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Overview

* Best possible codes in 3D from coupled layers of surface code

layer code




Motivation

surface code Good codes
[[1, O(1), ©(/n)]] ’i‘ [[1, ©(n), O(n)]]

less connectivity more connectivity




Motivation

layer codes
surface code (Good codes

[, O(1), ©(/n)] g 0@, 60 )] [, ©(n), O]

less connectivity more connectivity




Outline

e Good CSS LDPC codes exist!
e | DPC codes embedded in dimension D are restricted
* The surface code is optimal in 2D

* We construct Layer Codes by combining surface codes with
Good LDPC codes to find optimal codes in 3D
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QLDPC codes

e | DPC < sparse Tanner graph




QLDPC codes
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QLDPC codes

\\" D= e LDPC < sparse Tanner graph
N—F
/’ e Code properties [, k, d]]
\ physilcal distance
\~ qubits logical
". ?;\ qubits
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Topological codes

e I 72 2%

e Ground space of local Hamiltonian




BPT bound

For topological code in D dimensions;
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BPT bound

For topological code in D dimensions;

eBPT  kd? 7 = O(LP)
o BT d = O(LD _1) ' ' correctable
region
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Surface code

qubits —

A very useful property!

HEEENE
HEEEEE

Checks ......
S LI

Abstract picture

Kitaev 97
Bravyi Kitaev 97






Concatenated codes
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Concatenated codes
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Topological defects (lattice surgery)
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Topological defects (lattice surgery)
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Topological defects
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Topological defects
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Topological defects

Defect
picture

Z-check decomposition
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Intersection line defects
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Intersection line defects
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Intersection line defects
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Intersection line defects
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Intersection line defects




Intersection line defects




Summary: Layer code line defects

Intersections:
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Boundary point defects




Lattice model
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Lattice model
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Steane code example

[[7,1,3]] Layer code



Layer code parameters

For topological code in 3D: Good LDPC code

[[L, O(L), O(L)]]

\ ¢

kd = O(L°)

e BT d = O(L?)

e Haah* k= 0(L)
[[O(L”), O(L), O(L)]]

*homogeneity assumption

Optimal 3D code
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K = Ok

Good LDPC code — ®(L)
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Energy barrier




Energy barrier
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Questions
e Self-correction
* Decoders

e Fault-tolerant gates
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e Optimal codes for different architectures
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