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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?
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Particle Exchange ñStatisticsò

3 (and higher) spatial dimensions:

ÅOnly initial and final positions are topologically distinguished

ÅStatistics characterized by permutation group  Sn

ÅBosons and Fermions

1== - 21    and   RRR



Particle Exchange ñStatisticsò

2 spatial dimensions:

ÅWorldlines form topologically distinct braid configurations

ÅStatistics characterized by braid group  Bn
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(n strand) braid group Bn
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Particle Exchange ñStatisticsò

2 spatial dimensions:

ÅWorldlines form topologically distinct braid configurations

ÅStatistics characterized by braid group  Bn

ÅThis givesé
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Braiding ñStatisticsò

One dim unitary reps of Bn assign a phase to each braid generator:

Y=Y qi
i eRU ][

Higher dim reps of Bn mean Hilbert space is multi-dimensional, 

and unitary matricesare assigned to braid generators:

Ý Abelian anyons

ä Y=Y
b

baba URU i ][ Ý non-Abelian anyons!

)  :fermions  ,0  :(bosons pqq ==



F=qq  :effect Bohm-Aharonov

composites flux  -  charge

:AnyonsAbelian  of modelToy 
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Physical Anyons: Fractional Quantum Hall

Å2DEG

Ålarge B field (~ 10T)

Ålow temp (< 1K)

Ågapped (incompressible)

Åquantized filling fractions
0/F
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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



non-Abelian anyons
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Localized topological charge:

Non-local collective topological charge:

(multiple values are possible)
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  ,  ,  : typescharge lTopologica

?ruthenates ,insulators al topologichoneycomb, Kitaev-

`07) dSlingerlan and (PB FQH? 2LLother  and  -

`91) Read-(Moore  FQH   -

anyons Ising
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:rulesFusion 

  ,  : typesParticle

   

 `08) al. et.Fendley  `04,Wen -(Levin nets? string -

`98) Rezayi-(Read  FQH?   -

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

4a

Ising: ys === 10   ,  , cIca

Fib: ee === 10   ,  , cIca

Topological Protection!

0Y 1Y

1a 2a
3a 4a

0c
1c



ª0 ª1

ª

(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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ª0 ª1

ª

(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. `08
for n=5/2

(also progress by: Marcus, Eisenstein, 

Kang, Heiblum, Goldman, etc.)


