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Fig. 1. Schematic diagram of focusing JSM beams

with an axicon.
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Fig. 2. (color online) Intensity distribution along prop-
agation distance in simulation, when the diameter of

annular source is 1 mm.
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Fig. 3. (color online) Intensity distribution of cross section and radial intensity distribution at different distance in simulation

(I) and experiment (II): (a) z = 80 mm; (b) z = 120 mm; (¢) z = 140 mm; (d) z = 160 mm; (e) z = 180 mm.
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Table 1. Diameters of hollow beam in experiment and

simulation at different propagation distance behind

axicon, when the diameter of circular slit is 1 mm.

z/mm 80 120 140 160 180

FLLTFH /mm  0.400 0.600 0.700 0.800 0.900

SEIRIE /mm  0.406 0.604 0.700 0.790 0.902

Q Axicon

P Ground glass

5 SEI H K

Fig. 5. Experimental setup.
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Fig. 6. Schematic of circular slit.
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Table 2. Diameters of hollow beam are generated by
different sizes of slit at z = 70 mm in experiment and

simulation.

W4 EF /mm 1 2 3 4 5

it H/mm  0.360 0.700 1.050 1.400 1.750

SEIGPE /mm  0.356  0.709 1.047 1.402 1.751
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(Table 3. D)iameters of hollow beam are generated by

different sizes of slit at different z planes (in mm).

D/mm

z/mm
1 2 3 4 5 6

70 0.356 0.709 1.047 1.402 1.751 2.105
80 0.406 0.812 1.200 1.601 2.009 2.400
100 0.505 1.008 1.499 2.009 2.495 2.990
120 0.604 1.196 1.804 2.393 3.020 3.608
140 0.700 1.412 2.105 2.797 3.507 4.195
160 0.790 1.610 2.402 3.203 3.983 4.804

F4 BH—HEHIREEEETSOHRKRER (B4 mm)
Table 4. Normalization diameters of hollow beam and

circular slit (in mm).

D/mm

z/mm

0.167 0.333 0.500 0.667 0.833 1

70 0.169 0337 0.497 0.666 0.831
80 0.169 0.338 0.500 0.667  0.837
100 0.169 0.337 0.501 0.671 0.834
120 0.167 0.331 0.500 0.663 0.837
140 0.167 0.337 0.502 0.667 0.835

I T O

160 0.164 0.335 0.500 0.667 0.829
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Fig. 7. (color online) Hollow beam with change in cir-

cular slit.
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Abstract

A novel technique to generate precisely size-controlled hollow beams by controlling the diameter of circular slit
is proposed. Firstly, a laser beam is transformed into a quasi-monochromatic incoherent annular source by a rotating
ground-glass disk and circular slit. Then, after passing through a thin converging lens, a Jo-correlated Schell-model
beam is synthesized by placing the annular incoherent source in the first focal plane of the thin lens. Finally, a partially
coherent hollow beam is generated by focusing the Jo-correlated Schell-model beam with an axicon. Based on the
diffraction theory and the propagation law of partially coherent beams, the cross-spectral density function is derived
to calculate the intensity distribution of the cross section and the radial intensity distribution along the propagation
axis behind the axicon. By carrying out the theoretical calculation, the proposed optical system generates a partially
hollow beam, and the size of the hollow beam expands continuously as the propagation distance increases. Before
further investigating the effect of the diameter of incoherent annular source on the hollow beam behind the axicon, we
also calculate the intensity distribution of the cross section and the size of hollow beams along the propagation axis at
z = 70 mm with the source diameters being 1, 2, 3, 4 and 5 mm, respectively. Results show that the size of the hollow
beam also increases with the diameter of incoherent annular source increasing. In this case, the size of the hollow beam
can be precisely controlled by tuning the diameter of incoherent annular source through circular slit. We also design and
conduct an experimental generation of the hollow beam and investigate the propagation properties. In the experiment,
we control the diameter of the annular source by tuning the diameter of the circular slit located before the rotating
ground-glass disk. And the diameter of the annular source is equal to that of the circular slits. When the sizes of circular
slits are 1, 2, 3, 4 and 5 mm, respectively, the corresponding hollow beams are measured by CCD. Experimental results
show that the size of hollow beam can be controlled by the propagation distance and the diameter of the circular slit.
The intensity profiles are in good agreement with theoretical predictions. Therefore, the size of hollow beams can be
precisely generated and controlled by the proposed system so that the optical system can be flexibly employed in optical
trapping and manipulation of particles with different sizes. The results may provide a powerful tool for manipulating

the micro- and nano-particles.
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