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Fig. 1. Schematic diagram of the incoming pupil light field
constructed by the inverse radiation of electric dipole array

in the uniaxial crystal.
ik E1, Ex/r5l3n D1, D2 78 A g B%E 5

3, WV (6, p) AT KRN
R H A A T 04 45 1) S P S R 290 By, BT
it —PHEF IR N

E,(0,¢) = A(f)cospeg + B(0)singey,

Ex(0,0) = /2 [C(0)singey + D(0)cospey], (5)
Kb eq Fl ey, 53 HEHT AN 0 J5 I AU IT 6 ff o T
IS, RECA), B(O), C(6), D(O) 43N

sin?6

cos2 . .
€11 kr + — 1] +1€33
€11 €33
; (6)

3
£11 (£338in°60 + £11c0s%6)

147801-2


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

¥ 1B ¥ Acta Phys. Sin.

Vol. 71, No. 14 (2022) 147801

B(O)= 15— - eXp(ikzr sin"9 _cos*0 ) ~ (11 — £33)°sin” (20)
c11€33 f11 €33 sin?0  cos26 5
(338in”0 + £11c0s20)
€11 €33
derie sin20 00829 " 2i€11833(€11 — 533)Zsin2 (29) 4i511€33 (811 — 633) CosS (20) (7)
- 11€33 . 9
€11 €33 7~(5335m29 + 511c0529)2 r (63381n20 + e11c0826)
02 2 i 02 2
0 0 0 0
k cos fexp (—ikr s €08 ) (k:reifl s s e + i533)
€11 €33 €33
- 2.2 2 2 5 (8)
r2e2 €33 (e338in”0 + £11c0526)
2 2 2 22 2
0 0 0 0
D (9) kexp| —ikr s cos 8kr5§3sin49 + 85115§3sin20 krcos?0 — iess s cos
€1 €33 €11 €33
.2 2 .2 2
0 0 0 0
+e3 <8krcos49 — 8iezzcos?d o COS) +¢2, | 2krezssin® (260) + SicZ, h— cos )]
€11 €33 €11 €33
1 -1
.2 2
sin“f  cos“f 2
X | 8r2e3, g2 £338in%0 + £11c0s20
[ 11&33Hp 11 a3 ( 33 11 ) ©

F T 425 i [l PR A B (28 30) MRS ot (R 2 [ A7
FEST S, FELAEAR T St i Ak ) e S o B
PRAS VA AT B0 28 A AR K0 22 57 A L A 1R
ZEPRE. FRAT AR (2 = 0) B RETH (2 = —f)
BEREPED T (2 = —d ) I HEBLAE 2 B
N R Ry, Ry SRR 1 YR 2 RS OR
P, P Ml sy, 8 S HIFRZRAY 5T 1 R BT 2 FRARGHE

YA TR B R AR R
el R T EIRNEN
(ML) (SrFi2)
| X p1 Az
| I\CJ
| s P
. |
: 01 | k‘;(’gsz
| .
| 5 (@) j
i :
| !
HA BT S R
z=— z=—d z=0
Pl 2 RS A 43 S A 0 T SR T

Fig. 2. Schematic diagram of the refraction of radiation field
at the interface.
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Fig. 3. The magnetization field intensity distributions obtained in the (al)—(cl) isotropic medium and (a2)—(c2) uniaxial crystal:

(al), (a2) z-z plane; (bl), (b2) y-z plane; (cl), (c2) 2-y plane.
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isotropic media, black dotted lines are uniaxial crystal media).
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Fig. 5. Intensity distributions of the needle magnetic field: required entrance pupil light field when (al) N = 2 and (a2) N = 3; total
magnetization on the z-z plane when (bl) N = 2 and (b2) N = 3; longitudinal magnetization field component strength distribution
of the z-z plane when (c1) N = 2 and (¢2) N = 3; the normalized intensity distribution of the needle-shaped magnetization field
along the (d1) z axis and (d2) z axis (The red solid line and the black dotted line are the total field and longitudinal magnetization
field component under the condition of N = 2, respectively; the black solid line and the blue dotted line are the total field and the

longitudinal magnetization field component under the condition of N = 3).
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Fig. 6. Dependence of the magnetic orientation purity on the contour surface: (a) Schematic diagram of contour surface values;

(b) change curve of orientation purity and contour surface value.
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Abstract

Based on the Richard-Wolf vector diffraction theory and the inverse Faraday effect, a method of generating
a high-purity longitudinal needle-shaped magnetization field in the uniaxial crystal is proposed. In this method,
the inverse radiation of the electric dipole in the uniaxial crystal is used to construct an optimal entry pupil
light field through regulating the multi-parameter of the number of electric dipole pairs N and their array, and
then the magnetization field of the desired target is obtained by forward tightly focusing. The simulation results
show that when N = 1, the focal length of the magnetic field generated in the uniaxial crystal increases by 1.4
times and the lateral resolution increases by 5% compared with the counterparts in an isotropic medium. It can
be further seen that when N = 2 and N = 3, with the increase of the number of electric dipole pairs, the focal
length of the needle magnetic field generated in the uniaxial crystal increases by 10%, and the lateral resolution
increases by 18%. The purity of the needle magnetic field gradually increases to 1 as the magnetization field
profile surface value changes from 0.1 to 1. Especially when N = 2 and the contour surface value is 0.1, the
magnetic field purity is as high as 95%. The results provide a feasible scheme for generating a longitudinal
magnetization field with higher purity and longer focal length in an anisotropic medium, and also present the
theoretical guidance for selecting optimal pupil beams in practical applications such as all-optical magnetic

recording, atom capture and lithography.
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