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Introduction

ÅNon-Abelian anyons are believed to exist in certain 
gapped two dimensional systems:

- Fractional Quantum Hall Effect (n=5/2, 12/5, é?)

- ruthenates, topological insulators, rapidly rotating bose 
condensates, quantum loop gases/string nets?

ÅIf they exist, they could have application in quantum 
computation, providing naturally (ñtopologically 
protectedò) fault-tolerant hardware.

ÅAssuming we have them at our disposal, what 
operations are necessary to implement topological 
quantum computation?



non-Abelian anyons
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Localized topological charge:

Non-local collective topological charge:

(multiple values are possible)
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Hilbert space construct from state vectors associated with 

fusion/splitting channels of anyons.

Expressed diagrammatically:

Inner product:
'ccd=



Associativityof fusing/splitting more 

than two anyons is specified by the 

unitary F-moves:
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Braiding
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Can be non-Abelianif there are multiple fusion channels  c



Physical Anyons: Fractional Quantum Hall

Å2DEG

Ålarge B field (~ 10T)

Ålow temp (< 1K)

Ågapped (incompressible)

Åquantized filling fractions
0/F

==
--

B

n

n

n
ee

f

n

Åfractionally charged 

quasiparticles

ÅAbelian anyons at most 

filling fractions

Ånon-Abelian anyons in 

2nd Landau level,         

e.g. n= 5/2, 12/5, é
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Xia, et al
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?ruthenates ,insulators al topologichoneycomb, Kitaev-
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:rulesFusion 
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Topological Quantum Computation
(Kitaev, Preskill, Freedman, Larsen, Wang)
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Ising: ys === 10   ,  , cIca

Fib: ee === 10   ,  , cIca

Topological Protection!
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(Bonesteel, et. al.)

Topological Quantum Computation
(Kitaev, Preskill, Freedman, Larsen, Wang)

­  time

Ising: not quite 
(must be supplemented)

Fib: yes!

Is braiding computationally universal?
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(Bonesteel, et. al.)

Topological Quantum Computation
(Kitaev, Preskill, Freedman, Larsen, Wang)

ª Topological Charge Measurement

­  time
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Topological Charge Measurement

(measures anyonic state)
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Topological Charge Measurement

e.g. FQH double point contact interferometer



FQH interferometer

Willett, et. al.
for n=5/2

(also progress by: Marcus, Eisenstein, 

Kang, Heiblum, Goldman, etc.)



Anyonic State Teleportation

Entanglement Resource: maximally entangled anyon pair
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=yWant to teleport:

Form: =
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and perform ñForced Measurementòon anyons 12

a a

y

a

y

a a a



Anyonic State Teleportation

=
231

;, Iaay

Forced 

Measurement
(projective)
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Anyonic State Teleportation

Forced 

Measurement
(projective)
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Anyonic State Teleportation

Forced 

Measurement
(projective)

y

ñSuccessò occurs with probability            for each repeat try.
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