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Theoretical study of Higgs mode in magnetic materials
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We presented a generalized theory for magnetic excitations in interacting
spin cluster systems and applied it to specific magnetic materials, such as spin dimer, trimer, and
tetramers. Collaborating with experimental groups, we confirmed that a Higgs amplitude mode was
actually observed by inelastic neutron scattering in a two-dimensional (2D) quantum spin system,
while it has been believed to be difficult to observe it in 2D systems. The reason is that the Higgs

amplitude mode is located at low-enegy region in the vicinity of a quantum critical point and that
it is protected from decaying into a pair of Nambu-Goldstone modes (NG-modes) by opening of a small
energy gap in the NG-mode which originates from a weak easy-axis anisotropy. We also presented a
theory of magnetoelectric effects to detect Higgs amplitude. We applied the theory to specific spin
systems and confirmed the reliability of the theory.
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