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Abstract—In this work a physically realizable pseudo Schell-
model planar light source with optical vortex is proposed.
The characteristics of irradiance and coherence of the beam
radiated by this type of source are analysed at the source plane
and upon free paraxial propagation.

1. Introduction

Schell-model sources has been found many applications
in free-space optical communications, particle trapping etc
and consequently have been receiving increasing attention
in the literature, both in the scalar treatment [1]–[11] as
in the vectorial case [12]–[15]. On the other hand, since
their introduction, optical vortices are a subject of great
interest [16]–[19] both from theoretical point of view as well
as due its potential applications as particle manipulation. In
this work a physically realizable planar light source with
optical vortex and degree of coherence depending on the
radius and on the phase difference is proposed. We will refer
to it as a pseudo Shell-model source. At the source plane,
it has the particularity of being completely coherent for any
pair of points belonging to rings with center at the axis of the
beam and partially coherent or incoherent for other pairs of
points. Due to the phase that carries the optical vortex, this
source presents a dark core at its center. The characteristics
of irradiance and coherence of the beam radiated by this
type of source are analysed at the source plane and upon
free propagation.

Following this Introduction, in Section 2, the properties
of the proposed CSD function are described, in Section 3,
the free space propagation is analyzed, and finally, the main
main results of this work are summarized in the Conclusion.

2. Proposed cross spectral density function

The most important constraint to ensure that a cross
spectral density function (CDS) corresponds to a physically
realizable source is to prove that such function is a non
negative definite kernel. This may be a difficult task. How-
ever necessary and sufficient conditions has been stated in

the literature [20]–[23]. In the present work we propose a
source whose CSD at plane z = 0 take the form
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where J1(x) is the first order Bessel function; rj = (rj , ϕj)
with j = 1, 2, are two arbitrary position vectors at the
source plane, m is a integer, k is the wavenumber, w0

is related to the source width, and b is an adimensional
parameter that controls the coherence area. The function is
normalized in such a way that the total energy at the source
plane is 1.

By using the methods developed in [20]–[23], it can be
proven that is a genuine CSD and therefore physically real-
izable source. The irradiance of the source can be obtained
by evaluating the CSD at the same points [13], [24] and
results
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The degree of coherence [13], [24] of the proposed
source is given by

γ (r1, r2) = exp [im(ϕ2 − ϕ1)]
2J1 (kb (r2 − r1))
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. (3)

Taking into account Eqs. (1)-(3) we have the following
properties of the source. It carries a topological charge m
and consequently presents a dark core at its center and
then it presents a phase singularity. The absolute value
of the degree of coherence only depends on the diference
r2 − r1 and therefore is equal to one, over rings for any
choice of parameter b. More specifically, the degree of
coherence as a function of r2 − r1 presents a central lobe
where the coherence is high and secondary lobes that are
lower and lower. The first null of this function occurs for



Figure 1. Degree of coherence for b = 0.1λ/w0 (blue), b = 0.3λ/w0,
b = λ/w0, b = 3λ/w0, and b = 10λ/w0 (green), for w0 = 1000λ.

kb |r2 − r1| ' 3.832, which means a total bandwidth of the
central lobe equal to 1.22λ/b. Fig. 1 shows the behaviour
of the degree of coherence along radial direction (ϕ2 = ϕ1)
for different values of parameter b.

On the other hand, the irradiance shows a donut shape,
with a small (relative to w0) dark core and the intensiyt be-
ing negligible at distances from the center greater than 2w0

(see blue curve of Fig. 2). From Fig. 1 and the irradiance
behavior, it can be deduced that for small enough parameter
b (b << 1.22λ/w0), the source is quasi coherent because the
degree of coherence is nearly one for the whole area where
the source has appreciable irradiance. On the contrary, when
parameter b is too large (well above 1.22λ/w0), the source is
nearly incoherent for arbitrary points, except for points that
satisfy r2 = r1. That is, when parameter b is large enough,
the source is completely coherent for any pair of points
belonging to circles concentric to the center of the source
and nearly incoherent for other pairs of points, even when
this two points are very close if they are not on the same
circle. For intermediate values of parameter b, the source is
coherent for rings, presents a high degree of coherence for
points in the vicinity of a given ring and is quite incoherent
for points belonging to rings with considerably different
radii. For any choice of b, the coherence is complete between
points that satisfy r2 = r1 = r, although their distance can
be as large as 2r.

3. Free space propagation

In order to obtain the CSD of these source at any plane,
we assume paraxial propagation along z axis, so the Fresnel
diffraction integral can be used and the CSD is [24]
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where Rj = (rj , θj) with j = 1, 2 are two arbitrary position
vectors in z plane.

Figure 2. Intensity along radial direction at several distances from the
source for a topological spiral charge m = 1, b = 3λ/w0, and
w0 = 1000λ.

Substituting Eq. (1) into Eq. (4) and taking into account
of Bessel functions definition, it can be found
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Numerical evaluation of the integrals in Eq. (5) can be
obtained. Propagation distance is expressed in terms of the
Rayleigh distance zR = kw2

0/2. For example, Fig. 2 shows
that, after propagation, the decay rate of the irradiance for
large R is very low as compared with this decay rate at
the source plane. Then, high values of irradiance extends
in a wider area than at the source plane and remains large
(relative to its maximum) for very large radius from the
beam axis.

Regarding to the CSD, numerical simulation indicates
that the area where the CSD takes high values increases
with increasing values of the propagation distance. This
means that the beam becomes more and more coherent with
propagation distance.

4. Conclusion

In this work, a CSD representing a new vortex pseudo
Schell-model source is proposed and analyzed. This source
is completely coherent for any pair of points on a ring and
is partially incoherent for points belonging to concentric cir-
cles with different radii. The distance in radial direction be-
tween two circles at which the degree of coherence reduces
to zero is controlled by the parameter b introduced in the
definition of the source. This property, that is demonstrated
at the source plane, seems to remain invariant in free space



propagation. However the coherence area increases in free
space propagation.
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