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Ingredients
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Physical qubit count  =   2 * (d+1)2

Logical Error Rate       ≈   0.1 * Λ- (d + 1) / 2

Surface code error correction gives 
exponentially more time for quadratically more 
space.  

2D local connectivity is sufficient to store 
information and perform gates using lattice 
surgery
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Gates in NISQ

Gates in the surface code
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With limited qubits, we expect to have  
Nancilla ≪ Ndata

We will want to move ancilla around

● Ancilla space will be limited

Walking surface codes let us move 
logical qubits

Whole patches can move together

McEwen, M., Bacon, D. & Gidney, C. Relaxing hardware requirements for surface code circuits using time-dynamics. Quantum 7, 1172 (2023).   
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Time 0 ➞ Time 1
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Time 1 ➞ Time 2
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Time 1 ➞ Time 2
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Time 2 ➞ Time 3
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Magic state cultivation prepares a resource state we 
can use to perform a T gate.

The key ideas:
- Check the T state in a low-distance color code
- Rapidly grow to a larger code and postselect
- Low but finite error rate with much lower 

spacetime volume than previous techniques
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Magic state cultivation prepares a resource state we 
can use to perform a T gate.

The key ideas:
- Check the T state in a low-distance color code
- Rapidly grow to a larger code and postselect
- Low but finite error rate with much lower 

spacetime volume than previous techniques

Magic state cultivation: growing T states 
as cheap as CNOT gates



We use simulations to determine the 
expected spacetime volume given a physical 
error rate and a target logical error rate

We optimize by varying:
- The amount of postselection
- The choice of color code distance

(Performed using the code and methodology 
of Gidney et al.)
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The model
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Applications
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Thank you
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