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Abstract We present a method and a system of multifocal two-photon laser scanning microscopy (MTPLSM) based on
double-helix point spread function (DH-PSF) engineering (DH-MTPLSM) to improve the imaging speed and resolution.
In the excitation light path, a high-speed phase-only spatial light modulator (SLM) is employed to generate three-
dimensional (3D) multifocal arrays and implement high-precision parallel digital addressing scanning of the sample
surfaces. In the detection light path, a double-helix phase plate is inserted to modulate the system detection PSF to DH-
PSF, which provides axial information of the sample. The aim is to reduce the number of layers scanned axially and
ultimately enhance the speed of 3D imaging. Moreover, with a DH-PSF-based digital refocusing algorithm, we
reconstruct the wide-field images of the sample at different depths and obtain the 3D optical sections of the sample by single
2D scanning. On this basis, we build a DH-MTPLSM system, carry out two-photon imaging experiments on mouse
kidney sections with this system, and verify the ability of the proposed method in fast 3D high-resolution imaging, which is
of great significance for the development of MTPLSM.
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Fig. 1

Two-photon DH-PSF image at different depth z, and linear relationship between rotation angle ¢ and =z.

(a) Two-photon

DH-PSF image at different depth z; (b) linear relationship between rotation angle ¢ and z
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Fig. 3 CGH phase pattern for two-layer multifocal array, conventional two-photon excitation fluorescence image of multifocal array in

solution of eosin dye, and DH-PSF image of same array. (a) CGH phase pattern for two-layer multifocal array; (b) conventional

two-photon excitation fluorescence image of multifocal array in solution of eosin dye; (c) DH-PSF image of same array
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Fig. 4 Data process for DH-MTPLSM. (a) Original images; (b) filtering with a pair of Gaussian pinholes; (c) image reconstruction

process
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Fig. 5 Images of fluorescent beads with diameter of 100 nm. (a) Wide field image; (b) DH-MTPLSM reconstruction image; (c) yz
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Fig. 6 Imaging results of mouse kidney section. (a) WF image at focal plane; (b) reconstructed images at different axial depths
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