
The Spin Ices

• The Spin Ices are the insulating compounds 

(Ho,Dy)2(Ti,Sn)2O7 where the magnetic ions 

(Ho,Dy) sit on a pyrochlore lattice

• Low energy degrees of freedom are spins with a 

strong easy axis anisotropy that points in the 

local [111] direction (locally Ising – 4 different 

orientations). 

• The spins are classical and interact dominantly 

via their dipolar interaction



Pyrochlore lattice









Conservation law

Orient bonds on the dual diamond lattice from one sublattice to the other

Define a vector field on bonds

on each tetrahedron in grounds states, implies

at each dual site

Second ingredient: rotation of closed loops of B connects ground states

Which implies large density of states near Bav = 0



Using these “magnetic” fields we can construct a coarse grained partition

function

Solve constraint                to get Maxwell theory for gauge field

Leads to dipolar spin correlations. 
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Flipping spin creates two ice rule violating 

tetrahedra which can be separated to infinite 

distance as finite free energy cost –

fractionalized monopoles. These are monopoles 

in two senses.



First, they are charged under the emergent 

gauge field. 

The entropy of the background spins depends 

upon their separation and leads to an entropic 

Coulomb interaction between monopole-

antimonopole pair:

Second, the are “charged” under the 

magnetostatic gauge field. More precisely we 

see that in the dumbbell model they have an 

energetic Coulomb interaction with charge q 

introduced earlier
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Experiments: I

Macroscopic low temperature entropy (Ramirez et al, 1999)



II: Interacting Coulomb Liquid

Debye-Huckel 

theory



III: Measuring the gauge fluctuations

Experiment

Theory


