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Bottle Beam Generated by Reconstruction of Bessel
Beam with an Annular Obstacle

Ma Liang Wu Fengtie
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Abstract Based on Hankel wave's theory and geometric optical theory, the reconstruction of Bessel beam through
an annular obstacle is studied. The results showed those non-diffracting beams generated by axicon are the
superposition of two outgoing Hankel waves. Non-diffracting beams through annular obstacle are simulated with
Zemax software. The cross sections of intensity distribution at different places on axis behind annular obstacle are
also stimulated. The relationship between Bottle beam size and annular obstacle diameter is investigated. In the
experiment, we use axicon to generate non-diffracting beam, and an annular obstacle is kept within the maximum
collimating distance of the non-diffracting beam. Optical intensity distribution behind the annular obstacle is captured
with CCD camera. The result agrees with the simulation. The theoretical analysis and experimental results both
showed that reconstruction of Bessel beam with an annular obstacle can generate Bottlte beam with zero central
optical intensity. There is a potential application in optical tweezers and optical micromanipulation.
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Fig. 1 Schematic diagram of non-diffracting beam
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20 Bl bR B 5 R TC AT SOt A G B R E RS
W G 2 s, R R JE R W 3. R, AR, 43
Sl S N A2 A2 L TEATT S O R R I e B ) £ )

TR 2 S AR WA L L IR — B N Ok 2 DG AT S e R
FHALR IS OB R 26 [ X 30 . 20 ;1 Z, g i
T34 28 250 JE R S A BE 2 HP ) A B I e
Bk 5 3 114 30 20 24k 6 R 45 T AT S 5 A T B 9E e %
Py M1 e 2 U A7 28 0 6 SRR 4k 25 B i 52 BLJC AT
SR E R [ RE R 35 O AT S R

<

annular obstacle

Bl 2 TSR &R IE R s 2 E
Fig. 2 Schematic diagram of non-diffracting beam

through annular obstacle

3 NIRRT 4 A T
Fig. 3 Structure image of annular obstacle
W 2 T s LT 3 5 S
YRR 20 F Z, AT RR A
R,

Z, = my (D)
__ R
Z, = mv (2)
B s OGB4l BB L Rk
. o _ RZ_RI
L=2—2 =15 (3)

FI ] Hankel 35 B8 AT LAAR 4 b A B T A7 44906 R 9
IR AELANEA B AL 1 59 T 8 Oy B AT

FHZ W 25 T7 FER RN
PE | 1 JE | I’E | .+ _
2 T, tog THE=0, (4)
(DO KM H
E,H§" (k,r)exp(ik.2)
By = {0 kel ] )
E,H (k,r)exp(ik.z) (

Kb HY (k) s HP (k,») 25 Hankel RREL K, . k. 5
R AR ] RGN 1] 3K
Hankel p& %Al LRR AL
H (x)exp(ik.z) =
[Jn(2) + 1IN, () Jexp(ik.2) (6)

0202011-2



sS4 B ERATYG R TOAT I O E A AR R s OO

H? (x)exp(ik.z) =
[].. (&) —iN, (2) Jexp(ik.2) , (7
B om=0 BF R ) F D A A I 13 Hankel $i277 4
E W Bessel SEpyFRB K
[H (2) +H (2) Jexp(ik.z) =
2]y (x)exp(ik.2). (8)
K 1 ICWs il OCWs 1 (6) ~ (8) 2 L 56 #k
R FE RN ICWs ~ HP (x) exp (ik.z), OCWs ~
H$” (x)expCik.z ), Bl 4k 7= 45 JCAT 55 6o ] 43 A
3N 2B 1 A XA AETE ICWs, 5 3 A XY
f7AE OCWs, H 11 3 X3 A Al JC AT 6 R X 5 56
2 X ICWs it OCWs #RA7EAE , /i (8) AT AT 4R 2
A DX TEAT O A A TR B X B R A A
TRt Bessel St iy VIR £ M 50 09 95 51 Hankel 3
SOE=3)1I3 A8
TETCAT 55 56 B vt 6 il B E R R B S
OCWs it 5 154 2= 76 v 0 G 3l AR 1 B 5% 5 e
[ SNt ﬁﬁ ICWs 8 3| B i 4 5 2 T8 i — /N B
JUAT 5% » H.3 88 JUAT 9] 52 18 o0 6 Bl Ak & g At
Bottle beam, My (8) = A %1, 25 .0 Y6 o 5 2x 4k 42
BTC AT S O PR O R A ) RE BH 4 AR L
ICWs 1 OCWs 1) & hnmiie s i .

3 ALY FEAT Y Y LA
o Hr
R Zemax Je 2 Wbk 1R 0 o375 e 28 3R 9
5490 0 R0 A0 SR P 91 580
A R DA T T 5 B A

R=15 mm, 4 1 % gl K4 —0. 05 mm, 3% £
BK7 JEHSBORE Sk HE 5 B 2 mm, Wl 58 4L
C=—131.646,
H Zemax B HEAT G A A B A5 R A&l 4
7 AR B 38 03 9 o AT 55 Bessel O o BV il 12
OIS Hankel B0 & 0. 5 2 9540 B4 2R —
B B 5 B4 BRIE XN a.b Fl e A0 8T 6 R
oA

LA Tk S 7 A TC A 5 D6 09 LA D't 27 38 57 5]
Fig. 4 Geometrical ray-tracing of non-diffracting

beam generated by an axicon
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Fig. 5 Cross sections of intensity distribution
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Fig. 6 Geometrical ray-tracing of non-diffracting beam through annular obstacle
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Fig. 7 Cross sections of intensity distribution in different places
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Fig.9 Cross sections of intensity distribution at different positions in experiment
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