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Our main interests are many-body and topological effects in electron and cold-atom systems, i.e., super-
conductivity, magnetism and topological phenomena, for which we envisage materials design and
novel non-equilibrium phenomena should be realised. Studies around the 2020 academic year include:

e Superconductivity /superfluidity

— Superconductivity in a new cuprate BagCuOs4s [1], see Fig.1.1.1

— Superconductivity in a nickelate (Nd,Sr)NiO[2], see Fig.1.1.2

— Design of flat bands and flat-band superconductivity[3, 4], see Fig.1.1.3

— BCS-BEC crossover in superconductivity /superfluidity in incipient 2-band systems

e Topological systems

— Zero modes in Kekule-ordered honeycomb systems|[5]
— Valley and spin polarisation in bilayer graphene and transition-metal dichalcogenides

e Non-equilibrium and non-linear phenomena

[1]

— “Imprinting” of topological states by spatially-periodic circularly-polarised light[6]
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1.1.1: (a) A theoretically proposed Lieb-lattice type crystal structure for a new cuprate superconductor
BayCuOs4s. (b) Gap function A;; in the orbital (¢, j) representation is shown for the intra-orbital s-wave,

inter-orbital d-wave pairing, and (c) the intra-orbital d-wave, inter-orbital s-wave.[1]
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1.1.2: A theoretical Fermi surface in the nickelate superconductor, with a crystal structure in the left

inset.[2]
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1.1.3: Schematic models for superconductivity. [4] Left column: Ordinary one-orbital, one-band systems,
as exemplified here for a d-wave pairing. Second from left: Ordinary multi-orbital, multi-band systems,
here for an sy-wave pairing. Yellow arrows represent main pair-scattering channels with nesting vectors
between the “hot spots”. These are contrasted with flat-band systems — Second from right: one-orbital,
one-band flat-band systems. Right: one-orbital, multi-band flat-band systems. In the flat-band systems
the pair scattering occurs over a “bunch” of nesting vectors. The bottom panels depict the pairs in real

space.
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1.1.4: Two-dimensional systems (as exemplified by graphene) illuminated by a spatially-periodic,

circularly-polarised light is schematically shown. [6]





