
Logical Qubit Reduction:      49-to-1: 13→7 active logical qubits.       51-to-3CS: 18→9.       64-to-2CCZ: 17→10.
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Magic State Distillation is  
considered to be one of the 
promising methods for 
supplying the non-Clifford 
resources required to achieve 
universal fault tolerance. 
Conventional MSD protocols 
implemented in surface codes 
often require multiple code 
blocks and lattice surgery 
rounds, resulting in substantial 
qubit overhead, especially at 
low target error rates.

In this work, we present 
practical magic state 
distillation factories on 
Bivariate Bicycle (BB) codes 
that execute Pauli-
measurement-based Clifford 
circuits inside a single BB code 
block. We formulate distillation 
circuit design as a joint 
optimization of logical qubit 
mapping, gate scheduling, 
measurement nativization, and 
protocol compression via qubit 
recycling. Based on detailed 
resource analysis and 
simulations, our BB factories 
have space-time volume 
comparable to that of leading 
distillation factories while 
delivering lower target error at 
a smaller qubit footprint, and 
are particularly compelling as 
second-round distillers 
following magic state 
cultivations.
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Distillation Protocol Compressor 
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May initialize 
later! 

May measure earlier!

Original matrix Optimized matrix by row and column operations

Saving qubits!

Compressed matrix by qubit recycling

reusing
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Simulation Results

Compilation Stack

378 Physical qubits required 
for gross factories

734 Physical qubits required 
for two-gross factories

15-to-1 gross output 
T state error rate

10⁻¹¹
49-to-1 two-gross output 

T state error rate

Inputs
Noisy non-Clifford resources

T

Distillation protocol

triorthogonal matrix

15-to-1, 20-to-4, 49-to-1

Architecture-aware compiler
Make the protocol fit the BB measurement model.

1. Map logical qubits
choose BB logical labels for protocol rows

2. Mask idle qubits
add harmless Z support on |0> qubits

3. Schedule rotations
TSP order for pi-over-8 rotations

4. Compress protocol
recycle rows after early measurement

BB-code factory
Execute rotations through LPU-native 

measurements.

LPU measurements

direct or pivot injection

Outputs

T

CS

CCZ

higher fidelity

13 -> 7 active logical qubits
49-to-1 protocol compression 734 physical qubits

two-gross factory benchmark 10^-11 output-error scale
49-to-1 two-gross at p_phys = 10^-3

TT

Highlights: find a proper protocol 
for your code

(a) Masking a non-native measurement by 
allowing Z to apply trivially on idle qubit(s) in 0 .

(c) Scheduling 15 measurements by 
finding a min-weight Hamiltonian path.
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Nativize

(b) Example native and non-native (but masked) 
measurements in the 15-to-1 distillation protocol.
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(b) Example native and non-native (but masked) 
measurements in the 15-to-1 distillation protocol.
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(a)

(b)

Source errors dominate
 Protocol is not good enough   →   Pick a stronger protocol 

Operational errors dominate
 Code is not good enough   →   Pick a weaker protocol Ins

igh
ts
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Mask idle qubits Schedule rotations by TSP

Goal: Minimize peak active logical qubits
Method: Recycle logical qubits that can be measured earlier in the distillation circuit


