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Introduction

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

- Fractional Quantum Hall Effe¢t b5 2, 12/ 5, €
- ruthenates, topological insulators, rapidly rotating bose
condensates, guantum loop gases/string nets?

A If they exist, they could have application in quantum
computation, providing I
pr ot e c t-wldran) hartvane.l t

A Assuming we have them at our disposal, what

operations are necessary to implement topological
guantum computation?



Parti cl e Exchal

\




Parti cl e Exchal

AN
\

X1 X X1 X
R R1

3 (and higher) spatial dimensions:
R=R"' and R° =1

AOnly initial and final positions are topologically distinguished
AStatistics characterized by permutation groyp S
ABosons and Fermions



Parti cl e Exchal

AN /
N/

X1 X X1 X
R R1

2 spatial dimensions:

R. R*

Aworldlines form topologically distinct braid configurations
AStatistics characterized by braid group B
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2 spatial dimensions:

R. R*

Aworldlines form topologically distinct braid configurations
AStatistics characterized by braid group B
AThis givesé



Brail di ng NSt é

One dim unitary reps of Bassign a phase to each braid generato

U[R]\Y>:ei"\Y> Y  Abelian anyons

(bosons g =0, fermions. g =p)

Higher dim reps of Bmean Hilbert space is mulimensional,
and unitarymatrices are assigned to braid generators:

U[R]Y.)=aU, JY0> Y nonAbelian anyons!
b



Toymodelof Abelian Anyons
chargeq - flux F composites

Aharonov Bohmeffect: g =qgF



Physical Anyons: Fractional Quantum Hall

A 2DEG L
A large B field (~ 10T) T e

A low temp (< 1K) —

A gapped (incompressible) J7/ |

A quantized filling fractions ~ ()
n=2oa1 =1h R.=0

m /7621

A fractionally charged
guasiparticles

g T A Abelian anyons at most
A l T filling fractions g=p2
‘/l e UL A non-Abelian anyons in
0.5 _Zzgsrs d
I W g M 2"d Landau level,
L UL = U L egn= 5/ 2, 12/¢
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nonAbelian anyons

Localized topological charge: 0

Non-local collective topological charge: C
(multiple values are possible)
C
)\ Fusion rules:a3 b=g N:.cC
C
a b ang. mom. analog: 53 > =0+1



Isinganyons

-n =2 FQH (Moore-Read 91)

-n =12 andother2LL FQH?APBandSlingerland "07)

- Kitaevhoney combtopologi@al insulatorsruthenate?

Topologicachargetypes |, s, v
Fusionrules:
I I | Yy

4 14 S S S S

y3y =1 s3s=l+y



Fibonaccianyons
-n =% FQH?(Read Rezayi98)
-stringnets{Levin - Wen 04,Fendleyet.al. 08)

Particletypes |, e
Fusionrules:

A A

el e=|+e



Topological Quantum Computation

(Kitaev, Preskill, Freedman, Larsen, Wang)

Yo) Ya)
a
0 @Dt pr @1
Topological Protection!
ISIng: a=s,c,=Il,¢c=y

Fib: a=e c,=1l,c=e



Topological Quantum Computation

(Kitaev, Preskill, Freedman, Larsen, Wang)
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S A vriviviividvhlvivive

time -
(Bonesteel, et. al.)

Is braiding computationally universal?

Ising: not quite Fib: yes!

(must be supplemented)



Topological Quantum Computation

(Kitaev, Preskill, Freedman, Larsen, Wang)
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(Bonesteel, et. al.)

—" = Topological Charge Measurement




Topological Charge Measurement
(measures anyonic state)

P.=|a,a,;c)(a,a,;C

P Y) g

R




Topological Charge Measurement

e.g. FQH double point contact interferometer




FOQH interferometer

Willett, et. al 08
for n=5/2

(also progress by: Marcus, Eisenstein,
Kang,Heiblum, Goldman, etc.)




