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Cat qubit encoding
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Cat qubit stabilization

dp

1
-7 = —ilH,p] + ZLiepLy, +5 (Ll Ly, P

« Dissipative cat qubit »

L =Ky(a* — a®)

M. Mirrahimi et al, New J. Phys. 16 045014

« Kerr cat qubit »
H=—-K(a? — a®)T(a? — a?)

S. Puri et al, npj Quantum Information 3 (1), 1-7
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Exponential suppression of bit-flips
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Fully protected logical qubit?

Include some bit-flip error correction capability ? — bias-tailored codes

n = |a|? large enough to handle bit-flips alone ? — phase-flip codes (« classical » codes)
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Concatenating cat qubits in high-rate phase-flip codes
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N = 100N, = 33,700
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Bravyi Poulin Terhal bound for 2D local quantum codes

For a quantum local 2D code : kd? < O(n)
Surface code family: k = 1,d = n
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Bravyi Poulin Terhal bound for 2D local phase-flip codes

Brute force search

For a classical local 2D code : kvVd < 0(n)

Repetition code family: k =1,d =n

A code could have k = O0(y/n) andd = 0(n)

Distance as good as repetition code but encodes

\/n qubits
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2D local phase-flip codes

Single stabilizer shape (translated)
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2D local phase-flip codes

Single stabilizer shape (translated)

A Cellular automaton codes
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Cellular automaton (phase-flip) codes
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Cellular automaton (phase-flip) codes
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Cellular automaton (phase-flip) codes

14



CONFIDENTIAL

Cellular automaton (phase-flip) codes
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Cellular automaton (phase-flip) codes
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Fractal (phase-flip) codes

Logical X7,

Minimum weight logical
operator with fractal support

Basis of logical operator can
be formed by horizontal
translation

Logical X, of weight one
— bit-flip correction handled by
cat qubits
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Optimising cellular automaton codes (1/2)
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Optimising cellular automaton codes (2/2)

O

[136 + 81,34 + 21,22]
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(Numerical) Performance under circuit-level noise

O Repetition codes
X LPDC codes

Circuit-level
noise model
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BP+OSD decoder
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Architecture (artist view)

22



CONFIDENTIAL

Universal set of logical gates
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Universal set of logical gates
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Universal set of logical gates
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Compiling the Hadamard gate

1/2 1/2 1/2
H; =
(XY, = X;'*|0),,OCNOTy, Z1, Mx, } {IX'7%), = X}/*|0), CNOTy, X1, Mx, }
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Compiling the (long-range) CNOT gate

CNOT; . {|0)z,CNOT!, X1, Z1, Mx, x, , Mz, }
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Logical gates from physical gates
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Teleportation of a T gate
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Distillation of a T state

bad |T) states Logical qubits and operations at the
L
Distillation Noise bias enables:
- To perform at distillation at physical
l level (using LDPC codes)

» Reduce the space cost
good |T) state(s) » Reduce the time cost
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Distillationin 3D

encoding
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/ physical noise-biased qubit
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/ physical noise-biased qubit
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unfolding

Biased-noise qubit reduce the
spatial dimension
> distillation at the physical level

Found with the SAT solver kissat
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Unfolding
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Distillation factory

\ J
e

Multiple cycles
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Numerics

Depolarizing noise pz = 1073

STIM + BPOSD

57 qubits
5.3 cycles (including
post-selection)

pX:O?
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Bit-flip detection
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~ A

Use the outer
code to detect
bitflip errors

Detect up to 2 bitflips » 17 =~ 30
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Merging in a bias tailored code
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Comparison with ‘unbiased’ distillation

CONFIDENTIAL
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Higher distance unfolding

distance 4in2D: 1073 > 8x 10~° distance 7in 2D: 1073 - 107V

Vivien Londe, arxiv:2605.06284
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2"d Jayer of distillation: a compilation problem
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Multi qubit X rotations

/

Lattice surgery for phase-flip repetition code:

. data qubits C) Merging 2 qubits
X stabilizers @ Y,
m

Rep. Code méEdark grey stabs

X stabilizers Merging 3 qubits

X stabilizer @
' routing qubits

Initialized in [0
10) Mx, x3x,

Gouzien et al, Physical Review Letters 131, 2023 Timelike distance : d,,
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Multi qubit X rotations

Level 1
magic states

Level 2
Check qubit

Level 2
magic states

. Routing qubits

/
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Unfolded distillation :

Ruiz et al, arXiv:2507.12511, 2025



Multi qubit X rotations

Level 1
magic states

Level 2
Check qubit

Level 2
magic states

. Routing qubits
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Multi qubit X rotations

Level 1
magic states

Level 2
Check qubit

Level 2
magic states

. Routing qubits
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Multi qubit X rotations

Level 1
magic states

Level 2
Check qubit

Level 2
magic states

. Routing qubits
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Multi qubit X rotations

( )
Level 1 \ )
magic states
Level 2
Check qubit
Level 2

magic states
. Routing qubits
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Multi qubit X rotations
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R Y

4 |attice surgery operations duration ~ 4d,,
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Simultaneous lattice surgery
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r

1 simultaneous surgery operation,
duration : ~ dfm
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Surgery code found with SAT solver z3

CONFIDENTIAL

" [
ol o

54



Reqgular surgery

Pin,z = 1 x 10_3

p(()i)t = 4.7 x 10712
H 4 x 11 cycles

437 cat qubits

volume = 19228 cat qubits x cycles
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Simultaneous surgery

Pin,z = 1 x 10_3

P2 =41 x 10712

1 x 17 cycles

864 cat qubits

volume = 14688 cat qubits x cycles
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Summary

. “Memory” advantage: high-density codes 4:1

Diego Ruiz et al, Nature Communications (2025)

. “Compute” advantage: efficient distillation

Diego Ruiz et al, npj Quantum information (2026)
Vivien Londe, arXiv: 2605.06284

. “Compilation” advantage? Simultaneous
lattice surgery

Hugo Jacinto et al, in preparation
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