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The power of SLMC

o Reduce the time cost per sweep
For100x100x20 lattice
DQMC ~150000 seconds/sweep
SLMC ~ 500 seconds/sweep

e Reduce the auto-correlation time
DQMC ~ may scale with system size at critical point
SLMC ~ constants ideally, model dependent



Determinantal QMC (DQMC)



DQMC(BSS algorithm)
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Monte Carlo calculations of coupled boson-fermion systems. I
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We present a formalism for carrying out Monte Carlo calculations of field theories with both boson and fermion
degrees of freedom. The basic approach is to integrate out the fermion degrees of freedom and obtain an effective
action for the boson fields to which standard Monte Carlo techniques can be applied. We study the structure of the
effective action for a wide class of theories. We develop a procedure for making rapid calculations of the variation in
the effective action due to local changes in the boson fields, which is essential for practical numerical calculations.



DQMC(BSS algorithm)
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DQMC basics

Slater determinant and its properties

Occupation number representation
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DQMC basics

Hubbard-Stratonovich transformation
deal with interaction term
A continuous form

exp(5 A%) = VI [ dbesp(— 567 — 6A)
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DQMC

Trotter decomposition
Z="Tr [P =T [(ea o2 )M 4 O(A2)
HS transformation
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Trace out fermions
(trace over all Ne particle basis, Ne=1,...,N)
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DQMC

partition function
Z =Y W¢det[1+B(8,0)]
C

Importance sampling of configurations
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Application of DQMC

Coupled Fermion-boson lattice systems

e Interacting systems after HS transformation

Hubbard like models
Mott transition, chiral Ising and chiral Heisenberg

transition, bosonic SPT etc.

 puild-in coupled fermion-boson
AFM in metal, SDW, nematic QCP, FM QCP,
Z?2 deconfined phase transtion



Issues of DQMC

e Local update is level 1 BLAS algorithm
Size limited, L=20 is the typical size

* (critical) slowing down in some models
build-in coupled fermion-boson problem



Slowing down for some models in DQMC
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Self-learning DQMC

arXiv:1612.03804
arXiv:1706.10004
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Self-Learning Monte Carlo

() Trial simulation by local update
following original Hamiltonian

\
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(ii) Machine Learning

Local update following effective Hamiltonian
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Self-Learning Determinantal Quantum Monte Carlo

Complexity
- Cumulative update: ySNt

- Detail balance: N°
we = ¢(C)det(1+B(S,7)B(7,0))
= #(C)det (G(0,0)) "

« Sweep Green's function: SN2
G(r+1,7+1)=B(t+ 1, 7)G(, T)B_l(’r +1,7)
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Self-Learning Determinantal Quantum Monte Carlo

Autocorrelation time
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Self-Learning Determinantal Quantum Monte Carlo
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Using SLDQMC to attack hard problems

Itinerant quantum critical point with frustration
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Itinerant quantum critical point with frustration
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ltinerant quantum critical point with frustration
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ltinerant quantum critical point with frustration

Linear T dependence in spin susceptibility
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ltinerant quantum critical point with frustration
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Summary and outlook

SLMC can be used to attack some hard problems

How general can it be is still a question
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(b)

Self-Learning Monte Carlo

() Trial simulation by local update
following original Hamiltonian
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(ii) Machine Learning

Local update following effective Hamiltonian
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