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QLDPC codes enable fault-tolerant memories at low space overhead

Bivariate Bicycle Code Hypergraph Product Code Affine Permutation Matrices (APM) Code

Lots of work in the past two years that study logical computation on QLDPC codes.
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Surgery is a method to perform logical Pauli 
measurement on QLDPC codes using ancilla systems. 

Many desirable properties:
- Provably fault-tolerant and low overhead.[1,2]

- Good finite-size performance.[3 - 10]

- Highly versatile:
- Can build an extractor system to measure 

arbitrary logicals sequentially.[11]

- Or in parallel with different designs.[3,12,13]

- Can be adapted to many hardware platforms.[5,6,8,10,11]
Extractor Architectures,  

a model for surgery architectures
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Aforementioned surgery systems all take O(d) time to implement one round of logical gates. 
This is a crucial bottleneck. After all, we cannot build more time. 

Next: why does surgery take O(d) time?

This talk: breaking the O(d) time barrier to implement surgery in O(1) time.

Formulation of fast surgery as constant-time surgery from [1]

[1] Cowtan, He, Williamson, Yoder. [2510.14895]

Construction on 2-dimensional hypergraph product codes

O(d) surgery operations in O(d) time.

Fast, partially addressable and parallel measurements in almost constant space overhead, 
on any hypergraph product code.
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Lattice surgery on the surface code

[1] Vuillot et al. NJP 21 (2019).

• Switch to deformed/merged code where logical operator to be measured = products of 
stabilizers[1]

• Measurement errors  need to repeat for  rounds.→ O(d)
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Robert Liston, infamous 
17th century Scottish 
surgeon

300% mortality rate

2.5 minute leg amputation

The patient and two bystanders died

Time me, 
gentlemen!  
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Want fault-distance  for data qubit & measurement errorsd

What is the surgery procedure now?
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Finish: measure  qubits in XA0

Start: init.  qubits inA0 | + ⟩

Base code C∙

⋯

Updated after X measurement, random.

Measure Z̄

Time
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checks
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Measure Z̄

• State preparation-like error. Pauli frame is 
random after surgery.

• Only 1 round in  to learn the new 
stabilizer values  incorrectly inferred 
Pauli frame

C∙
→

• Can affect future logical operations

⋯

Base code  must infer syndromes w/  
1 round of syndrome extraction 

Satisfied if single-shot state preparation

C∙
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• Theoretical tool to show that surgery does not reduce the code distance
• Not necessarily LDPC
• Need to consider all surgery systems together — logicals may be weight 

reduced across different surgery systems.

For  surgeries, the compacted code is:i ∈ [t]
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Given an  hypergraph product code, we can construct a sequence of LDPC ancillary complexes 
that: 

[[n, k, d]]

Large fault distance: Satisfies fault tolerance conditions for constant time surgery.

Parallel, partially addressable measurements: Parallelized measurement of rows (and 
columns) of Z (X) logical operators.

Constant time per measurement: Each surgery operation takes  time in amortization.𝒪(1)

Low space overhead: Each complex uses  physical ancilla qubits.𝒪(n log(n))
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Limited addressability  
We can measure rows of  logicals (or 

columns of ) 
Z̄

X̄

Limited addressability, parallel 
measurements 

We can measure rows of  logicals (or 
columns of ) 

Z̄
X̄
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Each row (col) 
corresponds to 
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Motivation: Measuring Clifford logicals

We can implement Clifford gates on QLDPC codes, by measuring logical Paulis.

|T⟩Measure H̄| T̃⟩

We can measure logical Cliffords in QLDPC codes with large fault-distance.

• Uses post-selection on flagged 
cat state measurements

• Magic state in a low-rate code

This talk:

Example: Magic state cultivation on topological codes:

To implement non-Clifford gates, we can measure logical Cliffords.

• Aim to have an error-corrected code 
surgery primitive

• Magic states/non-Clifford gates in 
high-rate codes

On topological codes, see related work by Brown. Sci. Adv. 6 (2024), Davydova, et al. PRX 16.3 (2026), 
Bauer, Magdalena de la Fuente PRXQ 7.2 (2026).  
Practical implementation: Scruby, et al. Quantum 6 (2022), Magdalena de la Fuente, et al. [2604.02033]

See also, Christos et al. [2602.12228]. 
Williamson [2601.22939]. Zhu, et al. 
[2601.06736].
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dropped detectors
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I live my life a quarter mile at a time - Vin Diesel

Heuristic decoders?[3,4] 

Sometimes adversarial fault distance is not enough

[4] Magdalena de la Fuente, et al. [2604.02033][3] Scruby, et al. Quantum 6 (2022).
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Beyond T count, we can parallelize gates that 
naively don’t seem very parallelizable. 

 This allows us to compile certain algorithms[4] 

much more efficiently.

[4] Bouland, et al. ACM Symposium on the Theory of Computing (2025).[1] Low, et al. Quantum 8 (2024).

• controlled-SWAP networks are used in data look-
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[2] Motlagh, Pocrnic. [2605.20334]
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