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Abstract: Harboring interpenetrating lattices of corner-sharing tetrahedra, materials with the pyrochlore structure type dominate exploration of the
physics of quantum spin ices. Recent synthetic advances in the control of point defects, such asin Yb2Ti207 and Pr2Zr20, have demonstrated that
even sub-percent changes in the type and/or number of defects radically modulates the low temperature physics of these materials. This sensitivity to
disorder is driven not only by the geometrically frustrated nature of the lattice, but also by the propensity of a corner sharing tetrahedral framework
to undergo displacive motions, in a manner analogous to that of beta-crystabolite (quartz), either statically, or dynamically (as soft phonons). An
outlook for continued improvementsin our ability to control the chemistry behind quantum spin ices will aso be presented.
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? Water Ice to Quantum (?) Spin Ice

YD, Ti,0,

J. Gaudet, et al. Phys. Rev. B 93, 064406 (2010)
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Fluorite, Pyrochlore, and Spinel
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Fluorite, Pyrochlore, and Spinel
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$Pyrochlore Stoichiometry and ‘Point’ Defects
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¥ Pyrochlore Stoichiometry and ‘Point’ Defects
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Off-Stoichiometry Continued
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Off-Stoichiometry Continued
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Off-Stoichiometry Continued
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Here’s What We Know So Far

Ice (and Spin-Ice) observed to have states with finite ground
state degeneracy

— But in most (all?) cases, this is a kinetically trapped state
Disorder can help drive a system to a spin liquid state

— Or, at least, some kind of state with residual dynamics
Lots of evidence for local structures that are distinct from
global (average/crystallographic) structures

- Drastic impact on the physics: why?

— Strong composition dependence: why?
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Universal Pyrochlore Flexibility
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Universal Pyrochlore Flexibility
T < AT

Also found in La,Zr,0,, Bi, 1i,0,, Bi,Ru,O,, ...

B.A. Trump, et al. Under Review (2017)
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This is incipient ferroelectricity...

... just like B-SiO, Pr,Zr.0,

B.A. Trump, et al. Under Review (2017)
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And means...
« There are always low energy phonon dynamics
— Locally break site symmetry: at a minimum dynamically, but in

many cases static (or fluctuating slower than 10’s of ns)

o —
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And means...
There are always low energy phonon dynamics
- Locally break site symmetry: at a minimum dynamically, but in
many cases static (or fluctuating slower than 10’s of ns)
Across same energy scales as CEF and magnetic interactions
Even ‘low’ concentrations of defects can radically modulate
this structural flexibility (pinning, domain generation, etc.)

In other words, not negligible, and must be considered, always

— Is this how Pr,Zr,0, becomes a spin liquid, and can be tuned
with small compositional changes?
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Magnetic Transition Metal Pyrochlores
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