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Liquid Axicon for Generating Single Bottle Beam with Size Adjustable

Cheng Zhiming Wu Fengtie Zhang Qian’an Zheng Weitao

(College of Information Science and Engineering, Huaqiao University, Quanzhow, Fujian 362021, China)

Abstract A new model of liquid axicon for producing a single bottle beam with tunable size is proposed. In the
aspect of geometrical optics. it analyses the principle that how the liquid axicon produces the bottle beam is analysed,
and meanwhile, the diffracting theory is used to simulate and demonstrate. It is concluded that liquid axicon can
produce single bottle beam when the liquid refractive index of the injected liquid is higher than that of the axicon
material. Through optics software TracePro the model of liquid axicon is established and the properties of the
transmission conversion of the light beam are simulated. The influence upon the size, location of the bottle beam with
different refractive index is calcalated and simulated, and the conclusion shows that, the lower the liquid refractive
index is, the smaller the size of bottle beam is, and the theoretical analysis basically corresponds with the simulation
result.
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Fig. 1 (a) Traditional axicon; (b) liquid axicon
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Fig. 2 Single bottle beam generated by a liquid axicon
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Fig. 4 Optical path tracing for a single bottle beam
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Fig.5 Cross section profiles of bottle beam at different positions
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Table 1 Size comparison of the bottle beam between calculation and simulation
Starting point Z,,,, /mm Ending point Z,.../mm Length L /mm Width R /mm
Theoretical calculation 52.9013 59.9473 7. 0460 0. 3446
Simulation 52.8674 59.9398 7.0724 0.3528
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Fig. 7 Simulation for several bottle beams generated in

different refractive indexes in liquid axicons
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Fig. 6 Intensity distribution on axis
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Table 2 Size comparison for several bottle beams generated in liquid axicons filled with different refractive indexes

Liquid refractive index n, Starting point Z,,,, /mm Ending point Z,.., /mm Length L /mm Width R /mm
1. 68 46.7319 59. 8643 13. 1544 0.6953
1. 64 49. 3836 59. 8673 10. 4837 0.5472
1. 60 52. 3810 59. 8681 7.4871 0. 3906
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