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Measuring Orbital Angular Momentum of Vortex Beam Using Modified
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Abstract In this study, a modified Mach-Zehnder (MZ) interferometer is used to measure the orbital angular
momentum (OAM) [the value and sign of topological charge (TC)J] of a Laguerre-Gaussian (LLG) beam. Simulated
results are found to be consistent with the experimental results. Vortex-like petal patterns are observed when the LG
beam interferes with the Gaussian beam. The number of petals is found to be equal to the absolute TC value of the LG
beam, and the rotational direction of the interference patterns is related to the TC sign: at a positive TC value, the
interference patterns show a clockwise rotation, whereas at a negative TC value, the interference patterns show a
counterclockwise rotation. The OAM state can be accurately determined based on the interference patterns only when
the spot size of the LG beam 1s smaller than that of the Gaussian beam. When the spot size of the LG beam 1s close to
that of the Gaussian beam, the interference patterns reflect only the TC value and the TC sign cannot be identified.
Compared with the conventional interferometers, the proposed interferometer can obtain a stable interference pattern
and directly obtain the OAM state of the LG beam. The experimental phenomenon is obvious. The findings of this

study provide a reference for the theoretical analysis of the interference between the LG and Gaussian beams and
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establish a research foundation for the spin-orbit interaction between light and matter.

Key words diffraction and grating; vortex beam; orbital angular momentum; Mach-Zehnder interferometer

1 51 5

104 T8 S AR — b 5L AT BR e T A 7 8 i EL P
R AT SO R W E O A A IBUIE B A AV exp
(—ile) (v R B3 5 T30, NRRI BT, o 7
M), Hasma— 1 e rREAMEMASE R X
SRR (R R BB BE AR A 45 0l AR IO e
e AR FRAAS S IE T ObE g HEA
BB T SRR A Tz R o 3 R R
W22 2R G0 B — A S BB AR 2 2 A H L £ B
H(OAM) . W T 763 B 0 A b H R UL g2 31 1 5] 36 8
50y IEASE B FI W IR E R R B OAM . Rtk ) £
WHECH A OAM B R T — T R E R L& H AR IF
X AR Z2 0F 5 408k 2L A E R B Bk, 91 An, i A I
FIRBCSE S S0/ T3, X T U B 5 5
HEAT (B AR B A5 B . Ry A H R T
JiE Ok 2 Y W B O Ok AR IR

B B & OAM [ J5 WA AR 2, i an - i1 53 64
PR 22 ik T AR A 6 BRI R TR Bk
JEA R MR M E BT WA DL R L4
BRI L A [CRUAE T8k, OGRS B
BT VR B WIS BREE S B, PR A T ALk
AF S OAM A 3¢, AN AUAT LLSE 3T i e
JEH OAM [ &, T H 7E % 4 % 3 2% 3 7 1 H AT &
EHER S B, IR O AR A B S, &
FE 25 55 A8 A 77 A T 00 EURE I8 e 6 09 /0 O 67 R Bl
S ORE I A B A S AL B OAM &, 3% I ] DS wk
CCD B H = A 1 AR, & iz 1+ ¥ RURE v i) s 2% 4L
EE A I 3 THE ' TR AR 1 I AT (T C) A 28 %0 {8, T4} 1Y)
D7 T X NE TC AR5 A S ek 33k — A4 ik
PR AT S M, 38 ek O 00 T 't B Y 32 3 A SRR A )
T BE G AR OAM™ s T L AL 4 B, A SUE S il il
B 42 8 o T 6 8 TE ' TR 1 OAML, ¥ 2R 0 1) 1% e
St A 2 M SO OB, W — o 1Y SRS T O B
BN GBIk 44 00 2 I, DA AT S B X R ' R
OAM R B8R S B T4 v R i 5 6 i 5
ff A, {HL F T 96 58 D' SR A ' ik o A A 16 A2 B P s R
HIFRBEM WA TC 5. IFH, RZETA/ES
2 BN R AH AL 22 O B A TN D Bl B S R
Rk r 2, # o S ECT AR URRRE R AES BN
Bb ) 9 R

A SCFI) FH el 2 Y S - 8 £ R (Mach-Zehnder, M-

7))~ 5 A i — b R Y 303 JiE O R L 35 7K - e 2
(Languerre-Gaussian, LG) W 1 OAM : — R FP K
6 S 2 25 (] G R A% 5 7 AR LG O K 5 R
il B e oA T IR A CCD a4 b EAE . i it
X —J7 R EAZ T W EFE PRI LG LR OAM iy K
INEL KT T

2 SLEABIR

FILSh T 92566 R R . AR SRR A AR K
Ti:Sapphire B & JT & 5250, H & 049 O bk
P K 800 nm, Jik 5 4 50 fs, ik vhfig it & 3 mJ, 5 & 4ii
FoH 1 kHz, FIHH A (BS) 60 PR 55
S EE, i fES kgt i 1729 A (H) fieg 22
B BE (G) 4L B RE B T R 40, B RE &9k 8 2% 1) iy
THIME . SR 2850 % MR (Tris) 8 345 6 BE K /N, (i G5 fiE
5t 4 A 3 25 (8] 5 95 ] %% (SLM, Hamamatsu LCOS-
SLM x13138) [y ¥ it Bt #& I, 76 SLM i #% & 2 R
B AR AL T = AR LGOI, I FLtE A SLM 1 306 5 H 5
WOt il 2®, SN EmEOLHR, WHFELH BS &
R, PR RGHFRAR T — P M-ZFHL . WALE
FIRHOCE N T ARG R, & — A 100 b kg e/
(NDF) J& #E A BEAHHL(CCD) g 5630 23 8] 20 4, 35 B
HAARF TCH LGRS SR T E . 1t
A, TE I I FP R S AR 3 AE 2 %l il it CCD Al R
W LG R MIES, LG R m 455 p b 0, n
Kl 2(a)~2(c) B, JF HNEH AT LUE 2], 76 A 5%
St Al B A ) B s 2 4 ik R X0 (T e o b AT )
Bl A T C Y38 AR K

i B S
Ti: sapphire '
laser

4

M1, M2: plane mirror; H: half-wave plate; G: Glan prism;
Iris: diaphragm; BS: beam splitter; SLM: spatial light modulator;
CCD: charge coupled device; NDF: neutral density filter
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Fig.1 Schematic of experimental setup
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Fig. 2 Holographic phase diagrams of LG beams with TC of (a) 2, (b) 5, and (c) 10 generated by SLLM at the same incident pulse

energy are (a'), (b'), and (¢'), respectively
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Fig. 3 Simulated interference patterns of LG beam and Gaussian beam, when the TCs of LG beam are (a) 1, (b) 5, (¢) 10, (a) —1, (b') —5,

and (c') —10, respectively. Initial waist radii of LG beam and Gaussian beam are 1 mm and 5 mm, respectively, and z is 0 m
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Fig.4 Simulated interference patterns of LG beam and Gaussian beam, when the TCs of LG beam are (a) 1, (b) 5, (c) 10, (a) —1, (b') —5,

and (¢') —10, respectively. Initial waist radii of LG beam and Gaussian beam are 1 mm and 5 mm, respectively, and z is 3 m
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Fig.5 Simulated interference patterns of LG beam and Gaussian beam, when the TCs of LG beam are (a) 1, (b) 5, (¢) 10, (a) —1, (b') —5,

and (¢') — 10, respectively. Initial waist radii of LG beam and Gaussian beam are 4 mm and 5 mm, respectively, and z is 3 m
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Fig. 6 Interference patterns of Gaussian beam and LG beam whose TCs are (a) 1, (b) 5, (¢) 10, (a') —1, (b') —5, and (¢) — 10,

respectively, after passing through M-Z interferometer and collected by CCD, when spot diameter of .G beam is 5 mm
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Fig. 7 Interference patterns of Gaussian beam and L.G beam whose TCs are (a) 1, (b) 5, (¢) 10, (a') —1, (b') —5, and (¢) — 10,

respectively, after passing through M-Z interferometer and collected by CCD, when spot diameter of .G beam is 7 mm

i 2 SR B AL LG ORI S m TR
T35 EIRE, & B0 7 T RR 1 52 B0 3R IR 1 AL IR TR
T E“AEME B0 T LG YR A TC R4 X E . M LG
5 WG R O BE B AR B (B AR 22 K, BT L4
JE T B4 e 5% T 1), T 3RS TC AT 5524 F (i
PR, AR E A REE 2 AE M 4540 HJC vk ¥ T ¥
FERERS O 1] o BUE A 25 5 5 S0 00 I o 25 SR 8 v
JE— A H S B AR L2 SR L, S A A T
FELLE R, 2R RS BHX — 4558 1) BE#EM
O AR Y 23 (8] 43 A S5 b 6 AR AR 25 5
2) 25 S B 2 5 O Bk ol B R M 5 3) S b il
FH 53 FOBE o0 % BE R 0 7 456 o i & X R i
B s 4) WREOE R R A T AE LR B AR S L
5 5) CCD [y 2l 25 35 B A1 75 1T R foff 1 48 11 52 o ot S
B £ MR LRI

5 4 1w

K ECHE B M-Z T3 A T LG ISR OAM
R CRANFI T 1) o B CCD 448 LG O R 5 &
R & A 9 e 0 23 18] o A, ULES 2] T e i R 1
SRR EERE R I AE IR S T LGOGIHR A TC iy 4

X R o T EL T8 BRE R s 64 e e O e 5 TC Y IE
ARG s TC g IEAE I, W 163 WA 1 8 e s TC Sy B AL
e iy 106 I BB Re o AN A, A AR OB R B BE B AR
KT LG A A EBE BLAR I, A BE B A T 08 51K 1 i
B 05 ) 5 2 R G BE AR HE I B, Tk BN e R Oy
o BOEBLEE R SR AU R EEY & . RIS R
N LGRS @R e T3 s it 7 =%,
[A] I 2 ' 5 W B A e - B0E A B AR R S TR
Sl

& % X #

(1] XU, B BA, 6 gkt . 108 e O o 1 03 £ 2k i i
(7). B K2 S (A AR B R), 2010, 31(2): 157-161.
Liu H, Chen Z Y, Pu J X. Detection of the orbital
angular momentum of optical vortex beams[J]. Journal of
Huaqiao University (Natural Science), 2010, 31(2):
157-161.

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

[3] FeF=, FEM, HREN, 5. WHOURHUE M )= m
— A BT R kU] WO 5o ek

1705001-6



$£59%5 F17H/2022 F 9 A/ EBFFHE

(4]

(5]

(6]

(7]

(8]

2019, 56(14): 140502.

Pei C Y, Mao Z X, Xu S P, et al. Interferometric
detection method for orbital angular momentum of vortex
beams[J]. Laser &. Optoelectronics Progress, 2019, 56
(14): 140502.

Grier D G. A revolution in optical manipulation[J].
Nature, 2003, 424(6950): 810-816.

Paterson L, MacDonald M P, Arlt J, et al. Controlled
rotation of optically trapped microscopic particles[J].
Science, 2001, 292(5518): 912-914.

Tao S H, Yuan X C, Lin J, et al. Fractional optical
vortex beam induced rotation of particles[J].
Express, 2005, 13(20): 7726-7731.

LiM M, Yan S H, Yao B L, et al. Optically induced
rotation of Rayleigh particles by vortex beams with

Optics

different states of polarization[J]. Physics Letters A,
2016, 380(1/2): 311-315.

Lehmuskero A, Li Y M, Johansson P, et al. Plasmonic
particles set into fast orbital motion by an optical vortex
beam[J]. Optics Express, 2014, 22(4): 4349-4356.

Wang J, Yang J Y, Fazal I M, et al. Terabit free-space
data transmission employing orbital angular momentum
multiplexing[J]. Nature Photonics, 2012, 6(7): 488-496.
Bozinovic N, Yue Y, Ren Y X, et al. Terabit-scale
orbital angular momentum mode division multiplexing in
fibers[J]. Science, 2013, 340(6140): 1545-1548.

Vallone G, D’Ambrosio V, Sponselli A, et al. Free-
space quantum key distribution by rotation-invariant
twisted photons[J]. Physical Review Letters, 2014, 113
(6): 060503.

Torner L., Torres J P, Carrasco S. Digital spiral imaging
[J]. Optics Express, 2005, 13(3): 873-881.

WA BRI AT, R OE, SR IR e G T oY ik
JE[T]. 6222448, 2019, 39(1): 0126004.

Zeng J, Chen Y H, Liu X L, et al. Research progress on
partially coherent vortex beams[J]. Acta Optica Sinica,
2019, 39(1): 0126004.

Allegre O J, Jin Y, Perrie W, et al. Complete wavefront
laser

21(18):

control  for ultrashort-pulse

2013,

and polarization
microprocessing[J].  Optics
21198-21207.

Pan S Z, Pei C Y, Liu S, et al. Measuring orbital
angular momentums of light based on petal interference
patterns[J]. OSA Continuum, 2018, 1(2): 451-461.

Belmonte A, Rosales-Guzman C, Torres J P. Measurement

Express,

of flow vorticity with helical beams of light[J]. Optica,
2015, 2(11): 1002-1005.

] BB, A8 R, TR . 108 JE Y SR A A Bl A N B
PEREHCET]. D624k, 2019, 39(1): 0126017,

Ke X Z, Xie Y C, Zhang Y. Orbital angular momentum

measurement of vortex beam and its performance
improvement[J]. Acta Optica Sinica, 2019, 39(1):
0126017.

Hickmann J M, Fonseca E J S, Soares W C, et al.
Unveiling a truncated optical lattice associated with a
triangular aperture using light’s orbital angular momentum

[19]

[20]

(21]

[22]

(23]

[24]

[25]

(26]

(28]

[29]

[30]

[31]

1705001-7

[J]. Physical Review Letters, 2010, 105(5): 053904.

Mazilu M, Mourka A, Vettenburg T, et al.
Simultaneous determination of the constituent azimuthal
and radial mode indices for light fields possessing orbital
angular momentum[J]. Applied Physics Letters, 2012,
100(23): 231115.

BT, TR, KA, G RIEE R b o
g FAFSELT]. P EOE, 2019, 46(1): 0104008.

Mao N, Weit H Y, Cai D M, et al. Simulation for
measuring the topological charges of composite vortex
beams[J]. 2019, 46(1):
0104008.

Berkhout G C G, Lavery M P J, Courtial J, et al.
Efficient sorting of orbital angular momentum states of
light[J]. Physical Review Letters, 2010, 105(15): 153601.
Lavery M P J, Berkhout G C G, Courtial J, et al.
Measurement of the light orbital angular momentum

Chinese Journal of Lasers,

spectrum using an optical geometric transformation[J].
Journal of Optics, 2011, 13(6): 064006.

Alperin S N, Niederriter R D, Gopinath J T, et al.
Quantitative measurement of the orbital angular momentum
of light with a single, stationary lens[J]. Optics Letters,
2016, 41(21): 5019-5022.

Alperin S N, Siemens M E. Angular momentum of
topologically structured darkness[J].
Letters, 2017, 119(20): 203902.
Khonina S N, Kotlyar V V, Skidanov R V, et al. Gauss-
Laguerre modes with different indices in prescribed

Physical Review

diffraction orders of a diffractive phase element[J]. Optics
Communications, 2000, 175(4/5/6): 301-308.

Gibson G, Courtial J, Padgett M J, et al. Free-space
information transfer using light beams carrying orbital
angular momentum[J]. Optics Express, 2004, 12(22):
5448-5456.

Zhou H L, Yan S Q, Dong J J, et al. Double metal
subwavelength slit arrays interference to measure the
orbital angular momentum and the polarization of light[J].
Optics Letters, 2014, 39(11): 3173-3176.

PSS, AR . ATIAT S5 B I8 T 't o 23 £ 2l
EAMBIIE IR PB4, 2018, 67(3): 034201,
FuS'Y, Gao C Q. Progress of detecting orbital angular
momentum states of optical vortices through diffraction
gratings[J]. Acta Physica Sinica, 2018, 67(3): 034201.
Mair A, Vaziri A, Weihs G, et al. Entanglement of the
orbital angular momentum states of photons[J]. Nature,
2001, 412(6844): 313-316.

JEARHE, I, R, A PR AR RS T S AR
0 P T W AR SO I B iR LD TR, 2018,
38(9): 55-59.

QuD W, Li CR, ZhuJ X, et al. Method for improving
the clarity of interference fringe in measuring refractive
index of glass plate[J]. Physics Experimentation, 2018,
38(9): 55-59.

Leach J, Padgett M J, Barnett S M, et al. Measuring the
orbital angular momentum of a single photon[J]. Physical
Review Letters, 2002, 88(25): 257901.



	1　引言
	2　实验步骤
	3　理论模拟
	4　实验结果与讨论
	5　结论

