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Study on the Magnetization Field Induced by Tightly Focused Cylindrical
Symmetric Vector Vortex Light in a Uniaxial Crystal

Zhang Hengwen,Wang Ruibo,Cao Chongyang,Zhu Zhuging
(School of Physics and Technology , Nanjing Normal University , Nanjing 210023, China)

Abstract:Based on the vector diffraction theory and inverse Faraday effect, we detailedly studied the distribution of
magnetization fields induced by tightly focused cylindrically polarized vortex beams in a uniaxial crystals. The effects of the
vector character of the incident beam,the ratio between the magneto-optical constants of the uniaxial crystal,the value of
extraordinary refractive index minus ordinary refractive index,and the location of interface between the isotropic media and
the uniaxial crystal are discussed. Based on numerical simulation, it is found that the larger the ratio between the magneto-
optical constants of the uniaxial crystal,the smaller the value of extraordinary refractive index minus ordinary refractive
index,or the closer the location of interface between the isotropic media and the uniaxial crystal will all increase the
maximum intensity of the magnetization field and decrease the full width at half maximum. Importantly,the full width at half
maximum of the magnetization field in the uniaxial crystal is smaller than that in an isotropic crystal, and the length of
magnetic spot is longer than that in the isotropic crystal. These will be beneficial to the improvement of recording density
and the magnetization reversal rate of the all-optical magnetic storage,and will provide theoretical guidance and the new
way control for the all-optical magnetic recording,atomic capture,lithography and other applications.

Key words :inverse Faraday effect,uniaxial crystal,vector vortex beam,tightly focused

S S R PR P A gy | 3 e eSO TR i A AN B T A R A e v A SRR A 1)
A B BB G. SR A AL R B R, AT LR B R AR B KA R Y fE ol rg e s U R
ARV IR A LR A AR AU AR B I A .
H 2007 4 Stanciu S5l TG E B BRIE S 4 Gd,,Fe,, (Co, JERAFFEXSE R 40 s 195w B2 Y 5256
SEEL T IR PR A A S R S AR S AT 3 e I VA A AN BRI AR i 4R R K SR A
s B #9:2020-02-12.

E&TH . HEALRFAELTH (61875093) (LA HARFIAIL 4T H (BK20181384) KT H AR F# R AT H (19JCYBJC16500) .
BIAEE RATE, A BIZUZ D7 042 B RO RO A% 7% . E-mail : zhugingzhu@ njnu.edu.cn




SRAE ], 45 Bl A b R SR AR AR AR O B IR BOL I S RS R E

BEEUEAFLAE (numerical aperture , NA ) A2 5070 PER T = sl AR IR K sl I e A R UG 1L 3. 2008 4F sk HE2¢
FEUWHIE LA T RO E B RAELM T (NA=0.85) i T REIL 37 90 1, WEAL BN 1L 20
249%™ HHATRE 18] B I RE AL AN R F 2R D %, 2013 45 BRI 5 /INEUR FH— 9 £ 1) i R @ o
FEAE T A ik . S R RAR S TR T L IR R A SRR T 15% , S HERASE T
P21, 2015 4R e i SR A5 B THE — T s B e VAT o 9 1 s I D1 ZE R R TR 7R AR R X AR T K
JSF R RESE ). 2016 45, BT 545 7R FH 168 e 108 D 28 0 6 10 1 i 25 B G BRTE 4 RSB AR SCBL T
K mEsE , ot 19 BN REIZEWIE (0.440 ) BRIEBE S ZHRE'. 2017 4F, F EEEA ] — e 4 i
(R fe 4 il B oA, 7= TR P AN ) B R T I RE ST FE N 1 mT LAak 1) 7.484 17, 2019 4R g%
TR R TR B AR T I R A5 B T R D ) R AT R AR B REET R S AR SRR Y
WEASH AR 1% ] Rl A B s O RO IE | 20 1 R 0 A6 373 734 B s i

He R NATTHEB SR04 18 [ A AR SR AR A5 (Eu ™ CaF, ) W ARk v S 30 386 e P SR s b TR 2. Bt s T 5%
FAITEAT B R RIS 19 4% 1] S A K (DyFeO4) 1) DO 4% 1) 5 M 9 ( Ga, Min) A0 BERFLL K 45 2¢
Co/Pv/ Cu SFEH T ELDAL (Gdy, Feyy o Coy ) 22 BHRE AR AR WLER 2IEE DR R AL R 5E BR G, 7T LA Y, 45 1]
SRR 2 N A AR SR S A B KOS S X A ) SR A IR R g AR 3 4 A Y A TR, (H
A5 1) SRR RBUIT S AL LA e ST 1 Ak 37 ) S el e SR AR T, DRI AR SO N7 1 0 2 B b A b L 5
T 1% [0 S PR M e 175 00 T 19 58 SR ARAE X AR Ok i WS E D U5 3 W A 37 1) W) B BL PR AN THE 1 5l it 4
AR R AY R0 AT S 3 AR S D S B R A 7 03 A1 B SE N, R 4 e e % A5 SE BRI T P g Ak ety
Br B P RE UL Ak S (A BB AR s

| I 13 1 R

1.1 FEFEZWERTEHMBEPHEZSH

B 1(a) Brzs Ja 25 1 R B (A i 1) SR ER f g n . BORHRITT 1 2 75 1), 3 BT AR (x—y
. A 2 R BEA AR B B AR T AR IR 0. k SHIR p Ml s 3 IZm A T 1 P47 Rt B AY
iR <. SEBRI IR, YAE A AN RO 2 B 45 AL, HLS S AL 0 A8 2% 1) S5 P B3l AR R D 20
TG RSO W 0 AT B R, s AN 1(h) Bros. B 1 a5 e RS B, A0 ot 2 D BT kAT
SRASONT R 1) XU S B A FOERTT 015 2 B —E0 AR 1 R R 2 BRI R x—y WIFEES N 4k, K,
RAR 1A 2 IR py p, B s, s, JPBIFRRIT BT 1 RIS 2 AT Bt B i Pk O A

Sl A Iz
X
P
; Gi‘k
0,
z . z
I
Tl ks rﬁd 7
prensz VIR ﬁﬁ
- s . - / ,
(a) £ M [FPEM B L) (b) FHHFZMAE BT 45 ] S5 B Al A AR () T2 2)

E1 EREXREIFEHMEEGEATEE

Fig. 1 Schematic diagram of the transmission of a tightly focused light beam through different materials
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Fig. 2 Intensity distribution of magnetization fields induced by the tightly focused cylindrically

vector light(x—y and x—z planes)in the following three different conditions
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Fig. 3 The values of full-width at half maximum height of magnetization field,length of magnetic spot,

and maximum value of magnetization field varying with the parameter n
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Fig. 4 The value of magnetization field varying with the parameters of the uniaxial crystal
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