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Generation and Measurement of Topological Charge of Composite
Laguerre-Gaussian Beams using Moiré Deflectometry

Mohammad Yeganeh', Saifollah Rasouli® %, Mostafa Aakhte® and Daryoush Abdollahpour*

! Department of Physics, Institute for Advanced Studies in Basic Sciences (IASBS), Zanjan 45137-66731, Iran,
2 Optics Research Center, Institute for Advanced Studies in Basic Sciences (IASBS), Zanjan 45137-66731, Iran.

Abstract- In this paper, we have used a LCD as spatial light modulator to generate simple or composite Laguerre-Gaussian
beams from a plane wave of a He-Ne laser beam. Moiré Deflectometry is used to measure gradients of wave-front of the
vortex beam. Integral along a given closed path of gradients used to measure topological charge of the beam. We show that
the sum of topological charges of all beams results overall topological charge of the composite beam. Also, the intensity and
phase distribution of such beams were simulated. Comparing results of the numerical simulation and experimental results
demonstrate that moiré deflectometry can be used to determine topological charge of a beam with an adequate accuracy.

Keywords: moiré deflectometry, composite Laguerre-Gaussian beam, vortex beam, SLM.

oY


http://opsi.ir/article-1-61-en.html

[ Downloaded from opsi.ir on 2025-07-20 ]

ol s g bahs slaisl as Jl> 0 cijle oo (S29S
Seolaial b i [0S0 5 Sges giwddl il g
e P PR VR3] doas] g la was 51 glal)]
oy zToe st.‘ co)La b}b ms :\......JLCLA la WHSLSO
L 5 ol bkt abmle olios cmmsS5Y
IX Y sty 99 50 z9e Az ol (e cilidee

{aco(x, y) e y)} kd Pm(x, y) (X y)} M

ox oy | oz d, 7 d

n m

ALold 5l jo oo 5l (5595 90 Alold Z iz ge sack
59 5% o)le &8 5 o Ay Al sl

é)lm 95Xm Lol zge A mhe gy, XY b,
WL&.MJ‘) 99 4o o)Lo dﬁi” ‘5>l.’>ul.>).u

Z sy 0 a5 cwsS— 5Y zoo slp zoe dguz oo
2 el R(Z) bl glais lls g 0gd oo piiia
& )ypods e 5l 199 Jolss
o s Po &5 = Wﬁsz(;)fo+'r¢0+kzo
9 e dgly il bl o 4G lalop o e
v 5l akhis o Aol el jime cute sl
L Z im0 p Gabate a5 (] joome 4 G zoe dgux
o cod oo, badie il so caonl cal 5,8
Sl o Oygos T jeome 5| 1 Aol 4y glabais ;o zge

— 1. [ kr |
[W“W‘”]{WZ)’F} ™

Seidss b e (el jasiine alal) cnl 5l asslisy
boogls (Sl cpl cew Adie 4 g p
5,5 dnlme i dbal) 5l g e |y e cnl (Kl

1 p— =
|=—¢VapdS, \l

27[ff ¢ ™
55 0 Sl El ol o (gl oo 55 b 1S

JOUS N RSN SIINAEER SO B
Dy lewd 6,5 L5l

OA

et g oSl AVAY oo Ve LA

doddio —)

Bk S slaigiss 4 45 laygly o ol caneS
bog Ol 51 (oBU Wlgion e29d o0 00 Cend (5,95
Oiadad il QT OAM) iz > slagly oS >o3lall
2 Slp h ol 4 (S >ejll o crge s9nl
S 0w g AL slprs 5l S
alyiicn | Sosslonsi sb b (257 zse o slapgish
sl ansly Glagly a8 moslasl 17 olie 4 S yo
u.;‘ Ls\)l.b as Jj‘Lso)lya alo> )| w;—;\] 6L°53ﬁ.
Sl zlgal cpl Aolas jo (536 ion aiil oo Cools
S99 4 (Zle S5 gae A gl d9dos el

[\]o).,.i

4 252 o e s sl kS o,
VAT Lo 5o il San ¢ Allen b ol ol a3,
oS paileSiin] slo cwae 5l eolatul b as aisls ylis
S5 R b e it slavs
o awsS Y Gtk ot olgise LS e
Sl 55 6%l 38 by, »oedle [Ylesls
SoF 4 OlFee &5 gy G bgn nl Wy
5 [o] g-plate [¥](phase plate) 3l dmio [¥] 3l
I ol o Lo oS o )Lsl (SLM) (6,55 olisé 5 5eils
Sagip 3y jelateas SLM plgieas LCD dio o

| 12 PORYVRNRIDEL REPSIRIIIK K o

S -

slddl,zsl 5. Seslail gl Jglae =29 ole SIS
s 6B Gl Gl 3l e a5 Kis sl (5,9
adlas sl ol 5l i loybe zge S [V]aS o
dexr slaall @ rSojlul 5 o2 b sl yialil
S opl 50 LAl 458,513 oolinal 8,50 zgw
bame 5l ges 5l Om L3 s 80 ilae 5 oty UL
SIS G S (o0 e SBaL Sl s
)35 oo Iizme slojle i dlmil SG ke 51 Laas L
Col aline Sy (6,55 90 Jolds sloyle gwdl il 2
bobs slatel a8 J13 oo 5l wxe dlols o a5
gy RSt b bl (ol 5l S slas,ss


http://opsi.ir/article-1-61-en.html

[ Downloaded from opsi.ir on 2025-07-20 ]

Olnl SS398 (559L8 g (swdkiges il JiST i ol pods 4y 4yl ] Sesgigd 9 Syl il ST petacs

89> 5 Olowe 50,8l Cwdy sl Culedys g e e
DNV 005 o oS 558 s T 51 e Sile

599 e Kb Hlade s —F

g I=41 sols sS85 lzge 5 cpl o
s (IL=l,=+10) &Bxz> slgse ¢ 1=+10
(I, =1,=451,=1,=-5) 4 (I, =+10, I, =-10)
e 5 5edls s 53, 5 L5 it ol el
S 0l oll oSl 5l il ol A ey B dlal,
Slall s 50 Eoe fez o (358 Slogss 5|
E5e A K 5l ooliial b gye A gl bl
& 50 ol Old a8 ab g S eslail losle AL 4o
s et gals ol VUSE e el sl [VY]
P S b Al ln 655 SR Gl s
il oS5 5l (50 (Siglmss Jb b g el 5 S
30 CaeS (pl Gly ool Cawoay polis 09l o cunlice

el 0l ) gz 0 (68 Sl Calisie (ol o

slr bl mhae 65) g9 e b sl Gl ) S8
635 IS (s 50,8 (52,0l M (Sa3slissi b s
Ay =—l, =+10C) 1 =+10 )] = +1@) azms o i 1,

d=l,=451,=1,=5® I, =, =+10d)

2 gy 5B mie ol Glp sose ilwand mbs
el oaal ¥ S5 s 5 a5l o e il O+ ALl
oS Jolgd o g Sl 0gd e saalive axilis

AR

S22 syl =Y

dmio S 5l (oS SY g adg jkiear IS cnl o
1024 x 768 slaasl,| oloss L 15x1Immosle) 4 LCD
YLl G Gspsede 3 H g D eslan
SBa dgloe askad ol 3)ls (B 9 (LAl
$395 $n 48, B mloysh F5al ol Lle
Aot Adye 5l Ll oy Saz g0 50 ol @

gl ookl (Vo) d,0) am g0, 5 il

B alie b 5l arge dgu cud (6 S0l jslaieds
S Ghls a) S las,e Ao sslinal L3
Sedl Aol o 3 woe  d=1/10mm i,
shls i, I5ay & )L axils 1,8 oa 51 Z, =9.5em
B Saal ol 4 5 IS0 Ldates Sul &8
Y sXslaygome sliwly ;o ojle o8l o5 0g a3,
5Ll JRr g8 o (s SY e
obm! Sl g9, 4all, lawg A=0.06mm WS
2959 T S9y 25 S 4 6B S ool madges

WS (o g

N
ph(X, y) = phy, em{%%—izlm(pﬁn} ()

m=1

Slow zoe (g9, axkd &5 cul g5l Az phy,
o3 Sbleisl slaws a5 Wil oo slael o | .asS o
b @p, oS oo end (Xoms Yom) b5 511, 56 5,88
5 Sl 950 LU oS e 4y (e 5Ly slaaaisie

el “55.9 djLé Lgﬁill .q);:arctan(%) :M)L)

0om
s plMzse slp Iy (Ssslanss o)l bozse N oJss
33,5 oo 3l Jol &5 50 58 (Xoms Yom) LS 35150 4

alaiz (cwsS- SY AL (6,8 JSS oae (gluwans
$ 0 Ole obgy (pl 5o a0 )5 plal 5 il g4
93 gae A b (g0 Ojgods S 5l 4 (0959
D00y 54 (sl Dol m5s8 5 632.8nNM e sk
Sl 5l gyae zoo F Sile b zge (0l 5B aex L
Ohwe Cnl 51 5855 4558 hawd b G 0525 o0 IS0
shassl 1 ol ejem cnl jo g aid) wilS 3 639> 4


http://opsi.ir/article-1-61-en.html

[ Downloaded from opsi.ir on 2025-07-20 ]

bwg oS iz oz zae Sidas b oo
L, cpl au0 )8 colawl 0gs 0als olow) olad 5 5.0l
5 ol dbize b 0 zse &ex crd xSl
She Jolss a5 Glaty o 55, TSI sl
B @y Sileand w35 Jols o (B2 slag
ol &8l el b 4y e |y Sl dagip ol
oaD yiiie g3y (Suiglns b s pSoslal as ol plas
SIS e 3 Cydgina yan SO L,
aS S5ke s ol per (glo)le wddl il jo g b dlols 4

355 )8 Az g5 3 90 Wb

Sl Swlemw

U onl 5o a8 e e GBI 51 cal p3Y LG o
W""L“ Jim.’ p.,.u A00 y42 UL.M.l‘ :\Jw 6)&9.(& )‘

&=y

[1] S. F. Arnold, L. Allen, and M. Padgett, Advances in
optical angular momentum, Laser & Photonics Reviews, 2
(2008) 299.

[2] M.W.Beijersbergen, L.Allen, H.E.L.O.Veen, J.Woerdman,
Astigmatic laser mode converters and transfer of orbital
angular Momentum, Opt. Commun., 96 (1993) 123.

[31 N. R. Heckenberg, R. McDuff, C. P. Smith, and A. G.
White, Generation of optical phase singularities by
computer-generated holograms, Opt. Lett.,17 (1992) 221.

[4] G. A. Turnbull, D.A. Robertson, G.M. Smith, L. Allen,
M.J. Padgett, The generation of free-space Laguerre-
Gaussian modes at millimeter-wave frequencies by use of
a spiral phaseplate, Opt. Commun., 127 (1996) 183.

[5] E. Karimi, B. Piccirillo, E. Nagali, L. Marrucci, E.
Santamato, Efficient generation and sorting of orbital
angular momentum eigenmodes of light by thermally tuned
g-plates, Applied Physics Letters, 94 (2009) 231124.

[6] J. A. Davis, M. J. Yzuel, J. Campos, |. Moreno, A.
Marquez, and J. Nicolas, Review of operating modes for
twisted nematic liquid crystal displays for applications in
optical image processing, Proc. SPIE, 5181 (2003) 120.

[7] K. Patorski, Handbook of the moiré fringe technique,
Elsevier, Amsterdam, 1993.

[8] S. Rasouli, M. Dashti, and A. N. Ramaprakash, An
adjustable, high sensitivity, wide dynamic range two
channel wave-front sensor based on moiré deflectometry,
Opt. Express, 18 (2010) 23906.

[91 M. Dashti, S. Rasouli, Measurement and statistical
analysis of the wavefront distortions induced by
atmospheric  turbulence using two-channel  moiré
deflectometry, Journal of Optics, 14 (2012) 095704.

[10] M. Chen, F. S. Roux and J. C. Oli, Detection of phase
singularities with a Shack—-Hartmann wavefront sensor, J.
Opt. Soc. Am. A, 24 (2007) 1994.

[11] A. Couairon, E. Brambilla, T. Corti, D. Majus, O. de J.
Ramirez-Gongora, M. Kolesik, ractitioner’s, guide to laser
pulse propagation models and simulation, The European
Physical Journal Special Topics, 199(2011) 5.

[12] M. Yeganeh, S. Rasouli, M. Dashti, S. Slussarenko, E.
Santamato, and E. Karimi, Reconstructing the Poynting
vector skew angle and wavefront of optical vortex beams
via two-channel moiré deflectometery, Optics Letters, 38
(2013) 887-889.

et g oSl AVAY oo Ve LA

Slasts Gl g wbios jeds (R3S e &b 5l 5 ladl
&5 Oeimed b oo (S lae LS 4y slacsl JT s
2935 )3 &5 Sl Lz eole (owgS- SV lagse
L bl S o Sl oz 0 S5z
ol 09 A oo i 271 s3lasla 56 (Sosgle e
Wl slazge ,0 040 o odnlive o3 Al e

e (gl 30 a8 oladSy L (S5edess slasl 4 aiy

N
RUYPES 27[2“|rn S3lailay 51 ol s 06,5 0 1,8 ay
m=1

W‘MM)Q)BM 6&45.0[) Q‘A.:S 5N 45.)5..'
SSOLS, @aSo,b S 5l ye Jelsd o ien
90 ggeme (Soiglasi b V-C JSO jo (Jle lgieas
e 30 cplplo sl yao (I, == 1, =+10) L &
).) 09'“"&5“ OML.M.A 6)b 4;\.14 G.Jb 59‘»).: 50 J.AL...; :\....m.:
o (So5edes b ggee b o Sz lp V-0 JSS
S8 50 Jg wgdioe enslin LS ISD alin (g,l8,
lie giy 90 ggome L8, (I, =1, =+10) L Y-d
) dr @l Ve (Soiddass L L gin S

WS g0 9B |y E3d0e o]

VS sl p (So5dden g b sl el Cavsts polie Y Jgax

™
2 \ Y Y 4 V¥ | YoF | ev YoF | s
S5 el
a VY - - - - - - - -
b a/ay - - - - - - - -
c Velox a7 14/ - - - - -
d VeleA aJAY —e 1YY - - - - -
e /30 B 7AW AL U B /7N Y2 N IRV R YA ¢ S VA QY oee

o

6‘)-.’ )‘lé &% u...;lm L_gl).g Edus 6&6}[&:@ G’L"’ Y JX...
NS L bl slazge

S5 Az g Sy -0

Cowddy jehatedy slo)le mmiwddlymdl ISl s



http://scholar.google.com/scholar?q=Generation%20of%20optical%20phase%20singularities%20by%20computer-generated%20holograms
http://scholar.google.com/scholar?q=Generation%20of%20optical%20phase%20singularities%20by%20computer-generated%20holograms
http://link.springer.com/search?facet-author=%22O.+de+J.+Ram%C3%ADrez-G%C3%B3ngora%22
http://link.springer.com/search?facet-author=%22O.+de+J.+Ram%C3%ADrez-G%C3%B3ngora%22
http://link.springer.com/search?facet-author=%22M.+Kolesik%22
http://link.springer.com/journal/11734
http://link.springer.com/journal/11734
http://opsi.ir/article-1-61-en.html
http://www.tcpdf.org

