (R ERBOIR), R
TERIE T W R A 4 1 0 K K I AN FL A — Bk
2) T BASE IR MR BOR, Tk S B A ez
P (A B

BT IR, AR SCHSE TN (HeRFn
HEUE) REPERR R AT, R RIESE T 3 Fif
G TE IRV (B 1a] Dk 1) A [a)) 1 D6 A e s
JRAONLRYTET N A BEFANLRS . TEIX SERE B0 T 7 A i A
(RS B R B A i ok, IF HR B AR
REIDIFEAE, XA H T EFE . 558 K B Y 52 1
YR WA R GG RRU R A AR, AN RN D'E 7 JR R0
PO, T A AR 8% 23 X6 B A AN [R] Y AR AL Ea 3.
P, 7 TR SRR R E G R i i
Y T PN A SRS B D/ IN R AGE I R 16 ) R i A
FAAL. AN, TN AR R T8O H B A A U
FEEEW AR, 752 3 R ve RN M [F] Y
REPERP R BEATER G it 5 RIS A
o, WSO BT 3 FhE e /R AN B AIAS [F)
JEJE B REPERARY, i o I - ) S (Rl RS (4
KAL) AL RAY T A MRS (2KER) R E
TR CH R B TR H BB RS S
AT, EL 1 P A2 A% T DL AR OIS, AN 2
FIAZ RS EEOAR, X8> T —LEAR ] hE G Ay
DR 2E. IEAh, ST [ e AR SRt ] L i ke
RESARITT, K IRIE T A e AR it 7o
LOREN=E): IR EWSE il ] 73 g SOl A A X
Ik, Bn, APTEY T TO6T F e /R A0

RS & A S

2 HERHIRFT %

B, TR S RO AR SR S
LF, wrE R A IS 2 S B s sk P B
AXERRBGAERS FAICER , MG S 1 ok A 78
. P, SERBETEAT R Z 8] B AH AR I AT DL R
A G H RO HL SRR 1348

1 —iQm, iQm,
€ =6y ( iQm, 1 —iQmy ) , (1)

—iQm, iQmy, 1
HP Q = i(eay/ean), QFTNNMEICHEL I, HE
B Q = Qo exp (—iq), Qo MBOLH BAIIRIF, ¢
HARDL. ma, my, mo AR RS T M T 1)
R ZITFERPIRGMEA B RGBS R TR
RN HHARSE, i 2RISR 1 e Al 5 B X 1
DB HAZR N 20,

BETREVERBL (8R) J2 15 & A Z HHU AR
JELRE RS2, ST T BRI Ak G AR AL AR
BT RIS SRR, T SR B R R 2 4 R
AIBIEZ . BIARBRIANE 1 fs.

K1 Ak i M g 1 3 Mo
ARG TE IR RN, AL FE AR 10) B R B8O (W7 K 1 3
BT RGPS SR ) | A1) 58 KR (e e
TSGR A D) FNG 1) 5w 78800 (B3 OK B
T T ASHCHAGI). [Al0 2% B BT S WO T
FeAv oy i A AR R R AL, SO BRI T A e
TR CAE R BETEXT G AR ITERIBT ST, A SCAYAL
BT AT 0 WL R, AT 3 Ry n = 2.88+
i3.05. M T RETEM BRI H BN HEE W55 FE /Y
HERIMICRYE R, M A — S E IR ANE, JF
HREEEAE PR A MR TS B0 N A BT . X T8tk
Bk (151 R0 vk 18, HC A N R ' RO il Q =
0.0215 exp[—i0.073] Fll @ = 0.0088 exp[—i0.1452]. %
TR, TEE =S R S A Q B
iRk, |, ST ASOGHI SR e LR ot
TR, NS RA BRAE R S LR, Hf
Yol
wh(k2, + k2,)

SR )

V2n

Hor wo I (wo = 19.68 nm ), Ky Fll ki i AT
S P TRT PR RIVRE [ 3 2K . M R L T S S

014201-2


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

) I8 % 38 Acta Phys. Sin. Vol.72, No. 1 (2023) 014201

Yk

ok

2nd|nq|A <<1

Lhift

PRk

Bl1 MM R G T HBEE RN (a), (b) ST e AE Bk k(a3 /< -4%) R WEek (a8 < -26-0538) ERRIFRERL (),
(d) A7 e B R 3R 43 2 (RCP) FIi = A= f i ks AX = Z0X R 2. HURE AR K T 450 nm, ﬁ%’fﬁ&ﬁf;dm,@2nd\mu<1

Fig. 1. The photonic spin Hall effect on the surface of magnetic materials: (a), (b) Schematic diagram of Gaussian beam on bulk Fe

\

(air-Fe) and ultrathin Fe (air-Fe-glass); (c), (d) schematic diagram of angular shifts AX = Z@X induced by right-handed circu-
larly-polarized component (RCP). The thickness of bulk Fe is greater than 450 nm, which is considered an infinite thickness, and
the thickness of ultrathin Fe satisfies 2r d|ni|A < 1.
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Fig. 2. Giant spin angular shifts under special incident conditions (bulk and ultrathin): (a)(b) The angular shifts of bulk Fe under

the condition of Polar Kerr effect and Transverse Kerr effect; (c)(d) for ultrathin Fe. APtk Aultrathingre denoted as the angular shifts

for bulk and ultrathin Fe, respectively.
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Fig. 3. Sensitivity of in-plane angular displacement on the magneto-optical constant amplitude Qo (increasing from 0 to the corres-
ponding saturation value): (a)—(d) The variation of angular shifts of bulk Fe and ultrathin Fe under the Polar and Transverse Kerr
effect; (e)—(h) the angular shifts curves corresponding to their left panels at different amplitudes Q. Here, the insets denote electric

field distribution of the right-handed circularly polarized component.
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Fig. 4. Sensitivity of in-plane angular displacement on the magneto-optical constant phases ¢ (increasing from 0 to the correspond-
ing saturation value): (a)—(d) The variation of angular shifts of bulk Fe and ultrathin Fe under the Polar and Transverse Kerr ef-

fects; (e)—(h) the angular shift curves corresponding to their left panels at different phases ¢.
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Abstract

The magneto-optical Kerr effect (MOKE) refers to the rotation of the polarization plane when a linearly
polarized light is reflected at the surface of magnetic material. The MOKE reveals the magnetization of the
optical properties of magnetic material and can be characterized by the dielectric tensor containing the
magneto-optical constant. Thus, exploring the MOKE requires very precise determination of the magneto-
optical constant. The photonic spin Hall effect (PSHE), which corresponds to the lateral and in-plane spin-
dependent splitting of the beam, can be used as an effective method to characterize the magneto-optical
constant due to its advantage of being extremely sensitive to changes in the physical parameters of the material.
Most of the previous studies only considered the case of a single thickness of magnetic material and a single
MOKE and need to introduce complex weak measurement techniques to observe the photonic spin Hall effect.
In this work, we theoretically investigate the in-plane spin angular shifts in three MOKE cases in bulk and
ultrathin magnetic materials. We can effectively tune the in-plane angular displacements of different magnetic
material thickness by changing the magnetic field direction corresponding to different MOKEs and changing the
magneto-optical constants (including amplitude and phase). The research results show that in the case of bulk
and ultrathin magnetic materials, the internal spin angular displacements under different MOKEs will show
different trends when the magneto-optical constants change the amplitude and phase, especially in ultra-thin
magnetic material. In the lateral Kerr effect in thin material, the photon in-plane angular displacement does not
affect the change of the magneto-optical constant, but in other cases, the amplitude relative to the phase has a
much larger effect on the photon in-plane angular displacement. In this regard, we propose a new method which
can directly determine the amplitude and phase of the magneto-optical constant by using the huge in-plane spin
angular displacement without considering the weak measurements and can also judge different MOKEs
according to the variation of the in-plane angular displacement in the bulk and ultrathin magnetic materials.
This method not only provides a new probe for measuring magneto-optical constants but also expands the study
of spin photonics.
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