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Abstract 

Functional neuroimaging is a powerful tool for neurodegenerative/neurological disease diagnosis, and it 

often relies on detecting macroscopic responses in electric fields or hemodynamics. In this talk, I will 

introduce a new aspect of functional imaging at the cellular scale by tracking the fast nanometer-scale 

neuronal deformation using high-speed interferometric imaging techniques. I will describe electromotility, 

the electromechanical coupling in the cell membrane, and how it can lead to an all-optical non-invasive 

electrophysiology. I will show how this new approach can be demonstrated in vitro to image propagating 

action potentials using a common-path interferometric microscope, and in vivo to map the light-induced 

electrical responses of photoreceptors using high-speed phase-resolved optical coherence tomography. 

These findings provide a new perspective for designing novel imaging tools for the study, diagnosis, and 

treatment-monitoring of human retinal diseases, and may lead to the next-generation all-optical brain-

machine interface. 
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