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Abstract. Optical vortex is a mode of light whose phase distribution varies as exp(i/¢), where /
is called the topological charge of the vortex and ¢ is an azimuthal angle in the plane
perpendicular to the propagating direction. The vortex beam of charge / carries an orbital
angular momentum of [A and has its application in manipulating micrometer-sized particles. A
common method to detect topological charges of optical vortices is interference with a tilted
Gaussian beam. In this work, we study the interference pattern of two obliquely-incident vortex
beam with different topological charges, created by spatial light modulators (SLMs). We find
fork-like fringes similar to those observed from the interference between a vortex and Gaussian
beam. The fringe difference between the top and the bottom of the fork equals the difference
the topological charges of the two vortices, as predicted by the theory. When the topological
charges are the same and the fork pattern disappears. The tilted angle between the vortex beam
affects the fringe spacing: the larger the tilt angle the smaller the fringe spacing. When the tilt
angle radial from the defect canter. We suggest the result can be used to detect a topological
charge of a vortex beam.

1. Introduction

The phase distribution ¢ of an optical vortex (OV) on the plane perpendicular to the propagation axis
changes linearly with the azimuthal angle ¢ and can be written as ¢ = /¢, where / is typically an
integer and usually called the topological charge of the vortex. Such phase distribution causes the
wavefront to be helical and the vortex inherits an orbital angular momentum of lA. The orbital angular
momentum of optical vortices has been first studied by Allen et al. [1] and can be applied in several
topics, such as classical and quantum communications [2—4], trapping and manipulating micrometer-
sized particles [5], and plasmonics [6—10]. Various techniques have been used to determine
topological charges of optical vortices. The most common technique is interfering with tilted Gaussian
beam [11]. Other techniques include investigating Talbot patterns of optical vortex’s diffraction
through gratings [12], using Stokes polarimetry and a Shack—Hartmann wavefront sensor [13], an
ultracompact array of elliptical nanoholes [14], single-slit diffraction of an optical beam with phase
singularity [15], an annular triangle aperture [16], interference intensity analysis [17], a diamond-
shaped aperture [18], and a hole wheel [19].



The interference patterns of two vortex beams with different topological charges have only been
studies for the case of composite optical vortices, where two collinear beams of optical vortices with
different topological charges have been superimposed to form new composite vortices [20-21]. In this
paper, we study the interference pattern of two obliquely-incident vortex beam with different
topological charges, created by spatial light modulators (SLMs). We suggest the result can be used as
an active method to detect topological charges of vortex beams.

2. Theoretical Simulation

We use Laguerre-Gaussian beams to represent optical vortices. A Laguerre-Gaussian beam to
topological charge / propagating along the z-axis can be expressed as [22]
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Where ¢ = tan *1(y / X) is the azimuthal angle in the plane perpendicular to the z-axis. L“F‘, is

generalized associated Laguerre polynomial. W(Z ) is the laser beam waist at the position z, and zg is

Rayleigh range. To generate off-axis interference patterns we rotate both beams about the x-axis for an
angle +¢ using the rotation matrix
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The first optical vortex beam with topological charge /; is rotated for an angle +¢

(counterclockwise) and superimposed with the second vortex beam with topological charge /, that is
rotated clockwise an angle —¢ (clockwise), as shown in figure 1. The interference intensity is observed

on the plane z=0.

Figure 1. Shows the pathway of light used to create the optical vortex, first vortex (l,), and the second

vortex (l,).



3. Experiment

A 4-mw diode laser (A=633nm) is used in our experiment as a coherent source for the interference of
two vortex beams. The laser source is expanded by an optical telescope to a diameter of about 15 mm
in order to cover the whole polarizer beam splitter (PBS), (THORLABS,CCM1-PBS252M 620-
1000nm). The PBS splits the laser into two equally-intended beam, one goes to the first SLM
(LC2012,Holoeye Photonics AG with resolution of 1024x768 pixels, transmitive) and the other goes
to the second SLM (PLUTO, Holoeye Photonics AG with resolution of 1920x1080 pixels, reflective).
A series of gray-level images are loaded and displayed onto SLM1 and SLLM2 screen, varying the
spatial phases on the SLM screens, producing the optical vortices with integer-valued topological
charges. The optical vortices from both SLMs are superimposed at the CCD camera screen after being
translated through a mirror2, and then the second BS (THORLABS<CM1-BS252M 700-1100nm)
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Figure 2. The setup for interference of two optical vortex beams. SLM1 and SLM2 are used to
generate integer-valued topological defect charges. See text for more details.

4. Results and Discussions

We find fork-like fringes similar to those observed from the interference between a vortex and a
Gaussian beam. The fringe difference between both ends of the fork equals the difference between the

topological charges of the two vortices
Figure 3. shows comparisons between experimental and stimulation results. The interference

patterns in Figure 3a and 3b are from the topological charges of /; = 2 and /» = —3. The results show
similar fork-like patterns with the number of bright fringes on the left (Np) of the fork is 3 and the right
(Np) is 8. This result shows that the difference between the fringes at the right side and the left side of
the fork yields the relation Nr — N =/; — /. In Figure. 3¢ and 3d, with the topological charges of /; = -5
and [, = —4, the number of fringes on the left is 7 and on the right is 6, yielding Nk —Np=/;,—/»=—1.In
Figure 3e and 3f, with the topological charges of /; = -5 and /, = -5, the number of fringes on the left
is equal to the right, yielding Ng — Nr=/1 — 1> =0.

Our simulation also reveals that, when the rotated beams are on the y-z plane, as shown in Figure
1., the interference fringes are along the x-axis (perpendicular to the plane of the rotated beams).
When the tlited angle ¢ is small the spacing between the fringes is wider. In Figure 3b, 3d, and 3f, we
adjust the tilted angle ¢ such that the fringe spacing matches our experimental results.



Figure 3. Off-axis interference patterns between two optical vortices produced by our SLMs with the
topological charges of ;=2 and , = -3 3a), i =—5 and /, = —4 (3¢), 1 =5 and , = -5 (3e). Fig. 3b, 3d
and 3f are corresponding simulation results using the same topological charges as fig. 3a, 3¢ and 3e
respectively.

5. Summary

we have studied the interference pattern of two vortex beams with different topological charges,
created by spatial light modulators (SLMs). We find fork-like fringes similar to those observed from the
interference between a vortex and a Gaussian beam. The fringe difference between the two sides of the
fork equals the difference between the topological charges of the two vortices, as predicted by the
theory. When the topological charges are the same and the fork pattern disappears. We suggest the
result can be used as an alternate method to detect a topological charge of an unknown vortex beam.
The conventional method, which use a Gaussian beam as a reference beam may be disadvantage when
detecting large topological defect charges because the fringe difference is large and may be hard to
observe. Our method has an advantage of adjusting the topological charges of the reference beam to
match that of the unknown vortex charges until the fork pattern disappears.

Acknowledgments

We would like to thank the Research Fund for DPST Graduate with First Placement, Grant #
024/2555.

References

[1]  Allen L, Beijersbergen M W, Spreeuw R J C and Woerdman J P 1992 Phys. Rev. A 45 8185

[2] WangJ, Yang J, Fazal I M, Ahmed N, Yan Y, Huang H, Ren Y, Yue Y, Dolinar S, Tur M and
Willner A E 2012 Nature Photon. 6 488

[3] Mair A, Vaziri A, Weihs G and Zeilinger A 2001 Nature. 412 313



[4]
[3]
[6]
[7]
[8]
[9]
[10]
[11]
[12]

[13]
[14]
[15]
[16]
[17]
[18]
[19]
[20]
[21]
[22]

Plick W N, Krenn M, Fickler R, Ramelow S and Zeilinger A 2013 Phys. Rev. A 87 033806

Chen M, Mazilu M, Arita Y, Wright E and K Dholakia 2013 Opt. Lett. 38 4919

Kim H, Park J, Cho S W, Lee S Y, Kang M and Lee B 2010 Nano Lett. 10 529

Rury A 2013 Phys. Rev. B 88 205132

Toyoda K, Miyamoto K, Aoki N, Morita R and Omatsu T 2012 Nano Lett. 12 3645

Gorodetski Y, Drezet A, Genet C and Ebbesen T W 2013 Phys. Rev. Lett. 110 203906

Brasselet E, Gervinskas G, Seniutinas G and Juodkazis S 2013 Phys. Rev. Lett. 111 193901

Harris M, Hill C A, Tapster P R and Vaughan J M 1993 Phys. Rev. A 49 3119

Panthong P, Srisuphaphon S, Pattanaporkratana A, Chiangga S and Deachapunya S 2016 J. Opt.
18 035602

Yang C H, Chen Y D, Wu Sh T and Fuh A G 2016 Sci. Rep. 31546

Jin J, Luo J, Zhang X, Gao H, Li X, Pu M, Gao P, Zhao Z and Luo X 2016 Sci. Rep. 24 286

Ghai D P, Senthikumaran P and Sirohi R S 2009 Opt-Lasers Eng. 47 123

LiuY, Tao H, PulJ and Lu B 2011 Opt. Laser. Tech. 43 1233

Li X, Tai Y, Lv F and Nie Z 2015 Opt. Commun. 334 235

LiuY, Sun S, PulJ and Lu B 2013 Opt. Laser. Tech. 45 473

Emile O, Emile J, Viaris D LV, Pruvost L and Brousseau C 2015 EPL. 111 34001

Maleev I D and Swartzlander G A Jr 2003 Opt. Soc. Am. B 20 1169

Bijum X and Sendong X 2015 J. Mod. Opt. 62 1033

Lee W M, Yuan X -C and Dholakia K 2004 Opt. Commun. 239 129



