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» Josephson effect derived from perturbation theory

= Qubit-Quasiparticle interaction

» Qubit relaxation induced by quasiparticle tunneling
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We take these two terms as perturbation, and aim to find the correction to the energy.
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What is the energy correction due to qu?
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Hg, gives NO correction to the energy, up to the second
order perturbation theory.

What is the energy correction due to H,,? The first order correction of H,,
IS zero
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This energy is associated with a supercurrent that is driven by
the phase difference across the junction:
21 oU ™ A i Inductance is the tendency of an electrical
I; = B % = 9 ng sin ¢, conductor to oppose a change in the electric
0 current flowing through it.
the AC-Josephson effect:
b dqb changing current induces a voltage in the
_ o o¥ conductor.
2 dt
dl ; 1 1 Nonlinearity + the ultra-low dissipation provided
L= V/— — by superconductivity makes Josephson
dt 7TAgT coS ¢ junctions promising candidates to build qubits.
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= Qubit-Quasiparticle interaction

All types of superconducting qubits work based on the quantum

coherence of the ground state of the superconductor.

What can happen if they are superconducting excitations
(quasiparticle) in the circuit?
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The system Hamiltonian in presence of quasiparticles can be divided into
three parts:
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» Qubit relaxation induced by quasiparticle tunneling
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We calculate the qubit relaxation rate using -'__ =
Fermi’'s golden role T, 1o ol
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system final state system initial state

- double angular brackets ({(...)) denote averaging over initial quasiparticle states

» the summation is over all quasiparticle states
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» Qubit relaxation induced by quasiparticle tunneling

Hi = Z 1 sin Z’Yka’Yk’ + H.c.
k.k' o

Tio =21 > [0, {\}qp|Hint|1, {n}qp)*6(Erqp — Enap — w10))),
{Atap

The transition rate then factorizes into terms that separately account for qubit
dynamics and quasiparticle kinetics.
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» Qubit relaxation induced by quasiparticle tunneling
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» Qubit relaxation induced by quasiparticle tunneling
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» Qubit relaxation induced by quasiparticle tunneling
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(assuming thermal equilibrium)

« How can we limit the qubit relaxation induced by QPs?

This is the subject of the next lecture!
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