$114% 51 W E S Vol.11 No.1
2018 /-2 A Chinese Optics Feb. 2018

XEHS  2095-1531(2018)01-0100-08
S AT K BB T AT S 6 SR A R T SRR

LEE AWE a8 o8’
(LEEREAY Al EdBNABEARTREALLE, W) 41 621010;
2. R AE MM T RFER, #A RN 430074)

TEE O TIHBROCHER U S E0 TERT S C A R Rt R (W BR ], SC B 25 (8] vh TEAT S AR i et S 5 mr
B, 155G, W ST axicon T BARE X 04 B3 0 A FRAE , & B axicon JOATT S X A1t i S5 1 Je 1 3 il DX 3 e 4k LA 47
SRS Sl DX (BT AR DR IR B — 2SR B DU IR e 50050 A0 I R IE 38 5 AR B, 38 8 T — RSS2 A6 4% 2 ] B
S BIR B8 TCATT S G A A T 2 RS L ZEIE 12 mpy RUBES I EA T TOAT S G B R PE S B0, R S I S 4 5
WA ZEARET 0. 1 wm, ZICATH B X5 — 2 F W DUSEIR bR A0 P BR TR S G5 v B A 1, A o X))
FALGEN T W HATHHOER A B 2, 5 FAE ROR B 23 (M TSGR o T2 sy =0 A F T Ak fg i 0 F A5 00
TR ZS R B LS JE s ARG, B BRIME S E L,

X @O RATEE R A RCTIE KIBAEE T4 B

FE 4% TP394. 1; THE91.9 XERERIAAS: A doi:10.3788/C0.20181101.0100

Generating method of non-diffracting beam
with long-distance propagation and controllable parameters

MA Guo-lu'*, LIU Li-xian', YANG Gui-yang', ZHAO Bin’
(1. Ministry of Education Key Laboratory of Testing Technology for Manufacturing Process ,
Southwest University of Science and Technology( SWUST') ,Mianyang 621010, China ;
2. Department of Instrumentation ,School of Mechanical Engineering , Huazhong University
of Science and Technology( HUST) , Wuhan 430074 , China)
* Corresponding author , E-mail :maguolu999@ 163. com

Abstract; In order to eliminate the restriction of optical device geometrical parameters on the propagation
characteristics of non-diffracting beams and to achieve the controllability of the characteristic parameters of
non-diffracting beams propagating in long-distance space, the generation method of parameter controlled non-
diffracting beam over long distance is studied in this paper. First of all, by studying the electric field distribu-

tion of the axicon refraction shadow area, it is found that although the paraxial area beyond the critical surface
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of the axicon non-diffractive area is in the paraxial area of the geometric refraction shadow, there is still a
spherical wave whose intensity follows first kind of zero-order Bessel function distribution. On this basis, a
non-diffracting light generation method is proposed which is not limited by the distance of the propagation
space. Finally, the parameters of the non-diffracing light propagation characteristics are tested in the range of
nearly 12 m, and it is found that the difference between the experimental and theoretical values is less than
0.1 pm. The non-diffracting beam is generated by collimating spherical diffracted light spots of the first kind
of zero-order Bessel function distribution, which is essentially different from the traditional method of genera-
ting interference and non-diffracting light beams and is easy to generate large-scale space non-diffracting
beams. In general, this method is particularly suitable for the use in non-energy conditions, such as large-
scale linear reference space, beam space communications, and has enormous engineering application value.
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Fig.2 Experimental setup used to generate quasi-non-diffracting beams
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PGB R A 1.32 mm x 1.32 mm:(a)z=1200 mm<z, , ET=0.1 ms; (b)z=2916 mm=z,_ , ET =1 ms;
(c)z=4582 mm, ET=2 ms; (d)z=5076 mm, ET =3 ms; (e)z=7 285 mm, ET =10 ms; (f)z=11 797 mm,
ET =40 ms, KR (c) ~ (f) & 1 R T BB Y Arago-Poisson fiT 4 &
Intensity distributions in paraxial refraction shadow area of axicon at different longitudinal sections. The ET is used
to represents corresponding exposure time for image sensor( CCD) ,

, ET=0.1 ms;

and the shot-size of all images is 1.32 mm x

(b)z2=2916 mm=z,, , ET=1ms; (c)z=

1.32 mm in paraxial region:(a)z=1 200 mm <z,

4582 mm, ET=2 ms; (d)z=5076 mm, ET=3 ms; (e)z=7 285 mm, ET =10 ms; (f)z=11 797 mm, ET =
40 ms. The figure (¢) ~ (f) are Arago-Poisson diffraction spots, which shoot in out of the region of non-diffracting

area
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