Anomalous Spin Excitations in a Chiral Staggered Chain
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For anti-ferromagnets (AFMs), there can be an energy difference
between the ground state and first excited state (a gapped AFM)
or this energy difference can be zero (a gapless AFM), in which
the AFM is driven purely by quantum mechanics rather than
anisotropy. An applied magnetic field can drive quantum phase
transitions between gapped and gapless phases. S=1/2 anti-
ferromagnetic Heisenberg chains typically remain gapless, but
alternating local spin environments can lead to a field-induced
spin gap. This study looked at a system with a chiral staggered
spin environment and finds a behavior different than for non-
chiral staggered systems, due to additional terms involving a
uniform Dzyaloshinskii-Moriya coupling and a fourfold periodic
staggered field.

The experiments of magnetometry, heat capacity, electron spin
resonance and the theoretical analysis involved a diverse group
of scientist from the UK, Japan, and the US. The high magnetic
field Electron Magnetic Resonance available at the MagLab was
a crucial component to the success of this study of this chiral
staggered spin chain.

The results demonstrate that spin chains with a screw symmetry
can present a remarkable suppression of the magnetic-field-
induced spin gap. This opens the quest for finding other
materials where anisotropic interactions and particular crystal
symmetries conspire to enable entirely novel magnetic states.
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Fig. 1. Chain Structure of Cu(pym)(H,0),SiFs-H,0. Staggered
elongated Cu-O bonds(green) correspond to local g, axes
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Facilities: EMR facility, 12.5T magnet, Tallahassee, and NHMFL Los Alamos National Lab.
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