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Abstract: <p>We study restrictions on locality-preserving unitary logical gates for topological quantum codes in two spatial dimensions
locality-preserving operation is one which maps local operators to local operators --- for example, a constant-depth quantum circ
geometrically local gates, or evolution for a constant time governed by a geometrically-local bounded-strength Hamiltonian. Locality-prese
logical gates of topological codes are intrinsically fault tolerant because spatially localized errors remain localized, and hence sufficiently
errors remain correctable. By invoking general properties of two-dimensional topological field theories, we find that the locality-preserving Ic
gates are severely limited for codes which admit non-abelian anyons; in particular, there are no locality-preserving logical gates on the toru:
sphere with M punctures if the braiding of anyons is computationally universal. Furthermore, for Ising anyons on the M-punctured sy
locality-preserving gates must be elements of the logical Pauli group. We derive these results by relating logical gates of a topological c
automorphisms of the Verlinde algebra of the corresponding anyon model, and by requiring the logical gates to be compatible with basis che
the logical Hilbert space arising from local F-moves and the mapping class group. </p>

<p>This is joint work with Oliver Buerschaper, Robert Koenig, Fernando Pastawski and Sumit Sijher.</p>
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Motivation: building a quantum computer

Quantum computer = reliable storage + reliable processing

| !

Natural solution: Typical errors must not

2D Topological codes (Kitaev) ™) be made uncorrectable
by gates: “fault tolerant

b
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- Implementable on 2D lattice
- Only local operations needed

- Typical (i.e. local) errors correctable
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Examples of 2D Topological codes

Toric code
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Setting for 2D Topological codes
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Setting for 2D Topological codes
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Our Main Result:

“For any 2D Topological code, locality preserving
unitaries in a finite (anyon dependent) group: not universal”
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Anyons = |ocal excitations of H = Z h;
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1) Finite set A = {1,a,a,b,b,...}
2) Fusionrules a xb=@&. Ny c

3)S, F, T, R matrices
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Consistency conditions

1) Pentagon and hexagon equations (R and F)
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Consistency conditions

1) Pentagon and hexagon equations (R and F)

2) Verlinde Formula:
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Code basis in terms of anyon flux

DAP (Disk, Annulus, Pant) decomposition
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Measuring flux

a |\P(...,ac,...)>
Ground state with flux “a”

through loop “C”
P(bc)

P(bc) on physical qubits located along loop C



Writing projectors in terms of string operators

Define “string operator”
a F(ac) : pair create
drag “a” around loop “C”
Flac) pair annihilate

Note: F supported along “C Verlinde formula:

P(ac) = S1a ¥ (S™HaF(bc) —> Projectors in
b terms of Strings



Toric code as a TQFT code
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Locality preserving unitaries Fault Tolerant
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Reminder: Main Result

“For any 2D Topological code, locality preserving
unitaries in a finite (anyon dependent) group: not universa
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