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Abstract We theoretically and experimentally investigate
the Fraunhofer diffraction pattern of a vortex beam passing
through an annular ellipse aperture. It is found that the pat-
tern of the far-field diffraction intensity distribution exhibits
some dark spots, which become clearer with increasing the
value of the ellipticity factor of the annular ellipse aperture.
The diffraction phenomenon is more obvious with increas-
ing the value of the ratio of the inner long axis (or short axis)
to the outer side of the annular ellipse aperture. The number
of the dark spots in the Fraunhofer diffraction intensity dis-
tribution is just equal to the topological charge value of the
measured optical vortex, and the centre of each dark spot is
just a phase-singularity point. Based on this property, we can
measure the topological charge of an optical vortex beam.

1 Introduction

The vortex beam, also known as the helical beam, is a singu-
lar beam which has a continuous spiral phase wave front and
a central dark point in the intensity profile, and whose phase
factor is exp(ilθ). Each photon of such a beam carries an or-
bital angular momentum (OAM) of l�, where l is the topo-
logical charge [1]. In recent years, a great deal of attention
has been given to the research of the vortex beam owing to it
having special applications in many areas, such as the trap-
ping and rotating of micro-particles [2, 3], quantum com-
munication [4], astronomy [5] etc. The topological charge
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of a vortex beam also can be used in optical information en-
coding, which has advantages of high capacity, high security
etc. [6, 7]. Therefore, measuring the topological charge of a
vortex beam becomes a task of great significance.

Several approaches for measuring the topological charge
of an unknown vortex beam have been developed, such as
the Mach–Zehnder interferometer with a Dove prism placed
in each arm [8], the double-slit interference [9] and the
multiple-pinhole interferometer [10], which are based on the
interference principle. Recently, Hickmann et al. [11] ob-
served the generation of a truncated triangular optical lattice
when a vortex beam passed through an equilateral triangu-
lar aperture. Moreno and Davis [12] introduced a technique
to characterize the topological charge of an optical vortex
through its diffraction intensity pattern after a fork-shaped
grating. Guo et al. [13] found that the far-field diffraction
intensity pattern of an optical vortex passing through a cir-
cular annular aperture comprises some bright and dark rings,
and the number of the bright rings is just equal to the topo-
logical charge value of the measured optical vortex. Also,
Liu et al. [14] obtained the magnitude and sign of the topo-
logical charge of the incident vortex beam just by counting
the external spot points of the triangular lattice array and
observing the shape of the diffraction pattern when the mea-
sured optical vortex passed through an annular triangle aper-
ture. Although the two types of annular apertures described
above have been used to measure the topological charge of
an optical vortex beam, to our knowledge there is no report
about the optical vortex passing through an annular ellipse
aperture.

In this paper we will study the diffraction of a vortex
beam passing through an annular ellipse aperture theoreti-
cally and experimentally. It is found that the diffraction pat-
tern is associated with the topological charge of the incident
vortex beam, the ellipticity factor and the ratio of the inner to
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the outer side of the annular ellipse aperture. We also notice
that the number of the dark spots in the far-field diffraction
intensity distribution is just equal to the topological charge
of the measured optical vortex, and that the centre of each
dark spot is a phase-singularity point. From these phenom-
ena, we present a simple and feasible way for measuring the
topological charge of a vortex beam.

2 Theory formulation

We consider a vortex beam as the incident beam; the electric
field distribution at the annular ellipse aperture plane (i.e.
z = 0 plane) can be expressed as [15]
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where w0 is the waist width of the vortex beam and l is the
topological charge.

It is assumed that the vortex beam is diffracted by an an-
nular ellipse aperture whose transmittance is τ(x0, y0). The
field distribution in an observation plane can be obtained by
the Fraunhofer diffraction integral
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By numerically solving the integral shown in (2), we can
obtain the diffraction pattern of a vortex beam through an
annular ellipse aperture. The Fraunhofer diffraction patterns
and the corresponding phase distributions for vortex beams
with different values of the topological charge l diffracted by
an annular ellipse aperture are shown in Fig. 1. The elliptic-
ity factor and the ratio of the inner long axis (or short axis)
to the outer side of the annular ellipse aperture are chosen
as e = 0.8 and η = 0.8. It is found from Fig. 1a–c that the
Fraunhofer diffraction patterns become larger with increas-

Fig. 1 The Fraunhofer diffraction patterns (a–c) and the corresponding phase distributions (d–f) for vortex beams with different values of the
topological charge l diffracted by the annular ellipse aperture. The ellipticity factor e = 0.8 and η = 0.8
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Fig. 2 The Fraunhofer diffraction patterns for the vortex beams with different values of the topological charge l diffracted by the annular ellipse
aperture with different values of the ellipticity factor e

ing the value of the topological charge l, and the number of
the dark spots of the diffraction patterns not only increases
with l, but also is just equal to the topological charge l. Com-
paring Fig. 1a–c with Fig. 1d–f, it is easy to find that the
centre of each dark spot is a phase singularity. We find that,
when the vortex beam with topological charge l is passing
through the annular ellipse aperture, the singularity with a
topological charge l of the incident vortex beam splits into l

singularities, each with unitary topological charge.
Changing the ellipticity factor of the annular ellipse aper-

ture and numerically solving (2), we get Fig. 2. It shows the
far-field diffraction patterns for vortex beams with different
values of the topological charge l diffracted by the annu-
lar ellipse aperture with different ellipticity factors, in which
(a), (b), (c) e = 0.6 and (d), (e), (f) e = 0.7 and the ratio of
the inner long axis (or short axis) to the outer side η = 0.8.
We find from Fig. 2 that the Fraunhofer diffraction patterns
also become larger with increasing the value of the topolog-
ical charge l. In addition, comparing Fig. 2a–c or Fig. 2d–f
with Fig. 1a–c, it is easy to find that the diffraction patterns
become narrower and the dark spots become clearer with
increasing the value of the ellipticity factor e.

In Fig. 3, we present the far-field diffraction patterns for
the vortex beams with different values of the ratio of the
inner long axis (or short axis) to the outer side diffracted by
the annular ellipse aperture, in which (a), (b), (c) η = 0 and
(b), (e), (f) η = 0.6 and the ellipticity factor e = 0.8. It is
found that the diffraction phenomenon is more obvious with
increasing the value of the ratio of the inner long axis (or
short axis) to the outer side η (the inner side is close to the
outer side of the annular ellipse aperture).

3 Experimental results and analysis

To demonstrate the method described above, we carried out
some experimental research. As shown in Fig. 4, a vortex
beam possessing OAM is generated by passing a nearly
Gaussian beam onto a spiral phase plate (SPP) with specific
topological charge. An annular ellipse aperture is placed be-
hind the SPP to diffract the vortex beam. Then we record the
far-field diffraction pattern at the lens’s focal plane using a
CCD.

The experimental results for the diffraction of vortex
beams are shown in Fig. 5, from which we can straightfor-
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Fig. 3 The Fraunhofer diffraction patterns for the vortex beams with different values of the topological charge l diffracted by the annular ellipse
aperture with different values of the ratio of the inner long axis (or short axis) to the outer side η

Fig. 4 Schematic of the
experimental setup to measure
the topological charge of vortex
beams using an annular ellipse
aperture. L1, L2, L3: lenses;
SPP: spiral phase plate; AP:
aperture plane

wardly obtain the topological charge value of the incident
vortex beam just by counting the number of the dark spots.
Comparing Fig. 5a–c with Fig. 1a–c and Fig. 5d–f with
Fig. 2a–c, we find that the experimental results are consis-
tent with the theoretical ones. We notice that there is a kind
of symmetry breaking in the observed diffraction patterns.
This phenomenon may be due to the fact that the vortices of
the beams are not aligned with either of the ellipse axes. Fig-
ure 5g–i show the Fraunhofer diffraction patterns recorded
in our experiments with the topological charge l = 3 of the

incident beam for different values of η, respectively. We find
that the diffraction phenomenon is more obvious with in-
creasing the value of η. The result is accord with the theo-
retical result from Fig. 3.

4 Conclusions

We have theoretically and experimentally demonstrated the
far-field diffraction intensity pattern of an optical vortex
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Fig. 5 The diffraction patterns for the vortex beams diffracted by an annular ellipse aperture

beam diffracted by an annular ellipse aperture. It is found
that the dark spots in the diffraction field become clearer
with increasing the value of the ellipticity factor of the an-
nular ellipse aperture. We also find that the diffraction phe-
nomenon is more obvious with increasing the value of η.
Based on the diffraction pattern of the vortex beam, we can

easily measure the topological charge of the incident vortex
beam.
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