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1. Introduction 2. Model and method

e Topological order is a new phase of matter beyond Landau theory [1]. e Mott-Anderson Hamiltonian with periodic boundary condition is employed

e Zigzag graphene nanoribbon (ZGNRs) [2] displays topological order due to interplay
between on-site repulsion and disorder [3]. H = —t E (c;.racj -+ CT C; J) + U E (TS () + E ‘/;nz o .
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e The Hamiltonian is solved within Hartree-Fock approximation. The solutions are consistent with DFT and

DMRG.
e A phase diagram of ZGNRs is computed as a function of on-site repulsion, doping o Construct phase diagram via analyzing (1) topological entanglement entropy  (TEE) [4], (2) edge charge
concentration and disorder strength. correlations and (3) existence of fractional charges.

4. Topologically ordered phase
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Characteristics of TEE Phase diagram e Fractional charges exists Charge correlation
i) f =~ 0.016, small variance i) Red: topological order e Universal TEE i) Increase/decrease in occupation numbers are correlated at
ii) 0 < f <0.016, large variance ii) Blurred red: crossover phases (COI and COII) f =0.016 £0.003 [5] nearly same abscissa k (blue arrows).
iii) # = 0 (No TO) iii) White: non-topological order e Spin-charge separation [2] ii) Such correlations also exhibit inside ribbon

iii) Mixed chiral gap states contribute to this correlation

5. Crossover phases and non-topological phases
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e Fractional charges are ill-defined due to large overlap Undoped case (0N = 0) Electron doped case (0N # 0) [6]
e There are charge transfers between two edges, but the correlations e TEE decreases as disorder strength increases e TEE decreases as doping concentration increases
are not at the same abscissa k as in TO phase. e Fractional charges exist but with less accuracy e Quantized charge deviates from 1/2 and DOS mid-gap
e Edge charge transfer results in non-zero fluctuating TEE e Edge charge correlations are absent peak disappears with increasing doping concentration
Strongly repulsive phase Strongly disordered phase
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6. Conclusion
e We have constructed a phase diagram of ZGNRs in the parameter space. e There exists crossover phases with different properties.
e The phase diagram constructed based on computation of TEE is similar to one obtained by e Physical properties of these crossover phases as well as two non-topological phases, strongly
analyzing edge charge correlations and existence of fractional charges. disordered and strongly repulsive phases, are delineated.
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