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Fragmentation in the Dumbbell model of spin ice

Quantum fluctuations Low temperature phases
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Spin ice in a [111] field

Thermodynamics

- 2 in / 2 out: ice rule

- Extensive residual
entropy (Pauling):

Consider a crystal of
monopoles:

Coexistence of order and
disorder: 

- Bragg peaks
- Diffuse background
      fragmented entropy

Lead to pinch-point
pattern in neutron 
scattering (dipolar
correlations)

- Flipping a spin breaks 
the ice rule

- Deconfined excitations: 
monopoles

XXZ hamiltonian: 

T decreasing

At low T, maps to a compact
U(1) lattice gauge theory

Emergent QEM with a
photon-like excitation

The transverse part maps to a
hardcore bosons / dimer model 
on the dual lattice:  

[7] 

Effective perturbative hamiltonian:

Phase diagram for the 
quarter-filled dimer model 
on the diamond lattice:

No interference between the
fragments' neutron signals

Fragmentation order parameters

- 1 spin per tetrahedra is 
pinned, the other 3 obey 
the kagome ice rules

- Complete decomposition 
uses three fragments:

(0) Spin ice

(1) Fragmented spin ice

(2) All-in / All-out 

At low T the spin ice phase should 
prevail close to the critical point 
because it has the largest entropy

Fragmented phase entropy can be modelled by  
considering the spectral intensities of fragments
in the Pauling approximation

Should resolve the multicritical region
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Experiments:

- Ho2Ir2O7 neutron 
diffraction under pressure

- Dy2Ir2O7 specific heat 
under pressure

-Ho2Ru2O7 magnetic and 
neutron measurements
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