) 32 3R Acta Phys. Sin. Vol. 69, No. 9 (2020) 094102

B ANBKEAE LS| B Airy 3R 7 B i & {k
R I X SEAR B L

RI RV R EY

2 T EY

XN FEY  RE

1) (MR FEE TR, M 510850)
2) ("TRIREFFLS TR, KD 410083)
3) (FUNBETAEBe B4R, $tFH  550003)

(2019 410 H 18 AY#; 2020 45 2 A 3 AL &)

AR B B b O SROA% i BEAE, SRAT T B R R T AR A2 Adey D't RO7E Sk R R v i) A5 i 28 2 (BB
TS SRR W, 2 B BRI R 18T A 32 Ay D't TR fb A v 42 i I 475 S 28 D 9, (ELAS 2 % il A 72 1) OREL s 3t o
HATBE BRI A OL0 Aivy YERTE SR P ARSI, 3T R AR AN A 1 5 WIAE R A R S0 5 0E 50 37 3 R Ak i
AR Rl R B TR A A B A, A i e O B T MU AN [ B Gawssian- Airy S, FL e 39 4O A0 3R 98
JEE AR b 5 BRI PR A OG5 T 24 D16 SRR YR 25 ok b AR G B A R S8 S R RS T A A 1 i T AR e AL, HL
SRR AN AR A5 AR S8 AT S 3 S SRR O R/ N DI AR 5C L R RICR s 7 8 R AR BE K A IR (L
AERERR )7 A 1 OG TR S B T DU R BRAP 23 T B9 GRS S5 SRR, Sl A 2 e S AR RL (ED
Pr ik ) FORENER A O A9 242 R, AT LAJE G AAERE BT | i) S R AE 4% 16] S VAR 9 AR SR o

SCHEIA: Adry U, PR 1 S SR, IEIERTA G, BERIL, % SRR

PACS: 41.85.-p, 42.25.Bs, 42.65.Jx

1 g

H 1987 A58 A T Dl S8R YR i T AT e
Ji, oA CTE BRI 2T RS B R AR 2] T A
LB 2 R, TOATEDEE A A [ bR i sl
JiFRI— RS, X RS T — AN
WF5E F M. Airy JEHUR 5 — B0 i) 58 4 To AT T
(TLIEAR) s, X LR JE Berry Ml Balazs! 78
1979 4ELL Airy sREE MWIE A 3045 1 —4E &
BB T R R A A, IERRZN Airy WAL, flifi]
A TIE B2 I i 2 — 2 5 o) o 1 R 1 M — 3
P FLICAT S . 2007 4F, Siviloglou 45 24 5256
RIS T Airy YeIR, JF HAESE T X280

il

t BIE1EE. E-mail: jiezh  16@163.com
©2020 HEHEFS Chinese Physical Society

DOI: 10.7498/aps.69.20191592

SROBE PRSI P 8 JO A S e i LA A 1) 1) 25
A

P2 Airy SYCHRBA AT . A E 8 A ik
VA T 25 S A0 A 2520 e ek, TRk
WS | T AR AR TS G8R, HRTAANTSG T 24
i, ATSAE SR P S T Adry JEH B0,
WZIET Airy JERS Ny B RIS 12 HF
FRRLSEEE, SR A RO T3 2 A R A
A OGS OGRS B S a5 10— 191,
R, T Adry SEHRAE A 2 A g 2B
AT A A A A e, AR AN T AT
X Adry JEHTE T 5P A2 i v AT 5 A 2%
FURT, Airy SEHTE A s a) | R i S 45 Rl 5
B Bl AT R T TR AR RIS 1429,

http://wulixb.iphy.ac.cn

094102-1


http://doi.org/10.7498/aps.69.20191592
mailto:jiezh_16@163.com
mailto:jiezh_16@163.com
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 B ¥ R Acta Phys. Sin.

Vol. 69, No. 9 (2020) 094102

SEBR b, WO AR I A B AR — B
L SCHYRIFSRE SR, TP A ot A MR 1Y 2% [ S A
BT, T HAERE WG IR | PR B AL ] g8t
il A EEEH. TL4E, i Airy R,
Airy-Gaussian 't S 7E BT A b 1 A8 P o v
Bz MR AR BO=371 R i, Deng ¥R
FBLZH B0l PEAR IS T B AL — B W
Airy-Gaussian JG U BIR BE Airy St 7E S5 4
HAERE, T — S R A PR

A SCRHE B ER AR A 1Y Airy Y6 R TE BN
mn R ARG, BT RIS T 2Rk X, B2 H
BB IE S BN ER T ARG (%) Airy Do o B
i AT A s R T AH PR 1) 52

2 EA MR E ARy Alry of R 1T
B o R 4 B 3 R 1R

BOCHU R 77 1w 5 R A ) DT B A
KWl B 2 B AL R T ), T R A
I HL T ROK G e W] IR A B0

n2 0 0
e=| 0 nz2 0 [, (1)
0 0 n?

e ng A1 me 3BT HOCEC S AR LR AT .

HAT Bk A AL 8 Adry SEHRHT 2 il
(z>0), SEUF = 7RIk AL IROE, £ 2 = 04k
IR Niibi 2 Wkl

(2000 = () mons (22 i (2

azo by _ ik (5 +45)

X
P Wy Wy 2R

; (2)

Hor w, B w, 435 o By 5 A REAE 5 BE 58 1
ZHG a b2 o My WIS EG k= 2n/) B
WB NREEOEIK; R EMHIMERE B4, A
RIS DL, R BCRIE SR S8 By = 1. SEPr
e 17 B B B S BRIk AR Aliry JER BT
PR AR Airy JEHGE N —ATOIR 2= HE R, X
A R EBHEAER. R > 08 R < 0 /5% T4
R HOEKIHARN, A SAHE R > 0158, #id
RSV T 52 B R TR S AR W A AR B i T Bt
> 41-44],

TEBFHIEIL T, e s IRUETE %
PP I LT B Jy 5

ZF 1L U

Ey (2,y,2)
= 157:;0 ( Z) //_Oo dxodyOEx (x()vyOaO)
ik [ng(x—xo) +n2(y — yo) ]
X €Xp 2zne i (3)
Ey(z,y,z)

:—exp (iknoz // dzodyo £y (70, %0,0)

) exp{ikno (2= 20 + (v — v0)’] } "

2z

SHEATIE 4 AL R

T2, % (2) 1A (3) It

IELIEGEE
Ey (Z‘,y,Z) :07 (5)
E; (z,y,2)
'Nw . .Nw 0 + w
- ! n"explllmez—kl (néa?, +nly )1
MZR NeZR

x / / dzdy) Ai (524) Ai (yh)

p 2
21Ny NG T ,
— %o

X exp [i()xa:g +i2,y¢ + <a,5 B
(S

21Ny NeYuw
+ <b— LN TeYo )y(l):|
ZR

:P(x,y,z) U, (QS,Z) UZ/ (y,z), (6)

ng Te
Hr 2,=N, -1}, 2,=N, | — -1
ZRMNe ZR

TE’LU
=]

E
PR AR IR, ¢, = ¢/w, (¢ =z, y) &

Fo [a) B B AR, T

5=" N, =
Wy

Uy (z,2) = / dzf, Ai (0z() exp [i!)xxgg

2NynaTy |
—i <W+1a6> x{)], (7)

NeZR

Uyt = [ i ) exp 9,0

INY Nl .
—1 (n Yo _ 1b> yéy (8)
ZR

094102-2


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

Y B ¥ R Acta Phys. Sin.

Vol. 69, No. 9 (2020)

094102

Pla,y,2) = _ 1NyneEy

MZR
A (nﬁ:%,; + nﬁyﬁ)) )

e~“R

BAROCHAE o 07 m i Zdm It o, i Bz
PRIFXT 2 A1y AU AR T 3.

M4 (7) 2, BIFERCE IR 20 = Rn2 /ne | 2, =0,
Fl 5

X exp |iknez +

/oo Ai (z)e ™dz = exp (iu?/3), (10)
(G
Uy (T, 20)

= / dx( Ai (0x) exp [—1 (2N o + 1ad) z)
1
= 5 exp 353 (2N Ly + iad)?

~— ——-N222 |. 11
Sew (it ) (1)

B a ## O BRSO 1 SR BERE o 19531 B
kB0, 0 o = 0 BRI E R Hoi
JESE AT (TEBRAB ). 17124 2 # Rn2/ne W Xf
N2, # 0, B R

, 1 [ it*
Ai(z) = o exp | 5 + izt | dt, (12)

/ exp (—iax2 — iﬁ:c) dz

T in ip?
= m exp [4sgn( )+ 4a}
for real a # 0, (13)
TR (7) e oy B E T
Uy (x,2) =

1 T i (2nN,n2z, e 2
_— —— €X — 1a
on\ 12 P | T 42, \ T nex

. [e’s) -3 :¢2
—i—msgn(QI)]/ du exp [m_ 07 2

4 3 40,
i 2ann§xw (14)
2R Twltw |y Lo
+ 202, ( Ne2f e )u} ’
PR H [

+ yt? +xt>}d

[ool(s

=2mexp |i { (232 - z> y] Ai(z—v?), (15)

REAH
Us (2, 2)

=Ipexp |—

i 2Nyniz, . 2
)
41, < NeZf tia >

i6% (2N,nlw, .
)
+ 8022 ( NeZf tia

[ 6 [2Nyn2z, . 5
X AZ |:29 < — +1a6> — 16__(22:| 5 (16)

e (e A
@I?% A ARRAER (éﬁﬂsﬁ) Airy SeE K.
Flsth, TEREFI 2 = neR A

Uy (:L', Zf) = eXp |:1(2waw + lb)3:|

3
~ exp (—4bN_z2) , (17)

B b = O W7 e - i Lok B X o AR EL A
W ARIER. T 2 # ne RN K

Uy (y,2)
= Ioy exp _4(in <2Nw:eyw - ib>2
g (22 )
x Ai [2;@/ <2Nwz7zeyw + b) - 16%} . (18)

Mi Ly, = /|Q|exp{ sgn (£2,)) — 96}23}

Pk, FA TR T BA MHnBk i A 02 89 Airy
JCHT A TESZ 7 1) A St B dh 2% 1) S P8 i A
ek ik 375 52 IR W AN ) B T 1) 20 A i B 3k
3, RIS AN [P T DGR A 5t HE 73 A B AH
23 A AR PR .

3 BERMERE AT

FET R AT S SR, mT RO BAT Bk i AH
B Airy S BT B R A6l i A% i 7
DG I (2,y, 2) = | By (z,y, 2)| P AL BEAT BB 154
HHREPR a=0M6=1 (M v, = w,). BUEHH
R, — M HA B nER AR AL B Airy YEH7E
IEAZ 2 AR C AR S B AN B R AN AR 1.

B 125 T FE &40 A d iR b AR S i i St
[ R TR AR SR L NS A o0 S L E B R k7 S

094102-3


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

¥ 12 F R Acta Phys. Sin.

Vol. 69, No. 9 (2020)

094102

SN n, = 2.616, n, = 2.903. F{ELEHEY, £
2z = Rn2/n. =~ 2.35TR I} 2z = n.R= 2.903R 4t
(FERIXH 2, < zp), Airy SEHRBE DG T (2, v, 2)
(I(x,y,2) = |Ex (2, y,2)|") BIBEBE R HBAE—AN 7
) b, 55— R C & el e, gl 1
Mz =2, M 2z = zitsnd. 7i4h, MR (11),
(16)—(18) = AT A1, 78 LAY B R A AR i X —A~
K 1] A AR I AR S LA Gaussian 220, WXt 55—
HE 1) AR BR (AR AT SR Sl Adry BRBOE S, B3 AR
T Gaussian-Airy ¥ UL 1iif H#% K S BURRIE T
Gaussian 431 9 B, BN SEE K, - m@ze, X
(1) 200 (17) T A .

T, FE SR X AN B, SEBREAERE A B AR
AL PO, AAEZER 2, B, SRS 0 AEFERT o “FTH
BUFAR AL, TAESRE % 5, XF @ P07 A4 B g
b, TS AR AR AR T4 . A4 FR AP
(z+y = 0 WF1H) b, dE—PH5E R0, 78
G 8 A e X LR T IR AERE, A4
FERYBUR AR, G0 1 2 = 1.5z Ab AR B FE AL
JE 2 = 0 LEMAEREARXS T F 0 = L DU R AG-F- 53
TR R AL P EE 5. SCBR b, ELA B sk A6 {57
1) Airy S IE 28 58 o Bl SRR M I FE 2, 5
A AR A T AR Y, RO T R WS
R Airy Yl , FECT sl AR TP AT B A
(16) 20A (18) 2HF 2, F1 2, HIFFS 21k

Bl 2 g5 T HALS A5 B 1 AEFRIME G 2450
N, = 1 YIEM, FEIHE TTE 2, 7l 2 XA AL H
R BE 43 A AW R B i it 2, FEIR T 2, B <887
R BEW LGRS, B 2, AW BN SR A0, 5

z=(2n+2)/2

1.5
:jb O-
715 —0. 03

8

S 0

78

z2=0.82,

70 02

iz, 5 SRR SR B B B4R LIRSS B, [ 2 vh
PRI 2 = 0.932,, 2, A1 1.072, B3R BE4> 1 75 56 H

JETR TR, TE 2 B A4 T ot 22BN (]
BRAL). Ah, AR AOG R AR SR #E i ff:
BT EBErh e B R g, R 2 5K 1
2 = 0 AbRPDEBEE LT A X s, H EBER AL
KN TF N, 3, N, % EA B ek w4 AL
AII‘y AR A 0 5 i (P 8 R BIAE GBI RN Ty

I, THERI N, = 1 B ER S K 141
N, = 100 BF AL, R AE [ B 2 i 1 s Ak Ol B
RN T N,

SEBR L, XA B S AR T, A B ER
TARALY Airy SGHRAE I iP &5 i i 37 F 7 26 B
TAUAT R, HOEAK AR A ny 5 n, B E G
F, HOO AP B AL R R SR AN A Y. AR
CLRR AL n, = 2.979, n, = 2.711, Bl n, > n,,
A 2z < 2, XBPEHIETFDT 4 FEHEXT
o BRI A, TR SR 2, J BT o A B 5
1k, AR B S BCRAT AR T = IR B
T B B G AL, i 3 Fras. IR, W HASTE]
) Bl b X — R R B TR R AR PR, X —
FRAE A AT R TE 6 2 fb A PR BT (40 47 3 28 K/ G
) rmEA N, HEVEH A, X —25 1k
WA SCHR A

B JE SR X R Adry YEH AR R 7
T3 — UG B2 44 8 “WE K (chirped)” 9 AH K-,
M Zhang &5 PO ¥ Jeihie 7 HAT et | 7 5 R Ik
Airy SCHRTEJ5 9 B b i AL S ), e BT )
W (inversion) BU4L; M S, A WFFE & 8—Fr .

z=1.5z¢

BT gl b b A ) A i B 2 b ) e S BE o3 A, AL B RO 5108 N, = 100, a = b =0.1,6 = 1

Fig. 1. Intensity distributions of the Airy beams in rutile crystal at several propagation distances with N, = 100, a = b = 0.1, 6 = 1.
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Fig. 2. Intensity distributions of the Airy beams in rutile crystal at several propagation distances with N, =1, a=b=0.1,6 = 1.
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Abstract

Airy beams have received considerable attention due to their unique features on propagation, including
non-spreading, self-healing, self-accelerating, and parabolic trajectories. Here in this work we study the
propagation of linearly polarized Airy beams with an added spherical phase in uniaxial crystal orthogonal to the
optical axis. Based on the beam transmission theory in uniaxial crystals, the analytical expressions for the
intensity distribution of the beams in different view planes are derived. Numerical calculations are performed
and some novel propagation features are presented graphically. It is shown that the Airy beam with an added
spherical phase remains linearly polarized but cannot keep other properties unchanged during propagation in
uniaxial crystal. Such a beam maintains its intensity profile in the near-field, then with the propagation
distance increasing, converts into the Gaussian-Airy beams with different orientations at two specified distances
which are codetermined by the extraordinary and ordinary refractive index of the crystal (namely n, and n,)
and the radius of the spherical phase, and most impressively, forms a mirror-like reflection profile in the far
field, i.e., the intensity pattern in the far field returns to the initial Airy beam profile while its orientation on
the transversal plane is reversed along the bisector line of the second and fourth quadrant. Note that the
intensity pattern successively experiences two mirror transformations along the z and y coordinate axis when
passing through these two critical positions, which can give rise to the mirror reflection effect for the whole Airy
beam. Moreover, we further demonstrate that the sequences of these two mirror transformations are in close
relation with the relative size between n, and n,. Therefore, the results obtained in this paper reveal new
propagation features in anisotropic medium of Airy beams with added spherical phase and provide a novel route
to controlling propagation properties like the pattern profile and orientation of the Airy beams through choosing
appropriate anisotropic materials and the radius of the spherical phase factor. Considering that it is easy to
obtain an Airy beam with an added spherical phase which can be realized with an Airy beam through an ideal
lens, our investigation may lead to potential applications in many fields where the ability to change profile and
orientation of the intensity pattern and the ability to determine the refractive index of anisotropic medium are

both required.

Keywords: Airy beam, uniaxial anisotropic crystal, added spherical phase, mirror inversion, ordinary and

extraordinary refractive index
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