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Abstract
The behavior of the light field near the beam waist has attracted considerable attention due to the studies of the light
spin-orbit interaction: it’s manifestation as well as potential applications. Similarly, the light beam diffraction can reveal
new light particularities. We have studied the far-field diffraction of a Gaussian beam by a half-plane edge placed near
the beam waist. We have solved numerically the Helmholtz equation using the spectral method. We have found
symmetric penetration of the light energy into the shadow region if we placed the half-plane edge exactly in the
beam waist region. The symmetry gets broken down as the edge moves along the optical axis toward or away from
the lens at a distance more than 0.01% of the focal length. Experimental verification has been obtained using a
Gaussian beam focused by a lens of 4 cm focal length.
The results can be used for precise determination of the beam waist position while investigating the effects of the
light spin-orbit interaction in focused Gaussian beams.
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Introduction
The increased interest in the properties of converging
light beams is associated with the effects of the spin-orbit
interaction of light [1–5]. For the first time, the effect
of spin-orbit interaction of light in focused beams was
predicted and experimentally observed in a form of a
transverse shift of the longitudinal field component at the
focal plane when the sign of beam’s circular polarization
was changed [6, 7].
In addition to the transverse, a longitudinal shift from

the position of the geometric focus is possible for
apertured radially symmetric beams [8]. The displace-
ment of the focus is directed toward the aperture of
the light beam and depends on the Fresnel number. For
focused Laguerre–Gaussian beams, the longitudinal focal
shift increases with increasing focal length but decreases
with increasing waist diameter [9].
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New effects can be observed under the light diffraction
by a straight edge. Optical vortices arise if a beam without
optical vorticity diffracts [10] The diffraction of polarized
radiation by a straight edge made it possible to determine
the dependence of the diffraction pattern on the sign
of the circular polarization, and also to demonstrate the
vortex character of the longitudinal component of the
circularly polarized radiation [11].
The diffraction of Gaussian beams with the optical

vorticity by the straight edge leads to the appearance
of polarization singularities caused by the longitudinal
and transverse components of the electric field of the
diffracted beam [12]. The diffraction of light beams by the
straight edge makes it possible to determine the direction
of the energy flow in beams with optical vortices [13, 14].
There are a lot of studies devoted to the edge beam

diffraction [11, 12, 15–17] and to the diffraction of
focused light beams by different apertures [18–21]. Only
few papers are dealing with edge diffraction of focused
beams. It was shown that a lens focuses the light beam
diffracted by the straight edge into a line-shaped pattern
perpendicular to the straight edge [22]. The diffraction
of focused radiation by a straight edge may provide new
information on the behaviour of radiation in the waist
region. Here we present our results of the study of the
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Fig. 1 Calculated far-field intensity distributions. The screen is between the lens and the focal plane (a, b); at focal plane (c); after the focal plane (d, f)

focused Gaussian beam diffraction by a straight edge
placed in the beam waist region.

Methods
To numrically investigate the focused Gaussian beam
diffraction by the edge of the screen placed near the focal
plane, we used the following procedure. At the input plane
(z = 0), we described the light field of the focused
Gaussian beam as follows

E (x, y, z = 0) = E0 exp
(

−x2 + y2

r20

)
exp

(
i
x2 + y2

f

)
.

(1)

Here r0 is the beam radius, and the coefficient f is con-
nected with the focal plane position. Using fast Fourier
transform we decomposed the input light field into a
set of plane waves and solved the Helmholtz equation
for each plane wave at a distance L. Using inverse
Fourier transform we obtained the light field distribution
EL (x, y, z = L) at a given distance L before, at, or after the
focal plane. To model beam diffraction by straight edge
placed at the distance L from the lens, we used Gaussian
beam field EL multiplied by the Heaviside step function as
shown in Eq.(2):

ED (x, y, z = L) = EL (x, y, z = L) ϑx (x, y) . (2)

Here ϑx (x, y) is the Heaviside step function given by

ϑx (x, y) =
{
1 x ≤ 0
0 x > 0 . (3)

To get the far field intensity profile, we used Fourier trans-
form of ED (x, y, z = L) and determined the intensity of the
field profile ID (x, y, z = ∞). The wavelength of the light
was λ = 632.8 nm.
To investigate the diffraction of a focused Gaussian

beam experimentally, we used the radiation of a He-Ne
laser generated on the main transverse mode at the wave-
length λ = 632.8 nm. A lens with the focal length of
4 cm focused the laser beam. An opaque screen with a
vertical edge was mounted on a two-coordinate micro-
motion stage. We can smoothly insert the screen into the
beam, overlapping the right half of the beam, and move
the screen along the beam propagation. We recorded the
diffraction patterns in the far field by a CCD camera.

Results and discussion
Figure 1 shows the calculated diffraction patterns intensity
distribution for different positions of the screen. We can
see that the diffraction pattern changes with the screen
move along the beam propagation axis. If the screen is
located in the waist region, the intensity distribution is
symmetric with respect to the screen edge and forms

Fig. 2 The evolution of the focused Gaussian beam intensity profiles taken along the beam diameter as a function of distance: (a) the screen is
removed from the beam; (b) the screen is located at the focal plane
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Fig. 3 The experimentally obtained diffraction patterns in the far field at the different distance from the focal plane: a) the screen is located at the
distance of 1.5 mm before the focal plane, b) the screen is located at the distance of 75 μm before the focal plane, c) the screen is located in the
focal plane, d) the screen is located at the distance 75μm after the focal plane, e) the screen is located at the distance of 1.5 mm after the focal plane

an ellipse, the major ellipse axis is perpendicular to the
screen edge (Fig.1c). The symmetry gets broken down as
the half-plane edge moves along the optical axis toward
or away from the lens at a distance more than 0.01% of
the focal length, while the intensity distribution has an
evident diffraction pattern and forms a semicircle with
diffraction fringes. If the screen is far from the beamwaist,
the diffraction pattern is more evident, and the diffraction
pattern image depends on the screen location (before or
after the waist region). If the screen is located before the
beam waist, the diffraction fringes are to the left of the
screen edge (Fig. 1a, b). If the screen is located after the
beam waist, the diffraction fringes are to the right of the
screen edge (Fig. 1d, f).
To underline the specific character of the Gaussian

beam diffractions at the screen edge located in the focal
plane, we calculated transverse light intensity distribution
along the diffracted beam propagation. Figure 2 shows the
evolution of the focused Gaussian beam intensity profiles,
taken along the beam diameter as a function of distance
obtained by numerical simulations (Fig. 2a) and for the
evolution of the focused Gaussian beam intensity profiles
after diffraction at the opaque screen edge placed at the
focal plane (Fig. 2b). One can see from Fig. 2 that the
beam intensity profiles after the diffraction are symmet-
rical and wider comparing the focused Gaussian beam
intensity profiles.
Figure 3 shows diffraction patterns experimentally

recorded under the different screen position relative to
the focal plane, namely, the screen is located before the
focal plane at the distance of 1.5 mm and 75 μm, the
screen is located in the focal plane, the screen is located
after the focal plane at the distance of 75 μm and 1.5 mm.
Figure 3 shows the diffraction patterns change under the
screen move along the direction of the beam propagation.
We can see vertical diffraction fringes in the left part of
the diffraction pattern at certain positions of the screen
(Fig. 3a, b). At the focal plane, the diffraction pattern has
the ellipse form, and the major ellipse axis is perpendic-
ular to the screen edge (Fig. 3c). As the screen move in
the direction of the beam propagation, vertical diffraction
fringes appear in the right part of the diffraction pattern
(Fig. 3d, e).

The experimental investigations have shown that mov-
ing the screen at the distance of 20 μm from the focal
waist breaks the symmetry of the diffraction pattern and
the fringes appear. Such diffraction pattern behaviour
allows us to indicate the beam focal waist position. We
were successful to determine the beam focal waist posi-
tion using the lens with the focal length of 4 cm with the
accuracy ±20 μm.

Conclusions
We have investigated the focused Gaussian beam diffrac-
tion by the straight edge in the vicinity of the beam waist.
We have observed that the diffraction pattern becomes
symmetrical relative to the straight edge if the screen is
placed in the beam focal waist. The results can be use-
ful for the precise determination of the beam focal waist
position.
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