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	Project Title

	The geometry of nuclei: skyrmions, holography, and gravitational instantons

	Project Highlights:
	1.
	Developing rigorous geometric models of matter and fundamental interactions

	
	2.
	Establishing new links between solutions of integrable systems and physically important theories

	
	3.
	Exploring the geometry of curved spacetimes and the holographic structure of nuclear matter

	Project Summary

	The Skyrme model is a geometric model of nuclei. It has topologically-stable finite-energy solutions called skyrmions which model baryons. The field equations cannot be solved explicitly, prompting development of analytic approximations to complement expensive numerical computations and allow quantum treatments. Atiyah-Manton [1] proposed a surprisingly accurate approximation using self-dual Yang-Mills fields. Sutcliffe later explained its accuracy [2], demonstrating how the Skyrme model arises as a “holographic” dimensional reduction of Yang-Mills theory. Recent extensions to periodic Yang-Mills [3,4] have yielded gauged skyrmions, modelling fundamental interactions between nuclei. The Atiyah-Manton-Sutcliffe framework is the foundation of an active international programme aiming to probe analytic and qualitative properties of skyrmions using Yang-Mills fields.

This project will extend the Atiyah-Manton-Sutcliffe framework to gravitational instantons: 4D Riemannian solutions of Einstein’s equations with localised curvature properties. While ad-hoc attempts to obtain skyrmions from these exist [5], the systematic field-theoretic relationship remains unexplored. You will derive new Skyrme models corresponding holographically to Yang-Mills theory on gravitational instantons, comparing their solutions with the corresponding self-dual Yang-Mills fields. There is scope to focus on either phenomenological application, e.g., comparing with real nuclei and making links with QCD, structural properties, e.g., involving fiber bundle geometry and equivariant cohomology [6], or performing numerical simulations.

The project will suit students interested in the intersection of geometry, topology, and physics. It requires a diverse mathematical toolkit including differential geometry, PDEs, integrable systems, and gauge theory, and offers a route to high-impact publications in leading mathematical physics journals.
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