Topological quantum computation via edge states
in disordered honeycomb Kitaev model
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Honeycomb Kitaev model - edge states

The Hamiltonian of the Kitaev honeycomb spin
model [A. Kitaev, Ann. Phys. (2006)]
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Edge mode spectrum for zigzag edge and group velocity and the armchair edge
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[T. Shibauchi et al, APS Mar. Meet. Abs. (2021)] [J. Q You et al, Phys. Rev. B (2010)]

Two-qubit operations

External magnetic field
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The Hamiltonian in graph representation and several examples of bulk (1-8) states with energies
between 6Jand 3.4Jand two edge eigenstates (9-10) with energies —0.25Jand —0.005J. k = 0.054
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Writing operation - point-like method

State transfer between external qubits
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For SWAP operation (0§, = b5, +Cext)
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The fidelity of the operation i
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€S Wavepacket asymmetry

Numerical simulations of the evolution show for point-like weak
constant coupling, A < vy, we obtained fidelity higher than
97% of the state transfer between external qubits.

0.71 Interaction with bulk states

Non-linear spectrum effects
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Writing operation - tree-like method

First step - a pulse of the A\; coupling for a period t; = 4i)\1:
Cext > UgC]_ .
Second step, the couplings Ay and A3 are switched on:

Ys
2 2
VA3 + 3
Proceeding similarly in the following row, we map the initial
u
Cext O < 2<>‘2Cedl + A3Ced) -

H = iAycico + iN3cic3,  Cext — ()\QCQ + )\3C3) :

Honeycomb
Kitaev lattice
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For deeper tree-like
structures, wider and
hence less dispersing
wave packets are cre-
ated, which improves

Interaction with bulk

Wavepacket distortion

the fidelity F.
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Disorder and fidelity
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Main results

1. Protocol for two-qubit quantum operation via edge modes.

2. Two methods for quantum information transmission between the edge
and the external qubit.

3. Fidelity of quantum operations in disordered system.
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