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Supplementary Figure 1 shows the optimized pulses
and dynamics for a universal gate set at T = 100 ns, with
a spectral constraint of ±200 MHz around the central fre-
quency of the rotating frame. The resulting pulse spectra
are sufficiently simple to be within reach of current pulse
shaping technology. Numerically, the constraint was en-
forced by multiplying the optimized pulses with a filter
function after each iteration of Krotov’s method.

The results compare to Fig. 5 in the main text, which
shows and unconstrained set of pulses at the quantum
speed limit of T = 50 ns. While for T = 50 ns, the lowest
gate errors were obtained when all pulses are set in a ro-
tating frame centered exactly between the two (dressed)
qubit frequencies, here we find that the this is only opti-
mal for the entangling BGATE. All of the local gates
are most successful with a spectrum centered around
the dressed frequency of transmon 2. We take this as a
consequence of the narrower pulse spectrum in conjunc-
tion with the qubits being in the “straddling” (QuaDisQ)
regime. As the frequency of transmon 2 is halfway be-

tween the first and second transition of qubit 1 (orange
dashed and dotted lines), this gives more room for the
anharmonic transition to take part in the gate realiza-
tion.

The gates errors reach closer to the lifetime limit than
the errors obtained for shorter pulses; for the Hadamard
gate on either transmon, we reach the limit of 7.2× 10−3

almost exactly. If the lifetime of the transmon can be
increased through further technological advances, gate
errors may reach an order as low as 10−5.
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Supplementary Figure 1. Pulses and dynamics implementing a universal set of gates, for a gate duration of 100 ns and a
constraint on the spectrum of the optimized pulses of |δ| ≤ 200 MHz. The figure compares to the unconstrained optimization
for T = 50 ns in Fig. 5 of the main text. The dissipative gate errors εdissavg approach the lifetime-limited ε0,Bavg = 7.2 × 10−3,
cf. Fig. 4 (b) in the main text.


