#) ULICH

FORSCHUNGSZENTRUM
Si mul ation of gate-based quantum conputers

w th superconducting qubits

Dennis Willsch!, Madita Nocon!, Fengping Jin!, Hans De Raedt?, Kristel M chi elsen'3

L Institute for Advanced Simulation, Jiilich Supercomputing Centre, Forschungszentrum Jiilich, D-52425 Jiilich, Ger many
2 Zernike Institute for Advanced Materials, University of Groningen, N jenborgh 4, NL-9747AG Groningen, The Netherlands
3 RWTH Aachen University, D-52056 Aachen, Ger many

Gate-based quantum comp uting Superconducting qubit architecture
A quantum computer contains a set of two-level systems The architecture of the si nulated quantum conputer is defined by the system Hamiltoni an
called qubits. Each qubit can be a complex superposition H = Hepp + Hree + Hec

of the computational states |0) and |1). In the gate-based

no del of quantum computing, gates transform the qubits The qubits are given by the lowest eigenstates of
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Quant um circuits consist of sequences of quantum gates. 1si<isNg
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produce a hit string by projecting each quhit to |0) or |1).

Simu lation nethod Gate errar netrics
Ihe tine-dependent Schrodinger The CNOT gate is inplemented in three different Proj. ection of th? 0 ne- evoluti.on operator L[(t? ot t}.le
tion (TDSE : qubit subspace gives the matrix M. Ideally, this matrix
equation ( E) versions based on cross-resonance (CR) pulses |3]. _
O CR1 shoul d be equal to the unitary quantum gate U.

i [W(t)) = H(¢) V()

is solved nunerically using a
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use the Nelder- Mead algorithm to

opti mze the parameters of the Target M‘ﬂ
pulse.
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Conclwsion: The gate metrics of the opti mized pul ses are nearly perfect and agree with experi nental achi evene nts |3]. However, in repeated applications or
actual quantum circuits, the gates suffer from systematic errors. These can be observed in experinents [7,8]. Conceptwally, the errors stem from the non
computational states. Athough 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. A this information is most i nportant to eventual users of gate-based quant um comp uters, it should be reported separately.




