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Path integral formalism [Krieg, JO et al. CPC 236 (2019); Luu & Lshde PRB 93 (2016)]
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Path integral formalism [Krieg, JO et al. CPC 236 (2019); Luu & Lshde PRB 93 (2016)]
» Discretise imaginary time into steps § = 5/Ny, §=1/T
» Particle-hole transformation

P = CL,T e =y D=y h, = Ciw

» Hubbard-Stratonovich transformation
e_%zz,y Vx,yQa:Qy X /qut e_%ELy Vm_’yl(z)m,t(by,t_klzw ¢z,tQI

» Fermion matrix
Mz ) gty = OuyOnr — e_ia'%’t(sxy(st—l,t/ — 0+ Oz )0t 1,0
» Hybrid Monte Carlo simulation according to probability density
plo] = e = det (MMT) e w?

5/19



Extrapolation towards the physical limit [Jo, Berkowitz et al. PRB 102 (2020)]
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Data collapse [Herbut et al. PRB 79 (200); JO, Berkowitz et al. PRB 104 (2021)]
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Data collapse [Herbut et al

. PRB 79 (2009); JO, Berkowitz et al. PRB 104 (2021)]
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Data collapse [Herbut et al. PRB 79 (200); JO, Berkowitz et al. PRB 104 (2021)]
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Data collapse [Herbut et al. PRB 79 (200); JO, Berkowitz et al. PRB 104 (2021)]
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Quantum phase transition at half filling
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Projected Entangled Pair States (PEPS)

[Orus AnnPhys 349 (2014); Verstraete & Cirac arXiv 0407066 (2004); talk by L. Funcke]
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Contractions
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Fermionic PEPS [Corboz et al. PRB 81 (2010)]
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Parity link
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Ground state search

» Fix bond dimension D
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Ground state search

» Fix bond dimension D
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Ground state search
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Simulations with chemical potential (3 x 4 hex. lattice, U = 2)
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Simulations with chemical potential (3 x 4 hex. lattice, U = 2)
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Simulations with chemical potential (30 x 15 hex. lattice, u = 0.5)
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Stability issues with odd parity
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Full comparison of results

Method Uc/k v B
Grand canonical BRS HMC [JO, Berkowitz et al. PRB 104 (2021)] 3.834(14) 1.185(43) 1.095(37)
Grand canonical BSS HMC [Buividovich et al. 2018] 3.90(5) 1.162 1.08(2)
Grand canonical BSS QMC [Buividovich et al. 2019] 3.94 0.93 0.75
Projection BSS QMC [Otsuka et al. 2016] 3.85(2) 1.02(1) 0.76(2)
Projection BSS QMC [Otsuka et al. 2020] 1.05(5)
Projection BSS QMC [Parisen Toldin et al. 2015] 3.80(1) 0.84(4) 0.71(8)
Projection BSS QMC [Liu et al. 2019] 0.88(7)
Projection BSS QMC [Assaad & Herbut 2013] 3.78 0.882 0.794
GN 4 — ¢, 1st order [Herbut et al. 2009] 0.882 0.794
GN 4 — ¢, 1st order [Rosenstein et al. 1993] 0.851 0.824
GN 4 — ¢, 2nd order [Rosenstein et al. 1993] 1.01 0.995
GN 4 — ¢, v 2nd order [Rosenstein et al. 1993] 1.08 1.06
GN 4 — ¢, 1/v 2nd order [Rosenstein et al. 1993] 1.20 1.17
GN 4 — €, v 4th order [Zerf et al. 2017] 1.2352
GN 4 — ¢, 1/v 4th order [Zerf et al. 2017] 1.5511
GN FRG [Janssen & Herbut 2014] 1.31 1.32
GN FRG [Knorr 2018] 1.26

1.1823

GN Large N [Gracey 2018]
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