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Abstract
In this paper, we propose a simple and feasible method to measure
the topological charge of vortex beams using the cross double-slit
interference pattern. The cross double-slit interference pattern can
be considered as the superposition of the two single-slit diffraction
patterns. It is found that the topological charge of the vortex beam is
equal to the number of interference intensity period when the angle
between the cross double-slit varies between 0 and 2π, the sign of
the topological charge can be determined by the advance or delay
of the intensity evolution when the phase π/2 is added on one slit of
the cross double-slit.
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Introduction
The vortex beams possess the orbital angular momentum which
is associated with the azimuthal phase of the vortex beam [1]. The
vortex beams have been applied in the different fields of research,
such as optical tweezers [2], optical micromachining [3], quantum
communication [4,5], as well as the electron vortex beams [6,7]
and the electron plasma waves with the orbital angular momentum
[8,9].
The topological charge can take integer or fraction value [10],
and it is an important parameter of the vortex beams. Thus the
measurement of the topological charge is particularly important
for the study of the vortex beams. There are two basic methods
for measuring the topological charge of the vortex beams, one
is the interference patterns, such as the double-slit interference
[11,12], the interference of the dynamic angular double slits
[13,14], the Mach-Zehnder interferometer [15-17]; the other is
the diffraction patterns, such as the triangular aperture diffraction
[18-20], the single-slit diffraction [21,22], the annular triangle
aperture diffraction [23], the annular aperture diffraction [24], the
multipinhole plate [25], the axicon [26] or tilted convex lens [27].
In these two methods, the magnitude and sign of the topological
charge can be determined according to the relation between the
topological charge and the intensity distribution of the interference
or diffraction patterns.
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In this paper, we investigate the interference pattern of a vortex
beam by cross double-slit theoretically and experimentally. One
has known that the diffraction intensity (fringes) of a single-slit
depends on the amount of the topological charge [21,22]. The
cross double-slit interference pattern can be considered as the
superposition of the two single-slit diffraction patterns and its
intensity distribution also depends on the topological charge.
When the angle between the cross double-slit varies between 0 and
2π, it is found that the topological charge of the vortex beam is
equal to the number of interference intensity period. This provides
a method for measuring the topological charge of vortex beams.
If the phase π/2 is added on one slit of the cross double-slit, the
sign of the topological charge can be determined by the advance or
delay of the intensity evolution.

Theoretical Formulation
Let us consider that the Fraunhofer diffraction pattern of a
vortex beam by a slit. The complex amplitude of a vortex beam
(Laguerre-Gaussian beam) can be written in the following
simplified form [28].
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where w0 is the waist width and m is the topological charge of
the vortex beam. By means of the Fraunhofer diffraction integral, the
diffracted field can be obtained
 ik
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where k=2π/λ is the wave vector, λ is the wavelength and the
aperture is a slit which are shown in Figures 1a and 1c, the intensity
distribution of the diffracted field are shown in Figures 1b and 1d,
which we take the topological charge m=1. The Fraunhofer singleslit diffraction of the vortex beam has been investigated in previous
works [21,22] and one obtains that the fringe formation depend on
the amount of orbital angular momentum and the slit position in
relation to the beam.
When a vortex beam is incident on a cross double-slit along the
z axis just as shown in Figure 2, the angle between the cross doubleslit is θ. One knows that the point P at the y’ axis will experience
a constructive or destructive interference pattern which can be
considered as the superposition of the two single-slit diffraction
patterns, just as shown in Figures 1e and 1f. If the diffracted field
of one single-slit is E1, the other can be written as E2 exp (-imΔφ),
Δφ is the phase difference between Q1P and Q2P and has the
following form

∆ϕ =mθ + 2π

∆s
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(3)

where Δs=|Q1P|-|Q2P| is the optical path difference between Q1P
and Q2P. Because the cross double-slit is symmetrical with respect to
the y axis which is parallel to y’ axis, the optical path difference Δs=0,
so Δφ=mθ. The interference intensity at P can be expressed as

I =E1 + E2

2

=2 I D [1 + cos(mθ )] 			

(4)
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where ID=|E1|2=|E2|2 is the intensity of the single-slit diffraction
patterns. We notice that if the angle θ varies between 0 and 2π, there
will be a periodic constructive or destructive interference pattern at
the point P, the number of intensity periods is determined by the
topological charge of the vortex beam.
According to Equation (4), Figure 3 shows the numerical
simulation results of the cross double-slit interference pattern for the
case of m=1 when the angle θ varies between 0 and 2π. It shows that
there is a periodic constructive or destructive interference pattern
at the point P and the number of intensity period is equal to the
topological charge of the vortex beam (bright→dark→bright). The
same result also can be obtained when the topological charge m is
changed. For determining the sign of the topological charge, the phase
π/2 can be added on one slit of the cross double-slit, Δφ=mθ+π/2, the
interference intensity at P can be written as:
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By comparing with the evolution of the interference intensity in
Figure 3, there is an advanced or delayed intensity evolution which
is determined by the sign of the topological charge. Using the spatial
light modulator, the additional phase π/2 can be easily added on one
slit of the cross double-slit experimentally.

Experimental Results and Discussion

Figure 1: The single-slit Fraunhofer diffraction patterns and the cross doubleslit interference of vortex beams. (b) and (d) are the intensity distribution of the
diffraction patterns by a single-slit in different directions. (f) is are the intensity
distribution of the interference pattern by the cross double-slit with the angle
θ between the single-slit.

The experimental setup of the cross double-slit interference
of the vortex beams is shown in Figure 4. The vortex beam is
generated using computer-generated hologram which is written
in the spatial light modulator 1 (SLM1). The cross double-slit is
written in the spatial light modulator 2 (SLM2) and we obtain the
far-field diffraction pattern at the lens’s focal plane using a CCD.
The experimental results for the cross double-slit interference of
the vortex beams are shown in Figure 5, which corresponding to
the numerical simulation results in Figure 3. In the experimental
process, the angle of the cross double-slit varies between 0 and 2π
and the topological charge of the vortex beam is m=1. We notice
that the number of intensity period is equal to the topological
charge of the vortex beam and it is same as the theoretical results
obtained above.
Furthermore, using the computer simulation, the additional
phase can be implemented on one slit of the cross double-slit and
then the sign of the topological charge can be determined by the
intensity change (advance or delay) of the interference pattern.

Conclusion

Figure 2: Schematic of the cross double-slit interference. The cross doubleslit is symmetrical with respect to the x and y axis, θ is the angle between the
single-slit, Q1 and Q2 are two symmetric point on the cross double-slit, P is the
point at the y’ axis which is parallel to y.
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In this paper, we provide a way to measure the topological charge
of vortex beams using the interference pattern by cross double-slit in
theory and experiment. The cross double-slit interference pattern can
be considered as the superposition of the two single-slit diffraction
patterns, and its intensity distribution depends on the topological
charge. It is shown that the topological charge can be determined
by the number of interference intensity period when the angle
between the cross double-slit varies between 0 and 2π, the sign of the
topological charge can be determined by the advance or delay of the
intensity evolution when the phase π/2 is added on one slit of the
cross double-slit.
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Figure 3: Numerical simulation results of the cross double-slit interference of vortex beams (m=1) when the angle θ varies between 0 and 2π.

Figure 4: Schematic of the experimental setup to measure the orbital angular momentum of vortex beams using the cross double-slit interference.

Figure 5: Experimental results of the cross double-slit interference of vortex beams (m=1) when the angle θ varies between 0 and 2π, which corresponding
to the numerical results in Figure 3.
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