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The most imaging techniques use fields or waves to explore an object. The purpose of
inverse scattering problems is attempts to infer about the object’s parameters from
the perturbed or the scattered fields induced by the presence of the object. The term
vortex beam refers to a beam of electromagnetic radiation, electrons, photons, etc.,
whose phase changes in a corkscrew-like manner in the direction of propagation. The
scattered wave carries internal structural information about the object by its ampli-
tude and phase, wherein to resolution is an important indicator of the reconstruction
quality. The perfect Bessel beams are the solutions of Helmholtz equation and can
oscillate faster than their band-limited Fourier transforms suggest[1]. In cylindrical
coordinates, the Bessel beams of integer order n are written as [2]
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where Jn(k⊥r) is nth-order Bessel function, ϕ is azimuth angle in the plane perpen-
dicular to the direction ẑ, k = k⊥ + k||ẑ, k⊥ = |k⊥|, r⊥ = (ρ cosϕ, ρ sinϕ).
The Bessel beam with fractional order, UB

ν (r), can be expanded in terms of funda-
mental nth-order Bessel beams UB

n (r) as follows
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, ν is non-integer. (2)

The scattering potential V (r) in the Born approximation is defined according to the
equation

(∇2 + k2)U(r) = V (r)U(r), V (r) = −k2
(

ε(r)− 1
)

, k2 = k2⊥ + k2||, (3)

where ε(r) is the electromagnetic permittivity of the media.
The relations connecting the scattering field and the scattering potential in Fourier
space are obtained in the explicit form.
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