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Fibonacci Anyons Basics

The “fusion” rule for combining q-spinis: |1x1 = 0+ 1

This means that two Fibonacci anyons can have total g-spin 0 or 1,
or be in any quantum superposition of these two states.

a @ + B @ qu dimensional
0 1 Hilbert space
Three Fibonacci anyons == Three dimensional Hilbert space

For N Fibonacci anyons Hilbert space dimension is Fib(N-1)




UNIVERSITY OF VERONA Department of Computer Science

The F Matrix

Changing fusion bases:
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The R Matrix

Exchanging Particles:
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F and R must satisfy certain consistency
conditions (the “pentagon” and

0 PELIE “hexagon” equations). For Fibonacci
anyons these equations uniguely
determine F and R.
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Simulating Quantum Circuits with Braids

A universal set of quantum gates acting on qubits encoded using
triplets of Fibonacci anyons can be built entirely out of three stranded
braids.
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Simulating Quantum Circuits with Braids

A universal set of quantum gates acting on qubits encoded using
triplets of Fibonacci anyons can be built entirely out of three stranded
braids.

These three-braids can then be efficiently compiled and improved to
any required accuracy using the Solovay-Kitaev algorithm.

1. Topological Quantum Compiling , L. Hormozi, G. Zikos and N. Bonesteel, Phy. Rev.
Lett. B 75, 165310 — 2007.

2. Topological Quantum Compiling , S. Simon, N. Bonesteel, M. Freedman, N. Petrovic
and L. Hormozi Phy. Rev. Lett. 96, 070503 — 2006.
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VT...T = @ V‘r; ® Vblzq— ®...0 Vb,,_37 ® Vbn_27'
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Simulating Braids with Quantum Circuits

The Hilbert space on n anyons of total charge 1 does not have a
natural decomposition into a tensor product of subsystems:

1 b b bn— 1
Vi,= @ VheVEe.. .oV eV

3 n—2T
b1,bz...bp_2
— b1 b2 bn—2
= P Vievire..eV,
by,bs...bp—2

Recall:
dim(V} )=F, (Fibonacci number).

@ How to map anyons to qubits
@ How to implement braiding in the qubit space
@ How to measure fusion outcomes in the qubit basis.
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n—?2 subspaces /?
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Encoding

@ The vector space (aka fusion space) of n anyons is the sum of
n—2 subspaces V2,

e each included in Hy with d =3 NE..

@ Thus n—2 qudit can encode a n-anyon state.

For Fibonacci anyons

@ Hgyis spanned by {|77; 1), |r7;7),|17;7)}
@ Hence d =3

@ Thus we need n—2 qutrit or m = [3(n — 1)/2] qubit.

/12
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b d
H@—;wzw)c- ;
b
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Braiding
In the anyon standard basis braiding is completely determined by the
B-matrix

a T T

L@zw :

i.e., explicitly,

|aT; ¢) |eT; b) Z(BW )¢ |ar; d) |d7; b)

with |a7;¢) |eT; b) € Hg @ Hy and |aT; d) |dT; b) € Ha @ Hg.
Thus braiding can be implemented as a d? x d? unitary matrix

B:Hy®Hy=Ce = CP.
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basis by applying the F-matrix:
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Fusion

We can calculate the outcome of fusing two anyons in the standard
basis by applying the F-matrix:

a a
_ b \d
QCIJ _Z(FGTT)C. LJ'Ed’J
d

b b
|ar; c) e b) = > (F2.)¢ |ad; b) |77; d)

d

= (F2.)tlal; b) |77 1) + (F2.)T |ar; b) |77:7)
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Fusion

We can calculate the outcome of fusing two anyons in the standard
basis by applying the F-matrix:

_ b )4
c _zd:(FaTT)c'L‘%J
b

|ar; c) e b) = > (F2.)¢ |ad; b) |77; d)
d
= (F2.)tlal; b) |77 1) + (F2

arr)c|aT; b) [T 7)

Now we can perform a projective measurement on the second qubit in
the {|77;1),|77;7)} basis and sample the probabilities of getting 1
and 7.
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@ So far, among the experimentally observed systems, only
Fractional Quantum Hall systems are believed to possess
topological order.

11/ 12



UNIVERSITY OF VERONA Department of Computer Science

Open Questions

@ So far, among the experimentally observed systems, only
Fractional Quantum Hall systems are believed to possess
topological order. Numerous other possibilities have been
discussed recently (cf. 1.)

1. Non-abelian anyons and topological quantum computation , C. Nayak, S. Simon, A.

Stern, M. Freedman and D. Sarma, Reviews of Modern Phy. 80(3): 1083 — 2008.



UNIVERSITY OF VERONA Department of Computer Science

Open Questions

@ So far, among the experimentally observed systems, only
Fractional Quantum Hall systems are believed to possess
topological order. Numerous other possibilities have been
discussed recently (cf. 1.)

@ How to control topological excitations, a crucial part of building
a topological quantum computer, also remains to be explored.

1. Non-abelian anyons and topological quantum computation , C. Nayak, S. Simon, A.

Stern, M. Freedman and D. Sarma, Reviews of Modern Phy. 80(3): 1083 — 2008.



Department of Computer Science

UNIVERSITY OF VERONA

Open Questions

@ So far, among the experimentally observed systems, only
Fractional Quantum Hall systems are believed to possess
topological order. Numerous other possibilities have been
discussed recently (cf. 1.)

@ How to control topological excitations, a crucial part of building
a topological quantum computer, also remains to be explored.

@ Topological Algorithms and Computational Architectures ?

1. Non-abelian anyons and topological quantum computation , C. Nayak, S. Simon, A.

Stern, M. Freedman and D. Sarma, Reviews of Modern Phy. 80(3): 1083 — 2008.
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Anyon, anyon, where do you roam?
Braid for a while before you go home.

Though you're condemned just to slide on a table,

A life in 2D also means that you're able

To be of a type neither Fermi nor Bose

And to know left from right — that’s a kick, | suppose.

You and your buddy were made in a pair

Then wandered around, braiding here, braiding there.
You'll fuse back together when braiding is through
Well bid you adieu as you vanish from view.

Anyon, anyon, where do you roam?
Braid for a while before you go home.

John Preskill
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