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A quantum spin liquid state occurs in a system of interacting
quantum spins that remains magnetically disordered down to
very low temperatures. Predicted in 1973 by Phil Anderson,
quantum spin liquids were not realized experimentally until this
century, and they remain rare. The quantum antiferromagnet
herbertsmithite (ZnCu3(OH)6Cl2) has a kagomé lattice structure
in which the Cu spins reside on the vertices of corner sharing
triangles. This arrangement of spins is called “frustrated”
because it is impossible to satisfy an up/down/up/down pattern
of spins for nearest-neighbor spins on this triangle-based
lattice. This frustration of spin order gives rise to the closest
realization to date of a quantum spin liquid ground state.
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This surprising finding contradicts the threefold symmetry of the
ideal kagomé lattice, suggesting the presence of a global
structural distortion that may require a revised interpretation of
the spin-liquid ground state in herbertsmithite.
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By employing complementary torque magnetometry and highfield electron spin resonance (ESR) on single crystals of
herbertsmithite, novel insights are obtained into the different
contributions to its magnetism. At low temperatures, two
distinct types of magnetic defect with different couplings to the
kagomé spins are found. The magnetic-field response of both
defects provide evidence for a global symmetry reduction of the
kagomé lattice in herbertsmithite at low temperatures.
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Facilities: EMR, 12.5 T heterodyne.
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