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Cat qubits are exponentially noise-biased qubits

Cat states: coherent superposition of coherent states in
a quantum oscillator
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Cat qubits are exponentially noise-biased towards phase-flips
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Bloch Sphere Representation of a Cat Qubit
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(Experimental data from Lescanne, Leghtas et al., 2019)

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



Confining a cat qubit with engineered Hamiltonians or dissipation

To confine an oscillator to the cat qubit codespace, two main approaches exist.

Two-photon dissipation Lo = D[a? — o] Kerr Hamiltonian ~ Hygerr = K (672 — a*?)(a2 — o?)
- Cy is a subspace of fixed points e |*a) are degenerate eigenstates
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Autonomous stabilization
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Mirrahimi et al., NJP (2014); Puri et al., npj QI (2017)



Pros and cons of Hamiltonian and dissipative confinement

Kerr confinement provides low-error gate designs, but is subject to thermal and dephasing noise.

Single-qubit Z gate (noiseless)

p = gLecontp — i[sz(t)dT + ez (t)a, p)

Idling qubit (noisy)
p = gLeontp + r1D[d]p + kannDla]p + ryDla’alp
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Dissipative: linear scaling of gate-

Kerr: exponential scaling of gate-i

How to benefit from both?
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suppression up to O(k;)

up to O(k;)

(k1 = Kinen + |a)*Kg)

Putterman et al., arXiv (2021); Xu et al., arXiv (2021); Gautier et al., arXiv (2021)



Combining Dissipative and Hamiltonian confinement

To benefit from the best of both worlds, we could use both confinement methods simultaneously

Combined dissipative and Kerr confinement
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New cat qubit Hamiltonian confinement coined Two-Photon Exchange (TPE)
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* Degenerate subspace given by the cat qubit

Gautier et al., arXiv (2021)
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Combined confinement for gate engineering

The combined confinement schemes are investigated at the bias-preserving working points, i.e. K/ks = 0.3 and g2/ko = 10

Single-qubit Z gate Two-qubit CNOT gate
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Thanks for your attention!
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Engineering a combined TPE and dissipative confinement

Potential energy of the ATS 1 9 ,
(Assymetrically Threaded SQUID) U(SO) - §EL90 - 2EJ [E(t) Sln(g&) - COS(SO)]
. 9 o\t Ky =2 g2
H = go(a® — a®)b' + h.c. H = gy,(a° - oﬂ)bj + h.c. » ko D[a? — o]
Kp 2= (2 A2 2\t
' + g2 n(a” — a”)b; + h.c. v e
.' E . o . ga.n(@® — )64 + hec.
~2 2 _ bT2b2
koD[a” — o] XRhOh Oh Xhh = G2,h

ubit

resonator
q
resonator

Cat-qubit
Cat-

Dissipative cat qubit circuit design Combined TPE + Diss. circuit proposition

Lescanne et al., Nat.Phy. (2019)



Bit-flip induced by thermal and dephasing noise

Why is Kerr confinement subject to thermal and dephasing noise?
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Two-Photon Exchange Hamiltonian confinement

New cat qubit Hamiltonian confinement coined Two-Photon Exchange (TPE)
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