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A code with linear rate and 

distance and 𝑂(log3 𝑛) depth 

encoding circuit [Brown-Fawzi
13

]

Uniformize the connectivity of 

the circuit using bitonic sorting 

circuits

Build spacetime Hamiltonian 

of resulting circuit

[Breuckmann-Terhal
14

] 

Pad the encoding circuit 

with identity gates

Optimal rate, distance and locality parameter quantum 

error-correcting codes are possible (modulo polylog 

corrections) if we go beyond stabilizer codes to

non-commuting and approximate codes

What makes a code good?
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Spectral gap analysis

Spectral gap of the code is based on the mixing time of valid configurations 

of a bitonic block

Bitonic blocks look similar 

to a structure called 

dyadic tilings studied in

[Cannon-Levin-Stauffer
17

]
Dyadic tilings are ways of covering the 

unit square by 2𝑑 rectangles with corner 

coordinates at multiples of 2−𝑑

The spectral gap of the Hamiltonian is 

෩Ω 𝑛−3.09 due to mixing time of dyadic 

tilings.

First attempt [N-Vazirani-Y
18

]

Create a Hamiltonian whose ground-space is almost exactly that of a CSS 

code but is locally checkable. 

Express a code-state as the ground-state of a 5-local Hamiltonian (Feynman-

Kitaev clock Hamiltonian) [Kitaev
99

]

The groundspace of 𝐻 is ≈ the groundspace of a CSS code tensored with junk.
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𝑡 𝜓𝑡 :
𝜓𝑡 = 𝐶𝑡𝐶𝑡−1…𝐶1 𝜓0 ,

𝜓0 = |𝜉⟩|0⟩⊗(𝑛−𝑘)

≈ junk ⊗ ൛ ൟ𝑉 𝜓0 ∶ 𝜓0 = 𝜉 0 ⊗ 𝑛−𝑘 .


