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Transformation of Finite Olver-Gaussian Beams by an Uniaxial
Crystal Orthogonal to the Optical Axis

Salima Hennani, Lahcen Ez-Zariy" , and Abdelmajid Belafhal

Abstract—The properties of the Finite Olver-Gaussian beams propagating through an uniaxial crystal
orthogonal to the optical axis are studied. An analytical expression is developed, and some numerical
simulations are performed to investigate the effects of some parameters on intensity distribution and
profile of this beams family at the out-put plane of the uniaxial crystal. The results show that the beam
exiting the optical system depends on the ratio of the extraordinary refractive index to the ordinary
refractive index. Upon propagation in the uniaxial crystal, the Finite Olver-Gaussian beam in two
transversal directions accelerates, while the acceleration in the transversal direction orthogonal to the
optical axis is far slower than that in the transversal direction along the optical axis.

1. INTRODUCTION

It is known that during the last few decades, the transformation of a laser beam by an anisotropic
medium was offered [1,2]. Authors have shown that a relatively high-power beam through an anisotropic
medium changes its structure during propagation with a nonlinear response of the premitivity. Just
recently, Konar et al. [3-5] have studied a nonlinear evolution of non-Gaussian lasers beams in nonlinear
media.

The propagation of laser beams through an anisotropic medium such as uniaxial crystals is derived
by solving Maxwell’s equations. This method is based on the fact that the optical field inside an
anisotropic medium can be evaluated as a superposition of ordinary and extraordinary beams [6, 7].
The theoretical approach to describe the paraxial propagation of laser beam along the optical axis
of an uniaxial medium is introduced for the first time by Ciattoni et al. [8-10]. Subsequently, they
have introduced the paraxial and non-paraxial approaches to characterize a laser beam propagating
an uniaxial crystal orthogonal to the optical axis [11-13]. After these, a lot of studies elaborated in
the context have treated the propagation of laser beams through an uniaxial crystal orthogonal to the
propagation axis. Liu and Zhou [14] have examined the case of dark hollow beams passing through
uniaxial crystals orthogonal to the optical axis. Tang [15] has analyzed a linearly polarized Hermite-
cosine-Gaussian, and the propagation properties of Lorentz and Lorentz-Gaussian beams through the
same optical system have been researched by Gawhary and Li [16,17]. The propagation of phase-
locked and non-phase-locked Gaussian array beams in the considered system is investigated by Liu and
Zhao [18]. Parallel with this, another study in the same optic was made on the confluent hypergeometric
beams by Li and Chen [19]. Recently, the analytical expression of the propagation of an Airy beam
in uniaxial crystals is devoted by Zhou et al. [20]. However, to the best of our knowledge, so far,
there have no reference reporting the propagation properties of Finite Olver-Gaussian beams through
uniaxial crystals orthogonal to the optical axis. This novel beams family which is demonstrated as a
solution of Olver’s differential equation [21], is considered as a special generalization of Airy beams.
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In the present work, the diffraction field components of Finite Olver-Gaussian beams are studied by
numerical examples. The influence of beam parameters together with the ratio of refractive indices of
uniaxial crystals on extraordinary polarized beams are discussed. In Section 2, analytical formulas for
the propagation of the uniaxial crystal are derived. In Section 3, the propagation properties of the Finite
Olver-Gaussian beams are illustrated by numerical examples. Finally, some conclusions are outlined in
Section 4.

2. PROPAGATION OF FINITE OLVER-GAUSSIAN BEAMS IN UNIAXIAL
CRYSTAL

Consider a lossless uniaxial crystal whose optical axis coincides with the xz-axis, whereas the light beam
propagates along the z-axis. In this frame of reference, the relative dielectric tensor reads as [11]

n2 0 0
e=| 0 n3 0 |, (1)
0 0 nd

where n. and ng are the extraordinary and ordinary refractive indexes, respectively. Assume that a
Finite Olver-Gaussian beam linearly polarized in z-direction illuminates an uniaxial crystal in the plane
(z = 0) and propagates toward the half space (z > 0). The initial polarized Finite Olver-Gaussian beam
at the source plane (z = 0) takes the form [21]

[ E. (20, yo, 0) ] | O (z—z) O, (i—z) exp {w% (zo + yo)} exp {;—g (x5 + y%)} )

Ey (330, Yo, 0) 0

where wq is the transverse scale, a the modulation parameter and b a Gaussian parameter to be equal
to 0 or 1. Oy(+) is the Olver function of order n = 0; 1; 2; ..., and its integral representation is given by

+o0o
Oy (z) = o / exp (c(it)” +itx)dt, (3)

—n+3
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Within the accuracy of the paraxial approximation, the propagation electrical field components
of electromagnetic beams passing through uniaxial crystals orthogonal to the optical axis has been
evaluated by the following integrals [11, 20]
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is the two-dimensional Fourier transform of z- and y-transverse Cartesian components of the initial
electrical field at the plane (z =0). These components can be considered as a superposition of
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extraordinary waves for the z-component and y-component contains ordinary plane waves [16].
Equations (5) and (6) can also be rewritten respectively as [19]
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where k = 2T denotes the wave number with A the wavelength of the incident beam. k= (ks ky)
represents the transverse wavelength vector evaluated in the frequency domain. Substituting Eq. (2)
into Egs. (7) and (8), one obtains
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Eq. (12) turns out to be
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Using the same steps as before we find the following expression
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The propagation electrical field components of Finite Olver-Gaussian beams through an uniaxial

crystal at the output plane is expressed as
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From this last equation, one obtains the following propagation electrical field components of Finite
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Olver beams (b = 0) through uniaxial crystals at the output plane
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By the adoption of the notations: e = n./ng the ratio of the extraordinary refractive index to the
ordinary refractive index and zg = kw?, one obtains
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Figure 1. Contour graph of normalized intensity
distribution of Finite Olver beam at n = 0
propagating through uniaxial crystals orthogonal
to the optical axis at different planes ((a), (c)) z =
zp and ((b), (d)) z = 5zp. The top and bottom
rows denote e = 1.1 and e = 1.5 respectively.
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Figure 2. Contour graph of normalized intensity
distribution of Finite Olver beam in first order
(n = 1) propagating through uniaxial crystals
orthogonal to the optical axis at different planes
((a), (c)) = = 20 and ((b), (d)) z = 5z9. The
top and bottom rows denote e = 1.1 and e = 1.5
respectively.
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Finally, the resultant intensity distribution of the considered beams family propagating in uniaxial
crystals at the distance can be approximately expressed as: I(z,y,2) = |Ez(z,y, 2)|%.

On

xOy,

3. NUMERICAL RESULTS

In this section, we are interested in the numerical study of the propagation properties of the Finite Olver
beams (without Gaussian term) through an uniaxial crystal orthogonal to the optical axis considering
that b = 0 and using the closed analytical expression established in Eq. (21). This choice is due to the
dispersion of the secondary lobes of the Olver beams with the presence of the Gaussian modulation.
The parameters used in calculations are chosen as A = 0.53 um, wg = 100 um, a = 0.1, and ng = 2.616.
The three observation planes are z = zp, z = 329, z = 5zp. For all figures, the values of the normalized
intensity distribution are of arbitrary unit (a.u.).

Figure 1 represents a contour graph of the normalized intensity distribution of ordinary Finite Olver
beam (b= 0) at n = 0 which is a special case representing the shape of the Finite Airy beam, when
the subscript means taking the maximum value. The top and bottom rows denote e = 1.1 and e = 1.5,
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Figure 3. Intensity distribution in z direction and y direction of Finite Olver beams at n = 0
propagating through uniaxial crystals orthogonal to the optical axis at different planes (a) z = 2,
(b) z =329 and (c¢) z = 5zp. The top and bottom rows denote e = 1.1 and e = 1.5 respectively.
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respectively, with the two observation planes ((a), (¢)) z = zp and ((b), (d)) z = 5zp. Fig. 2 depicts a
contour graph of the normalized intensity distribution of Finite Olver beam of first order (n = 1). The
anisotropic effect of the crystals leads to an acceleration of the Finite Olver beam in y-direction slower
than that in z-direction upon the propagation in the uniaxial crystals orthogonal to the optical axis.
These results are compared with those given in [20].

In Figs. 3 and 4, we plot the acceleration properties of a Finite Olver beam for the two first orders
n = 0 and n = 1 during propagation in « and y directions through uniaxial crystals. These figures
confirm the remark obtained in Fig. 1, that the acceleration of Finite Olver beam is far faster in x
direction than that in y direction with an increase in the value of the ratio e.

Figures 5 and 6 show contour graphs of the normalized intensity distribution of Finite Olver beam
of the two first orders n = 0 and n = 1, propagating through uniaxial crystals orthogonal to the optical
axis at (z,z) and (z,y) planes. These draws are carried out in order to investigate the effects of the
ratio e on the intensity of the Finite Olver observed at receiver plane of the uniaxial crystal. Still from
these figures, it can be concluded that upon propagation in the uniaxial crystals, the Finite Olver beam
in two transversal directions accelerates, while the acceleration in the transversal direction orthogonal
to the optical axis is far slower than that in the transversal direction along the optical axis.
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Figure 4. Intensity distribution in z direction and y direction of Finite Olver beam in first order at
n = 1 propagating through uniaxial crystals orthogonal to the optical axis at different planes (a) z = 2y,
(b) z =329 and (c¢) z = 5zp. The top and bottom rows denote e = 1.1 and e = 1.5 respectively.
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Figure 5. Contour graph of normalized intensity
distribution of Finite Olver beam at n = 0
propagating through uniaxial crystals orthogonal
to the optical axis. ((a), (c)) (z-z) plane and ((b),
(d)) (y-z) plane. The top and bottom rows denote
e = 1.1 and e = 1.5 respectively.

Figure 6. Contour graph of normalized intensity
distribution of Finite Olver beam in first order at
n = 1 propagating through uniaxial crystals or-
thogonal to the optical axis. ((a), (¢)) (z-z) plane
and ((b), (d)) (y-z) plane. The top and bottom
rows denote e = 1.1 and e = 1.5 respectively.

4. CONCLUSION

Based on the theory of paraxial electromagnetic beams through uniaxial crystals orthogonal to the
optical axis, we have derived the analytical formulas for Finite Olver-Gaussian and Finite Olver beams
linearly polarized. The effects of the ordinary refractive n,, ratio of the extraordinary refractive index
to the ordinary refractive index e, axial propagation distance z and beam parameter wy are analyzed
and illustrated by numerical examples. The results show that as the case of the Airy beams, upon
propagation through an uniaxial crystals, the Finite Olver-Gaussian beam spreads and accelerates in
the transverse directions. These results may find their potential advantages in the usage of Finite
OlverGaussian beams in anisotropic medium and trapping particles in nonlinear optical devices.
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