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Take-home concepts Example 2: “unnecessary” sign problem in (-7 model

Fundamental & challenging question: quantum criticality for fermions Hamitonian: H = —¢ Y, cle; + V 34 (s — 1/2) (n; — 1/2)
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B Fermionic exchange statistics lead to a NP-hard fermion sign problem for

numerical simulation of fermion systems [1]. Non-equilibrium method extends the asymptotic sign-free [6] to complete sign-free:
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B Difficulty 3: non-equilibrium computationally prohibitive.
Scaling and sign problem behaviors: Benchmark with sign-free MQMC [7]:
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B For an observable P, its dynamic scaling should satisty [2, 3]:

P (1,9, L{X})=7"fp (g’r”%*, L7l (X T},

Example 3: repulsive SU(3) Hubbard on anisotropic Dirac cone

Hamitonian: H = — 3 /) , tijcjacja + U Y Yasp(Mia — 1/2)(nig — 1/2),
Example 1: SU(2) Hubbard model on single Dirac cone where t;; = tel%, 0;; = (—)=Tg /4.

Hamitonian: H = 3, C;f? pep+U Si(ng — 1/2)(ngy — 1/2) New universality class: a phase transition with Gell-Mann Ag order.

Gell Mann Ag ordering

DSM-FM phase transition at critical point U,. (/N = 2 chiral Ising universality class) 7o X SU(3) sy SU(2) x U(1)

Correlation length ratio R has scaling as: R (g, 7, L) = fr (ng/ v 7-_1[/) o— o, critical exponents:
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Acceptable sign problem at 7L~ = 0.3, within the range where the scaling works:
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