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Self-Correcting memories
● This paper considers self correcting memories

● Typically, these are interacting spin systems with a degenerate ground state

● Information (classical or quantum) is stored in the ground states

● System is then left for time t, subject to thermal errors

● System is then measured

● The final state is used to guess the initial state, and so retrieve stored info

● Lifetime of the memory is defined such that retrieval works with almost certainty when

● System is considered to be self-correcting when
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Energy Barrier
● This paper considers the relationship between the lifetime and the energy barrier

● This is defined using a set of single spin operators          such that

● The energy after only the first T operations are applied is

● The energy barrier is the maximum energy during this process, minimized over all
processes 
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Arrhenius Law

● Energy barrier can be used to get a rough idea of the lifetime

● Entropy will also play a role, but the 'law' restricts to ordered systems to avoid
this

● A quick Google search suggests that it is only the author who uses this name 
regularly



  

Example: Ising model
● Ising model has two state classical spins

● Hamiltonian wants nearest neighbours to align

● Two ground states, all up and all down, so can store a bit

● 1D Ising model

● >1D Ising model:        lattice
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Clock models
● Generalization of Ising model to q-state classical spins

● Nearest neighbours want to align

● The more displaced they are, the more energy they pay



  

Phase Transitions
● For q=2,3,4 there is a finite temperature phase transition

● m is finite for             , but vanishes for

● For higher q there are two transitions

● m is finite for

● majority spin value percolates for

● System is magnetically ordered
below      , so Arrhenius law would
seem to predict

for both the low and medium T
regimes

● Is this true?
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Lifetime for medium T

● Lifetime increases quadratically, not exponentially

● Does this violate the law?



  

Energy Barriers 2
● To solve the apparent violation, energy barriers are redefined

● Rather than going ground state to ground state

 
we consider going from a typical thermal state with one spin value in the majority,    
to a state with another majority

● Lack of percolation means isolated clusters of size
 not greater than ~log(L)

● Energy barrier dominated by flipping the largest
cluster

● This is consistent with the lifetime result
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XY model

● Infinite q corresponds to the XY model

● This also has poly(L) lifetime

● However, m is only finite when q is
finite. It vanishes for finite T in the
XY model

● So this is an example of a poly(L)
lifetime in the absence of order

T c=O1T p=0



  

Conclusion

● Conclusion is that order seems to imply self-correction, though not always as 
good as we'd like

● Disorder doesn't always imply that self-correction is impossible



  

Outlook
● Time evolution of spin occurs on experimentally relevant timescale

● Might be interesting to observe

● multiferroic hexagonal manganites could provide q=6



  

Thanks for your attention
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