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 Hall effect near a sharp focus of cylindrical 
vector beams with negative order  
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Richards-Wolf formulae
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– In optics, cylindrical vector 
beams (CVB) are well known [1], 
including the high-order beams.

To confirm the theoretic 
findings, we performed a 
numerical simulation using 
Richards-Wolf formula

– 

– We have investigated the 
behavior of the intensity, 
components of the Poynting 
vector P = Re[E×H*] and spin 
angular momentum (SAM) S = 
Im[E*×E] when focusing a high-
order cylindrical vector beams by 
aplanatic lens with a numerical 
aperture NA = 0.95.

– In the sharp focus of the nth-
order CVB, the intensity 
distribution has 2(n – 1) peaks.

– Areas with reverse energy flows 
could occur in the focal plane

– There are 4(n – 1) areas with 
different rotation direction of the 
polarization vector

– In the areas where before the 
focus (z < 0) the SAM was 
negative (S3 < 0), after the focus 
(z > 0) it becomes positive (S3 > 
0), and vice versa.

Introduction

Conclusions

–
cylindrical vector beams was 
investigated numerically and 
theoretically

 The tight focusing of high-order 

– It was shown that near the focal 
plane of the CVB, for instance, at 
a distance of wavelength before 
and beyond the focus, 4(n – 1) 
local subwavelength areas are 
generated, where the polarization 
vector is rotating in each point.

– For the order of the beam 
equals to unity (radial 
polarization) there is no 
polarization conversion

Orbital and spin energy flows in tight focus of optical vortex

Distribution of intensity of a sharply focused 
cylindrical beam of the order n=-2 

z = λ
after the focus 

at the distance .
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Distribution of longitudinal component of the SAM 
vector of a sharply focused cylindrical beam of the 
order n=-2 after the focus at the distance z = .λ
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