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Gate-based quantum computing Superconducting qubit architecture
A quantum computer contains a set of two-level systems The architecture of the simulated quantum computer is defined by the system Hamiltonian
called qubits. Each qubit can be a complex superposition
of the computational states |0) and |1). In the gate-based

H = Hcpp + Hres + Heco

model of quantum computing, gates transform the qubits The qubit§ are given by.the lowest eigens?ates of
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A two-qubit gate such as the |Z> ' Another way of coupling transmons is based on a N ~—
controlled-NOT (CNOT) is capacitive electrostatic interaction.
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Quantum circuits consist of sequences of quantum gates. 1si<isNg
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by microwave voltage pulses. Transmon FEq,;/2n  Ej/2r  wi/27  w./27  ¢;/2m
D _
Ar O H [ 4o [ H ngi(t) = 3 Q1) cos(wit — 7)) 1 1.204  13.349 5350 T 0.07
All measurements of the quantum system ultimately j 9 1204 12292 5120 7 007

produce a bit string by projecting each qubit to |0) or |1).

Simulation method Gate error metrics
The time-dependent Schrodinger The CNOT gate is implemented in three different Proj.ection of th,e time—evoluti.on operator M@). ol tl.le
equation (TDSE) versions based on cross-resonance (CR) pulses | qubit subspace gives the matrix M. Ideally, this matrix

should be equal to the unitary quantum gate U.
Gac ) = M [¢) | M
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Average gate fidelity [4]

; cr I
i Bt wwee BNANNG]
Il

=

@ =10
) = o ot |11 11

Fr — / A (8] Gael G (10OX])) [0

[

~ —iTH g
~ €

€
The goal is to find a pulse n (1)

Target
CR4
Control

=

1
o =5 |Gac 0 Gy — 1]

Unitarity [6]

u= 5 [ ) TG G 0K )]

so that U(t) implements a certain
quantum gate on the qubits. We
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giﬁzize the parameters of the Target M‘ﬂ
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Conclusion: The gate metrics of the optimized pulses are nearly perfect and agree with experimental achievements |3]. However, in repeated applications or
actual quantum circuits, the gates suffer from systematic errors. These can be observed in experiments [7,8]. Conceptually, the errors stem from the non-
computational states. Although the gate metrics reveal them, they cannot replace the information of how well and how often a certain gate may be used in a
quantum circuit. As this information is most important to eventual users of gate-based quantum computers, it should be reported separately.
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