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PLAN

Protection: symmetry and hardware error
correction

Josephson implementation: larger and
minimalistic systems.

Comparison between different designs
Challenge of numerical simulations
The most promising design (currently)

Experiment: advances and problems.



REPETITION CODE

Classical repetition code (5 physical bits correct 2 errors):

|[Logical 0> =|00000>
|Logical 1> =]11111>

Quantumrepetition code:

- protect against the flips (>errors)

IC 0> = |00000>
IC 1> = [11111>
|+ > = [C/03+2|C 1>)
> = 1/ &a2|caf)C 0>

To protect against phase errors (Z-errors) form

|Logical +> = |[+++++>
|Logical - >=|-- - - - >

In matrix form:

25 physical qubits to correct
two errors and store 1 logical

100000> + |11111> 100000> -[11111>
100000> + |11111> 100000> -[11111>
100000> + |11111> 100000> -[11111>
100000> + |11111> 100000> -[11111>
100000> + |11111> 100000> -[11111>




HARDWARE ERROR CORRECTION

Main idea:
Find the physical system in which the lowest two states are given by the same

Effective noise acting on logical variabh,, = hf) i

|00000> + |11111> |00000> -|11111>
In matrix form: |00000> + |11111> |00000> -|11111>
|00000> + |11111> |00000> -|11111>
25 physical qubits to corr(—‘t‘ct 00000> + |11111> 100000> -[11111>
two errors and store 1 logical 00000> + |11111> 00000> -[11111>




PROTECTEQUBIT:SYMMETRNMEW

o olo|eo ?
o olo|e all P, and Q,, except a O(1) number of each.

Effect of noise appears in N order of the perturbation
Qn, theory:

GE~(UH(t) /N2t GH(Y)

Simplest Spin Hamiltonian
H=F J%, 0% 0%+ B, I3, 07,07
Rows Columns

P= 07 Q= 4 0%

Crucial issues:
1. Which model has a large gap g#?




EQUIVALENCE OF SYMMETRY AND
ERROR CORRECTION

Special very symmetric Hamiltonian
H:'Ejk| \] X &Xjk CI le - Ek| \] & sz P Z|

Pz = @?, - row product

Rows Columns
Solution of the model: P.= 4 u?, Q= 4 uXy
Ground states of one row: .
o — All P
'GS 1> = | YVY@$ve> = | VY «and Q,anticommute

| Y>=(| 9>+| Z2>) 1] &22>) /] az2 L,
|+>=|GS 1>+ |GS 1> - has even number of spins down PZ|+>=|+>

|-> =|GS 1> - |GS 1> - has odd number of spins down PZ|->=-|->
Ground state of the whole system:

| 1>3+>@and | Q>= @

Ground state of the model Hamiltonian is the doublet of reietition code!




TWO ALTERNATIVES

ldentify and implement very symmetric
Hamiltonian with a smallest possible
number of Josephson junctions and islands,
all very well controlled.

Example: tetrahedral symmetry.

Implement larger arrays with only
approximate symmetries that compensate a
lack of control by the size of the array.



TETRAHEDRAQUBIT: SMALLEST JJ ARRAY

o Josephson energy ;=
Charging/capacitive E
energy
|
/ \ > &
O to begin with
-’ N




FRUSTRATION

Threading a flux F y/ through
each triangle

Choose a symmetric gauge

fij: f‘if'ij /ég
Classical energy
V, = E,& cos/, f, f,
I<]
reversed — E_Zag $eifj ‘2 4 . min.in.1izatio.n gi.ves one complex equation
signs defining a line in 3D phase space.



NEW PROPERTIES

Symmetry Usually, we deal with two states separated by a
The tetrahedral symmetry classical barrier, e.g., in a 2/ - junction,
A
group
2EJ_
Td ol S4 via
IS non-Abelian and contains electric Of
nontrivial representations, frustratign . L
5 5 0 p
N — A A2 =12 412
24=g=q d =1"+1"+£L"+ 3F+3. In the magnetically frustrated tetrahedron with

k=1

Push this doubfet to become the

ground state and use it as a quantum

bit.

This emulates a

spin 1/2 in a zero magnetic field

the ideal starting point for the
construction
of a qubit.

conventional COS/ - junctions, we encounter a
continuous classical degeneracy,
V)\
o)

0 p
Only when quantum fluctuations are accounted for,
we obtain a fluctuation-induced weak potential,

A
Ef W
O i | |
| 0 ]
This enhances charge/quantum fluctuations without the

need to go to ultra-small junctions
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