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Supplementary Note I: Alternative single-qubit Hamiltonians

As mentioned in the main text, we also looked at other single-qubit Hamiltonians, namely
Hy = wo, and Hy = wo,, with the results in Supplementary Figure 1. For the o, and o,
simulations, the higher frequency (w = 0.5) appears to be more noisy, which might be
due to increased variances in measurement noise, or a systematic error in a frame rotation.
Regardless, a somewhat stationary oscillating behavior is observed for the higher frequency,
whereas the lower frequency (w = 0.1) is ‘pushed’ towards the center of the Bloch sphere.
Scans of these trajectories also revealed similar trends, although we did not obtain as detailed

data as in Figure 1 in the main text.

Supplementary Figure 1. Different trajectories for two frequencies, w = 0.5 (blue) and w = 0.1
(green), with three varying Hamiltonians: (a) Hy = woy; (b) Hyp = woy, and; (c¢) Hy = wo,. Points

were taken after 5 gate applications with each gate equal to 7 = 1/3.
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A. Comparison with 77 relaxation times.

Looking at individual quantum devices, in some instances we see a linear relation between
the simulated T} times, and the device T} times. While we expect this to be the case for
uniform systems, in some instances gate errors could be uniquely worse than corresponding
qubit coherence times (which becomes more commonplace with multi-qubit gates). We give
an example in Supplementary Figure 2, where we compare the relaxation of the ibmgbogota
qubit system, and the simulated quantum system. Note, while one can perform parallel
measurements of the 7 times, we found parallel simulation of the local qubit Hamiltonians
introduced significant cross-qubit interactions, and so each relaxation time was measured

separately.

Supplementary Figure 2. 7; times for the simulated system (vertical axis, unitless), and the
ibmgbogota device. For the simulated system, the exp[inI | operator was implemented 600 times,

where H = 0, (w = 1). 2'! measurements were taken for each experiment.
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Supplementary Note II: Quantum Device Specifications

For the quantum computations we use variety of devices provided through the IBM
Quantum Experience. The particular results reported here were performed on ibmq armonk
(single-qubit results) and ibmq rome. The devices use fixed-frequency transmon qubits with
co-planer waveguide resonators [1, 2], and the Python package Qiskit (v 0.15.0, 0.17.1) [3]
were used to interface with the device. Device properties can be found in Supplementary
Tables I - VI.

In particular, we report the qubit frequency, errors in the U, and Us gates, as well as
readout errors, and T} and 75 qubit times. For connected devices we include data on the
CNOT gates as well. While preparing this draft, the basis set of operations changed to v/ X

and R, gates, and so where appropriate we report the given performance of these gates.



Supplementary Table I. Calibration data for ibmq armonk taken over several days. Figure 1
and 2 were generated using data from 09-18-20, and Figure 3 and Supplementary Figure 1 were

measured between 11-12-20 and 11-13-20.
Date |Frequency| Uz U; |ROg; ROy | T1  To

GHz (10041074 1072 1072 | us s

09-18-20 4.974 7.1 14.3| 4.9 6.1 [193.4 202.0
11-12-20 4.974 6.4 12.7| 5.5 4.4 |157.5 222.6
11-13-20 4.974 5.0 10.0| 4.8 3.9 |157.9 190.0




Supplementary Table II. Calibration from IBM@ Rome on 11-17-2020, used to generate Figure

4 in the main text.

Qubit|Frequency| U; Uj |ROg; ROy | T1 To |[j] CNOT? (gate length)
i GHz 1074 107% 1072 1072 |us pus 1072 (ns)
0 4969 |25 49| 25 04 |68.9 76.3 1] 0.7 (320)
1 4.770 2.7 54| 4.0 3.0 |86.6 65.9 [0] 0.7 (356)

Supplementary Table III. Calibration data from ibmg-bogota, taken on 09-16-2021. See Figure

6 in the main text.

Qubit |Frequency| vX X ROg; ROy | T1 T2 |[f] CNOTg (gate length)
i GHz |[1074 1074 1072 1072 | us s 10~2 (ns)
0 5000 | 1.6 16| 2.6 10 |102.2123.4 [1] 0.8 (690)
1 4850 |23 23| 22 20 |81.4 75.2|[0] 0.8 (654) [2] 0.9 (498)
2 4783 |21 21| 26 0.7 |78.1 115.5[1] 0.9 (533) [3] 3.5 (341)
3 4858 |31 31| 18 05 |90.5 148.7|[2] 3.5 (306) [4] 0.8 (370)
4 4978 |15 15| 42 09 |98.4 171.2 3] 0.8 (334)




Supplementary Table IV. Single-qubit calibration data from ibm devices, taken on 09-18-2021.

See Figure 3 in the main text.

Backend |Qubit |Frequency| vX X ROg; ROy | T1 Ty
i GHz 107 {1074 1072] 1072 s | pws 1072 (ns)

armonk 0 4.972 1.9 19| 33 2.5 ]166.4 188.5

belem 0 5.090 1.6 1.6 | 8.0 6.4 (1042 1154

1 5.245 70 70| 13.7 4.7 |103.6 614

2 5.361 25 25| 29 1.0 |98.6 334

3 5.170 56 56| 7.1 1.2 1837 364

4 5.258 36 36| 3.7 0.9 [90.3 1353

bogota 0 5.000 17 17 1.8 1.4 11049 136.2

1 4.850 23 23| 23 1.3 |77.3 694

2 4.783 1.9 19| 23 0.6 [118.5 186.3

3 4.858 3.0 3.0 27 0.4 954 1623

4 4.978 14 14| 2.7 1.5 |104.0 190.7

casablanca| 0 4.822 24 24| 40 1.5 |41.1 37.5

1 4.760 23 23| 35 0.8 |34.7 792

2 4.906 34 34| 5.1 3.5 [100.2 235.9

3 4.879 30 3.0 22 0.9 |73.7 143.6

4 4.871 26 26| 3.8 1.4 |89.0 67.6

4.964 1.8 18| 1.7 0.7 |888 172.1

6 5.177 39 39| 53 1.5 | 729  68.5
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