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Hubbard model
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Hubbard model
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Phase transition: chiral Heisenberg universality class [Janssen & Herbut PRB 89 (2014)]

2 bands x 2 Dirac points x 2 spins = 2 flavors x 4 spinor
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Phase transition: chiral Heisenberg universality class [Janssen & Herbut PRB 89 (2014)]
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Data collapse [JO, Berkowitz + PRB 102 (2020), PRB 104 (2021)]
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Data collapse [JO, Berkowitz + PRB 102 (2020), PRB 104 (2021)]
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Data collapse [JO, Berkowitz + PRB 102 (2020), PRB 104 (2021)]
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The 3D chiral Heisenberg model
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The simulation [Kaplan PLB 288 (1992); Kennedy + NuclPhysB 73 (1999)]
[Hands PRD 99 (2019), PLB 754 (2016); Hands & JO PRD 107 (2023); Hands & Worthy PRD 111 (2025)]
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The simulation [Kaplan PLB 288 (1992); Kennedy + NuclPhysB 73 (1999)]
[Hands PRD 99 (2019), PLB 754 (2016); Hands & JO PRD 107 (2023); Hands & Worthy PRD 111 (2025)]
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The order parameter
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Critical exponents
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Critical exponents

» Critical correlation (®(0)®(r))s—p, oc r~(I=210) = p=(1+02)
» Hyperscaling ng = 2%@ —1
» Order parameter |®| (3, — 5)™
» Correlation length £ o< |3, — 5]
» Finite volume scaling & < L, saturated near phase transition
» Universal function:

BILY = f(tL),
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Data collapse fit
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Fermion correlators [JO & Urbach hep-lat/2510.15500]
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Fermion ground state energy
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Another data collapse?
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Ergodicity verification
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T = 0 quantum phase transition [JO, Berkowitz+ PRB 102 (2020), PRB 104 (2021)]
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Domain wall fermion action
S = Skin + St + Sp = Y Mpw¥ + S,
Skin - Z Z lj(st)[53,8’DVV($|y) + 5m,yD3(S|S/)]W(y7$/)7
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Fit results

Ly B Bg /v /v x?/dof
8 0.453(9) 1.17(4) 0.634(28) 1.2
16 0.461(5) 1.18(4) 0.629(22) 0.3
24 0.465(11) 1.21(4) 0.633(26) 1.4
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