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Partially coherent diffraction-free vortex beams
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A new family of partially coherent beams carrying optical
vortices is introduced. Any member of this family represents
an incoherent superposition of fully coherent orthogonal
Bessel modes with the same helical wavefront and is notable
for its diffraction-free propagation. It is shown analytically
and experimentally that such beams can be approximately
generated in the Fourier-transforming optical system
with a computer-controlled liquid-crystal spatial light
modulator. © 2017 Optical Society of America

OCIS codes: (050.4865) Optical vortices; (030.0030) Coherence and

statistical optics; (030.4070) Modes; (140.7010) Laser trapping.
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Recently, we introduced the concept of the “perfect vortex” [1],
defined as an optical beam with the transverse distribution of
complex amplitude given by the ideal model

gν� ρ� � δ�ρ − ρ0� exp�iνθ�; (1)

where δ�ρ� is the Dirac δ-function, ρ � �ρ; θ�, ρ0 is the radius
of the vortex, and ν ≥ 1 is an integer, known as the topological
charge of the vortex. It was shown that the perfect vortex can be
represented alternatively as a coherent superposition (the sum
of weighted amplitudes) of orthogonal Bessel modes with the
same azimuthal phase, namely,

gν� ρ� ∝ exp�iνθ�
X

n

Jν�αν;nρ0∕a�
J2ν�1�αν;n�

Jν

�
αν;n
ρ

a

�
; (2)

where Jν�·� is the Bessel function of the first kind and order ν,
αν;n is its nth zero, and a is the upper limit of the radial coor-
dinate ρ. This representation permitted us to propose a rather
simple technique for generating the perfect vortex using
the Fourier-transforming optical system with a computer-
controlled liquid-crystal (LC) spatial light modulator (SLM)
at its input. It must be specially noted that the perfect vortex
defined by Eq. (1) has the perfect form only in the focal plane
of the Fourier lens and undergoes diffraction spread, losing its
perfection, when propagating into the half-space z > 0. This
fact significantly restricts the efficiency of a perfect vortex in

the 3D optical trapping [2,3]. Here we introduce a new family
of optical vortices that is not perfect in the sense attributed by
Eq. (1), but possessed another remarkable property, namely,
they propagate without diffraction spread. As will be shown
further, any member of this family is a partially coherent beam
which can be represented as an incoherent superposition (the
sum of weighted intensities) of fully coherent orthogonal Bessel
modes of arbitrary order, with the same helical wavefront.
To start, we recall that the cross-spectral densityW � ρ1; ρ2�

of a partially coherent planar source occupying a finite domain
D, under rather general conditions, can be represented in the
form of the Mercer expansion [4] as

W � ρ1; ρ2� �
X

n

λnφ
	
n� ρ1�φn� ρ2�; (3)

where λn are the eigenvalues and φn� ρ� are the eigenfunctions
of the homogeneous Fredholm integral equation of the second
kind:

Z

D
W � ρ1; ρ2�φn� ρ1�dρ1 � λnφn� ρ2�: (4)

It is important to stress that all the eigenvalues λn are
necessarily non-negative, and the eigenfunctions φn� ρ� can
be chosen to form an orthonormal set. We note also that each
term of the sum in Eq. (3) may be associated with a completely
coherent mode φn� ρ� of the field. That is why Eq. (3) is often
referred to as the coherent-mode representation of a partially
coherent field.
Now let us consider a stochastic field, each realization of

which has the form

U � ρ� �
X

n

cnφn� ρ�; (5)

where φn� ρ�, as before, are the modes of the field, and cn
are some random variables that will be specified later. The
cross-spectral density of such a field can be written as

W � ρ1; ρ2� � hU 	� ρ1�U � ρ2�i

�
X

n

X

m
hc	ncmiφ	n� ρ1�φm� ρ2�; (6)

where the angle brackets denote the statistical averaging over an
ensemble of random realizations. Next, we chose the modes
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φn� ρ� to form the orthonormal set of Bessel functions [5] with
the same azimuthal exponential factor, i.e.,

φn� ρ� �
Jν
�
αν;n

ρ
a

�
ffiffiffi
π
p
aJν�1�αν;n�

exp�iνθ�; 0 ≤ ρ ≤ a: (7)

Besides, we assume that the random variables cn are chosen
to satisfy the condition hc	ncmi � λnδn;m, where δn;m is the
Kronecker symbol. We note that this condition can be satisfied,
for example, by taking cn �

ffiffiffiffiffi
λn
p

exp�iψn�, where ψn are sta-
tistically independent random variables uniformly distributed
in the interval 
0; 2π�.
On substituting from Eq. (7) with an accepted condition

into Eq. (6), we obtain

W � ρ1; ρ2� �
X

n
λn
Jν
�
αν;n

ρ1
a

�
Jν
�
αν;n

ρ2
a

�

πa2J2ν�1�αν;n�

× exp
iν�θ2 − θ1��; (8)

which is just the coherent mode representation of the field
under consideration. The corresponding spectral intensity
S� ρ� of this field may be obtained from Eq. (8) by putting
ρ1 � ρ2 � ρ as follows:

S� ρ� �
X

n

λn
J2ν
�
αν;n

ρ
a

�

πa2J2ν�1�αν;n�
: (9)

As is well known (see, e.g., Ref. [6]), the coherence proper-
ties of the light are characterized by the distribution of eigen-
values λn. The more uniform the spread of this distribution, the
more incoherent the light. On the other hand, the more the
concentration of the eigenvalue distribution about the maxi-
mum value, the more the coherence of the light. Hence, the
field given by Eq. (8) with the arbitrary values of λn can be
identified as a partially coherent Bessel-mode vortex beam.
We realized the numerical simulation of the obtained theo-

retical results by avoiding the uncertainty of λn with a particular
choice λn � πa2J2ν�1�αν;n�. In this case, Eqs. (8) and (9) take a
simpler form, respectively,

W � ρ1; ρ2� � eiν�θ2−θ1�
X

n
Jν

�
αν;n
ρ1
a

�
Jν

�
αν;n
ρ2
a

�
; (10)

S� ρ� �
X

n
J2ν

�
αν;n
ρ

a

�
: (11)

The normalized spectral intensity calculated from Eq. (11)
for three different values of topological charge and 30 zeros of
the Bessel function is displayed in Fig. 1. As can be seen from
this figure, the considered field has the total intensity profile
of an annular shape with a dark central region whose radius
rises with the increase of topological charge ν. The external
zero-intensity ring corresponds to the upper limit of radial
coordinate ρ, and the small irregularity of the calculated curves
relative to the continuous form is due to the finite-sum approxi-
mation of Eq. (11).
Consider now the propagation of the field given by the

cross-spectral density (8) in the positive direction z normal
to the plane �ρ; θ�. To do this, we will find the cross-spectral
densityW � ρ1; ρ2; z0� in some plane z � z0, using its coherent
mode representation with the new modes φn� ρ; z0�, i.e.,

W � ρ1; ρ2; z0� �
X

n
λnϕ

	
n� ρ1; z0�ϕn� ρ2; z0�: (12)

Each new mode φn� ρ; z0� can be written in the form
(Ref. [7], Eqs. (3)–(69)) adapted to cylindrical coordinates
�ρ; θ; z�:

ϕn� ρ; z0� �
Z
2π

0

Z
k∕2π

0
φ̃n�r;ϕ; 0� exp

	
iz0

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
k2 − �2πr�2

p 


× exp
i2πrρ cos�ϕ − θ��rdrdϕ; (13)

where

φ̃n�r;ϕ; 0� �
Z
2π

0

Z
∞

0

φn�ρ; θ; 0�e−i2πrρ cos�ϕ−θ�ρdρdθ (14)

is the angular spectrum of the initial mode φn� ρ; 0� given in
polar coordinates �r;φ�, and k is the wave number. Substituting
for φn� ρ; 0� from Eq. (7) into Eq. (14) with due regard for
Bessel relations [5],

Jν�x� �
i−ν

2π

Z
2π

0
exp�iνψ� exp�ix cos ψ�dψ ; (15)

α

Z
∞

0
Jν�αρ�Jν�α 0ρ�ρdρ � δ�α − α 0�; (16)

as well as for the sifting property of the Dirac δ-function,
we find

ϕ̃n�r;ϕ; 0� �
iν exp�iνϕ�
2πaJν�1�αν;n�

δ

�
r −
αν;n
2πa

�
: (17)

Then, substituting for φ̃n�r;ϕ; 0� from Eq. (17) into
Eq. (13), by analogy with the foregoing, we obtain

Fig. 1. Normalized spectral intensity S�ρ� and corresponding 2D
patterns for different values of topological charge ν.
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φn� ρ; z0� �
eiz0

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
k2−�αν;n∕a�2
p
ffiffiffi
π
p
aJν�1�αν;n�

Jν

�
αν;n
ρ

a

�
eiνθ : (18)

Finally, recalling Eq. (12), we find

W � ρ1; ρ2; z0� � eiν�θ2−θ1�
X

n

λn
Jν
�
αν;n

ρ1
a

�
Jν
�
αν;n

ρ2
a

�

πa2J2ν�1�αν;n�
: (19)

On comparing Eqs. (8) and (19), one may see that

W � ρ1; ρ2; z0� � W � ρ1; ρ2; 0�; (20)

the result, which defines the concept of propagation-invariant,
or diffraction-free, partially coherent field [8]. Thus, Eq. (8)
defines a family of diffraction-free vortex beams.
Now we will show that the diffraction-free vortex beam

given by cross-spectral density (10) can be approximately
generated in the Fourier-transforming optical system with
the computer-controlled SLM operating in phase-only modu-
lation mode.
Let us assume that the control video signal applied to the

SLM represents a set of thin enough concentric rings which
can be approximated by the function

T �r;ϕ� �
XN

n�1
δ

�
r −
αν;n
αν;N
R
�

ν�φ� ψn��; (21)

and which are separated by a set of complementary concentric
rings:

T 0�r;ϕ� � �k∕f �x 00x
�
1 −
XN

n�1
δ

�
r −
αν;n
αν;N
R
��
: (22)

In Eqs. (21) and (22), R is the radius of the active zone of
SLM, f is the focal length of the Fourier-transforming lens,
and ψn are the random variables uniformly distributed in
the range 
0; 2π�, which change independently in different prin-
cipal rings with the frame frequency of the control video signal,
providing the destruction of the field coherence in the radial
direction. It is worth noting that the destruction of coherence
in the radial direction can be made alternatively by a rotating
ground-glass diffuser placed before the SLM, as it was done in
[9–11]. However, such a technique does not provide the de-
sired complete statistical independence of SLM transmittance
in different principal rings. This can be explained by the exist-
ence of Gaussian correlation dependence associated with the
roughness of the used ground-glass diffuser (for more details,
see Ref. [12]). Moreover, a rotating ground-glass diffuser par-
allel with the reduction of coherence in the radial direction
also causes the crucially undesirable, in our case, the reduction
of coherence in the azimuthal direction. Therefore, we give
preference to the proposed technique of radial coherence
destruction. Then, the optical signal at the output of SLM takes
the form

U �r;ϕ� � exp�iνφ�
XN

n�1
exp�iνψn�δ

�
r −
αν;n
αν;N
R
�

� exp
i�k∕f �x 00x�
�
1 −
XN

n�1
δ

�
r −
αν;n
αν;N
R
��
: (23)

We note that the phase factor exp
i�k∕f �x 00x� in Eq. (23)
results in the deviation of parasite light (light passing through
the complimentary rings) from the axial direction and, hence,
can be omitted in our further consideration. The optical signal

centered at the on-axis position of the output plane of the con-
sidered optical system can be found as the Fourier transform of
the useful part of Eq. (23). Recalling integral representation
(15) and sifting property of the Dirac δ-function, we obtain

U �ρ; θ� ∝ eiνθ
XN

n�1
eiνψn Jν

�
kαν;nRρ
f αν;N

�
: (24)

Respectively,

W � ρ1; ρ2� ∝
XN

n�1

XN

m�1
Jν

�
kαν;nRρ1
f αν;N

�
Jν

�
kαν;mRρ2
f αν;N

�

× eiν�θ2−θ1�he−iνψn eiνψmi: (25)

Finally, taking into account that he−iνψn eiνψmi � δn;m and
denoting f αν;N∕kR � a, we can rewrite Eq. (25) as follows:

W � ρ1; ρ2� ∝ eiν�θ2−θ1�
XN

n�1
Jν

�
αν;n
ρ1
a

�
Jν

�
αν;n
ρ2
a

�
: (26)

As can be seen, Eq. (26) is a finite sum approximation
of Eq. (10).
To verify the proposed technique in practice, we realized a

physical experiment using the setup sketched schematically
in Fig. 2. In this experiment, we employed the computer-
controlled phase-only reflective LC SLM Pluto-Vis from
HoloEye Photonics AG with 1920 × 1080 pixel resolution and
the radius of the active zone of 4.32 mm. The control video
signals were generated using Matlab routines and displayed
onto the LC panel with accuracy of 256 gray levels and a frame
frequency of 60 Hz in the SVGA mode. As the primary source,
we used a horizontally polarized He–Ne laser beam expanded
to a 50 mm size. The Fourier-transforming lens had a focal
distance of 1 m and a radius of 25 mm. To register the results,
we employed a charge-coupled device camera with 840 × 640
pixel resolution.
In our experiment, we generated the vortex beam of order

ν � 10 with cross-spectral density approximately given by
Eq. (26). When doing this, we used 30 principal annular zones
of LC-SLM each of 14 pixels width and registered the trans-
versal spectral intensity at different distances from a back focal
plane of the Fourier lens. We limited the maximum value of z0
to 1 m in accordance with the relation zmax ≤ f r0∕R, where f
and r0 are the focal length and the radius of the Fourier-
transforming lens, respectively, while R is the radius of the
active zone of LC-SLM (see, for example, Ref. [8]).
The results obtained in the experiment are shown in Fig. 3.

As can be seen from this figure, the generated vortex beam,
in the main, exhibits a non-diffracting behavior along the

Fig. 2. Experimental setup used for generating the diffraction-free
vortex beam.
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propagation coordinate (the radius of the principal bright ring
remains constant with the increase of z0 ), although the quality
of the obtained vortex turns out somewhat worse than the pre-
dicted one (see Fig. 1). The relatively large irregularity of the
registered intensity in the radial direction (the parasite lateral
rings) and the weak light inside the vortex are due to the sys-
tematic error caused by an approximate character of equality
(21). The clearly seen periodical structure in the azimuthal
direction is due to the instrumental error caused by the parasite
intensity variations corresponding to the 2π phase jumps of the
LC-SLM modulation characteristic.
In conclusion, we have introduced a new family of partially

coherent beams carrying optical vortices. Any member of this

family represents an incoherent superposition of fully coherent
orthogonal Bessel modes with the same helical wavefront and is
notable for its diffraction-free propagation. It is worth noting
here that not so long ago a resembling class of vortex beams, but
with Laguerre–Gauss modes instead of Bessel modes, was
introduced by Ponomarenko [13]. However, we consider that
the family of diffraction-free vortex beams introduced here is
much simpler in its practical realization and, hence, can be
widely adopted in 3D optical trapping and manipulation of
small particles.

Acknowledgment. The authors thank Dr. Stefan Osten
from HoloEye Photonics AG for his valuable recommendations
relative to the characterization of LC-SLM Pluto-Vis.
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ABSTRACT
We investigate the effect of primary illumination properties on partially coherent Bessel mode vor-
tex beams. Based on the coherent mode representation, we show that a wide class of such vortices
can be obtained by applying well-known apodization functions to the primary illumination. In par-
ticular, we find that the combined effect of apodization windows with high topological charges
induces transitions of high intensity gradient from the vortex core to the outer vortex rim. The spe-
cific choice of apodization filters leads to a change on the spatial degree of coherence as a function
of the topological charge. This suggests a synthesis procedure to generate partially coherent vortex
beams where the intensity gradient can be shaped by changing the degree of coherence and the
topological charge.
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1. Introduction

Partially coherent vortex beams have attracted great
attention in recent years as they exhibit some advantages
over coherent vortex beams. Practical applications of
such vortices include ghost imaging, self-focusing, opti-
cal trapping, among others; see, e.g. (1–4) and references
therein. Other important applications including propa-
gation (5), imaging (6) and focusing properties (7) of
partially coherent vortex beams have been investigated.
On the other hand, the control of the degree of coher-

ence on such vortices and its eLect on the power spec-
trum has been less investigated. Not long ago, we demon-
strated theoretically and experimentally the possibility of
generating a class of partially coherent diLraction-free
Bessel vortex beams (8). Recently, we have shown that
low coherence Bessel mode vortex beams can revert the
dependence of the vortex radius with topological charge.
The synthesis technique in both cases relies on the coher-
ent mode representation of a planar source (9) and can
be generated by means of a Fourier transforming optical
system incorporating a LiquidCrystal Spatial LightMod-
ulator (LC SLM) at its input. In addition, in the proposed
techniques, the degree of coherence can be physically
modulated by changing the width of the input beam (10).
These examples put into evidence that coherence and
topological charge are key parameters for shaping the
spectral density of Bessel mode vortex beams. However,
the dependence of coherence on the illumination width

CONTACT M. Á. Olvera Santamaría molvera@fcfm.buap.mx

leads to a reduced modulation range of the SLM as less
pixels are eLectively employed.
Here, we introduce a modiMed technique for gener-

ating a wider class of partially coherent Bessel vortex
beams that do not require reducing the input illumi-
nation width. We show that by using suitable designed
apodization windows, the spectral intensity and degree
of coherence can be shaped. Interestingly, the use of
apodization windows combined with high topological
charges induce transitions of high intensity gradient from
the vortex core to the outer vortex rim. We also show
that the choice of apodization Mlters leads to a change on
the spatial degree of coherence as a function of the topo-
logical charge. We believe that the obtained results can
be useful for designing new conMnement and isolation
schemes of microparticles and where low coherence vor-
tices are needed without changing its transverse intensity
distribution.

2. Generating the Bessel mode vortex beams

Here, we recall in brief the technique of generating
the Bessel mode vortex beams presented in our previ-
ous paper (10). When doing this, we modify slightly
the original optical scheme placing some apodiza-
tion Mlter before the SLM at the front focal plane
of the Fourier transforming lens as it is shown in
Figure 1.

© 2019 Informa UK Limited, trading as Taylor & Francis Group



168 J. GARCÍA GARCÍA ET AL.

Figure 1. Optical system for generating the Bessel mode vortex
beam.

As before, we assume that the active zone of the SLM
represents a set ofN rather thin well-separated concentric
rings with amplitude transmittance inside given by

tn (ρ) = exp [i (νϕ + ψn)] , (1)

where ρ = (ρ ,ϕ), ν is an integer, and ψn are the ran-
dom variables uniformly distributed in the range [0, 2π ],
which change independently in diLerent rings with the
frame frequency of the control video signal applied to the
SLM. It must be specially noted that introducing the ran-
dom phase shifts ψn results in the partial destruction of
coherence in the radial direction.We also assume that the
complementary rings between the principal ones have
the common periodic transmittance that allows to elimi-
nate the undesired light, passing through this rings, from
consideration.
Following (10), the cross-spectral density at the output

plane (r, θ) can be well approximated as

W (r1, r2) ∝ exp [iν (θ2 − θ1)]
N

n=1
A2

αν,n

αν,N
R Jν

αν,nr1
r0

Jν
αν,nr2
r0

,

ν = 1, 2, . . . , (2)

where Jν(·) is the Bessel function of the Mrst kind and
order ν, αν ,n is the nth zero of this function, r0 =
fαν ,N/kR, k is the wave number of illumination, R is the
radius of the active zone of SLM, f is the focal length of
the lens, and A(·) is the transmittance of the apodization
Mlter. Equation (2) can be rewritten in a shorten more
recognizable form as

W (r1, r2) = exp [iν (θ2 − θ1)]
N

n=1
λnϕ

∗
n (r1) ϕn (r2),

(3)
where

λn = πr02J2ν+1 αν,n A2
αν ,n

αν,N
R (4)

and

ϕn (r) =
Jν2

αν,nr
r0

πr20 J
2
ν+1 αν,n

. (5)

Itmust benoted that functionsϕn(r) given byEquation (5)
form an orthonormal set (11) and hence the sum in
Equation (3) can be interpreted as a Mnite version of
the well-known coherent mode representation of par-
tially coherent optical Meld (12). The exponential factor
in Equation (3) testiMes that the generated Meld possess
helicoidal phase distribution and hence can be identi-
Med as a vortex beam with topological charge ν. Hence,
Equations (3)–(5) can be considered as the Bessel mode
representation of the partially coherent vortex beam.
Accepting in Equation (3) r1 = r2 = r, we Mnd that

the spectral density (optical intensity) of the generated
beam has the form

S (r) ∝
N

n=1
A2

αν,n

αν ,N
R Jν2 αν,nr/r0 . (6)

As is well know, the degree of coherenceof the partially
coherent Meld can be numerically evaluated as (13)

γ = lim
N→∞

N
n=1 λ

2
n

N
n=1 λn

2 . (7)

Substituting for λn from Equation (4) into Equation (7),
we Mnd that in our case

γ =
N
n=1 J

2
ν+1 αν ,n A

2 αν,n
αν,N
R

2

N
n=1 J

2
ν+1 αν ,n A2

αν,n
αν,N
R

2 . (8)

As can be seen from Equations (6) and (8), both the spec-
tral density and the degree of coherence of generated
beam depend on the apodization functionA(ρ). Further,
we investigate this dependence in details.

3. Effect of apodization

To observe the behaviour of S(r) and γ as a function of
the chosen illumination, we realized the numerical sim-
ulation of the proposed technique. In our calculus, as an
aperture function A(ρ), we used the standard apodiza-
tion windows given in Table 1 (see, e.g. (14)).
We calculated the corresponding spectral densities

S(r) in accordance with Equation (6) for diLerent values
of topological charge ν and for N = 30. The calculated
proMles of S(r) and the corresponding 2-D patterns are
shown inFigures 2–7.
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Table 1. Apodization windows.

Type Apodization function

Connes A(ρ) = 1−
ρ2

R2

2

Bartlett A(ρ) = 1− ρ
R

Cosine A(ρ) = cos
πρ

2R

Welch A(ρ) = 1− ρ
2

R2

Gaussian A(ρ) = exp − ρ
2

2R2

Uniform A(ρ) = circ ρ
R

Figure 2. Spectral density S(r) for Connes apodization window.

As can be seen from these Mgures, the generated Meld
exhibits a typical doughnut-like shapewhose inner radius
increases with the increase of the topological charge for a
Mxed number of modulating rings and for any apodiza-
tion function. As the topological charge increases, the
peak value of intensity distribution becomes less sharped
and for cases of Gaussian and uniform illumination
(Figures 6 and 7) small oscillations along the transverse
proMle appear. For cases shown in Figures 2–7, the peak
intensity is also softened with the increase of topological
charge.While these characteristics are reminiscent of low
coherence vortices, Figures 2–7 reveal a remarkable fea-
ture. In all cases, as the inner radius increases, the high

Figure 3. Spectral density S(r) for Bartlett apodization window.

intensity gradient is shifted from the vortex core towards
the outer radius. This eLect occurs for all apodization Ml-
ter being uniform and Gaussian illumination, the cases
where a relatively high intensity gradient is present at
both radius. The overall behaviour of the spectral inten-
sity as a function of the topological charge indicates that
low topological charges maintain the high intensity gra-
dient in a neighbourhood of the core vortex, whereas
high topological charges shift the high intensity gradient
to the outer vortex radius. Raising the intensity gradient
at such location suggests that it could be advantageous for
isolating and sorting of small particles
Further, we calculated the degree of coherence γ

in accordance with Equation (8) for diLerent kinds of
apodization Mlters. The calculated values of γ are plotted
as a function of topological charge ν in Figure (8). From
the Mgure, it can be seen that the degree of coherence
depends on the type of Mlter employed. The lowest degree
of coherence values is attained for Gaussian and uniform
apodization while their spectral densities have practi-
cally the same behaviour. The same occurs for the pairs
Bartlett–Connes and Cosine–Welch apodization func-
tions. It is worth to note that, in general, the degree of
coherence depends on the number ofmodesN employed
in the synthesis of the Meld. Here, we have chosenN = 30
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Figure 4. Spectral density S(r) for Cosine apodization window.

Figure 5. Spectral density S(r) for Welch apodization window.

Figure 6. Spectral density S(r) for Gaussian apodizationwindow.

Figure 7. Spectral density S(r) for Uniform apodization window.
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Figure 8. Numerical values of the degree of coherence as a func-
tion of ν for each apodization window.

and this number determines the value of γ attained in the
plot. Other choices ofN will lead to diLerent values of γ
but such values still can be modulated with the choice of
an apodization Mlter. This shows the possibility of gen-
erating vortex beams with practically identical spectral
density but diLerent degrees of coherence independently
of the number of modes used in the synthesis of the
Meld.
The obtained results show that a wider family of par-

tially coherent vortex beams can be generated by suitable
choices of apodization functions. Physically they can be
realized in an optical Fourier transforming system incor-
porating anLC SLMat its input and byplacing the desired
apodization window that matches the active radius of
the SLM at the output plane of the primary illumina-
tion system. In (10), we have presented experimental
results that illustrate the eNciency of such technique
for the particular case where the coherence properties
are modulated by changing the width of the primary
illumination.

4. Conclusions

In conclusion, we have demonstrated theoretically and
numerically that the coherence and power spectrum of
a partially coherent Bessel vortex beams can be modu-
lated by suitable choices of the topological charge and
apodization window acting on the primary illumination
source. By doing so a wide class of partially coherent vor-
tex beams has been proposed. The obtained results show
that the joint eLect of apodization windows with high

topological charges induce transitions of the high inten-
sity gradient from the vortex core to the outer vortex
rim, being the same tendency for every apodization Ml-
ters. These results indicate that low topological charges
maintain the high intensity gradient at the neighbour-
hood of the core vortex, whereas high topological charges
shift the high intensity gradient to the outer vortex radius.
We also showed that the suitable choice of apodization
Mlters leads to a change of the spatial degree of coher-
ence as a function of the topological charge. We believe
that the obtained results can be useful in the design of
advanced optical systems for trapping and manipulating
microparticles.
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