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HE intensity of the modified Bessel-Gauss beam (MBGB) was studied at the waist plane

and along the longitudinal coordinate (z). Many factors governed the intensity distribution;
the radius of the circle produced by the wavevector base at the waist plane (@), the position
vector (r), the initial spot size (W) and the longitudinal coordinate (z). The MBGB intensity
behavior varied according to the value of a. At a=w, the intensity was almost constant. At a
> w,, the intensity increased with increasing r while at a<w, the intensity decreased as the
distance r increased. The radius of curvature of the wavefront along z-axis decreased first as the
coordinate increased until it reached a minimum value at z ; and then slowly increased. The
dependences of the MBGB intensity on both a and 7 at various coordinate z were investigated.
At r=0.2 and 0.5 mm the MBGB intensity continue decreased by the increase of a until it
tended to almost zero at values of a greater than 1.5 mm.
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Introduction

The Bessel beam has attracted many researchers
in the last decades due to its interesting and
important characteristics. One of its properties is
that the size of the center spot is fixed independent
on the transmission distance when it propagates
in free space. Moreover, the Bessel beam light
intensity is very high at the center spot and it has
the ability of reconstruction when it encounters
obstacles [1]. These characteristics proposed that
the Bessel beam can be used in various fields,
such as particle trapping [2], particle optical
guidance [3], statistical and atomic physics [4]
optical stress and tension [5].

Durnin [6] and Durnin et al. [7] were the first
who proposed the Bessel beam in the late 1980s.
They initiated the diffraction-free electromagnetic
field solutions to the Helmholtz equation. One of
these solutions established an electromagnetic
field envelope that is a Bessel function of the first
kind of zero order J; (Br), where B is the radial
component of the wavevector and 7 is the distance
from the z-axis. This first mathematical ideal
concept of the Bessel beam consists of infinite
number of concentric, high energetic light rings
over an infinite area [6,8].

In fact, a true experimental Bessel beam cannot
be created because it is unbounded and requires
infinite source of energy [9]. Only approximate
Bessel beam can be utilized either by collecting
a Gaussian beam with an axicon lens to generate
Bessel-Gauss beam (BGB) [10] or by placing a
narrow annular aperture in the far field [7].

In recent years, many new applications of
BGB in both fundamental and applied physics
were recorded. As an example, in optical
micromanipulation, in holography and in raising
the image quality and penetration in dense media.
The interesting properties and applications
of non-diffracting MBGB in micro-imaging
have attracted many attentions in quantum
communication, quantum processing systems and
in optical communication [11].

The aim of the present study is to calculate the
intensity of the modified Bessel-Gauss beam along
the longitudinal coordinate z and at the waist.

Theoretical Model

A Gaussian beam (GB) can be represented by
a propagating wave whose wavevector £ makes an
angle @ with z-axis and its projection has an angle
B on the z = 0 plane. The superimposing of the
GBs can produce a resultant Bessel-Gaussbeam
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(BGB) whose electromagnetic field is given by
[12];

2
u(r,z=0) =AJy(Br) exp (— ;—3) 1)
where A4 is the amplitude, W is the beam spot
size at the waist plane (z = 0) and J, (Br) is the
Bessel function of the first kind of integer order
n [13]. As a special case, the modified BGB
(MBGB) is initiated when the superimposed GBs
have wavevectors parallel to the longitudinal
z direction but their centers are located on the
circumference of a circle of radius a around the
z-axis. At this situation the MBGB intensity of

zero order at z = 0 can be approximated as [12];

After propagation in free space in the
z-direction, the electromagnetic field of the

a?
I(r,z=0) =exp <—2 w_§>

u(r,z) = A%exp[ikz - (@) exp[-F(2)(r* + a¥)] [, (2arF (@)} (3)

0.12

MGBB is given by [14]

where
Z\?2 (4-a)
w(z)=w, |1+ (—)
ZT'
TTw, (4-b)
Z, = 7]
FD = res 3RS ()
R(z) = =z [1 -+ (227)2] (4_d)
(4-e)

Y(z) = tan— 1! (i)

The intensity of the MBGB at a distance z
from the source can be given by the relation [14]

2 2 5
I(r,z) = (%) exp (—2 a)(zl—(z)) [1+42r2&(2)) ( )
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Fig. 1 .The intensity distribution of the MBGB in the waist plane as a function of r at various values of a.
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where
2 2
@ =[5 (5 )| - Gr) ©

Calculations and Discussion

The MBGB intensity was calculated at
the waist and along z-axis using the model
described by equations 2-6. The wavelength was
kept at 623.8 nm. Figure 1 shows the intensity
distribution of the MBGB in the waist plane (z =
0) as a function of rat various values of a.

It is noticed that the intensity behavior varied
according to the value of a. At the intensity was
almost constant. At the intensity increased with
increasing » while at the intensity decreased as
the distance 7 increased.

The propagating MBGB along z-direction
was characterized. Figure 2 illustrates the radius
of curvature of the wavefront of the MBGB as a
function of the position z at two different values
of . In general, the value of R(z) decreased first as
the distance increased until it reached a minimum
value at and then slowly increased.

The minimum distance can be calculated
alternatively from the equation [8]

Zmin = 2tan 6 , 6= (n_ 1)6

where 7 is the refractive index of the axicon
material and is the opening angle of the axicon.
Taking n=1.51 and = 0.01 radian, the calculated
values of was found as 5.6 m at =1 mm and 7.3
at = 1.3 mm respectively. These values coincide
well with those deduced from Fig. 2.

The dependences of the MBGB intensity on
both a and r at various coordinate z are depicted
in Fig. 3. The initial spot size was kept at 1.3 mm.

The initial spot size was kept at 1 mm in the
all cases. The general trend of the MBGB was the
same in all cases. The behavior of the intensity
depends strongly on the value of . At »=10.2 and
0.5 mm the MBGB intensity continue decreased
by the increase of @ until it tends to almost zero
at values of a greater than 1.5 mm. The case
was completely different at » = 0.7 mm. For
the positions z = 0, 2 and 4 m the intensity first
increased by a until it reaches a maximum at a ~
0.7 mm and then decreased again to reach zero
at large values of @ while at z = 6 m the intensity
has almost a plateau at small values of a and then
decreased smoothly to zero at large values of a.

More investigation of the dependence of the
MBGB intensity on @ at » = 0.7 mm at various
values of z is shown in Fig. 4. This behavior is
clearly noticed. The peak of the MBGB intensity
was found at values of a near the value of r
(0.7 mm or less) at distances z = 0, 2 and 4 m.
It is expected that for longer z values the MBGB
intensity will remain constant.
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Fig. 2. The radius of curvature of the wavefront of MBGB as a function of the position z.
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Fig. 3. The dependences of the MBGB intensity on both a and r at various longitudinal coordinate z (0, 2, 4 m). The
initial spot size was kept at =1 mm in the all cases.
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Fig. 4. The dependence of the MBGB on a at r = 0.7 mm at various values of z. The initial spot size was kept at =
1 mm in the all cases.
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Fig. 5. The dependence of the MBGB intensity on the longitudinal coordinate z at various values of r. The initial
spot size was kept at =1 mm in the all cases.
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The dependence of the MBGB intensity on the
longitudinal coordinate at various values of r is
studied in Fig. 5. For values of =0.1 and 0.3 mm
the MBGB intensity was continuously increased
by the increase of z. At » = 0.5 mm the intensity
possessed maximum and then minimum at z = 1
and 3.6 m respectively. At » = 0.7 mm the MBGB
intensity was continuously decreased along the
longitudinal coordinate z.

Conclusions

The intensity of the modified Bessel-Gauss
beam was found to vary with the following
parameters: the radius of the circle produced
by the wavevector base at the waist plane, the
distance from the z-coordinate, the spot size at the
waist and the position along the longitudinal z-
coordinate. The change of any parameter at fixed
the other parameters lead to a large variation of
the Bessel-Gauss bean intensity. The radius of
curvature of the wavefront along z-axis decreased
as the coordinate increased until it reached a
minimum value at and then slowly increased.
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