% 50% % 5H/2023 £ 3 A/HmEE,

VP i b P rb 4 R ] Ay SESRAT R 14 85 R PE 5 Br

AMERT, AR

Fis, Kk, XKH

R AR TR 2 v A e i

B, TR WY 518118;

PRINE AR R AE R 5 LR B, )4 WY 518118

WE W TGS R A E R Airy SE R (MCAB) 78 54l S AP s e il i A2 B Rt o 5 HADG o — 4 Ao T 1B

P ¥R (LHCP) B9 MCAB 5 5%l 5 R 56 il A2 375 I 23 380 % 3 F ri for 4500 2 B9 30 5 A5 e [ i 1
P AR R LHCP 43 f1 RHCP 4 2 I 58 8k [ B2
WL 1 RHCP 435l 5L A 30 e AH A 111 76 A2 5 BE 3T T8 i 25

(RHCP)4ri . MCABZE
SO, ASHE I E ) LHCP 4348 76 68 55 B T2 i s 0ok

D Bl SR 45 10 S E S B LHCP 43 i b i iE

RHCP 431 57 5L i KOG . 36454 3 19 003 381 151 280, MC A B 19 “ 29K 11 B8 A 000 3k 2 24 S 357380 8] Aliry Dt o
(CAB) Y 3. 415 76 A R B 9 10 em A1 B0 R, S 47 i i€ 19 LHCP 43 4 % 4k 9 3% i€ RHCP 43+ A9 250K Wl 3k

43.28%, il CABEH £ 10%

KEIWR IO LR, AR AR WIELA; K

RESES 0436 XERFRERD A

14l E

B Airy Ye 3R (CAB) & —Fh HA #2109 Airy 4345 B9 5]
XFRRIGHT, X RO BT R SR R, —
2 RIUEZ BIAATN )2 0, R Alry S B
] [ M CAB AN ZE A B AT o] )6 27 ¢ 14 (8 n 72
FIEh 28 ()G 3 2 B b S R AR A0 o 5 8 3 e B 1 R
RN AN ], CAB FEAE 45 1 A% P O LU R AR Y BB o, 7
1) 35 £ 7 AT 00 BRI, JEsR AR VIR LA H R LT
WL RBL R A RERN”. CABHTHARKA
BRI AL A W B 23R T OE DI E A R b B
e KA, 7R CAB BEMS LU H AR SE AT B4 1M AS 48145
HoAl X 3K, BE Ak, CAB I8 A LB 7 307 R
SR EE L R AR A R AN B S Y
i) S SR B FH R o S T A R FH CABL BIFSE A B
Bt T 2 A0 R SR R AR AN R R Y T vk
B4, 4 3 (,ABE‘FHEEP Co 1 LA 15 3R B 2 %l
IR A EAT R R A AR K b R RO AR R AR A
RN R Zl—‘XE’JﬁﬁXT?KIE% i 7 JE
& IE 7 Airy Y6 R (MCAB) , MCAB 1“5 8% I LK
R ERGE S T %58 CAB. 5L [RIR , YE o 7E 4% 1)
PRI R A B I A B — B AZ BT
ORUE o AR XS G U 1 5 ) e A B Y 2 T L ORI Y
MRIRAS o 17 22 f PR I 14 IF 2 ) FH ot 16 ' U8 e 41 245 1)
S SR AN IR R R IR AN S . B R

DOI: 10.3788/CJL220737

R IZE e R m IR (LHCP) Y6 7E s 25 B il B AR O il 1% 3%

B RS 7™ A #1 Fh F fF B0 2 IR B X AR Tk B
BRI G TR A EE AN FE . AT A B R

BB A s RS [ e A s e A R . Bk S R
i 415 ' SR S Bl 5 A 1 ' Tl 1) A% 9 I L i — 3
gyt F & A B E R [LHCP 28 5 47 e B fw Ik
(RHCP) , 8% # RHCP 7% it LHCP ] 11 3545 # $b v, 17 5k
R 2 10 i AH o ‘EILE Airy;"cﬁﬁ%n%mryﬁ'ﬁﬁ&a%
PR AR 3G BT 2 AN T R X B oY R LA
TR U I BT ORI AL 4 . Llanoni%**”ﬁf%,%’:
R AE B A R O R TR O AL L 5o
AT FIIE 22 19 1 L3 4 12 43 B Rz Ak 356 (e o)
MFH o), EMNZHERNEAN . o m LM
bR E R R BAT R AT N, ﬁﬁefﬁ““ﬂ‘ﬂi’%fwﬁwm
S ST BT ARV, A R
CAB, o6/ 5888 H RO " 5 H i = nﬂaﬁr
0 — 3, T e o3 5 76 A% 15 35 72 rhele o PO 45 [ X 43
Mo 2017 4F AP ABFSE T 35 38 CAB 78 550 5 AR iy
6 B AL B, O 4 T O U PR 3 G AR Ak AR A

LA TR CAB TE B SR TR R A R AR
SR LA R B 48 kg iR e Y R A RECR AR TR X MCAB
FE LI AR R R AL RE  RR R EAT TSR

2 HEIB AR R

TEA RSN, E(r, ) =Re[E(r)exp «

WimHE . 2022-04-07; B HE. 2022-05-10; FHHEH. 2022-06-27; MEBHAZBH. 2022-07-12

BEEWBA . WINH & EFr R e LR (20220719141014001) |

BIEIEE .

‘zhengguoliang@sztu. edu. cn

R HARF 3k 4 AR 3 4 (11404220)

0505002-1


https://dx.doi.org/10.3788/CJL220737
mailto:E-mail:zhengguoliang@sztu.edu.cn
mailto:E-mail:zhengguoliang@sztu.edu.cn

(—iw?) I EIRIE E(r) 3596

V'E —V(V+E)+ ke E=0, (1)
K r B AE R — B R o S AR
LRI A oy R IR AR LS R AR, b=/, c M EZS
HOR G B s e SR A A AR X A B SR A . A B AR R R
i BEBE < il Sy R A A 1 S il e DU Bl o R B A
XA HL ki e ] LR R

nt 0 O
e=|0 »n* 0] (2)
0 0 n?

A, B, 3 ) R PR R AR 0 B AT e e Y BT I
R BT A S, Clattoni 58 R T —Fh
FH T4 34 0 R 7E S Al S A b AR R AR A O 1 o AR SC
R 0237, 22 0 SR W B A o A 100 Ol A% 495 B, 6 AT T A
AT, E(r,¢,2) 7l UL 3£ /" B LHCP 43 i
E. (r,¢,2) MIRHCP i E_(r, ¢, 2 ) B PES I, BN
E(r,¢,2)=FE (r,¢,2)e., +E (r,¢,z)e, (3)
Ko r AR E — S8 BB (R IR RS ) 5 ¢ S 7 F

£ ,é+:%(é1+ié‘,)%ﬂ ¢ :g(é,—iéy)ﬁyﬁﬂj

LHCP 3 M RHCP 3 i B S B G B o 45 ALl

AN W BE B LHCP B XF #x Ot s, Bl E(r ,0)=

E. (r,0)e ,JWE. (r,¢,2)FIE (r, ¢, =) 0] Lo 3
™A

E. (r,¢,z)=exp(ikyn,z) A" (r,2), (4)

E (r,¢,z)=exp [i(kn,z+ 2¢) AP (r,2), (5)
Hrpr,

A<0)(r,z)—ﬂjud/€|:€Xp( i<k )+

¢ 2kon,
iz, k° -
exp(z)}/zJo(/er)E(/e), (6)
k()ne
(2) o ) — B _ 1Zk2 _
AR )= njo d}{exp( 2kon, )
i Ukz ~
exp(lzn ?) I, (kr)E. (k). (7)
2kon:

2T, R 5 n W UL 28 IR BRE; A R O SR A B 1) 5[]
PR E, (R JRABIEHE, (r, 0) 1 i B 25 g, 1

E,(/e)ZzijmdrrJo(/er)Eﬂr,O)o (8)

T

M (4)~(S) AT LA, d ik b AEAATE S A
SPOCAIE B9 LHCP 73 18, i 4776 B A 44 Fh i fr Bk 2
3% i€ RHCP 43 &, 1l H LHCP 43 &t i it
RHCP 73 & @0t i g T A A A . K (6) 7]
LA, A (r, 2 ) B9 0 5L 53035 45 7 A 5606 1Y 4 1R

~ .kz
uf%ﬁiﬂ‘&E(/e)a’t@u—/r%%lﬁ?{exp( B 21277 )+

#5505 £ 5H/2023 £ 3 A/0E

izn, k*
2kon’
1A d A E g g . N (5) F (7)) AT LA L AE
WA A B (2=0) At ,RHCP 43 B8 O; Bl 5 1L & 1 B
R APARE R0, Wi RHCP 4 & 9 & . RHCP
3t FL AT I8 T A A DT #  BILAE s i O ROl O
WA SRR h AIE M sh i B A T As . SEaHE a1
s E S KR EEM ., ERAikT, LHCP 4
AR TE RHCP 433 5 DR 0] LR R R

Wi<z>=%w+<o>i

exp( — ﬂ,ﬁﬁu LHCP 47 & B R 250U TR

E (k)|

-
4nj dkkcos(zz 122) (9)
0

0N,
Kpa=n/ni—1. MR () AT LLEH B HR B
LHCP 4y #64t  RHCP 73 &= I ACR 5 fh K oo el
T AR A /0, L RO R B SN EL (k)
D S
CAB &5 X FR 4 fii , He " e A vl DLk
N

E(r,O)C-Ai(rO_ r)exp(aro_ r), (10)
w w

K C B AR Airy BB, CAB B %) B 2K
Bsr MRMBEE ;w N4 F o WA T X
(10) By {5 B b 28 g iy R AR . Eis e, A
B2 R O 2458 7L CAB 8 BL 43 2 ik 0,
REAH

E(k)= C-‘w2<r0+ /zzwz)exp( — ak*w?)
w

3kro+ B’ Pw
A N . 1
3kr, + 36w’ °( Ty ) (L)

ARSCR FSCHRL 12 109 7 36F CAB B i 247 9
20508 AR AR AU " HE 88 1 MCAB. MCAB 943

W Ev( k) AT LR K
Eu(R)=E (k)M (F), (12)
Hrp
M (k) ! (13)

1+ exp[—ﬂ(/e— /ec)}’
A M) J2: FH T HI D300 % AR A8 4 1 1) 9 1 pR A5 8
FH 45 0 50 B 00 32 2R 5 b R R AR R . MCAB (15
W EW(A)IRAR(6)~(T) A FE AV AP K F KL,
A H 3 (3) ~ (5) i 7] L4543 LHCP 1 MCAB #f #
Bl A O Bl ) A B R . AR (9) FTRLAS £ MCAB
B LHCP 3 it 5 RHCP /r i BB E &

3 HUEHITE

BB AGEH LHCP ) MCAB, e R B8N, =
0.5 mm, w=25 um, a=0.05,1=632.8 nm. H] F i

0505002-2



#5505 £ 5H/2023 £ 3 B/0EEN

FOEHRAIE R B HCN . =0. 06 mm M k=50 mm ', N
R — P R A TR AR AR R R, R KR
632. 8 nm WG 1 FE 75 2 K n,=2. 203, n,=2. 286,
SR T L HhOUE SR AL R o R R R AR A 5 A S8R
H B AR "9 B R AL/, Fe R L o A G 5
T KA, I, AL 3R AT B 1 B 5 (1 6 5tk e KA

H e T MCAB M3 i@ CAB 7E ¥ 46 °F 1 ==
0 mm LA R A f R b 2=100 mm &k B 658 A, an 14 1
fiis o HE L) FE 1) 7] LLE 3 : MCAB 16 3 fx
FKAG HBRAE S5 A IR AL i LRI BT 240
AL DL LG AL AN A 09 52 30 5 3858 CAB G i B K (H

2=0 mm

@ 10

0.8

0.6

Il

MCAB
0.4

0.2

0

0 0.5 1.0
7 /mm

(© 10

0.8

CAB 06 ¢

Ilow

0.4 r

0 0.5 1.0
r/mm

B 2R — A R SR Ak, A0 T LA 15 5 04 56 28 7 2 0k
HRJEM L — N B8R 2 . P ASHE N LHCP
gy E H B i A G B RHCP /v & E- &
fEmikh E. S E kA muEils, B 1(b)
ME DS TE RS E 4 #fe# %2 z=100 mm
b A . WE LD RTULE L E v S E_ 4y
HEAE =100 mm &b (4 52 3822 40 L) 46 1 18 b A AR AT
RN B YA I GRTTI :O NI T B - /L
E1(d) s 5l CAB7E 2=100 mm Ab 1% 5% R 2 45 4
E A0 b T A s/, T L O T R A
E. v 5 E- 4y i 058 ¥R 5m 48 H o) b 1 b 0 % iR
ik, A HRENS,

2=100 mm

® 25

2.0 4

n
1"
1
15 n

Iy

1.0

05 Mh
0 d

0 0.5 1.0

@ 08

0.6 ’

0.4

Ilow

0.2

0 0.5 1.0
r/mm

K1 MCAB M@ CAB MR m G, o AR E. p i, BRARE Jri . (a)~ (D) MCAB{EL FE I B x=0 mm Hl .=
100 mm &k Y 5EHR 7315 5 (0)~(d) 38 CAB 15 #8 H B =0 mm Ml 2=100 mm 4b #9555 53 Afi
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Fig. 2 Transverse distributions of MCAB. (a) Light intensity distribution of MCAB beam in initial plane; (b) interference pattern of

E,/max(|E,|) with unit plane wave at 2=100 mm; (c) light intensity distribution of LHCP component E, at z=100 mm;

(d) light intensity distribution of RHCP component E_ at z=100 mm; (e) phase distribution of LHCP component E, at z=
100 mm; (f) phase distribution of RHCP E_ component at z=100 mm
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Abstract

Objective The circular Airy beam (CAB) has received significant attention because of its peculiar “abruptly autofocusing effect”.
The “abruptly autofocusing effect” has shown significant advantages in biomedical treatment, laser cutting, and other applications
because the CAB can be applied solely to the target without damaging other areas. Various schemes have been designed to improve
the “abruptly autofocusing effect”. For example, direct blocking of the first few rings of the CAB and modulation of the CAB’ s
angular spectrum can significantly enhance its “abruptly autofocusing effect”.

On the other hand, the propagation of light beams in anisotropic media has always been of interest. In 2001, Ciattoni A
discovered that when a circularly polarized (CP) beam propagates along the optical axis of a uniaxial crystal, a portion of the light beam
acquires a topological charge vortex phase of &= 2 due to spin reversal. In 2020, Ling X H ez a/. found that the conversion efficiency of
spin angular momentum (SAM) to orbital angular momentum (OAM) is related to the anisotropy of the crystal and shape of the beam.
To improve the “abruptly autofocusing effect” of the CAB and improve the conversion efficiency of SAM to OAM, this study
investigates the propagation characteristics of a modified CAB (MCAB) propagating along the optical axis of a uniaxial crystal.

Methods The method proposed by Ciattoni A is adopted to deal with the propagation of light beams along the optical axis of a
uniaxial crystal. According to the results of Ciattoni A, a light field propagating along the optical axis of a uniaxial crystal can be
treated as a linear superposition of ordinary and extraordinary components. Based on the angular spectrum theory, the propagation
dynamics of these two components can be obtained by the Fourier transform of the MCAB’ s angular spectrum. A closed-form
approximation of the CAB’ s angular spectrum with a suitable plane wave angular spectrum representation has been reported by
Chremmos I ez al. A modulation function is introduced to modulate the CAB’s angular spectrum. The “abruptly autofocusing effect”
of the MCARB is superior to that of the ordinary CAB. Following the approach proposed by Ciattoni A, the propagation characteristics
of the MCAB in a uniaxial crystal can be obtained.

Results adn Discussions In our numerical study, the incident light is a left-hand CP (LHCP) MCAB without a vortex. During
the propagation, a right-hand CP (RHCP) component is generated. First, we investigate the intensity, phase, and polarization
distributions of the MCAB at 2=100 mm. Due to the “abruptly autofocusing effect,” the radii of the first rings for the LHCP and
RHCP components become smaller [Figs. 2(c),(d)]. The phase distribution shows that the LHCP component has no vortex, whereas
the RHCP component has a vortex phase with a topological charge number of 2 [Figs. 2(e), (f)]. This is the singularity of the central
phase that causes the RHCP component to be a hollow beam throughout the propagation. The polarization distribution shows that the
beam is no longer a uniformly CP beam (Fig. 3). Due to the anisotropy of a uniaxial crystal, the abruptly autofocusing positions of the
two components differ. The “abruptly autofocusing effect” of the MCAB is approximately 3.4 times as strong as that of an ordinary
CAB (Fig. 4). Furthermore, we investigate the propagation dynamics of the two components. The results show that both the LHCP
and RHCP components exhibit an “abruptly autofocusing effect”. The LHCP component without a vortex forms a solid beam at the
focus, whereas the RHCP with a vortex forms a hollow beam at the focus (Fig. 5). For a 10 cm long crystal, the efficiency of
conversion from the LHCP component to the RHCP component with a vortex can reach 43. 28 %, which is approximately 10% higher
than that of an ordinary CAB (Fig. 6).

Conclusions Similar to other ordinary beams, when an LHCP MCAB propagates along the optical axis in a uniaxial crystal, an
RHCP vortex MCAB with a topological charge number of 2 is generated. With a proper modulation function, the “abruptly
autofocusing effect” of the MCAB is much stronger than that of an ordinary CAB, and the efficiency of conversion from the LHCP
component to the RHCP component with a vortex is also improved.
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