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Introduction Fundamental advantages of multigrid Hirsch-Fye QMC

Schematic comparison via generalized Comparison: double occupancy D =

Hubbard model U
P | Ginzburg-Landau functionals (nini ) near Mott transition
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Captures important strong-correlation phenomena: Mott metal-insulator transition, S
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Few parameters: interaction U/W, temperature T'/W, filling n, dispersion ey : o R | insulator
h ' a " o HF-QMC
(ii) Multi-band model, e.g., with 2 inequivalent bands: e} muligrid: At < 1030, 0.70]
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= (if)o i f f HF-QMC: no insulating phase for At > 0.4
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+ > (U =6, ) Mty M 2 HF-QMC: DMFT fixed point shifts with A7 irregular A7 depend. in metal
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More complexity, more realistic: OSMT, spin+orbital order, LDA+DMFT, ... Multigrid: convergency to exact fixed point  Multigrid: vastly larger useful range of Ar

Dynamical mean-field theory (DMFT): local self-energy > (k,w) = ¥(w)
[Metzner, Vollhardt, PRL (1989), Georges, Kotliar, PRL (1992), Jarrell, PRL (1992)]

+ non-perturbative ~ valid at MIT ey Applications

+ dynamical on-site correlations preserved . Thermal breakdown of a Fermi liquid
e o o

+ In thermodynamic limit

Fermi liquid theory: linear specific heat ¢y =~T
exact for coordination Z — oo B S o

(for “low enough” T") linear entropy S =~T
quadratic resistivity p oc T 1} num. deriv. %

When/how do these laws break down? 0.01 0.02 0.03

_ _ T/W
Conventional Hirsch-Fye quantum Monte Carlo Exact diagonalization study (8 sites) for (A, Toschi, M. Gapone, C. Castel-

Green function ¢ in imaginary time (fermionic Grassmann variables 1, ¥*): 1-band Hubbard model ~ Distinct kink in ¢! lani, K. Held, arXiv:0712.3723]
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High-precision results ~ no Kink!

~ull agreement of (multigrid) HF-QMC with extended Landau theory (parameter:
Metropolis MC importance sampling over auxiliary Ising field {s}: 2" configurations

4+ numerically exact, + no sign problem (density-type int.), — effort scales as 7"

Dominant factors: (i) next-to-leading Sommerfeld terms,

State of the art: (a) conventional HF-QMC — systematic errors from discretization Ar .
(i) temperature dependence of d ke /dw‘wo

(b) a posteriori extrapolation of selected observables

(a) / (@) 3-spin flavor mix of ultracold fermions on optical lattice
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Multigrid Hirsch-Fye quantum Monte Carlo

Internal elimination of Trotter error ~~ quasi continuous time algorithm [NB, arXiv:0801.1222] 0.5 F W=4, T=1/20 |
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NB. arXiv:0712.1290 - e Analytic solutions for 5 L1 E
INB, arziv:0712.1290 G - M — oo [Florens et al, | S |
Excellent agreement with hy- PRB (2002)] e Que o T T
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