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1. Introduction

Optical tweezers have been become important tool in many domains [1,2], including particle manipulation [3,4], photon
emission [5], force measurement [6,7], microscopy [8]. Usually, it is deemed that the forces exerted on the particles in
light field include two kinds of forces, one is the gradient force, which is proportional to the intensity gradient; the other
is the scattering force, which is proportional to the optical intensity [9], and the gradient force is important and necessary
condition for constructing the optical tweezers. Optical radient force becomes one research topics point. Gao and co-workers
investigated the optical gradient force in apodized optical system and force of hyperbolic-cosine-Gaussian beam with vortices
[10,11]. Optical gradient force of cosh-Gaussian with sine-azimuthal and half-space phase modulation was also studied [12].
Recently, optical gradient force of linearly polarized sine-azimuthal Lorentz beam with one on-axis optical vortex was
explored [13]. Wang et al. analytically studied dispersion properties and optical gradient forces of different-order transverse
magnetic modes in two coupled hyperbolic metamaterial waveguides [14].

Lorentz-Gaussian beam has become one other optical branch and attracted much attention since it was introduced to
describe the output beams from diode lasers [15-19]. Focusing properties of linearly polarized Lorentz-Gaussian beam
with one on-axis optical vortex was investigated [17]. Recently, Zhou investigated the fractional Fourier transform of
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Lorentz-Gauss beams [20]. Focusing properties of Lorentz-Gaussian beam with trigonometric function modulation was also
investigated by vector diffraction theory [21]. With the development of radially polarized beams, Sarawathi et al. investigated
the tight focusing properties of radially polarized Lorentz-Gaussian beam [22].

In order to get insight into properties of Lorentz-Gauss beam more deeply, and extend its application domain, and
to our best knowledge, there is no published files dealing with optical gradient force of radially polarized Lorentz-Gauss
vortex beam, therefore, in this article, the tunable optical gradient force of radially polarized Lorentz-Gauss vortex beam by
sine-azimuthal variation wavefront was investigated by considering full vector components in three orthogonal coordinate
directions. Section 2 gives focusing principle of radially polarized Lorentz-Gaussian vortex beam sine-azimuthal variation
wavefront modulation, and results and discussions were shown in Section 3. Conclusions were summarized in Section 4.

2. Focusing radially polarized Lorentz-Gaussian vortex beam with wavefront modulation

The wavefront of radially polarized Lorentz-Gaussian vortex beam is modulated with sine-azimuthal variation wavefront
in this article, and the wavefront is in form of ¢ = —m sin(ng), n is phase parameter that indicates the sine phase change
frequency on increasing azimuthal angle. According to variable and coordinate transformations [17-19,21], the focusing
radially polarized Lorentz-Gaussian vortex beam with sine-azimuthal variation wavefront can be written as,
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where m is the charge number of the optical vortex, and wy = wg /1, is called relative beam waist in y coordinate direction
and also called as relative Gauss parameter. y, = Yo /1p is called relative beam waist in x coordinate direction, and may also
be called relative Lorentz parameter, rp is the outer radius of optical aperture in focusing system. wg and yg are the 1/e-width
of the Gaussian distribution and the half width of the Lorentzian distribution, respectively. NA is the numerical aperture of
the focusing system. 7 is vector unit of the radial coordinate, and ¢ is the azimuthal angle.

According to vector diffraction theory, the electric field in focal region of radially polarized Lorentz-Gaussian vortex beam
with sine-azimuthal variation wavefront is [23-25],

E(p,¢.z) =Epep+Egey +Eze; (2)
where e, é,z,, and e; are the unit vectors in the radial, azimuthal, and propagating directions, respectively. Cylindrical coor-

dinates (p, ¢, z) with origin p=z=0 located at the paraxial focus position are employed. E,, E4, and E; are amplitudes of the
three orthogonal components and can be expressed as [23-25]
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