
Designing High-Fidelity Gates 
for Dissipative Cat Qubits

Ronan Gautier1,2, Mazyar Mirrahimi1, Alain Sarlette1,3

1Laboratoire de Physique de l’École Normale Supérieure, Inria, ENS, Mines ParisTech, Sorbonne Université, Paris, France 
2InsHtut quanHque et Département de physique, Université de Sherbrooke, Sherbrooke, Canada 

3Department of Electronics and InformaHon Systems, Ghent University, Belgium

arXiv:2303.00760



Designing High-Fidelity Gates 
for Dissipative Cat Qubits

Ronan Gautier1,2, Mazyar Mirrahimi1, Alain Sarlette1,3

1Laboratoire de Physique de l’École Normale Supérieure, Inria, ENS, Mines ParisTech, Sorbonne Université, Paris, France 
2InsHtut quanHque et Département de physique, Université de Sherbrooke, Sherbrooke, Canada 

3Department of Electronics and InformaHon Systems, Ghent University, Belgium

arXiv:2303.00760



Cochrane et al., PRA (1999); Leghtas et al., PRA (2013); Mirrahimi et al., NJP (2014); Lescanne, Leghtas et al., Nat.Phy. (2019) 3

Dissipative Stabilization of Cat Qubits 

Cat qubits can be stabilized with two-photon dissipation,  
often mediated by an ancillary buffer mode 

Bloch Sphere Representation of a Cat Qubit



Dissipative Stabilization of Cat Qubits 

Cat qubits can be stabilized with two-photon dissipation,  
often mediated by an ancillary buffer mode 

with

Bloch Sphere Representation of a Cat Qubit

Cochrane et al., PRA (1999); Leghtas et al., PRA (2013); Mirrahimi et al., NJP (2014); Lescanne, Leghtas et al., Nat.Phy. (2019) 4



5

Dissipative Stabilization of Cat Qubits 

Cat qubits can be stabilized with two-photon dissipation,  
often mediated by an ancillary buffer mode 

with

Bloch Sphere Representation of a Cat Qubit

Adiabatic elimination

Cochrane et al., PRA (1999); Leghtas et al., PRA (2013); Mirrahimi et al., NJP (2014); Lescanne, Leghtas et al., Nat.Phy. (2019)



6

Dissipative Stabilization of Cat Qubits 

Cat qubits can be stabilized with two-photon dissipation,  
often mediated by an ancillary buffer mode 

with

Bloch Sphere Representation of a Cat Qubit

Adiabatic elimination

Cochrane et al., PRA (1999); Leghtas et al., PRA (2013); Mirrahimi et al., NJP (2014); Lescanne, Leghtas et al., Nat.Phy. (2019)

Exponentially noise-biased 
towards phase-flips



7

Dissipative Stabilization of Cat Qubits 

Cat qubits can be stabilized with two-photon dissipation,  
often mediated by an ancillary buffer mode 

with

Bloch Sphere Representation of a Cat Qubit

Adiabatic elimination

Cochrane et al., PRA (1999); Leghtas et al., PRA (2013); Mirrahimi et al., NJP (2014); Lescanne, Leghtas et al., Nat.Phy. (2019)

The buffer mode provides  
inertia in the system

Exponentially noise-biased 
towards phase-flips



8

Dissipative Stabilization of Cat Qubits 

Cat qubits can be stabilized with two-photon dissipation,  
often mediated by an ancillary buffer mode 

with

The buffer mode provides  
inertia in the system

Bloch Sphere Representation of a Cat Qubit

Adiabatic elimination

Exponentially noise-biased 
towards phase-flips

Cochrane et al., PRA (1999); Leghtas et al., PRA (2013); Mirrahimi et al., NJP (2014); Lescanne, Leghtas et al., Nat.Phy. (2019)

Gate engineering



Guillaud et al., PRX (2019); Chamberland et al., PRX Q (2021) 9

Repetition Cat Qubits

For fault-tolerant universal QC with repetition cat qubits, only four 
gates are required on top of preparation and measurement in 

Distance d

D D DA



10

Repetition Cat Qubits

For fault-tolerant universal QC with repetition cat qubits, only four 
gates are required on top of preparation and measurement in 

Pauli X 

Distance d

D D DA

(~ error-less)

Guillaud et al., PRX (2019); Chamberland et al., PRX Q (2021)



11

Repetition Cat Qubits

For fault-tolerant universal QC with repetition cat qubits, only four 
gates are required on top of preparation and measurement in 

Pauli X 

Distance d

D D DA

Z(θ) gate

(~ error-less)

Guillaud et al., PRX (2019); Chamberland et al., PRX Q (2021)



12

Repetition Cat Qubits

For fault-tolerant universal QC with repetition cat qubits, only four 
gates are required on top of preparation and measurement in 

Pauli X 

Distance d

D D DA

Z(θ) gate CNOT

(~ error-less)

Guillaud et al., PRX (2019); Chamberland et al., PRX Q (2021)

C

T



13

Repetition Cat Qubits

For fault-tolerant universal QC with repetition cat qubits, only four 
gates are required on top of preparation and measurement in 

Pauli X 

Distance d

D D DA

Z(θ) gate CNOT Toffoli

(~ error-less)

Guillaud et al., PRX (2019); Chamberland et al., PRX Q (2021)

C

T



14

Repetition Cat Qubits

For fault-tolerant universal QC with repetition cat qubits, only four 
gates are required on top of preparation and measurement in 

Pauli X 

Distance d

D D DA

Z(θ) gate CNOT Toffoli

(~ error-less)

Gate-induced errors are  
only on control qubits

Gate errors Cavity lifetime
Guillaud et al., PRX (2019); Chamberland et al., PRX Q (2021)

C

T



15

Repetition Cat Qubits

For fault-tolerant universal QC with repetition cat qubits, only four 
gates are required on top of preparation and measurement in 

Pauli X 

Distance d

D D DA

Z(θ) gate CNOT Toffoli

(~ error-less)

Gate-induced errors are  
only on control qubits

Gate errors Cavity lifetime
Guillaud et al., PRX (2019); Chamberland et al., PRX Q (2021)

C

T



Gautier et al., arXiv (2023); Chamberland et al., PRX Q (2021) 16

On the Origin of Gate Errors

Consider the Z gate Hamiltonian with a buffer mode,



17

On the Origin of Gate Errors

Consider the Z gate Hamiltonian with a buffer mode,

Introduce the Shifted Fock Basis

gaugequbit

Gautier et al., arXiv (2023); Chamberland et al., PRX Q (2021)



18

On the Origin of Gate Errors

Consider the Z gate Hamiltonian with a buffer mode,

Introduce the Shifted Fock Basis

Write master equation in Heisenberg picture

gaugequbit

Gautier et al., arXiv (2023); Chamberland et al., PRX Q (2021)



19

On the Origin of Gate Errors

Consider the Z gate Hamiltonian with a buffer mode,

Introduce the Shifted Fock Basis

Write master equation in Heisenberg picture

Decouple these equations

with and

gaugequbit

Gautier et al., arXiv (2023); Chamberland et al., PRX Q (2021)



20

On the Origin of Gate Errors

Consider the Z gate Hamiltonian with a buffer mode,

Introduce the Shifted Fock Basis

Write master equation in Heisenberg picture

Decouple these equations

with and

gaugequbit Drive on

Gautier et al., arXiv (2023); Chamberland et al., PRX Q (2021)



21

On the Origin of Gate Errors

Consider the Z gate Hamiltonian with a buffer mode,

Introduce the Shifted Fock Basis

Write master equation in Heisenberg picture

Decouple these equations

with and

Can re-derive Zeno gate errors

gaugequbit Drive on
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Can tune dissipation in situ



Designing High-Fidelity Gates 
for Dissipative Cat Qubits

Buffer mode useful for more than dissipation engineering

Devised a scheme for autonomous correction of gate errors

Information retrieval through photodetection: 
interesting conceptually but limited in practice 

Check out arXiv:2303.00760 for more details


