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Propagation and self-imaging effect of
deformed high-order Bessel beam

YU Yong-jiang, CHEN Jian-nong, HAO Jin-guang, WANG De-hua
(Department of Physics and Electronic Engineering » Ludong University ,Yantai 264025,China)

Abstract. Based on the typical arrangement for generating high-order Bessel beam and decomposing it
into high-order Bessel cosine beam and high-order Bessel sine beam,the analytical expression of a de-
formed high-order Bessel beam and its propagation properties in self-focusing lens were analyzed using
the Collins formula in cylindrical coordinate system. The general analytical expression of the deformed
high-order Bessel beam and its propagation properties of in self-focusing lens self-imaging process in
free space were obtained. The numerical simulation results were also given, when the difference of
transverse component of wave number between high-order Bessel cosine beam and high-order Bessel
sine beam was 0. 005 K. Experimental results show that the deformed high-order Bessel beam is still
nondiffracting beam with self-imageing effect in {ree space.
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Fig.1 Carlos Lopez-Mariscal et al.’s experimental

setup for producing high-order Bessel beam
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Fig.2 Transverse amplitude and phase distribution

of modified second-order Bessel beam
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Fig. 3 Self-imaging process of deformed second-or-

der Bessel beam

4 EHWaMNEREREOBREL
b oy 4%

I 5 A [l B R B A o FE DL R AL i
A RS A A EEMMAT . ARESE
Bt — BUA — i KB I A R AR A 2 RO A
il Xk BR A DG A 0 o BOETE IR M A IR A TR
IR VERT » dhy T BN S BT R I AR
] B A A AR A . i T GE B O B AR
3k A AE T [ AR BEOL AR L B BT AR TE B
DUZE R AR [ 3R AR08 B2 v 1 A4k HoA S 20 B

Priff SR AR 1 B R A B PR 2 2K 05
I Tt DR R Xk S5 6 TRAT T B0 1 1 3R A R A B A
e g

n(o)=n (1ELF ) (8)

bR BGE S % 26 O 25 T aE B iU S
%A O 2 TIE B 5. 7E280E B/ i AL 4k B
B = I A B N -

(A B) _
¢ D —pBsin(Bz)  cos(B)
B KB GA Bk A, T ==0 #9718 , W
FRAEAE AL KR T Collins A3, S RS = 5
T

cos(f2) %sin(ﬁz)

s (D

o2n
U (pz s Q2 ’2) :_;{LBeiKZJJul (Pl Q1% = 0) X
00
exp{%[Apf — 2p1p2c08(gy — @) + Do3 |
pldpldgm ’ (10

i ACH I AT 5 G DL ZE AR A L i

ool

s o » s ,z>:—éeiKzJ'J'[J,,,(k,(pgcos(m(@ +
g + i o Chapr ysinGmCen + g exp ()] X
exp{%[%\pﬁ — 20prc08(g. — 1) + Do} ]
ordordg, » (1)
FH T 90 80w AL o A

exp(izcos @) = J,(2) 12 Zik]k(z)cos(kgo) ,
k=1

(12)
oo
J zexp(—ex®) ], (ax) ], (B(x)dx =
0
1 [ d+p af
zeeXp( Te )I’"(zg)’ (13)

4 B0 W, A3

us (oo s +2) :%exp(ikz)COSEM(g}z +Ap) |

o B8] -(534%)]
T (/@_,Ap_z ) +Aiexp(ikz)sin|:m(gog +Ag:) ]
o ) el (25384
exp i) ], (222 (14)

24 B=0 i}, B Pz=nm,n B LCRIE AD— BC
=1, .



45 6 3 Tk L 5 AR T B

FEIR T 1 76 A0 1 IR A0 839

u, (2 sy 52) = %exp(ikz)cos[m(goz +Ag) ]

(BB () +
iexp(ikz)sin[m(goz +Ag:) ]

# ABCD 4 oAt A (D) KA (15) K5 5] B#40
e
U (pz s P2 72) =

————exp(ikz) cos[ m(g, +Ap )]GXP<—‘0i ) X

cos (B ) 2tan(Bz)
212 2
exp[ <2k51Bn(k‘[;;)rckosp(2‘82) )B}] " (cokstc(‘[;z) >+

2
————exp(ikz)sin[ m(g, TAp,) Jexp ( _tkoB > X

co s(ﬁ ) 2tan(B2)
. sinz((ﬁz)ki)+k2 5 £
exp[ < kpBsin(2pz) ) ]exp(z‘ﬁ)] (cos(,@z))
(16)
i B=0 i, £

uy (oz 5 qpr s2) = (B )exp(zkz)cos[m(ga? +Ap) ]

exp

o[y (b

cosé‘[)’z) exp(ikz)sin[m (g, +Agp,) ]

eXP(ﬁp%Bt;%) xpiP) ], (ﬁ%)

a7
M A6 FN A7) 7] LLE B, 9 XA 30 55 — T 7
W FE IR AR SE G 55 ATy Oy DL FE SR IE 52O
HJR AR 1 oy A ROBE AR I & A= 17484k, Bk, B
B I RS 1) 43 A U I PR RS S AT T AT S
FEA . R T U M A ) B R R A 43 A R A
FEI B i A AL B, 4 = = 2/ B BB T A
I B B AL R 25 21, W 4 (), (b, (o) TR

(a)z=0. 5%,

(c)z=0.7z,
JoT A% 3 S ) PR S S 19 AR TR
)Q%/J\J'ﬁﬁﬂgfﬁﬁﬂ}mmﬂ*ﬁfiﬁ?ﬁ.ﬁ?ﬁlﬁu

K4 fERBEH

T: k=29.92X10'ecm ', k. = 0. 01k, b, =
0.015k,=0.lcm ', ¢=mn/6,Api =n/6,Ap, =

/15
Fig. 4 Transverse amplitude and phase distribution
of deformed second-order Bessel beam after
propagation in a lens-like medium. The pa-

rameters are as follows: £#=09.92X10'em ™',

k. =0. 01k, k, =0.015k,=0. lem ', ¢=
n/6,Apr =n/6,A¢, =n/15

A M4 #r Carlos Lopez-Mariscal 28 A j%
Az R B DL ZE IR Ol TR S e ) A R IR 22 AT
i th TSI R B DL ZE 2R 6 B — B A R ik =X
S3H TSI B DL ZE JR O A TR AT S R P A
B . FIFEA AR T B Collins 2450 45 7742
TE &5 B DL JE R e R AE ABCD Y62 R 48 P AL 35 Y
FUAE, JF R 4l R0 T S A A2 1) B R A Y
HREEG. AW 7 =B I ZE R AR O AN By
DUZE IR IE 5206 o e B & 18] 73 8 22 5% 0. 005k
I A BB . 25 3R B A28 & B DL 287K 6 R
HAR T A I DL ZE IR oF B0 A o B[R FE B A DL ZE
IR G T S G AR A B SR BO . X L2
R DL FE RGN B R A B B N TR A S M
B



840 it K Y 515 %

S % k-

[1] DURNIN J, Exact solutions for nondiffracting beams, 1. the scalar theory[J], J. Opt. Soc. Am.A,1987,4. 651-
654.
[2] DURNIN J, MICELY J J, EBERLY J H, Diffraction-free beams[J]. Phys. Rev. Lett. 11987, 58. 1499-1501.
(3] RA & AR ARG S9BI] A5 % T4, 1997, 5(4): 14-19.
ZHOU L P, ZHAO B. Theory and realization of nondiffracting beam[ J]. Opt. Precision Eng. , 1997, 5(4); 14-19.
(in Chinese)
[4] INDEBETOUW G. Nondiffracting optical fields: some remarks on their analysis and synthesis[J]. J. Opt. Soc.
Am. A, 1989, 6.150-152.
[5] SCOTT G, MCARDLE N. Efficient generation of nearly diffraction-free beam using an axicon[J]. Opt. Eng. ,
1992, 31. 2640-2643.
[6] MCLEOD J H. The axicon: a new type of optical element[J]. J.Opt. Soc. Am. ,1954, 44:592-597.
[7] ARLT J, DHOLAKIA K. Generation of high-order Bessel beams by use of an axicon[J]. Opt. Commun. ,2000,
177, 297-301.
[8] TURUNEN J, VASARA A, FRIBERG A T. Holographic generation of diffraction-free beams[J]. Appl. Opt. ,
1988, 27. 3959-3962.
[9] VASARA A, TURUNEN J, FRIBERG A T. Realization of general nondiffracting beams with computer-generated
holograms[ J]. J.Opt. Soc. Am.A,1989, 6. 1748-1754.
[10] CURTISJ E,GRIER D G. Modulated optical vortices[ J]. Opt. Lett. ,2003 , 28:872-874.
[11] CARLOSL M, JULIO C G V, SABINO C-C. Production of high-order Bessel beams with a Mach-Zehnder inter-
ferometer[J]. Appl. Opt. »2004, 43:5060-5063.
[12] JULIO C G V, RODOLFO R M. Bessel-Gauss resonator with spherical output mirror; geometrical and wave-op-
tics analysis[J]. J. Opt. Soc. Am. A, 2003, 20; 2113-2122.
[13] LIY, LEE H, WOLF E. New generalized Bessel-Gauss beams[J]. J. Opt. Soc. Am.A, 2004, 21. 640-646.
[14] HERMAN R M., WIGGINS T A. Propagation and focusing of Bessel-Gauss, generalized Bessel-Gauss, general-
ized Bessel-Gauss, and modified Bessel-Gauss beams[J]. J. Opt. Soc. Am. A , 2001,18;: 170-176 .
[15] HERMAN R M, WIGGINS T A. Bessel-like beams modulated by arbitrary radial functions[J]. J. Opt. Soc. Am.
A,2000, 17. 1021-1032.
[16] LIYJ, GUREVICH V, KRICHEVER M. Propagation of anisotropic Bessel-Gaussian beams: sidelobe control,
mode selection, and field depth[J]. Appl. Opt., 2001, 40. 2709-2721.
[17] DING D S, LIU X J. Approximate description for Bessel, Bessel-Gauss, and Gaussian beams with finite aperture
[JJ.J.Opt. Soc. Am. A ,1999, 16 1286-1293.
[18] BELAFHAL A, DALIL-ESSAKALI L. Collins formula and propagation of Bessel-modulated Gaussian light beams
through an ABCD optical system[J]. Opt. Commun. , 2000, 177 :181-188.
[19] &AX. #EFF. 25,4 HENHAREBEWH &S] £F #H% 4, 2002, 10(5): 483-486.
JINL W, HAO Y L, WANG Y, et al.. Preparation of a self-focusing lens for optical communication[ J]. Opt.
Precision Eng. » 2002,10(5) ; 483-486. (in Chinese)
[20] B#,Em.ZFA#. VCSEL H MM L ESROCa R[] 25 HFE 8, 2005,13(3): 253-259.
MA Y,WANG CH, MIAO T Q. Blue laser by direct frequency doubling of VCSEL[J]. Opt. Precision Eng. ,
2005, 13(3): 253-259. (in Chinese)
[21] GRADSBTEYN IS, RYZBIK L M. Table of Integrals, Series, and Products [ M]. Elsevier (Singapore) Pte.
Ltd. ,2004.

EER N TARILA966—) . B ARME N . B Z# . A [ R AE BB AEH T 5. E-mail: Idyuyongjiang

(@ yahoo. com. cn



