
Supplementary Figures

Supplementary Figure 1: Measured orbital occupations from longer quantum circuit verify
generalized Pauli principle. Each point represents the 3 largest eigenvalues of an experimental
1-RDM generated from the quantum computer. The algorithm used is the second quantum
algorithm presented in the main text, equation 13, and the points represent executions of that
algorithm with randomly selected parameters to achieve a total filling of the set. Note that
two points did violate the generalized Pauli constraints, due to the propagation of error in the
longer quantum circuit. There are a total of 59 points measured here, and so the validity of the
confirmation of the generalized Pauli constraints still stands.
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Supplementary Figure 2: Effect of error on orbital occupations for rotated entangling gate.
Shows the experimental (red) and ideal (blue) 3 smallest eigenvalues of the 1-RDM generated
by a single Cj

iRy sequence on qubits i and j. The values are all shifted away from the vertex
upon which true bipartite or separable states lie. Additionally, the shift in error in this case
causes shifts into the polytope.
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Supplementary Tables

Run
Parameters (radians)

Run
Parameters (radians)

θ1 θ2 θ3 θ1 θ2 θ3
01 0.000000 0.000000 0.000000 32 0.258309 0.827286 0.921534
02 0.558505 0.792379 0.387463 33 0.733038 1.462586 1.305506
03 1.476549 1.361357 0.136136 34 0.387463 1.103048 1.378810
04 1.172861 0.359538 1.134464 35 0.150098 1.368338 1.089085
05 1.050688 0.694641 0.516617 36 1.200787 0.219911 1.392773
06 1.322960 0.157080 0.474730 37 0.596903 1.305506 1.315978
07 1.403245 1.130973 0.561996 38 0.230383 1.064651 0.945968
08 1.284562 1.176352 0.191986 39 0.537561 1.005310 1.507964
09 0.272271 0.848230 0.467748 40 0.160570 1.246165 1.336922
10 0.534071 1.256637 0.150098 41 1.333432 1.445133 0.048869
11 1.361357 1.528908 0.568977 42 0.216421 1.204277 1.225221
12 0.879646 0.823795 0.373500 43 0.429351 1.249656 0.551524
13 0.551524 1.326450 0.680678 44 0.279253 0.073304 1.019272
14 0.855211 0.987856 1.528908 45 0.090757 0.781908 1.235693
15 0.879646 0.097738 0.970403 46 0.115192 1.036726 1.183333
16 0.031416 0.617847 0.104720 47 0.488692 1.249656 0.900590
17 0.094248 0.607375 0.492183 48 0.254818 0.788889 0.753982
18 1.434661 1.487021 1.120501 49 1.071632 1.490511 0.980875
19 1.354375 1.455605 0.342085 50 0.230383 1.022763 0.687660
20 0.914553 0.143117 0.101229 51 1.148427 0.691150 0.673697
21 0.680678 0.935496 0.394444 52 0.275762 1.134464 1.123992
22 0.767945 0.006981 0.080285 53 0.254818 0.649262 0.673697
23 1.029744 1.549852 0.017453 54 0.185005 1.406735 1.378810
24 1.434661 0.020944 0.254818 55 0.952950 1.570796 0.425860
25 0.952950 0.568977 1.392773 56 0.066323 1.459095 1.054179
26 1.567306 1.197296 0.411898 57 0.293215 0.443314 0.436332
27 0.139626 1.518436 1.542871 58 0.834267 1.036726 0.502655
28 0.090757 1.092576 0.600393 59 1.560324 1.570796 0.000000
29 0.013963 1.308997 0.652753 60 0.366519 1.424189 1.427679
30 0.638791 1.001819 1.078613 61 0.261799 1.473058 1.281072
31 0.164061 0.108210 0.408407 62 0.045379 1.504474 0.897099

Supplementary Table 1: Parameters used with minimal algorithm. Includes the parameters
used for the standard Ry,i(θ) gates (equation 11) of the algorithm in equation 10 which are seen
in Figure 2. Parameters are given in radians.
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Run
Parameters (radians)

θ6 θ5 θ4 θ3 θ2 θ1
01 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
02 1.123992 1.155408 0.565487 1.089085 0.586431 1.497492
03 1.452114 0.383972 0.603884 0.467748 0.258309 0.544543
04 1.200787 1.514946 0.024435 1.214749 1.403245 0.987856
05 0.921534 0.705113 1.075123 0.952950 0.722566 0.024435
06 0.760964 0.272271 0.066323 1.567306 0.104720 0.328122
07 1.459095 1.288053 0.457276 1.249656 1.158899 0.376991
08 0.397935 1.110029 1.043707 0.352557 0.083776 0.139626
09 0.321141 0.513127 0.027925 1.298525 0.851721 0.561996
10 0.942478 1.099557 0.181514 0.150098 0.020944 0.376991
11 0.247837 0.904081 1.165880 0.897099 1.521927 1.462586
12 1.068142 1.542871 0.125664 1.036726 0.216421 0.244346
13 0.167552 1.350885 0.139626 0.994838 0.317650 0.013963
14 0.544543 1.340413 0.356047 0.244346 1.036726 0.373500
15 1.064651 1.462586 0.010472 1.207768 1.078613 1.560324
16 0.335103 0.020944 0.792379 1.162389 0.411898 0.150098
17 1.151917 1.172861 0.589921 0.247837 0.925025 1.434661
18 0.226893 0.027925 0.394444 1.211259 0.760964 0.541052
19 0.443314 1.497492 0.380482 0.530580 0.492183 0.694641
20 0.157080 1.525418 0.136136 1.347394 0.705113 0.460767
21 0.338594 0.390954 0.474730 0.443314 1.085595 0.443314
22 0.555015 1.110029 0.383972 0.275762 1.385791 0.024435
23 0.000000 1.445133 1.452114 0.010472 0.024435 1.096067
24 0.006981 1.410226 0.038397 1.305506 0.897099 0.219911
25 0.041888 1.553343 0.027925 0.621337 0.370010 1.071632
26 0.006981 0.520108 0.247837 1.434661 0.188496 0.380482
27 1.308997 1.434661 0.132645 0.300197 1.127483 1.448623
28 0.108210 0.240855 1.560324 1.403245 0.139626 1.340413
29 1.040216 1.214749 0.115192 0.904081 0.740020 0.331613
30 0.324631 1.033235 0.502655 0.555015 1.392773 1.057670

Supplementary Table 2: Parameters used with extended algorithm. Includes the parameters
used for the standard Ry,i(θ) gates (equation 11) of the algorithm in equation 13 which are seen
in Supplementary Figure 1. Parameters are given in radians.
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Run
Parameters (radians)

θ1 θ2 θ3 θ4 θ5 θ6
31 0.324631 1.141445 0.052360 0.258309 0.621337 0.254818
32 0.610865 0.265290 1.427679 0.593412 0.555015 0.198968
33 0.146608 0.774926 0.638791 0.830777 1.075123 1.480039
34 0.293215 1.521927 0.003491 1.560324 0.991347 0.820305
35 0.352557 1.148427 0.715585 0.740020 0.527089 0.000000
36 0.010472 0.471239 1.567306 1.075123 0.289725 1.504474
37 0.474730 0.760964 1.549852 0.949459 0.181514 1.521927
38 0.160570 0.066323 0.048869 1.385791 0.816814 0.188496
39 0.034907 0.432842 1.497492 1.158899 0.984366 1.235693
40 0.781908 1.057670 0.157080 0.719076 0.897099 0.911062
41 1.497492 1.497492 0.090757 1.148427 0.041888 0.471239
42 0.125664 0.373500 1.385791 1.448623 0.858702 0.108210
43 0.289725 0.471239 0.205949 1.494002 0.558505 0.020944
44 1.291544 0.370010 0.855211 1.270600 0.010472 1.518436
45 0.628319 1.329941 0.841249 0.446804 1.183333 1.057670
46 0.076794 1.120501 0.205949 1.232202 0.254818 0.446804
47 0.764454 1.071632 1.473058 0.628319 0.429351 1.179843
48 0.198968 1.410226 0.876155 1.228712 0.181514 0.048869
49 0.219911 0.883137 0.314159 1.047198 1.242674 0.733038
50 1.452114 1.033235 0.223402 1.455605 0.188496 1.396263
51 1.539380 0.617847 0.122173 1.403245 0.136136 1.556834
52 0.132645 0.502655 0.474730 0.719076 0.893609 0.307178
53 0.373500 0.387463 0.013963 1.466077 0.310669 0.349066
54 0.045379 1.068142 0.247837 1.197296 0.663225 0.080285
55 0.069813 0.729548 1.190315 1.563815 1.302016 0.911062
56 0.415388 0.303687 1.406735 1.260128 0.240855 1.322960
57 0.010472 0.020944 0.108210 1.567306 1.448623 0.136136
58 0.286234 1.242674 0.167552 0.890118 0.013963 1.424189
59 0.635300 1.431170 0.174533 1.085595 1.350885 1.288053

Supplementary Table 3: Parameters used with extended algorithm (continued). Includes
the remaining parameters used for the standard Ry,i(θ) gates (equation 11) of the algorithm in
equation 13 which are seen in Supplementary Figure 1. Parameters are given in radians.
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Run
Parameter Ideal Occupation Numbers Experimental Occupation Numbers
(radians) n6 n5 n4 n6 n5 n4

1 0.000000 0.000000 0.000000 0.000000 0.044922 0.046366 0.049490
2 1.570796 0.000000 0.500000 0.500000 0.053365 0.442325 0.451055
3 0.865683 0.000000 0.17594 0.17594 0.056120 0.204929 0.208042
4 1.350885 0.000000 0.390928 0.390928 0.068699 0.367227 0.368428
5 1.110029 0.000000 0.277682 0.277682 0.069380 0.290984 0.295637
6 0.495673 0.000000 0.060176 0.060176 0.050713 0.098339 0.102362
7 0.705113 0.000000 0.119231 0.119231 0.056445 0.147602 0.148817
8 1.452114 0.000000 0.440798 0.440798 0.045277 0.433336 0.437837
9 1.253146 0.000000 0.343833 0.343833 0.081026 0.344865 0.348277
10 1.005310 0.000000 0.232087 0.232087 0.055534 0.237553 0.249512

Supplementary Table 8: Parameters and results from rotated entangling gate. Includes the
parameters and ordered occupation numbers which correspond with Supplemental Figure 2.
Includes the ideal and experimental results. Parameters are given in radians for the single Ry

gate.
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