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Pa rametric fSim Gate Zhongyi Jiang & Dr. Mohammad Ansari

flexible and parasitic-free two-qubit gates.
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!1 Abstract

We present a systematic theory of a two-transmon-one-resonator system with multiple parametric drives.
' By employing iISWAP-type and CZ-type transitions at the same time, we realise a continuous set of two-
qubit gates called fermionic simulation gates. Our theory opens up new possibilities of designing more

What is fSim and why?
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fSim: Natural two-qubit gate set for excitation-conserving
Hamiltonian
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Advantages:

e Can be used to eliminate residual ZZ phase in iISWAP
gate

e Reduce circuit depth for NISQ devices, e.g. simulating
excitation-conserving Hamiltonian:
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Gate strategy: simultaneous iISWAP and CZ
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Analytical treatment: Bogoliubov
Transformation+proper rotating frame

Effective coupling:

Time-averaged effective coupling go;, 10 Vs driving amplitude Qy, driving frequency = qubit detuning = 350 MHz

—— Transformation with anharmonicity
8 Transformation without anharmonicity
—— Analytical
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Resonance condition:
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Setup:two tunable transoms coupled to one
harmonic resonator
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Numerical simulation:

00 phase of 11 vs w{ and wg, Amp1=300.0 MHz, Amp2=300.0 MHz, pulse length=100 ns
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P10 vs w{ and w¢, Amp1=300.0 MHz, Amp2=300.0 MHz, pulse length=100 ns
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