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a  b  s  t  r  a  c  t

The  analytical  expressions  of  a flat-topped  vortex  hollow  beam  propagating  in uniaxial
crystals  orthogonal  to  the  optical  axis  are  obtained.  The  evolution  properties  of  intensity  and
phase for  flat-topped  vortex  hollow  beam  are  discussed  by  using  the  numerical  examples
in detail.  It is found  that  the  beam  order  N, topological  charge  M  and  the  ratio  of refractive
index  ne/no of  uniaxial  crystals  will  influent  the  beam  intensity  and  phase  distributions.
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1. Introduction

In the past years, the uniaxial crystal have been widely studied in the application of wave plates, polarizer, compensator,
and optical modulation devices [1]. Thus the propagation properties of optical beams in uniaxial crystals have been widely
studied. Based on the vectorial theory of optical beam propagating in uniaxial crystals orthogonal to the optical axis [2], the
evolution properties of various optical beams in uniaxial crystal have been investigated, such as Laguerre-Gauss and Bessel-
Gauss beams [3], dark hollow beams [4], flat-topped beams [5–7], beams generated by Gaussian mirror resonator in uniaxial
crystals [8], partially polarized and partially coherent beam [9], higher-order cosh-Gaussian beams [10], Laguerre-Gaussian
correlated Schell model beam [11], elliptical Gaussian vortex beam [12], four-petal Gaussian vortex beam [13,14], et al.

With the development of laser optics, more and more optical vortex beams have been introduced and investigated in
detail. Among the optical vortex beams introduced by the researchers, the evolution properties of optical vortex beams,
such as elliptical Gaussian vortex beam [12], partially coherent four-petal Gaussian vortex beam [13], four-petal Gaussian
vortex beam [14,15], vortex beam carried by an Airy beam [16] et al., have been studied. However, to our knowledge, there
have no reports about the flat-topped vortex hollow beam propagating in uniaxial crystals orthogonal to the optical axis. In
this work, we mainly investigate the paraxial propagation properties of flat-topped vortex hollow beams in uniaxial crystals
orthogonal to the optical axis, and study the influences of extraordinary to ordinary refractive indices, the beam parameters
M and N on the intensity and phase distributions of flat-topped vortex hollow beams.
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2. Theoretical analysis

When the optical beam propagating in uniaxial crystals orthogonal to the optical axis, assume that optical axis of uniaxial
crystals coincides with the x-axis, and the optical beam propagates along the z-axis, by using the paraxial approximation,
the components of the optical beams propagating in uniaxial crystals orthogonal to the optical axis can be written as [2]:
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where k = 2�/� is the wave number; r = (x, y) and r0 = (x0, y0) are the position vectors at the output plane and input plane,
respectively; E˛ (r0, 0) and E˛ (r, z)  ̨ = (x, y) are the electric fields at the input plane and output plane. It can be found that
the x component of the optical beams propagating in uniaxial crystals undergoes diffraction spreading asymmetry in x-y
plane, and the y component is the same as which propagating in isotropic media. In this work, the x-polarized flat-topped
vortex hollow beam propagating in uniaxial crystals orthogonal to the optical axis is analyzed. The x polarized flat-topped
vortex hollow beam propagating in uniaxial crystals can be expressed as [17]:
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where N is the order of the flat-topped vortex hollow beam, M is the topological charge, wx and wy are the beam waist width

at x and y direction,
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denotes the binomial coefficient.

By recalling the following integral equations [18]:
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Substituting the Eq. (2) of flat-topped vortex hollow beam into Eq. (1a), we  obtain
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