
Revisiting the 
Hybrid Monte Carlo Method 

for Hubbard and 
Electron-Phonon Models

Stefan Beyl, Florian Goth, Fakher F. Assaad



27.09.17 Comparison Between HQMC and BSS QMC Algorithms in Condensed Matter 2

Reference Model

Hubbard type model:

Partition Function with Trotter Decomposition:

Introduce auxiliary field:
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Ergodicity (HQMC)

Ergodicity can not be ensured

Domain walls that cannot be 
crossed by the leapfrog method
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Benchmark Plot
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Introduction of Complex Fields (cHQMC)

Rewrite the interaction part of the Hamiltonian:

Double Hubbard-Stratonovich-transformation:

At half filling:

no problems with ergodicity

no sign problem
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Benchmark Plot
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Benchmark Plot
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Comparison: cHQMC and BSS-QMC

alf.physik.uni-wuerzburg.de

https://alf.physik.uni-wuerzburg.de/
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Su-Schrieffer-Heeger model (SSH)
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Benchmark Green’s Function

Benchmarks provided
by Martin Hohenadler.
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Benchmark Density-Density

Benchmarks provided
by Martin Hohenadler.



27.09.17 Comparison Between HQMC and BSS QMC Algorithms in Condensed Matter 12

THANKS  FOR  YOUR  ATTENTION
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