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Research on field-enhanced planar-Airy light-sheet microscopy (invited)

Li Hongwei, Chen Hongyu, Shi Tianze, Zhao Rong, Liu Pengfei’
(Academy of Medical Engineering and Translational Medicine, Tianjin University, Tianjin 300072, China)

Abstract: Light-sheet microscopy is a biological imaging technology that has been studied a lot in recent years.
Compared with traditional confocal laser scanning microscopy, light-sheet microscopy can achieve rapid volume
imaging with low phototoxicity. The illumination beam of light-sheet microscope can choose Gaussian beam or
other non-diffracting beams (such as Bessel beam, Airy beam, etc.). Airy light-sheet microscopy is the most
researched technology at present, but there is a big problem with ordinary Airy light-sheet microscopy. Airy beam
has the characteristic of self-bending, which causes Airy beam to exceed detection at both ends of the field of
view. The depth of field of the objective lens cannot produce the best imaging effect. The Airy beam was rotated
by 45° to form a planar-Airy light-sheet, so that the Airy light-sheet did not exceed the depth of field of the
detection objective, so as to increase the imaging field of view of the light-sheet microscope. And using two-

photon fluorescence excitation technology, the post-processing process of the image was eliminated, greatly
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improving the efficiency of imaging. In this study, Matlab was used for optical simulation, and the imaging field

of view (~900 um) of the planar-Airy light-sheet microscope was increased by 50% compared with the imaging

field of view (~600 um) of the ordinary Airy light-sheet microscope. The constructed planar-Airy light-sheet

microscope was calibrated with fluorescent microspheres, and the lateral resolution of the imaging system was

(1.93£0.17) um and the axial resolution was (3.19£0.41) pm. In the real-time observation of the zebrafish

intracerebral hemorrhage model, imaging results with a temporal resolution of xXxyxz = 0.60 mmx0.60 mmx

0.40 mm/60 s can be obtained, and the growth and development of local blood vessels can be monitored in real-

time to explore the mechanism of cerebral hemorrhage disease.
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Fig.1 Profiles and intensity distributions of Gaussian beams, Airy beams, and planar-Airy beams in different directions at static and scanning. (a) The y-z

cross-section profile of static Gaussian beam at the beam waist (x=0); (b) The x-z cross-section profile of one-photon excited, Gaussian light-sheet

scanned along the y-axis; (c) The x-z cross-section profile of Gaussian light-sheet excited by two-photon; (d) The z-direction intensity distribution

of the Gaussian light-sheet excited by one-photon and two-photon at x = 0; (e)-(h) The profile and intensity distribution of Airy beam in different

directions at static and after scanning; (i)-(1) The profile and intensity distribution of planar-Airy beam in different directions at static and after

scanning
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Fig.2 (a) Optical diagram of light-sheet fluorescence microscope; 4/2:

L,

half-wave plate; PBS: polarization beam splitter; Slit: slit; L: lens;
Pinhole: pinhole filter; SLM: spatial light modulator; GM: galvo
mirror; MO: microscope objective; TL: tube lens; F: filters;

(b) Experimental setup of light-sheet fluorescence microscope
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Fig.3 Numercial calculation results of Airy light-sheet and planar-Airy light-sheet under 2-PE. (a), (b) The x-z cross-section profile of Airy light-sheet

and planar-Airy light-sheet; (c), (d) MTF distribution along the x-axis for Airy light-sheet and planar-Airy light-sheet; (e), (f) Simulation imaging
results; (g), (h) Result after deconvolution processing; (i), (I) MTF distribution of Airy light-sheet and planar-Airy light-sheet at different

propagation positions (x = 0, 200, 400, 500 um)
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Fig.4 Imaging results of Gaussian and planar-Airy light-sheet microscope under 2-PE. (a) Imaging results of ordinary light-sheet microscopy under 2-

PE; (b) Imaging results of planar-Airy light-sheet microscopy under 2-PE; (c) Graphical representation of the intensity distribution, corresponding

to the white dotted line of figure (b); (d) Graphical representation of the intensity distribution, corresponding to the yellow dotted line of figure (b)
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Fig.5 (a) Two-channel single-shot 3D imaging results of zebrafish intracerebral vessels; (b) Images of local cerebrovascular growth during the 44.5-

46.5 hpf
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Fig.6 Analysis of the changes of fluorescence intensity of hemorrhagic intracerebral blood vessels and red blood cells with time. (a) Schematic diagram
of the changes in the fluorescence intensity of blood vessels and red blood cells in the yellow box (47.5-54 hpf); (b) Fluorescence intensity ratio

curves of blood vessels and red blood cells at different time points
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