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Chiral quantum states : interplay of charge, spin,
and lattice

Aseem Rajan Kshirsagar
ISCR - CNRS UMR, France

Part 1: Definitive and efficient control of spin texture of multiferroic BiFeOs3 is
attractive for emerging quantum devices. Many-body ab initio computational
methods reveal that d — d excitations localised on Fe atomic sites in BiFeO3
form a chiral pair of spin-flip excitons with opposite spin-polarisations, and
couple exclusively to left and right circularly polarised light (CPL), allowing
CPL-induced transient magnetisation. These excitons are theoretically
predicted to couple strongly with phonons to alter Raman intensity profiles as
verified subsequently with experiments.

Part 2: Structural chirality in crystals leads to asymmetry in their interaction
with left and right CPL. Using ab initio methods, the differential absorption of
CPL or circular dichroism in emerging chiral hybrid organic-inorganic metal
halides is traced to the orbital angular momenta and electric quadrupole
momenta of electron states involved in optical transitions. This provides a clear
understanding of orientation-dependent circular dichroism in chiral crystals,
paving the way for drawing relevant structure-property relations.
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