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Projective symmetry group classification of Z3 parafermion spin
liquids on a honeycomb lattice1 ZHAO-YANGDONG, SHUN-LI YU, JIAN-XIN
LI, Nanjing University — To study the exotic excitations described by parafermions
in the possible liquid states of SU(n)-spin system, we introduce a parafermion parton
approach. We find that the SU(n)-spin can be decomposed into the n parafermion
matrices. As an application, we study the 1-dimensional(D) three-state clock model
and generalized Kitaev model by a mean-field theory. Generalized Kitaev model
hosts the symmetry of a combination of parity and time-reversal(PT) rather than
either of them respectively. Moreover, there is also loop symmetries, which can be
taken as Wilson loops in the parafermion representation. The mean-field Hamilto-
nian is expected to have a Z3 gauge symmetry. If all the symmetries are projectively
realized, its projective symmetry group(PSG) is suggested to be (Φp)(I) due to our
classification of Z3 PSGs on a honeycomb lattice. We conclude that with the symme-
tries of translations, 6-fold rotation and PT, there are nine types and 102 solutions
for 2-D Z3 parafermion spin liquids on the honeycomb lattice. While, there will be
nine types and 36 solutions if both parity and time-reversal symmetries are present.
Our results provide a novel route for the systematic search for new types of spin
liquids with parafermion excitations.
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