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Short description of possible research topics for a PhD:
The proposed project attacks a new frontier ofin-vivo microscopy through diffusion magnetic
resonance imaging (dMRI). We propose a project on the edge of MR physics, machine learning, and
human cyto-architecture by using dMRI for microstructure quantification, focusing on heterogeneous
cellular tissue. There has been tremendous progress made in the past decades in axonal tracking and
axonmicrostructure quantification in the human brain. The study of such problems in the human
brain’s white matter, which is composed of mostly axons, is facilitated by the cylindrical nature of the
bundled axons. Such “simple” structure, unfortunately, is a particular characteristic of the white matter.
The multiple-scale and anisotropic nature of general tissuecellular architecturemakes the
microstructure quantification problem much more difficult in other areas of the brain.However, in an
exciting preliminary work, we have shown that using multiple shell dMRIacquisitions has the potential
to give quantitative information about cellular populations in tissue containing Von Economo neurons
(VEN).In this PhD project, we will use numerical, analytical, and machine learning techniques to
simulate and analyze the dMRI signal and design acquisition protocols to perform dMRI-based in-vivo
non-invasive microscopy of the human brain.

Required background of the student:
The desired profile is someone who has obtained a Master’s degree in Applied Mathematics or
Computer Science and has the ability to program in Matlab or Python. This candidate should have a
good level of understanding of methods of numerical solution of partial differential equations and the
physics of diffusion.
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