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ITroyer and Wiese, PRL, (2005).
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3Janssen, Schaub, and Schmittmann, Z. Phys. B, (1989).
4Yin, Mai, and Zhong, PRL, (2014).

5Yin-Kai Yu, Zhi Zeng, Yu-Rong Shu, Zi-Xiang Li, and Shuai Yin, arXiv: 2310.10601, (2023).
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Preempting the sign problem
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Preempting the sign problem
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[z FHSE 51— smgle-Dlrac-fermlon Hubbard model
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o 7 = 0.3L% FM correlation length ratio: Rpn = fr ((U — Uc)Ll/”)
o U = U., FM structure factor: Spy; = L~ 0470) fg (1 L77)
o U = U, fermion correlation: Gy = L™ fg (TL™%)
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[z FSEf5l—: single-Dirac-fermion Hubbard model

o AT{FEAIEF#EEE PQMC 7%
o ARIFEITBLERIILL

Method U, v1 I Ty
This work (from DSM, 7 = 0.3L7)  7.220(37)  1.18(3) 033(2)  0.135(2)
This work (from FM, 7 = 0.5L%) 7.214(44) 1.05(10) 0.34(5) 0.131(20)
Gutzwiller-PQMC (equilibrium)® 7.275(25) 1.19(3) 0.31(1) 0.136(5)
FRG’ - 1.229 0.372 0.131

6T::nba'tab::nei, Negari, Maciejko, and Vaezi, Phys. Rev. Lett., (2022).
"Vacca and Zambelli, Phys. Rev. D, (2015).
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N FISEH—: spinless -V model
H=—t CICj+VZ(ni—%)(nj_%)
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TL™? L~
Method Ve v Ne Ny
This work (from CDW, T = 0.3L%) 135(1)  0.77(12)  0.49(5) 0.073(4)
This work (from DSM, = = 0.3L%) 1.37(2) 0.79(5) 0.44(2) 0.072(4)
Majorana QMC (equilibrium) 1.355(1) 0.77(2) 0.45(2) -
Continuous-time QMC (equilibrium) 1.356(1) 0.80(3) 0.302(7) -
FRG - 0.929 0.602 0.069

tEk: MQMC (Li, Jiang, Yao, NJP 2015), CTQMC (Wang, Corboz, Troyer, NJP 2014), FRG (Vacca, Zambelli, PRD 2015)
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[ FSEf|=: SU(3) Hubbard model
= = Y ia liiClatio + £ 3 (o nia — 3)°, BH SU(3) x Zo 3Rl
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[ FSEf|=: SU(3) Hubbard model
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SU(2) X U(1) gauged out Goldstone X4
Universality class vt N My
chiral g lies (this work) 0.68(5) 0.55(5) 0.15(3)
chiral Heisenberg (4 — ¢, 2nd order)® 1.478 1.023 0.058
chiral XY (4 — ¢, 2nd order)® 1.809 0.698 0.082
chiral Ising (4 — ¢, 2nd order)® 0.750 0.865 0.011
g
chiral Ising (FRG)9 0.993 0.912 0.013

SRosenstein, Hoi-Lai Yu, and Kovner, Phys. Lett. B, (1993).
9 Janssen and Herbut, PRL, (2014).
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[ FSEf|=: SU(3) Hubbard model
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"Faster is different"
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