
Parametric fSim Gate




fSim: Natural two-qubit gate set for excitation-conserving 
Hamiltonian





Advantages:


• Can be used to eliminate residual ZZ phase in iSWAP 
gate


• Reduce circuit depth for NISQ devices, e.g. simulating 
excitation-conserving Hamiltonian:





UfSim(θ, φ) =

1 0 0 0
0 cos(θ) −isin(θ) 0
0 −isin(θ) cos(θ) 0
0 0 0 eiφ

φ = 0 : iSWAP, θ = 0 : CPHASE

H = ΣpUpnp + Σp≠qTp,qc†
pcq + Vp,qnpnq

Gate strategy: simultaneous iSWAP and CZ What is fSim and why?

Setup:two tunable transoms coupled to one 
harmonic resonator
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Hsys = H0 + Hd

 transition: control |1,0⟩ ↔ |0,1⟩ θ

 transition: control |1,1⟩ ↔ |2,0⟩ or  |0,2⟩ φ
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Analytical treatment: Bogoliubov 
Transformation+proper rotating frame

ω̃(n1,n2,n3)→(ni+1,nj−1) − ω̃(n1,n2,n3) − nωd
0 − pωd

1 − qωd
2 = 0

Resonance condition:

Effective coupling:

Tuning φ Tuning θNumerical simulation:
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Abstract

We present a systematic theory of a two-transmon-one-resonator system with multiple parametric drives. 
By employing iSWAP-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 
flexible and parasitic-free two-qubit gates.
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