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            Abstract
High-resolution optical imaging deep in tissues is challenging because of optical aberrations and scattering of light caused by the complex structure of living matter. Here we present an adaptive optics three-photon microscope based on analog lock-in phase detection for focus sensing and shaping (ALPHA-FSS). ALPHA-FSS accurately measures and effectively compensates for both aberrations and scattering induced by specimens and recovers subcellular resolution at depth. A conjugate adaptive optics configuration with remote focusing enables in vivo imaging of fine neuronal structures in the mouse cortex through the intact skull up to a depth of 750â€‰Âµm below the pia, enabling near-non-invasive high-resolution microscopy in cortex. Functional calcium imaging with high sensitivity and high-precision laser-mediated microsurgery through the intact skull were also demonstrated. Moreover, we achieved in vivo high-resolution imaging of the deep cortex and subcortical hippocampus up to 1.1â€‰mm below the pia within the intact brain.
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                    Fig. 1: Conjugate Î±-FSSâ€“3PM system and correction of aberrations induced by a 100-Âµm-thick intact mouse skull.[image: ]


Fig. 2: Conjugate Î±-FSSâ€“3PM enables in vivo cortical imaging with high resolution over large volumes through the intact skull.[image: ]


Fig. 3: Conjugate Î±-FSSâ€“3PM improves in vivo functional calcium imaging of neuronal activity through the intact skull.[image: ]


Fig. 4: Conjugate Î±-FSSâ€“3PM enables precise laser micro-lesion and in vivo high-resolution imaging of microglia in aged AD brain through the intact skull.[image: ]


Fig. 5: Pupil Î±-FSSâ€“3PM enables in vivo imaging of deep-cortical and hippocampal neurons at synaptic resolution through an open skull window.[image: ]
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