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Simulation for Measuring the Topological Charges of Composite Vortex Beams

Mao Ning, Wei Hongyan”, Cai Dongmei, Jia Peng
College of Physics and Optoelectronics, Taiyuan University of Technology, Taiyuan, Shanzi 030024, China
Abstract The measurement of the topological charges of a composite vortex beam is challenging. Therefore, this
study proposes a method to detect the orbital angular momentum of each sub-beam using the light intensity
distribution characteristics and diffraction patterns with an elliptical aperture occluding partial azimuth. Simulation
results reveal that the number of bright stripes and the direction of the tail in the intensity distribution of the
composite beam represent the absolute value of the topological charge difference and the symbols of the higher order
topological charge, respectively. The number of dark stripes and their distribution characteristics in the diffraction
patterns reflect the size and symbol of the low-order topological charge, respectively. Thus, the proposed method
can successfully detect the topological charges of composite vortex beams.
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Fig. 2 Distribution of far-field diffraction of composite beams through an elliptic aperture with different A¢ and f=30°.
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Fig. 3 Intensity distribution of multiplexed beams with /, =4 and [, =10 at different distances.

(a) =1 km; (b) =2 km; (¢) =3 km; (d) =4 km
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Fig. 4 Intensity distribution of composite beams with different topological charges at 2 =2 km and

its far-filed diffraction patterns through an ellipse aperture shielded from 30° to 60°

St B S 48U N KA S BEURE rh S 2R UM 1Y)
KAMF 1R, 856804 HFE1HB . EEHEHR
FAR B TG A AR F M {5 S B R Tk R (AT S R
PSSRSO M TR L L L [ =M 5
KRB AR S UE N L IR U L
FIRE S TE i 180°, 1 By 6 A 1 ¥ A 15 18 19 1 o
O3 1 S WA 2 A o R i 1B 5 Ak B0 R T 1
Ly BIAF5 EEE R TE 396 4 65 AR 38 Ol 38 20 A
FATES R AT LA e 2, AL, RSS2 0, 5
Ly RS B AT KN L | =N+M:Y 0, 5
L 5[ =N—M,

F 1 EAOCHIRFMH i P 5 4 808 AT I A g S s08
Table 1  Topological charge values of composite beams,

number of bright stripes in light intensity pattern

and number of dark stripes in diffraction patterns

[ l, M=min(|l|,]|lL]) N=|l,—1,]

3 8 3 5
—3 8 3 11
—3 —38 3 5

3 —38 3 11

8 30 8 22
—8 30 8 38
—8 —30 8 22

8 —30 8 38

4 4k 7

BT HIG I S AL S T S A E A
A G o A AR B HE 2R 1Y 30°~ 6075 o7 £ ¥
R 5 1) 325 37 137 5 e 0% IRTRE R A ke A il &2 & S o v
H TR RN R R . AR EY . 24
D) o0 0 o i I 3 [ R 3 W = I e e 1 7 AR
o7 22 19 4 XoF {8, 5% 5% BUH B8 J 1) R AIE /8 B 4 $1 £ 45
5 S A A I 396 B A A5 A S PELRE Hh B A% BU8K
EI S5 TAR 0 FM 7 K /DN o 2% 8043 Hii 5 0 B e 4 1 Ao
5 B2 RRETE R 180°, B B 4R P A T
ST I G — 8~ —1 FI 1~8. B i M F Lo
AR B Ry — 30~30, ABFSE & A iR IEE
FINT 155 A ARG I B L T — b ik

2 % X #

[1] Allen L, Beijersbergen M W, Spreeuw R J C, et al.
Orbital light
transformation of Laguerre-Gaussian laser modes[J] .
Physical Review A, 1992, 45(11): 8185-8189.

[2] Kumar A, Vaity P, Krishna Y, et al. Engineering
the size of dark core of an optical vortex[J]. Optics

and Lasers in Engineering, 2010, 48(3): 276-281.

angular momentum of and the

0104008-4



h | i bl

[3] Zhu S W, Guo L N, Ni B, et al. Detection of atom in a blue detuned optical bottle beam trap[J].
canonical phase object characteristics with Laguere- Optics Letters, 2010, 35(13): 2164-2166.

Gaussian beam [ J]. Laser & Optoelectronics [14] He C, Huang S J. A new-type composite vortex
Progress, 2018, 55(2): 022601. beam generated by coaxial superposition[]J]. Journal
KRBT, SRR, ik, A5 FUTHEE R - ML AR of Optoelectronics * Laser, 2013, 24 (12): 2440-
TR EAD AL B R R P (D] WOt 5ot 72t e, 2445.

2018, 55(2): 022601. UM, BRI bR Y 3L R & 52 i O R

[4] Molina-Terriza G, Torres J P, Torner L. [J]. SeH 7 « ¥, 2013, 24(12): 2440-2445.
Management of the angular momentum of light: [15] Huang SJ, Miao Z, He C, et al. Composite vortex
preparation of photons in multidimensional vector beams by coaxial superposition of Laguerre-Gaussian
states of angular momentum [J]. Physical Review beams[J]. Optics and Lasers in Engineering, 2016,
Letters, 2001, 88: 013601. 78: 132-139.

[5] Gibson G, Courtial J, Padgett M |, et al. Free-space [16] Ke X Z, Chen J, Li H. Study of double-slit
information transfer using light beams carrying interference experiment on the orbital angular
orbital angular momentum [J]. Optics Express, momentum of LG beam[]J]. Scientia Sinica(Physica,
2004, 12(22): 5448-5456. Mechanica & Astronomica), 2012, 42 (10): 996-

[6] WangJ, Yang ] Y, Fazal I M, et al. Terabit free- 1002.
space data transmission employing orbital angular FIERE, g, B2, WSt R i A B W T
momentum multiplexing [ J]. Nature Photonics, WAL [(J]. REE Y Py 120 R,
2012, 6(7): 488-496. 2012, 42(10): 996-1002.

[7] Peng B, Zhong K, Li Z Y. Influence of topological [17] GuoJ J, Guo B H, Fan R H, et al. Measuring
charge on turbid underwater propagation of Laguerre- topological charges of Laguerre-Gaussian vortex
Gaussian vortex beams [J]. Acta Optica Sinica, beams  using two improved Mach-Zehnder
2017, 37(6): 0601005. interferometers [ J]. Optical Engineering, 2016, 55
S, PR, B S MO R R R - T e (3): 035104.

FeEM K T m [J]. ¥4, 2017, 37 [18] Liu Y X, Tao H, Pu J X. Measurement of orbital
(6): 0601005. angular momentum of an vortex beam by diamond

[8] NglJ, Lin ZF, Chan C T. Theory of optical trapping using a rhombus aperture [J]. Chinese Journal of
by an optical vortex beam [J]. Physical Review Lasers, 2011, 38(sl): s102010.

Letters, 2010, 104(10): 103601 XK, Bade, Gl akuE . 2280 AT S 4R e Ol R

[9] ZhouY P, Ren H L, Wang J, et al. Comparative M s & [J]. b E B, 2011, 38 (sl):
analysis of the trapping force wusing Laguerre- s102010.

Gaussian beam and Gaussian beam [J]. Acta [19] Chen R S, Zhang X Q, Zhou Y, et al. Measuring
Photonica Sinica, 2013, 42(11): 1300-1304. OAM states of vortex beams with a sectorial screen
RS, ATt TR, %, i /R-mlot R 55 [J]. Proceedings of SPIE, 2016, 9950: 99500Q.

eI AR AL [J]. 6 24k, 2013, 42(11): [20] Yang CY, Ding L M, Hou J, et al. Simulation on
1300-1304. measurement of topological charge for Laguerre-

[10] Chen M Z, Mazilu M, Arita Y, et al. Optical Gauss beams by multiplexing [J]. Laser &
trapping with a perfect vortex beam[J]. Proceedings Optoelectronics Progress, 2016, 53(9): 092603.
of SPIE, 2014, 9164: 91640K. WARE, T, 4, 5. 5 R-m ot R i

[11] Nicolas A, Veissier L, Giner L, et al. A quantum EHMEMTE ], Mot 56w TR, 2016,
memory for orbital angular momentum photonic 53(9): 092603.
qubits[J]. Nature Photonics, 2014, 8(3): 234-238. [21] Ke X Z, Xue P. Generation of orbital angular

[12] Franke-Arnold S, Leach J, Padgett M J, et al. momentum superpositions and its test[J]. Infrared
Optical ferris wheel for ultracold atoms[J]. Optics and Laser Engineering, 2018, 47(4): 63-68.
Express, 2007, 15(14): 8619-8625. FTERW, BEEE. HUiE M 3h i & oA AR A 5

[13] XuP, He X D, Wang J, et al. Trapping a single [J]. a5h5 %08 T/, 2018, 47(4): 63-68.

0104008-5



