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Fig. 1 Comparison of the scanning mode: raster (a)

vs random-access (b)
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Fig. 2 Spatial and temporal dispersion
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Fig. 3 Simultaneously compensate the spatial and
temporal dispersion of AOD using a single prism™
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Fig. 4 The schematic of random-access two-photon microscopy and the measurement results of spalial resolution™
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Fig. 5 High frequency calcium signal detection of multi-cells and spike reconstruction
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Random-access Two-photon Microscopy for Neural Activity Observation®

JIANG Run-Hua, LU Xiao-Hua, LI De-Rong, QUAN Ting-Wei, LIU Xiu-Li, LUO Qing-Ming, ZENG Shao-Qun"™
(Britton Chance Center for Biomedical Photonics, Wuhan National Laboratory for Optoelectronics,
College of Life Science & Technology, Huazhong University of Science and Technology, Wuhan 430074, China)

Abstract Two-photon microscope has become an important instrument in neuroscience research. However, the
current commercial instruments can hardly meet the need for the detection of neural signal in millisecond scale due
to their low imaging rates. Fast random-access two-photon microscopy based on acousto-optic deflector (AOD) has
the potential for increasing the observation speed while maintaining adequate signal to noise ratio (SNR). We
summarize the latest related research progress. It is demonstrated from four parts, including the spatio-temporal
evolution theory of the femtosecond laser after passing the angular dispersion devices, dispersion compensation
method for AOD, random-access two-photon microscopy instrument, and calcium signal identification method in
the instrument applications. In the end, the future development trends for random-access two-photon microscopy
are discussed. The systematic and in-deep research on this technology will provide a new tool for the neural

activity observation and boost the development of brain science.

Key words femtosecond laser, random-access scan, acousto-optic deflector, dispersion compensation, two-photon
microscopy, calcium signal, spike reconstruction
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