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Fig. 1. A diagrammatic sketch of Airy transformation.

0], 10 55— hE AL T SLM M - 1w A E].
PR, S AR R IR 20 o A U L AR . AR A
ST A TS T E A AR R, A
ST 1) i S TR AT T 1 S X S LA AR
PRAIETERY 2 .

21 NREHNES
BT 2= 0 BRI AOLHZ B RS
Hotw, Higy b
E(x0,y0) = exp (azo /wo) A’ (0 /wo)
x exp (ayo/wo) Ai’ (yo/wo), (1)
R, g F1 o S AT b A AR 2R A P
6] AR AR a5 wy 5351 R TR AL - R 1] A9 AL,
Horpr o AE B ELIE BT LA BRAE Y 28
ZH N0 < a < 15 Ai'(-) JE—B R S0 eR
B — R RO RS HUE L 2021
E(z,y) = E(x)E(y)

- / T Blaoyo)Ai (@ — zo)/b
x Ai[(y — yo)/c] dzodyo, (2)
SOl oy T AR b O PR
SRR b5 e LR AR A 0 R
BT (1) R R R B, B (2) 2
B E R B T4V 1. PR, Sei
W o L6 B(e). o) TR

E(z) = @/_Zexp(ﬁ)Ai’(ﬁ)Ai(w _bxo>dx0
1

el

:—Eﬁqj, J:*/%E%%E?E#\:%, fl(l’o) Al fQ(%) IR E
X R

/ " F1 (o) falo)dao, (3)

f1(wo) = exp (azo/wo) Ai’ (20 /wo)

fa(zo) = Ai[(z — 20)/b]. (4)
(3) A BE Al A AR T B R o LA3R
PRAAATTAS . SR, 38 (B2 %) 7 v b an e L AR
Pk v 34 (3) AAATEs S, B Ak £
BT R AR B

| = [~ F@REE ©)
e, Fy(€) A1 Fy©) SV flso) 1 ) HO161E

124204-2


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
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

Y] 32 2 3R Acta Phys. Sin. Vol. 74, No. 12 (2025) 124204

R, - | 1
oS} _ ih3¢3

Fo(€) = V% /_Oo Ai (x b“) exp(i€zo)dzo = —% exp <1b3§ + igx) . (7)

Blt, —B 3R RBOCR SR AR RS J7m BRI #oR R
E(z) = 74’]T2b|b| exp (ij) /_Zoo (a — iwp€) exp {1(1118 _gb3)§3 — awd€® +i(z — a2wo)§] d¢. (8)

84 o T, B3 79

/00 exp (17;3 + ipu® + iqu) du = 2mexp (2132:3 — ipq) Ai(q — p?), (9)
/OO U eXp (1u33 +ipu?® + iqu) du = —2wexp <2i3p3—ipq) [pAi(q—p2)+iAi'(q —pg)] . (10)

—B R RBOCR A LRSS 07 ERDES Rl g R R

_ bwgh, gz [03gs . (@ bPg> Sz byl

po) g (20) [T a (-5 ) -~ (2-5F)] -

K, p g BEG w BB, TS e, g, F1 B, 230008 SUH

€y = (wg + b3)1/37 Ga = augjga ha = exp [W}
e, e BT A 1] LU IR~ HL e, > 0, BT & > — wy. g, RHTEIRA F, BT a > 0, 8010 g, > 0, BLAT
(11) RABYHEE L. 45 b = 0B, M2 o/[0), W (11) B4R (1) 2. (11) X5 H

Blz) = bwoh, ox a’b3wogy ab®
2w |b|e2 P el woe?

(12)

x

A o | o G 0 I e ol G 9| Al G o L
Eai(x—dy) Epp(xz—dy)
(13) XAEMAY Exi(z — dy) 1 Eyp(z — dy) 53591275 00 SE BDOG AR O — B SER S BOEHR. 2 b > —w,
Af, S — B S ROE AR AG S LA R iU S LG BRI O — B S B SO TR 2 L, X AR 2R 000
ab® [ (woe2) F-1, M Oi s dy 5T a®b3wo /el .
b = —wy B, R A BT

o'} . : 2
[ u™ exp(—p*u® — qu)du = W\/];WHHM (—;i) exp <pr> . (14)
(8) AT fE T b 7Ry

- ()

x — a?wy —(x— a2wo)2 1 x — a?wy —(x— a2wo)2
)] () ]

EHGBo(w—dQ) EHGB1 (w—dQ)

b, moRBEL () 2 m BEKRZ I o = 2v/aw, ; EHGB R 03 JEK-m lotst, TAs 0 fil 1 3%
ANBRTRAEL. 25 b = —wy, CH—Br RO S HARHN -5 — B i OO0 e K- R D E R A, R
BCEERBOMNHN 15 1/2a/a ), ROALE dy A Py,

124204-3


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
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

Y] 32 2 3R Acta Phys. Sin. Vol. 74, No. 12 (2025) 124204

[l B AT 45— B L S RO R G AR y 7 [ BT

A B2 A2
E(y) = o Y= exp (gyy) ¢ gyA kA —ggy Al [ L - —%y , > —wy, (16)
2m|c| ez ey wi ey W ey Wy
B( )—_71@( a at -2 ) ex M = —w (17)
Y " 8my/rawy P73 awg P 4aw? P ET T
Aot WENSHC e, g, B Ay 51315 SN
2 3.3(p3 _ 03
e, = (Wi + AV, g, = %, h, = exp {“0(266“’0)] . (18)
Yy Yy

PRI, — B3 B RO SR 3 AR 3 T R A
I(z,y) = 1(2)I(y) = | E(z,9)|” = |E@)]*|E(y)]” (19)

2.2 FRORAREZEHHES

N TGO B BOCHR L A5 BOEHRRE, T RO O FDERE L. — B LR BOER
SSRGS o 5 ) E R BT R ) — B A DG B19);

X, = /_ Z ol(z)dz / /_ O:O I(z)da. (20)

B> —wy I, —Br R SRR LIS o« J7 1 LR

X _ /_m Fi(©)Fs(e)de _ 4a’bPwoe + 4a3(2w§ + 2wied — b°) + 16a°b3wope? + 16a5w§ — 3e8 (21)
[ @R dauges (1 +4a°) |
o, Fy(6) A Fy(€) 439l (11) SNERW E(z) 5 zE(z) B AR
_ bwoh, (V9. bg g i)’ bPgle,
) =gy (G o +iese) o (0 o | el i 4 ™
I _ bwohy, 1 gz b3 gi €y
(035 (20 + 4] (4
X exp (gw +3lea:§) gzgew €‘| (23)
b= —wy I, —Pr R FEOCR AT o J7 m) E B T R N
e} 2
/ (a x+2i+ f:)exlol_(x_a?o) 1dx
oo wy  afwg 2awg 5a2 + 4a®
XC: 3 = Wo 3 - (24)
oo < 5 2o 22 ) —(z—awy) d 1 +4a
/_OO ¢ +w0+a2w§ P 2awd v
— W R FHOCRA AT o 75 1) E RGN T8 50000 0 AR ARG 6491,
0o 1/2 o 1/2
/ (z — X)*(z)da / 221 (z)dx
W, =|—= —> X2 . (25)

[t [ e

5 by B, — B RO AR @ 7 LRI

124204-4


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
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

Y] 32 2 3R Acta Phys. Sin. Vol. 74, No. 12 (2025)

124204

1/2

Fj () F4(&)d
W [m 1 () Fu(§)dg 52 [365—&-8(13 (IOwS’ei—i-?)bﬁ)+16a662+128a9wg]1/2 (26)
r = S - Ao =
* 2v2wza(l + 4a3
| E@R© va2uga(l + 4a?)
— 00
b= —wy I, — R SEOCR A SR ARG @ Jy m) RO ] R R A
3 16a”
W, — Wov3at 16aT (27)
1+ 4a®
[ BR AT A — B S RO AR S B S y Iy ) B B DG 5
4a’c3wge? + 4a3 (2wl + 2wied — cb) + 16a°cBwoe? + 16aws — 3eb
Y. = %y (2 033 ) 3 0y 0 Y > —wo, (28)
dawged (1 + 4a?)
5a% + 4a®
Yczwom7 ¢ = —Wo, (29)
(38 +8a® (10wied + 3c5) + 16a5¢S + 128a9w8]1/2 (30)
— c > —wp,
Y 2v2w3a (1 + 4a3) 0
woy/(3a + 16a7)
M/y = 1—}——4@3’ C = —Wwop. (31)
. 1.0 - = R 1.0 - ) . 1.0 4 © H
% 0.8 4 E 0.8 E 0.8
£ 061 2 0.6+ Z 0.6+
3 T T
S 0.4 S 0.4 5 0.4
g g g
5 0.2 5 0.2 - 5 0.2 A V\
Z Z Z
0 - v - 0 A / / . 0 A .
-2 -1 0 1 2 —45 —30 —15 0 1. -9 -6 -3 3
z/mm z/mm z/mm
- @ ) = o 0.913 +—
§ 0.8 4 % 0.8 A qu 0.8 4
Z 061 Z 061 Z 061
3 K T
N 0.4 N 0.4 8 0.4
g g g
£ 0.2 V\ £ 0.2 £ 0.2+
4 Z. “ \ Z ’ \
0 T T T T O -—'—'—'— 0 -_'_ T T T
—12 -8 —4 0 4 —12 -8 —4 0 4 -16 —12 -8 —4 0 4
x/mm z/mm z/mm
> ) 0.918 +— B o Tw 0.922 +— B H0T6) 0.932 €=
% 0.8 4 % 0.8 % 0.8 4
Z 061 Z 06 E
3 3 3
S 04 S 04 3
g : g
s 0.2 1 56 0.2 4 ;6
Z ‘ \ Z ‘ \ 4
0 -_'_ T T T 0 -_'_ T T T T T
-16 —-12 -8 —4 0 4 —-16 —-12 -8 —4 0 4 —-16 —-12 -8 —4 0 4
z/mm z/mm /mm
K2 —MERSBOECREAFELBERE oF W EBHE—AEERSA  (a) b= -0.50 mm; (b) b = -0.45 mm; (c) b =

—-0.40 mm; (d) b = -0.30 mm; (e) b =—0.20 mm; (f) b = -0.10 mm; (g) b = 0.00 mm; (h) b = 0.10 mm; (i) b = 0.20 mm

Fig. 2. Normalized light intensity distribution in the z-direction of an Airyprime beam after different Airy transformation: (a)
—0.50 mm; (b) b = —0.45 mm; (¢) b = —0.40 mm; (d) b = —0.30 mm; (e) b = —0.20 mm; (f) b = —0.10 mm; (g) b = 0.00 mm; (h)

0.10 mm; (i) b = 0.20 mm.
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Fig. 3. Light intensity distribution in the z<direction of the eccentric Airy beam, the eccentric Airyprime beam, and the cross term:
(a)—(c) b = —0.45 mm; (d)—(f) b = —0.20 mm; (g)—(i) b = 0.20 mm.
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Fig. 4. Two-dimensional normalized intensity distribution of an Airyprime beam after different Airy transformation: (a) b = ¢ =
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Fig. 8. Experimental record of two-dimensional intensity profile of an Airyprime beam after different Airy transformation: (a) b= ¢ =
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Airy transformation of Airyprime beam®

CHEN Jiahao! GAO Hongfei? HE Jian" WANG Fei? ZHOU YiminY
XU Yiqing?  CAI Yangjian®  ZHOU Guoquan V1
1) (College of Optical, Mechanical and Electrical Engineering, Zhejiang A&F University, Hangzhou 311300, China)
2) (Collaborative Innovation Center of Suzhou Nano Science and Technology, School of Physical Science and Technology, Soochow
University, Suzhou 215006, China)
3) (Shandong Provincial Engineering and Technical Center of Light Manipulation & Shandong Provincial Key Laboratory of Optics and
Photonic Device, School of Physics and Electronics, Shandong Normal University, Jinan 250014, China)

( Received 7 February 2025; revised manuscript received 23 March 2025 )

Abstract

As a remarkable optical transformation enabling mutual conversion between Gaussian and Airy beams, the
Airy transformation raises intriguing questions when applied to Airyprime beam—an advanced variant of
conventional Airy beam. To answer these questions, numerical simulations and experimental verification are
combined in this study. The results show two different operation regimes: when the Airy coefficient exceeds the
negative transverse scale factor, the Airy-transformed optical field of Airyprime beam in any transverse
direction becomes equivalent to the superposition of eccentric Airy beam and eccentric Airyprime beam; when
the Airy coefficient equals the negative transverse scale factor, the transformed optical field equivalently
corresponds to the sum of two displaced elegant Hermite-Gaussian beams. Analytical expressions for centroid
and beam half width under both regimes are rigorously derived and validated experimentally by using Airy
transformation of Airyprime beams to systematically measure the influences of Airy coefficientson intensity
distribution, centroid displacement, and beam half width. This investigation provides a novel method for
generating complex beam profiles while enhancing the potential application value of such beams in optical

communication and beam-splitting technology.
Keywords: Airyprime beam, Airy transformation, Airy coefficients, centroid, beam half width
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