
17  Topological Quantum Computation
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Classical computer use

bits
: Oil and logical

operations ( Or Hovland )

Quantum  computer  use gubits :

14 > = Ho ) + ph > 0¥
more freedom  → Comp . Power

Manipulations using unitary transformations
SUIN ) for N qvbits

Universal quantum computer :

Able to  simulate to  arbitrary

precision all SU
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Decomposition  into :

single qvbit rotations 14 ) - > UH )
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Sufficient to have two rotations that are dense

in SU ( 2)
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C NOT operation : Flips the  second qubit if and

only if the first qvbit is 117
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→ Generates entanglement

Why quantum  computer ?

- Shor algorithm : exponential speed up of prime factor

decomposition ( decryption RSA )
- Grover algorithm : Search data bases efficiently N → A

- Deutsch algorithm : Figure out if flol =f( 11 [ with

FHEEO , B ] twice  as fast
as  classical computer

1.1 Prepare 10 ) 11 )

2.) Apply Hadamard gate → fan (107+11)) .tn/lo > - 11 ) )
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4.) Apply H again to the output above l ignore phase  and last bit )
n , ta [11+(-111101+1410)] 10) + [ I . H )
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5.)
We

 can read off the result by measuring :
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Local errors I thermal fluctuations I coupling to  environment )

Proposal by kitaev :

Build a topological quantum computer

Robust to local perturbations as small

perturbations do hot change the topology

Non - Abelian an yous can  realize a

universal quantum computer!

17.2 Non . abelian anyonsmm -  -
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Main ingredients for  a theory of any ons :

li ) List of types of any ons

{ I
,

a ,b
,

... }

Iii ) Rules for fusing / splitting pairs of anbons

a b
a xb = § Nab c
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Abelian anbons # Unique fusion 1 a xb = C ) a
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Associating of fusion : F-matrix

( axb) × ( = ax I b x C )
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Fusion space : Space spanned by fusing Nanyons

Example

: Fibonacci dnyons

Two QP : 1
,

1

lil
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1 ×  T  =  T  × 1 = re ( My  
= Ni,

=L }
T  x t  = 1 +  a INI ,

= NI,
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( like

fusing
two S = 's to 5=0,1 )

How
many Ways are there to fuse ?
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1 : 1

re : 1

Txt  = 1 + T : 2

Tx  Tx  T  =  T ( 1 t  T ) =  Tt 1 +  re : 3

Txtx  Txy  =  T 1 2T  +1 ) = 2 ( Ttl ) + T : 5

Fibonacci series ! Number  of States grows as

µ
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Asbmtotic growth : Quantum dimension d

Abelian anbons have D= I

liiil Rules for braiding anyons

a b 9 6
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The R - matrix determines top . spin :

A

Phase when rotating particle by 2A
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Example : Fibonacci anbons Ri =ii4%5
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R
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Fusion  and braiding have to be

chosen consistently : Pentagon & hexagon equation



Pentagon Equation w ) consistency of Fusion alone
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Hexagon  

equation
 → Consistency of Fusion  and braiding
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Design your own any on model !

tfnhcemphtatinonnwithnanyonsn

Braiding of anyons

to implement gates
9 bit :###...

measurement

Universal TQC can be realized using Fibonacci dnyons


