Dumbbell model
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Dumbbell model
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Magnetic Coulomb interaction is very weak, but
comparable to kgT at T ~ IK
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Experiment/Theory

® Some nice evidence from magnetic
relaxation
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® Rapid rise below 2K due to Coulomb!



Experiment/Theory

® Theory including Coulomb interactions
(Monte Carlo):
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® Rise is due to binding of monopole-
antimonopole pairs



Order by Disorder

® In spin ice, the ground state degeneracy seems to
prevent an ordered phase forming

® Actually, this is not so obvious at low but non-
zero temperature

® |n fact, many models with ground state
degeneracy break that degeneracy at T>0 due to
fluctuations

® “Order by disorder”, due to ].Villain

® |dea: free energy of states is generally different
once fluctuations are included



J.Villain et al, |. Physique 41, 1263 (1980).

Domino Model
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® Ground states are FM A chains and AF B
chains, with 2N" degeneracy



Order

® However, one can show that the model has
a phase transition (by exact solution)

® Evidently it is ordered at low T despite the
degeneracy - this is due to fluctuations.

® |et’s understand this in some simple limits



Very low T

® ksT << ]aa, |Js8|,Jas : only rare excitations
within each chain

® Ask:is there any preference for

successive A chains to be aligned vs anti-
aligned!?

® Do this by “integrating out” B chain
between each pair of A chains
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Very low T

® [wo cases:
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Very low T

® [wo cases:
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Very low T

® [wo cases:
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note: factor of 2 difference from Villain paper



