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Motivation

® Quantum error correction atteml:)ts tocreate

faithiul c]uantum channels from noisg ones
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* Tgpica”g this involves encocling N a subspace



Motivation

* Thé COClC SU]Z)SPBCC cary !Z)C CIC‘EHCCI in terms O{:

Commuting observables: C]"ICC‘( oPerators (CO)

Ci|¢> e Ci|¢>

* [rrors tgPicallg change CO values:

CO measurement = error sgnclrome =

= comPute most Probable ehior P eoicecr



Motivation
* [nsome settings |oca|it9 s crucial

) J ToPo ogica codes have geometrica”g local COs

* ToPo ogjca subsgstem codes (TSQ):

Just 2-local measurements!




Motivation

o Fault-tolerance in tol:)ological memories:
repeatedlg measure error sgnclrome o

— keep trac|< omc errors
¢ Howto coml:)ute’?
~ Transversal gates (color codes)

o Boundaries & code deformation

o NOT Possible for TSCs!!



Motivation

Topological codes VS Topological order
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Excitation conﬁguration

* |n 2D excitations are very sPecial: ANYONS.

> Using anyon symmetries — All CLIFFORD gates
139 code deformation on TSCs!!!



An yons
* 2D: statistics beyoncl bosons and fermions
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Topological QC

o Qubits encoded on fusion channels

Compute Braid Measure = Fuse
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ngmetries

2 Angon sgmmetrgz charge Permutation Prociucing

an equivalent anyon model

g — m(q)

> lmagine ‘cuttiﬂg’ the angons’ 2D world and gluing

it again up o 3 sgmmetxy
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Twists

* Across the cut, charges change:
.
g0 —— o7(g)
X
* ToPologicallg, the cut location is unphgsical.

2 Enclpoints are meaningﬂﬂ: under monoclromg

theg Permute Charges S EWISTES



Twists

> Example: quantum double of B (tofe code)

* Charges: {1,e,m, ¢}
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. Braicling: e, m — bosons e — fermion
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+ Nontrivial sgmmetrg: E<—Mm realization?




Toric code

o Qubits form a square lattice

* +~|oca| checx oPerators at Plaquettes
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» FExcitations live in Plaquettes



Toric code

e ng oPerators create/ Aestrog excitations at

their encll:)oints

* Two types of excitations: e (light) and m (dark)



Toric code twists

* TJo get twists, we simply add dislocations

o Twists can be loca”g created in PAIRS onlg



Generalized charges
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=N number of twists = 4 Possible charges
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o ODD number of twists = 2 Possible Charges
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Fusion rules

, : : &
o Twists are sinks for fermions: -....... @\

o Non-abelian fusion rules! m €
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* We recover lsing rules:

oxXxo=14+9 & X N=" e — 1



Majorana operators

o All closed string ops can be exPressecl in terms of

a set of open string ops = Majorana operators
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° Braicling is also lsing»-like g l~qul:>it Clitford gates
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TSC twists
- ChargeS: {1, st b}

o |ikeintoric code, but all are fermions

. ngmetries: any Permutation of fermions
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*» Non-commutative fusion rules! (unlike anyons)



TSC twists

. Transpositions g Pcssible charges
» Asintoric codes, we fix one

o Colored Majorana oPeratorS:

The i-th twist is o c; and i<J'

kik; = { kjki if ¢; = (4(c5),

—k;k; otherwise.



TSC twists
. Braicling IS NOW more interesting
kj — Kjt1
—k; it i =G,

J
kj_|_1 e ikjk’j+1 1t Gy 5 C_ (Cj_|_1),
—]{ijk’j_|_1 otherwise.

o This gives the whole Clitford groupll!



Conclusions

* ToPological codes stand out for their |oca|it9
®: 5[50 onlg require 2-local measurements

* Twists reflect anyon symmetries

* Twist are a tool to improvc-‘: topological codes

o With twists, via code deformation, we can

implement all cliford gates on TSCs
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