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Abstract

Fidelity decay captures the inevitable state degradation in any practical implementation of a quantum process. We devise bounds for the decay of fidelity for a
generic evolution given by a random quantum circuit model that encompasses errors arising from the implementation of two-qubit gates and qubit permutations.
We show that fidelity decays exponentially with both circuit depth and the number of qubits raised to an architecture-dependent power and we determine the
decay rates as a function of the amplitude of the aforementioned errors.
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Solvable model

To compute the average fidelity, we introduce the =

Solvable Model. The 2-qubit gates and permutations
are uncorrelated due to the insertion of large faultless
Haar random unitaries R.

The effect of faulty permutations is
encoded in the error factor

5(p) — 4m(H,p)

The effect of the faulty gates is
encoded in
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(Used for analytical computations: All
lines in following plots, label (S))

f(o) is closely related to GUE(4)
spectral form factor: f(a) ~ e °°

d(p) depends on architecture. We compute
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The brick-wall circuit
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First, we particularize the above expression for the case of no errors in permutations. of leftward and rightward single-qubit shifts. The average fidelity is found by mapping

the problem to counting allowed configurations in the partition function of a 2D
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- A defect can propagate towards the left (never
- turn around). For instance, for a defect that
~ appears at -1, at leading order we have:

The expression is simpler in
the small error regime:

» The agreement is remarkable even
for shallow circuits.
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» We quantify error accumulation for generic quantum
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quantum circuits.
» We find universal decay of the average fidelity
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To uncover a connection between Fidelity and
Quantum Volume figure of merit of Quantum

Computing!
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