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( âp
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for N=2 we get Majoranas!
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 edge localized parafermions,    &   , missing from the Hamiltonian!

In this phase we can encode an N-fold degenerate subspace in the missing
two parafermion modes!

f = 0 → α̂1 α̂2L
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Parafermion-clock models
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N-ality, parafermion "parity"

∃
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c.f. perturbative picture
: ?
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... is complicated with 3 body interactions encoded in the  termH(6)



(U ,V ) =H̄ H +(2) U V H +H + (1 − V )[ ( (4) (6)) H̄ (4)]

=H̄ (4) −J [c c −n − n +∑σ,j σ,j
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Interpolating to quartic Hamiltonians can preserve the gap!Interpolating to quartic Hamiltonians can preserve the gap!

spectrum obtained from finite DMRG  L=16

Parafermions in nanowires:

superconductivity

+

 occupation dependent
hopping



Possible Experimental realizationsPossible Experimental realizations

J. Alicea, P. Fendley  Annu. Rev. Condens. Matter Phys.  7,119–39 (2016.)



 Majoranas vs. parafermions Majoranas vs. parafermions
Majorana modes can be potentially realized in non-interacting

systems. (i.e. mean-field description is sufficient)

With braiding alone, Majorana modes can realize nontrivial unitary

operations, but no entangling qbit gates.

Parafermions need interaction. (i.e. mean-field  description is not

sufficient)

 parafermions can realize entangling gates just with braiding!Zeven

A.Hutter, D. Loss Phys. Rev. B A.Hutter, D. Loss Phys. Rev. B 9393, 125105 (2016), 125105 (2016)
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