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Magnetic materials where ice rules emerge for spur d oaf
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Where does this happen
Lattices with corner sharing tetrahedra and easy axis kingspins
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1
n On tetrahedron all spurs interact with sane strengthf Tei I Il

se Joe 5 F So constant
or EYEof
de Fu I eT qeT easy axis bing

Q Should To be FM Ko or Af Go

for 2in 2out ferromagnetic E Eg 43

Short calculation 33 25

i recuimige E i 2 in 2out

Notice Eq E E div 5 is lattice divergence ofa
outward spur field tetrahedron



Laltice.fretrahedsa

YetrahediaH
EDE'T EelzahedraffaEF

2
J div F a constant

Ground state diva zur 2out everywhere

Ice States

Excitations

flip a spun relative to an ice state

3 out un
OE THEY 36 42

f Q 11 JG2J 1 JC 25 43054305,2003 un lout
2 DQ i

Energy cost D ou two tetrahedra with ice rule violations

Define Qa diyaq.cz charge on solet a

flip another spout
Moves violation no DE

TT fO Q ti

too charges energetically freetomove independently
i

o Q I
19 Classical fractionaligation ofunderlyingspur



Gaussian
The definition
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Eutrophication
Consider spun ice with a charge at i
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Dipolar Spur Ice and Magnetic Monopoles Casteluovo Moessnes Sondhi 08

If 5 carries real magnetic moment
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so charges carry physical magnetic monopole field Ieee
Comments
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Monopole field
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effective energetic Coulomb interaction between Q's

spur ice picture still ok



Quantumspurkey Cu scopes
3rdLaw ofThermodynamics SCT o 0
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