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Abstract

Power-Exponent-Phase Vortices for Manipulating Particles
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An approach of manipulating micro-particles based on the theory of power-exponent-phase vortices
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(PEPV) is demonstrated experimentally. Phase holograms are generated to produce PEPVs with different topological
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and can have extensive practical applications in many fields.

charges and exponential powers. The holograms are displayed sequentially on a spatial light modulator (SLM) for
modulating the incident laser beam. The modulated light beam is Fourier transformed by a lens. and then filtered by

a pinhole. The selected diffraction order of the beam is focused on the sample stage of an inverted optical microscope.
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The experimental results verify that the PEPV beam can be used to optically transport micron-sized particles

directionally. The beam is found to possess a unique function in the transportation and collection of micro-particles,

optical design; optical vortex; spatial light modulator; diffraction; holographic optical tweezers
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Fig.1 Holograms for the generation of PEPVs with topological charges and exponential powers of (a) m=8, n=2;

(b) m=12, n=2; (¢) m=30, n=2, and (d) m=—30, n=2, respectively

El 2 PEPV SRR E > A . SE R MR Hh i B S B o0l () m=8,n=2;
(b) m=12, n=2; (¢) m=30, n=2; (d) m=—30, n=2

Fig. 2 Simulated intensity distributions of the PEPVs with topological charges and exponential powers of (a) m=38§,
n=2; (b) m=12, n=2; (¢) m=30, n=2, and (d) m=—30, n=2, respectively
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Fig. 3 Schematic configuration of the experimental setup
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Fig. 5 CCD captured PEPVs of different topological charges and powers of (a) m = 8, n = 2, (b) m = 12, n = 2, (¢)

m =30, n = 2, and (d) m =— 30, n = 2, respectively.

The arrows represent the directions of the orbital angular

momentums of the beams
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Fig. 6 Trajectory of polystyrene spheres driven by the PEPV beam of m=230 and n=2. The arrow represents the movement

direction of the trapped particle, and numbers 1, 2, 3, 4, and 5 represent the positions of the captured particle at

different time. The dashed box represents the region of the focused beam
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Fig. 7 Trajectory of polystyrene spheres driven by the PEPV beam with m = — 30 and n=2. The arrow represents the

movement direction of the trapped particle, and numbers 1, 2, 3, 4, and 5 represent the positions of the captured

particle at different time. The dashed box represents the region of the focused beam
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