Supplementary Material: Path Integral Monte Carlo Simulation of the Warm-Dense

Homogeneous Electron Gas

(Dated: February 26, 2013)

In the main text, we describe our calculations of the 3D finite-temperature homogeneous electron gas (HEG) in the

warm-dense regime (ry = (3/47n)Y/3az" = 1.0 — 40.0 and © = T/Tr = 0.0625 — 8.0) using restricted path integral

Monte Carlo (RPIMC). Here we put our results in tabular format for future use. We then give the specifics of these

calculations for those who wish to reproduce them.

In Tables [I| and we give our measured energies for the spin-unpolarized (§ = 0) and spin-polarized (£ = 1),

respectively, 3D HEG. We break the energy into Kinetic K and Potential V' where V is the bare Coulomb potential.

Here we have already applied finite-size corrections. We also show the associated noninteracting and Hartree-Fock

exchange energies calculated numerically by

where

and n is determined from I(1/2,n) =

7"83
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TABLE I: Measured energies at all densities and temperatures simulated

for the unpolarized (£ = 0.0) gas. Shown for each density rs and tem-

perature © are the size-corrected values for the Kinetic K and Potential

V' energies, their respective finite-size corrections AKy and AVy, the

resulting total energy Fio:, the free electron energy Ey, the Hartree-Fock

exchange energy E. mr, and the resulting correlation energy FE..

Ts (C] K V AKn AVy Eiot Ey Esuvr E.

1.0 [0.0625| 2.27(1) —1.0839(3) [0.021257|0.026226 1.18(1) 2.245191 [—0.896908| —0.16(1)
2.0 10.0625| 0.598(2) —0.5892(1) |0.008032|0.009277| 0.008(2) 0.561298 | —0.448454| —0.104(2)
4.0 [0.0625| 0.1678(6) | —0.32062(5) |0.002969|0.003280| —0.1528(6) | 0.140324 |—0.224227| —0.0689(6)
6.0 [0.0625| 0.0816(2) | —0.22389(2) |0.001647|0.001786| —0.1423(2) | 0.062366 |—0.149485| —0.0551(2)
8.0 [0.0625| 0.0506(1) | —0.17313(1) {0.001082(0.001160| —0.1225(1) | 0.035081 |—0.112113| —0.0455(1)
10.0(0.0625| 0.03524(8) |—0.141605(9)|0.000780|0.000830| —0.10637(9) | 0.022452 | —0.089691| —0.03913(9)
40.0]0.0625|0.004221(2) | —0.039362(1) |0.000101 |0.000104 | —0.035141(3) | 0.001403 |—0.022423|—0.014121(3)
1.0 [ 0.125 | 2.37(2) —1.0783(6) [0.021257|0.026209 1.29(2) 2.348227 |—0.855560| —0.20(2)
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%@*3/ 2. From these values, we calculate the correlation energy E, defined as

(4)



TABLE I — continued from previous page

Ts €] K \% AKyN AVN Eiot FEo Ey vr Ee.
2.010.125 | 0.626(3) —0.5890(2) [0.008032|0.009276| 0.037(3) 0.587057 |—0.427780| —0.122(3)
4.0 0.125 | 0.1727(6) | —0.32088(5) [0.002969|0.003280| —0.1482(7) | 0.146764 |—0.213890| —0.0811(7)
6.0 | 0.125 | 0.0854(2) | —0.22412(2) [0.001647|0.001786| —0.1387(3) | 0.065229 |—0.142593| —0.0613(3)
8.0 0.125 | 0.0527(1) | —0.17339(1) [0.001082|0.001160| —0.1207(1) | 0.036691 |—0.106945| —0.0504(1)
10.0| 0.125 | 0.0368(1) | —0.14184(1) {0.000780|0.000830| —0.1050(1) | 0.023482 |—0.085556| —0.0430(1)
40.0] 0.125 |0.004336(5) | —0.039408(1) |0.000101 |0.000104 | —0.035072(5) | 0.001468 |—0.021389|—0.015151(5)
1.0 | 0.25 2.68(1) —1.0738(6) |0.021257|0.026175 1.60(1) 2.713435 | —0.748509| —0.36(1)
2.0 0.25 0.708(2) —0.5909(2) |0.008032|0.009274 0.117(3) 0.678359 |—0.374254| —0.187(3)
4.0 0.25 | 0.1913(7) | —0.32206(6) [0.002969|0.003280| —0.1307(7) | 0.169590 |—0.187127| —0.1132(7)
6.0 0.25 | 0.0943(4) | —0.22517(3) [0.001647|0.001786| —0.1309(4) | 0.075373 |—0.124751| —0.0815(4)
8.0 0.25 | 0.0583(2) | —0.17416(2) [0.001082|0.001160| —0.1158(2) | 0.042397 |—0.093564| —0.0647(2)
10.0{ 0.25 | 0.0399(1) | —0.14234(1) [0.000780|0.000830| —0.1024(1) | 0.027134 |—0.074851| —0.0547(1)
40.0| 0.25 | 0.00456(1) | —0.039471(2)[0.000101|0.000104| —0.03491(1) | 0.001696 |—0.018713| —0.01789(1)
1.0| 0.5 3.69(2) —1.0494(8) ]0.021234|0.026135 2.64(2) 3.762881 |—0.557716| —0.57(2)
20| 0.5 0.948(4) —0.5835(2) [0.008031|0.009270| 0.365(4) 0.940720 |—0.278858| —0.297(4)
40| 0.5 0.2494(9) | —0.32189(6) [0.002969|0.003280| —0.0725(9) | 0.235180 |—0.139429| —0.1683(9)
6.0 0.5 0.1182(4) | —0.22525(3) [0.001647|0.001786| —0.1071(4) | 0.104524 |—0.092953| —0.1186(4)
80| 0.5 0.0705(2) | —0.17432(2) |0.001082|0.001160| —0.1039(2) | 0.058795 | —0.069714| —0.0929(2)
10.0| 0.5 0.0477(1) | —0.14252(1) {0.000780|0.000830| —0.0948(1) | 0.037629 |—0.055772| —0.0766(1)
40.0| 0.5 [0.004879(6)|—0.039473(1)|0.000101|0.000104 | —0.034594(7) | 0.002352 |—0.013943|—0.023003(7)
10| 1.0 | 6.16(2) | —0.9468(9) |0.020292(0.027206| 5.21(2) | 6.249377 | —0.347701| —0.69(2)
20| 1.0 1.547(3) —0.5442(3) 10.007954|0.009352 1.003(4) 1.562344 | —0.173851| —0.385(4)
40| 1.0 0.3914(9) | —0.3086(1) [0.002966|0.003283| 0.083(1) 0.390586 | —0.086925| —0.221(1)
6.0 1.0 | 0.1784(4) | —0.21883(5) |0.001647(0.001786| —0.0404(4) | 0.173594 |—0.057950| —0.1560(4)
80| 1.0 0.1037(2) | —0.17051(3) {0.001082|0.001160| —0.0668(2) | 0.097647 |—0.043463| —0.1210(2)
10.0| 1.0 0.0681(1) | —0.14003(2) |0.000780|0.000830| —0.0719(1) | 0.062494 |—0.034770| —0.0996(1)
40.0| 1.0 |0.005817(5)|—0.039321(1)|0.000101|0.000104 | —0.033504(7)| 0.003906 |—0.008693|—0.028717(7)
1.0| 2.0 11.49(2) —0.800(1) |0.015634(0.034942 10.69(2) 11.566451|—0.191763| —0.69(2)
20| 2.0 2.871(4) —0.4750(4) |0.006982|0.010635 2.396(4) 2.891613 | —0.095881| —0.400(4)
40| 2.0 0.717(1) —0.2795(1) [0.002834|0.003434| 0.438(1) 0.722903 |—0.047941| —0.237(1)
6.0 2.0 0.3217(5) | —0.2025(1) [0.001615|0.001821| 0.1192(6) 0.321290 |—0.031960| —0.1701(6)
80| 2.0 | 0.1824(2) | —0.15972(6) |0.001071[0.001171| 0.0226(3) | 0.180726 |—0.023970| —0.1341(3)
10.0| 2.0 0.1179(1) | —0.13253(3) [0.000776|0.000834| —0.0146(1) | 0.115665 |—0.019176| —0.1111(1)
40.0/ 2.0 ]0.008422(5)|—0.038671(2)[0.000101{0.000104 | —0.030249(8) | 0.007229 | —0.004794 | —0.032684(8)
1.0| 4.0 22.38(2) —0.6373(8) [0.009319|0.057374| 21.74(2) 22.465711|—0.099617| —0.62(2)
20| 4.0 5.593(4) —0.3923(3) |0.004672|0.015833| 5.200(4) 5.616428 | —0.049808| —0.366(4)
40| 4.0 1.397(1) —0.2393(1) |0.002183|0.004455 1.157(1) 1.404107 | —0.024904| —0.222(1)
6.0 4.0 0.6220(4) | —0.1775(1) [0.001348|0.002181| 0.4445(5) 0.624048 |—0.016603| —0.1629(5)
80| 4.0 0.3504(2) | —0.14244(7) [0.0009400.001334| 0.2080(3) 0.351027 |—0.012452| —0.1306(3)
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TABLE I — continued from previous page

Ts €] K \% AKyN AVN Eiot FEo Ey vr Ee.
10.0| 4.0 | 0.2250(1) | —0.11955(5) [0.000704|0.000919| 0.1054(2) | 0.224657 |—0.009962| —0.1093(2)
40.0/ 4.0 ]0.014683(5)|—0.037064(4)|0.000100{0.000104 | —0.022381(9) | 0.014041 |—0.002490 | —0.033932(9)
1.0| 8.0 44.40(2) —0.4842(7) |0.004908|0.104221| 43.92(2) |44.457612|—0.050512| —0.49(2)
2.0| 8.0 | 11.098(4) | —0.3107(2) [0.002577|0.028499| 10.788(4) |11.114403|—0.025256| —0.302(4)
40| 8.0 | 2.7702(9) | —0.1956(1) |0.001302(0.007463| 2.575(1) 2.778601 |—0.012628| —0.191(1)
6.0 8.0 | 1.2320(4) | —0.14807(7) |0.000856|0.003433| 1.0839(5) | 1.234934 |—0.008419| —0.1426(5)
8.0 8.0 | 0.6933(2) | —0.12087(5) |0.000629(0.001993| 0.5725(3) | 0.694650 |—0.006314| —0.1159(3)
10.0{ 8.0 | 0.4442(1) | —0.10277(4) [0.000492|0.001314| 0.3414(2) | 0.444576 |—0.005051| —0.0981(2)
40.0/ 8.0 |0.028112(9)|—0.034306(8)|0.000091|0.000115| —0.00619(1) | 0.027786 | —0.001263| —0.03272(1)
TABLE II: Measured energies at all densities and temperatures simu-
lated for the polarized (¢ = 1.0) gas. Shown for each density rs and tem-
perature © are the size-corrected values for the Kinetic K and Potential
V' energies, their respective finite-size corrections AKy and AVy, the
resulting total energy Fio¢, the free electron energy Ey, the Hartree-Fock
exchange energy E. mr, and the resulting correlation energy FE..
Ts (C] K \% AKn AVy Eiot Ey E.uvr E.
1.0 |0.0625| 3.51(1) —1.2052(3) |0.036656|0.052315| 2.31(1) 3.564018 |—1.130033| —0.13(1)
2.0 |0.0625| 0.896(3) —0.6337(1) |0.014599[0.018546| 0.263(3) | 0.891004 |—0.565016| —0.063(3)
4.0 [0.0625| 0.2304(6) | —0.33271(6) |0.005571|0.006560| —0.1023(7) | 0.222751 | —0.282508| —0.0425(7)
6.0 [0.0625| 0.1077(2) | —0.22960(3) |0.003132{0.003571| —0.1219(3) | 0.099000 | —0.188339| —0.0325(3)
8.0 |0.0625| 0.0638(2) | —0.17631(2) [0.002072|0.002320| —0.1125(2) | 0.055688 | —0.141254| —0.0269(2)
10.0(0.0625| 0.0426(1) | —0.14358(1) [0.001501|0.001660| —0.1010(1) | 0.035640 |—0.113003| —0.0236(1)
40.0]0.0625|0.004561(8) | —0.039431(2) |0.000198|0.000207 | —0.03487(1) | 0.002228 | —0.028251|—0.00885(1)
1.0 | 0.125 | 3.64(1) —1.1961(5) |0.036656|0.052143| 2.44(1) 3.727579 | —-1.077938| —0.21(1)
2.0 | 0.125 | 0.906(4) —0.6302(1) |0.014599(0.018535| 0.276(4) | 0.931895 |—0.538969| —0.117(4)
4.0 10.125 | 0.237(1) —0.3318(1) |0.005571]0.006559| —0.095(1) | 0.232974 |—0.269484| —0.059(1)
6.0 | 0.125 | 0.1104(8) | —0.22911(7) [0.003132|0.003571| —0.1187(9) | 0.103544 |—0.179656| —0.0426(9)
8.0 1 0.125 | 0.0648(5) | —0.17617(4) |0.002072{0.002320| —0.1113(5) | 0.058243 | —0.134742| —0.0348(5)
10.0| 0.125 | 0.0429(2) | —0.14350(2) {0.001501|0.001660| —0.1006(2) | 0.037276 |—0.107794| —0.0301(2)
40.0| 0.125 | 0.00455(1) |—0.039429(2)|0.000198|0.000207 | —0.03488(1)| 0.002330 |—0.026948|—0.01026(1)
1.0| 0.25 4.12(4) —1.171(1) |0.036651[0.051808| 2.95(4) 4.307310 |—0.943062| —0.41(4)
2.0| 0.25 1.050(7) —0.6219(2) |0.014599[0.018514| 0.428(7) | 1.076827 |—0.471531| —0.177(7)
4.0| 0.25 | 0.269(1) —0.3302(1) |0.005571]0.006558| —0.061(1) | 0.269207 |—0.235766| —0.094(1)
6.0 | 0.25 | 0.1240(8) | —0.22838(6) [0.003132|0.003571| —0.1044(9) | 0.119647 |—0.157177| —0.0668(9)
8.0 | 0.25 | 0.0722(4) | —0.17568(3) [0.002072|0.002319| —0.1035(5) | 0.067302 |—0.117883| —0.0529(5)
10.0{ 0.25 | 0.0490(2) | —0.14324(2) [0.001501|0.001660| —0.0942(3) | 0.043073 | —0.094306| —0.0430(3)
40.0| 0.25 | 0.00493(1) |—0.039449(3)|0.000198|0.000207 | —0.03452(2) | 0.002692 | —0.023577 | —0.01363(2)
Continued on next page




TABLE II — continued from previous page

Ts (C] K 1% AKnN AVn Eiot Ey Ee ur E.
1.0 0.5 5.72(2) —1.088(1) [0.036021|0.052015| 4.63(3) 5.973201 |—0.702678| —0.64(3)
20| 0.5 1.435(5) —0.5917(2) |0.014563|0.018516| 0.844(5) | 1.493300 |—0.351339| —0.298(5)
4.0| 0.5 0.367(1) —0.3206(1) [0.005571|0.006556| 0.046(1) | 0.373325 |—0.175669| —0.151(1)
6.0| 0.5 0.167(1) —0.2240(1) |0.003131{0.003570| —0.057(1) | 0.165922 |—0.117113| —0.106(1)
8.0| 0.5 | 0.0954(5) | —0.17331(6) [0.002072|0.002319| —0.0779(6) | 0.093331 |—0.087835| —0.0834(6)
10.0| 0.5 | 0.0623(2) | —0.14164(2) [0.001501|0.001660| —0.0793(2) | 0.059732 | —0.070268| —0.0688(2)
40.0/ 0.5 | 0.00556(1) |—0.039373(3)[0.000198|0.000207 | —0.03382(2)| 0.003733 | —0.017567|—0.01998(2)
1.0| 1.0 9.72(2) —0.938(1) |0.030389[0.059999| 8.78(3) 9.920268 | —0.438076| —0.70(3)
20| 1.0 2.419(5) —0.5280(4) |0.013611{0.019720| 1.891(6) | 2.480067 |—0.219038| —0.370(6)
40| 1.0 0.597(1) —0.2885(3) |0.005475[0.006666| 0.309(1) | 0.620017 |—0.109519| —0.202(1)
6.0 1.0 0.272(1) —0.2107(3) [0.003113|0.003591| 0.061(1) | 0.275563 |—0.073013| —0.142(1)
8.0| 1.0 | 0.1524(5) | —0.1647(1) [0.002067|0.002325| —0.0123(7) | 0.155004 |—0.054760| —0.1125(7)
10.0| 1.0 | 0.0985(3) | —0.1356(1) [0.001500/0.001661| —0.0371(5) | 0.099203 | —0.043808| —0.0925(5)
40.0/ 1.0 | 0.00728(2) | —0.03891(1) [0.000198|0.000207 | —0.03163(3)| 0.006200 | —0.010952|—0.02688(3)
1.0| 2.0 18.17(2) —0.759(1) [0.019490|0.088388| 17.41(2) |18.360596|—0.241606| —0.71(2)
20| 2.0 4.550(5) —0.4444(3) [0.009996|0.026601| 4.106(5) | 4.590149 |—0.120803| —0.363(5)
4.0 20 1.139(1) —0.2586(1) |0.004619]0.007888| 0.880(1) | 1.147537 |—0.060401| —0.207(1)
6.0 | 2.0 | 0.5048(9) | —0.1877(5) [0.002806|0.003981| 0.317(1) | 0.510017 |—0.040268| —0.153(1)

3)

(2)

80| 2.0 | 0.2833(5) | —0.1495(3) |0.0019320.002487| 0.1338(8) | 0.286884 |—0.030201 | —0.1229
10.0| 2.0 | 0.1821(3) | —0.1247(2) |0.001432|0.001739| 0.0574(5) | 0.183606 |—0.024161| —0.1021
40.0| 2.0 |0.01204(2) | —0.03767(1) |0.000197|0.000208 | —0.02563(4) | 0.011475 [—0.006040|—0.03106(4)
10| 4.0 | 3556(2) | —0.5813(5) |0.010552|0.144170| 34.97(2) |35.662094|—0.125510| —0.56(2)
20| 4.0 | 8882(4) | —0.3558(2) |0.005782|0.045121| 8.526(5) |8.915523 |—0.062755| —0.326(5)
4.0| 40 | 2225(2) | —0.2164(2) |0.002962(0.012259| 2.008(2) |2.228881 [—0.031377| —0.189(2)

(1) (1)

(1)

(1)

6.0 | 4.0 | 0.9875(9) | —0.1607(1) [0.001943|0.005743| 0.827(1) | 0.990614 |—0.020918| —0.143(1
8.0 | 4.0 | 0.5550(5) | —0.1297(1) [0.001419|0.003384| 0.4254(6) | 0.557220 |—0.015689| —0.1162(6)
10.0| 4.0 | 0.3554(3) | —0.1095(1) [0.001102|0.002261| 0.2459(4) | 0.356621 |—0.012551| —0.0982(4)
40.0/ 4.0 | 0.02265(2) | —0.03537(1) [0.000188|0.000217|—0.01272(4)| 0.022289 | —0.003138|—0.03187(4)
1.0| 8.0 70.51(2) —0.4368(3) [0.005390|0.207543| 70.07(2) |70.572060|—0.063641| —0.43(2)
2.0 80 17.625(4) | —0.2655(1) [0.003014|0.083228| 17.360(4) |17.643015|—0.031821| —0.251(4
4.0| 8.0 4.398(3) —0.1736(2) |0.001604|0.022492| 4.224(4) | 4.410754 |—0.015910| —0.170(4
(1) (
(1)

6.0 8.0 1.955(1) —0.1320(1) [0.001089|0.010222| 1.823(1) | 1.960335 |—0.010607| —0.127(1
8.0 8.0 1.0986(9) | —0.1080(1) [0.000821|0.005843| 0.991(1) | 1.102688 |—0.007955| —0.104(1
10.0| 8.0 | 0.7039(6) | —0.09220(9) [0.000656|0.003794| 0.6117(6) | 0.705721 |—0.006364| —0.0877(6)
40.0/ 8.0 | 0.04429(3) | —0.03196(2) [0.000145|0.000283| 0.01232(6) | 0.044108 | —0.001591|—0.03020(6)

Using energies for temperatures well below the Fermi temperature, we are able to extrapolate to the zero-
temperature limit. In doing so, we rely on the Fermi liquid behavior of the internal energy, E ~ T2. From fits
of this form we calculate the ground state total and correlation energies, given in Tables and [[V] for the spin-

unpolarized and -polarized HEG, respectively.



TABLE III: Zero-temperature extrapolations, %ig}) Eio0t(T), of finite-
temperature PIMC calculations for the unpolarized (£ = 0.0). We com-
pare Eiot(0) directly to previous QMC studies where possible (a, [I]),
(b, 21), (c, [B]), otherwise the Perdew-Zunger parameterization (d, [4])

is used.

Ts Et0:(0) %iino Eiot(T) E.(0) Il“iino E.(T)
10| 1.1726(2)" 1.16(1) —0.1210(2) | —0.13(1)
2.0 | 0.0041(4)¢ 0.003(2) —0.0902(4) —0.091(2)
4.0 | —0.1547(1)% | —0.1542(5) | —0.0637(1) | —0.0632(5)
6.0 | —0.1422(1)? | —0.1425(2) | —0.0509(1) | —0.0512(2)
8.0 | —0.1228(1)? | —0.1228(1) | —0.0428(1) | —0.0428(1)
10.0| —0.10687(2)" | —0.10643(8) | —0.03734(2) | —0.03690(8)
40.0|—0.0352375(6)° | —0.035153(3) | —0.0137104(6) | —0.013626(3)

TABLE IV: Zero-temperature extrapolations, %irno E;ot(T), of finite-
—

temperature PIMC calculations for the polarized (§ = 1.0). We compare

E;0+(0) directly to previous QMC studies where possible (a, [1]), (b, [2]),

(c, [3]), otherwise the Perdew-Zunger parameterization (d, [4]) is used.

Ts Etot (O) lim Etot(T) EC(O) lim EC(T)
T—=0 T—=0

1.0 | 2.2903(1)¢ 2.29(1) —0.0632(1 —0.07(1)

2.0 0.2517(6) 0.251(2) | —0.0480(6) | —0.048(2)

4.0 | —0.1040(1)* | —0.1042(6) | —0.0346(1) | —0.0348(6)

(1)
(6)
(1) ) (1)
6.0 | —0.1230(1)¢ | —0.1228(3) | —0.0280(1) | —0.0278(3)
(1) ) (1)
(1) (1)

8.0 | —0.1134(1)* | —0.1130(2) | —0.0239(1) | —0.0235(2)
10.0| —0.1013(1)* | —0.1013(1) | —0.0209(1) | —0.0209(1)
40.0/0.0351348(7)° | —0.034894(8) | 0.0618048(7) | —0.008224(8)

For all simulations, we use a nodal constraint to circumvent the fermion sign problem. As noted in the main
article, the relative importance of this approximation is unclear. Here we estimate it by performing the much longer
simulations including the minus sign. We have done so for a few select densities and temperatures and find good

agreement with the fixed-node results. This comparison is shown in Tables [V] and [V]] for the spin-unpolarized and

-polarized HEG, respectively.

TABLE V: Comparison of signful calculation EfZ*" with the fixed-node

calculations Fyo: for the unpolarized (£ = 0.0) gas at select densities and

temperatures. The average value of the sign is shown for reference.

rs | © (sign) Egzact Eiot
1.0 [1.0/0.0002(10)| —17(123) 5.21(2)
4.0 [1.0] 0.0040(7) |  0.08(16) 0.083(1)




10.0/1.0| 0.092(1) | —0.071(2) | —0.0719(1)
40.0[1.0| 0.7689(9) | —0.03350(3) |—0.033504(7)
1.0 [8.0| 0.5568(5) | 43.98(6) 43.92(2)
4.0 [8.0] 0.7415(3) | 2.579(2) 2.575(1)
10.0(8.0| 0.9070(2) | 0.3418(2) | 0.3414(2)
40.0[8.0{0.99826(3) | —0.006202(8) | —0.00619(1)

TABLE VI: Comparison of signful calculation EfZ** with the fixed-node
calculations Fio: for the polarized (£ = 1.0) gas at select densities and

temperatures. The average value of the sign is shown for reference.

Ts C) (sign) Egzact Eiot
4.0 [0.0625] —0.00055(62)| —0.5(1) | —0.1023(7)
10.0/0.0625| —0.002(1) | —0.16(2) | —0.1010(1)
10| 1.0 | 0.0023(5) 2(4) 8.78(3)
40| 1.0 | 00725(2) | 0306(3) | 0.309(1)
100 1.0 | 04076(5) | —0.0374(2) | —0.0371(5)
40.0] 1.0 | 0.9498(2) |—0.031581(6)|—0.03163(3)
10| 20 | 0.0187(1) 17.5(4) 17.41(2)
1.0 4.0 | 0.1989(1) | 34.97(3) | 34.97(2)
10| 80 | 0528(1) | 70.11(2) | 70.07(2)
40| 80 | 08408(2) | 4.226(2) | 4.224(4)
100 80 | 0.93796(7) | 0.6115(1) | 0.6117(6)
40.0] 8.0 | 0.99851(1) | 0.012275(9) | 0.01232(6)

3 convergence in the time step at each density. In Fig. [I| we show this

As mentioned in the main text, we see a 7
behavior for r¢ = 10.0, © = 1.0, and £ = 1 in both the Kinetic K and Potential (dU/dS) energies. In the classical
limit, we see a more linear behavior AFE, ~ 7. We believe this is in part to the nodal constraint which incurs a time
step error from paths which cross and re-cross a nodal boundary within 7.

We performed a similar time step study for each polarization and density. At a specific density, once we found a

value for 7 which made the time step error smaller than the statistical error, we used it for all temperatures at the

density. Table gives the final time step used during simulations for each polarization and .

TABLE VII: Time step 7 (Ry™') used for each density s and polariza-

tion &.

Ts
6.0
0.0382
0.0481

40.0
3.3938
2.1380

10.0
0.1061
0.1336

4.0
0.0170
0.0214

8.0
0.0679
0.0855

1.0
0.0005
0.0007

2.0
0.0042
0.0027

= | O




0.098 T T T T
0.097 -
0.096 |- -

0.095 |- -

K(Ry)

0.094 |- -

0.093 - -

—00L063
—0.1360
—0.1365 |

—-0.1370 |-

dU(Ry)

— Fit: f(t)=at®+b B
—+ rPIMC
—0.1385 L L L L

0.5 1.0 1.5 2.0

—0.1375 |

—0.1380

FIG. 1: (color online) Convergence in 7 for £ =1 and r, = 10.0 at © = 1.0.
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