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ABSTRACT
We report the feasibilities
unconventional phase singularities
feasibilities for
for revealing
revealing and
and diagnostics
diagnosticsof
ofunconventional
singularities into
into optical
optical fields,
fields, namely,
namely,
the singularities of spatial coherence functions into partially coherent vortex beams. It is shown that the vortices of the
spatial coherence function are comprehensively diagnosed through the strip version of the Thomas Young's interference
experiment. Namely, the magnitude of a topological charge and its sign are determined, respectively, by the magnitude
and the direction of
bending of
of the
the Young's
Young's interference fringes, which are produced by the
ofbending
the edge
edge diffraction
diffraction waves
waves from
from

the rims of an opaque strip positioned in the vortex beam. Such experiment provides complete data on the azimuthal
behavior of a phase of the spatial coherence ftmction.
function. On the other hand, non-localized ring singularities of the spatial
coherence function and of the complex degree of coherence occurring in the radial distribution of a phase are detected
through conventional Young's interference experiment with two pinholes at an opaque screen. It is remarkable that the
last of the mentioned coherence phase singularities takes place, when amplitude zeroes of the field are absent. Instead of
this, the modulus of the complex degree of coherence vanishes alone.
Keywords: singular optics, partial coherence, Young's interference experiment

1. INTRODUCTION
This paper is devoted to the revealing and diagnostics of unconventional phase singularities into optical fields, namely,
the singularities of spatial coherence functions intrinsic to quasi-monochromatic partially coherent vortex beams. The

convenient technique for generating such beams is arranging them by co-axial mixing of the weighed mutually
Classical technique
technique for diagnostics ofphase
of phasesingularities,
singularities, which
which presumes
presumes the
the use
use
incoherent Laguerre-Gaussian
Laguerre-Gaussian modes1.
modes'. Classical
of off-axis2 or on-axis3 reference wave, is widely used in coherent singular optics4, but is not inapplicable in correlation
singular optics5
partially coherent
because the reference wave can
optics5 (singular
(singular optics
opticsof
ofpartially
coherent and
and polychromatic
polychromaticfie1ds614),
fields6'4), because
can not
not be
be
coherent simultaneously with
with all
all mutually
mutually incoherent
incoherent modes
modesconstituting
constitutingthe
thecombined
combinedpartially
partiallyspatially
spatiallycoherent
coherent
singular beam.

Here we report the alterative
alterative technique
technique for
for diagnostics
diagnostics of
ofphase
phase singularities, which is based
based on
on the
the Young's
Young's interference
interference

experiment and, being essentially autocorrelation one, is well adapted for diagnostics of spatial coherence phase
singularities.
(look for other relevant publications into
singularities. Pre-requisites
Pre-requisites of
of the
thereported
reportedapproach
approachmay
maybe
befound
foundin1518
j1518 (look
periodically updated list19). Using such technique, one can reveal both the vortices of the spatial coherence function in
the vicinity of zero amplitude points and the ring singularities of the complex degree of coherence, which can exist in
case when amplitude zeros are absent both in the combined beam and in any its component.

2. PARTIALLY SPATIALLY COHERENT SINGULAR BEAMS
WITH A SEPARABLE PHASE
PHASE OF
OF A
A COHERENCE
COhERENCE FUNCTION
An instructive example of singular optical beams is the Laguerre-Gaussian modes. It is known that such modes are the
singularity-supporting beams with a separable phase. Namely, in polar coordinates (p, q5) the phase of a beam is
represented by the product1'4
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(1)

fi(/.)exP[imcbJ.
Here the first factor depends on the dimensionless radial variable

' and çb is the azimuthal variable. So, the

azimuthal and the radial behavior of a phase are represented by separate factors.

The simplest partially spatially coherent singular beam is constructed by co-axial mixing of two weighed statistically
independent (mutually incoherent) Laguerre-Gaussian modes LG' with the same topological charges m but with
different radial indexes n 16 For any specific ratio of the mode powers, the radial intensity distribution of the combined
beam resembles such distribution into isolated LG1 —mode, see Fig. 1.
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A and B are the probing points for revealing the ring phase singularity of the

complex degree of coherence.

Partial spatial coherence of such combined beam results from changeable intensity ratio of mutually incoherent
constituting modes along the
the beam
beam radius.
radius. Following
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Thus, one can expect that the phase of the spatial coherence function and the phase of the associated normalized value,
namely, the complex degree of coherence, altered at crossing of the radial node of these functions. At the ring where the
modulus of the complex degree of coherence vanishes, the phase of this function undergoes singularity.
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3. EXPERIMENTAL
The idea of experimental investigation of the azimuthal dependence of the phase of a spatial coherence ftmction
function at the
combined partially coherent singular beam and diagnostics of the vorticity of this function is clear from Fig. 2. An
opaque strip of width 2d is placed at the tested beam symmertically to its center, and interference fringes arising at the
geometrical shadow of the strip are observed. Following to the Young-Rubinowicz
Young-Rubmowicz model of diffraction phenomena2025
we consider these interference fringes as the result of superposition of the edge diffraction waves, which are thought as to
be re-transmitted by the strip rims. Accounting the stationary phase principle22'23 we regard the fringes at any height r
as being produced by the edge re-transmitters localized at this height alone.

I

d
(a)
Figure 2. Notations for analysis of the strip Young's

interference experiment for testing the azimuthal
dependence of the vortex spatial coherence function:

2d is the strip width, p (p, çb) and p' = (p', çb')
are the position vectors of the edge re-transmitters

(b)

(c)

Figure 3. Simulated Young's interference fringes
behind an opaque strip illuminated by a vortex-free

mode LGØ°
LGØ (a),
(a),and
and by
by the
the doughnut
doughnut modes LG1
LG1
and

LG2

forming an interference pattern at height r .

(b) and
(b)
and(c),
(c),respectively;
respectively; ,/ = 0.4.

W

In Fig. 3 one can see the interference patterns observed behind the diffraction strip positioned in front of a vortex-free
beam and in front of a single-charged optical vortex. In the first case (a vortex-free beam), see Fig. 3 (a), the phases of
the edge re-transmitters from both right and left sides are the same. So, one expects to observe the straight Young's
interference fringes within the geometrical shadow produced by the superposition of the right- and left-sided wavelets,
with the maximum along the mean line of the shadow. But if the tested beam supports the m —charged
charged vortex, one

observes bended interference fringes with the maximum (if m is even) or with the minimum (if m is odd) at the
equator, Fig. 3 (b) and 3 (c). In general, the phase of the Young's interference fringes for the case under consideration
obeys the
the rule17:
rule'7:

i\ço(r, d) = m[,r
Eço(r,

arctan(/)j.

(3)

Simplified basic experimental arrangement for creation of the simplest partially spatially coherent vortex beam kind of
the one represented in Fig. 1 and for testing the azimuthal dependence of the phase of the spatial coherence function of
such beam is shown
shown in
in Fig.
Fig. 4.
4.The
Thebeam
beamfrom
fromaalaser
laser(LGØ
(LG° —
—mode) is splitted into two beams, and an optical path
delay is provided in one leg of the mismatched Mach-Zehnder interferometer, which exceeds considerably a coherence

length of the used laser. Thus, two partial beams mixed at the output of the interferometer are virtually mutually
incoherent.

To create desirable Laguerre-Gaussian modes, we have implemented the computer-generated hologram technique4. In
two legs of the interferometer we place off-axis computer-generated holograms calculated for reconstruction of the
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orders.Then,
Then,atatthe
thecombined
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interferometeroutput
outputwe
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place
LG1 and
LG1
atatthethefirst
a metallic needle as an opaque diffraction screen. An interference pattern is observed within the geometrical shadow
region behind the needle.
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Figure 4. Experimental arrangement for diagnostics of the central vortex of the spatial coherence function of partially
coherent singular beam: L — laser, BS — beam-splitters, M — mirrors,

CGH and CGH - computer-generated

holograms reconstructing the modes LG and LG, respectively, S —an opaque screen, OP — observation plane.
Fig. 5 demonstrates diffraction diagnostics of the central vortex of the spatial coherence function supported by partially
spatially coherent combined beam.

Figure 5. Experimental results: diffraction diagnostics of the phase singularities at isolated modes LG and LG , (a)
and (b), respectively, and of the central vortex of the spatial coherence function of the combined partially spatially
coherent singular beam (c).

So, performing the strip Young's interference experiment, we are in a position to obtain simultaneously complete
characteristics of the azimuthal behavior of a phase of the spatial coherence function. Namely, in the single experiment
we obtain the phase difference of the wavelets from the opposite sides of the strip from the maximal value of q5— qY at
the equator to the minimal one, approaching zero, at the poles of them.

It follows from theoretical consideration that the combined beam resulting from an incoherent superposition of the

weighed Laguerre-Gaussian modes LG1 and LGhI beside of the central vortex of the spatial coherence function,
supports the ring singularity of the complex degree of coherence, PAB which is an analogue of the non-localized dark

interference fringe26
fringe26 at
at the
theisolated
isolatedmode
modeLGhI
LG1L. Such
Suchsingularity
singularityisis detected
detected in
in Fig.
Fig. 55 (b)
(b) by
by aa break
break and shift of the
interference fringes at

= 1.
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However, it is hardly to reveal such ring singularity of the complex degree of coherence, using the strip Young's
experiment. First of all, the amplitude node at the radial intensity distribution of the combined beam is absent, as it is
seen from Figs.
Figs. 11 and
and 55 (c).
Whatisis more
more important,
important, the
the field
field of
of the
the combined beam of interest does not obey the
(c). What
requirement of statistical homogeneity and isotropy, which is generally accepted in studies of partially coherent
fields27'28. it means that the statistical moments of the field, including the complex degree of coherence, are dependent on
specific choice of the probing points within the beam cross-section. Moreover, the intensity distribution at the beam's
cross-section is also nonuniform. As a consequence, the visibility of interference fringes, V , obtained, to say, in two-

pinhole Young's experiment is not connected unambiguously with the modulus of the complex degree of coherence
being obeying more complicated law:

2ab

V=a2+bjPAB
V=a2+b2I/1AB

(4)

where a and b are the amplitudes of the disturbances at the probing points of the beam, A and B ,respectively
respectively (Fig.
1). One can see that the visibility depends also on the amplitude factor.

In contrast to the diagnostics of essentially two-dimensional azimuthal behavior of a phase of the spatial coherence
function considered above, the single two-pinhole Young's experiment occurs to be sufficient for diagnostics of onedimensional radial behavior of it. In this study we essentially use the classical approach of B. Thompson to determine a
phase of the complex degree of coherence in connection with the Van-Cittert — Zemike theorem28.

Experimental revealing the ring singularity of the complex degree of coherence of the combined beam has been
performed using an arrangement of the stellar Michelson interferometer. Namely, a diffraction strip at the interferometer
output in Fig. 4 is replaced by a plane opaque screen with two pinholes positioned at the radius of the beam, as it is
showninFig. 6.

(*

combn d brn

Figure 6. Detecting the ring non-localized singularity of the complex degree of coherence: OS — an opaque screen with
two pinholes, OR — objective, OP — observation plane.

Just behind this screen one places an objective and observes an interference pattern at the back focal plane of this
objective. The key point in carrying out this experiment consists in proper choice of the probing points at the radius of
the combined beam. It has been found, one can specify the probing points, A and B ,in such a maimer
manner that the intensity
of disturbances at such point will be equal to each other both for the combined beam as a whole and for any pairs of the
constructing components (two incoherent components for the each pinhole).

Then, the resulting pattern can be considered as superposition of two independent interference patterns from mutually

incoherent modes LG and LG. Both partial patterns are of the same spatial frequency owing to the equal
interference angles. Besides, both resulting disturbances are of equal intensity. As a result, the amplitude factor in Eq. (4)
equals
unity, and
and the
the visibility
visibility of
of every
every interference
interference pattern
pattern is
is directly
directly connected
connected with
with the
the modulus
modulus of
of the
the complex
complex degree
degree
equals unity,
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of coherence. Let us emphasize that the field at the focal plane of an objective is completely spatially coherent. But, in
spirit of8, we interpret partial coherence or incoherence of the combined disturbances in points A and B form the
an objective.
magnitude ofvisibility at the
the focal
focal plane
plane of
ofan

Figure 7. Revealing the ring singularity
singularity of
of the
the complex
complex degree
degree of
of
coherence of the combined partially spatially coherent singular beam via
two-pinhole Young's interference experiment: interference fringes of unity
visibility produced by the isolated modes LG and LG , (a) and (b),
respectively (arrows show a half-period shift of two interference pattern); a

(a)

pattern produced by both mutually incoherent modes (c), vanishing
visibility confirms the presence of the ring phase singularity ofthe complex
degree of
degree
ofcoherence
coherenceatat P/

/wz

i .45.
1.45.

Two partial patterns produced by the isolated modes LG and LG are

(b
b

shown in Fig. 7 (a) and (b), respectively. Both patterns are of unity
visibility that corresponds to
to complete
complete coherence
coherence of
of the
the disturbances
disturbancesof
of
equal intensities produced by the each partial mode. The only difference of
two patterns consists in a half-period shift of interference fringes that
reflects opposite phases of the complex degree of coherence. So, a dark
interference fringe arises at the center of the pattern for the LG -mode,
while the phase
phase of
of this
this mode
modeisischanged
changedby
by7rr at

(c)

i

.

At the same

time, a bright interference fringe arises at the center of the pattern for the
LG -mode. Illuminating an opaque screen with the combined beam, one

obtains the result shown in Fig. 7 (c). Superposition of two shifted
interference patterns of unity visibility and equal average intensity results in vanishing visibility of a pattern. It just
means that the modulus of the complex degree of coherence of the combined disturbances at points A and B is equal
zero, and the phase of the complex degree of coherence undergoes singularity.

4. CONCLUSIONS
The Young's interference experiment in any its version provides adequate autocorrelation technique for diagnostics of
the spatial coherence phase singularities in partially coherent light fields. The key idea of this approach consists in
correlation comparison of the disturbances at two different probing points of the tested beam itself, rather than in
determining a relative phase difference between the singular beam of interest and a separate reference wave.

Both the azimuthal and the radial behavior of the spatial coherence function are uniquely determined via two versions of
the Young's interference experiment. The central vortex of the spatial coherence function is diagnosed on bending of
interference fringes at the shadow of the diffraction strip, and non-localized ring singularities of the complex degree of
coherence are detected on vanishing of the visibility of interference fringes in a two-pinhole Young's experiment.

Generally, the represented technique is applicable for revealing unusual singularities like the ring singularities of the
complex degree of coherence, which can exist in case when amplitude zeros are absent both into combined optical beam
and into any its component.
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