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Fig. 1. Itinerant antiferromagnetic quantum critical lattice model and results

(a) 1837 Sz B A 1 BT RR BEIEL; (b) EMUS Bt 25 [8] A% 5 (o) il

[@3]; (a) Schematic diagram of itinerant antiferromagnet-

ic quantum critical lattice model; (b) momentum mesh for EMUS; (c) phase diagram of itinerant antiferromagnetic quantum critic-

al lattice model.
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Fig. 2. Results of itinerant ferromagnetic quantum critical lattice model™: (a) Schematic phase diagram of itinerant ferromagnetic

quantum critical lattice model; (b) the relation between imaginary part of fermionic self-energy at itinerant ferromagnetic quantum

critical point and Matsubara frequency; (c) after deducting the thermal effect, the relation between the imaginary part of the fermi-

onic self-energy at itinerant ferromagnetic quantum critical point and Matsubara frequency.
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Fig. 3. Lattice model with competition of d-wave supercon-

[81].

ductivity and antiferromagnetic (a) Schematic diagram

of the lattice model (The black dots denote fermion sites,
onside is a Hubbard model with only nearest neighbor hop-
ping. A quantum rotor model is defined on diamond points,
where red and blue colors denote opposite phase of the
coupling between the rotors and the cooper pairing operat-
or along horizontal direction and the vertical direction);
(b) the mean-field phase diagram of the model at V/t =
0.5.
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Fig. 4. Schematic diagram (a), (c), (e) and phase diagram (b), (d), (f) of cluster charge correlation model?: (a), (b) Single-valley
(orbital) model; (c), (d) two-valley (orbital) model; (e), (f) modified two-valley (orbital) model.
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SPECIAL TOPIC—Novel properties of low-dimensional materials

Quantum Monte Carlo study of strongly correlated electrons’
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Abstract

Understanding strongly correlated electrons is an important long-term goal, not only for uncovering
fundamental physics behind, but also for their emergence of lots of novel states which have potential
applications in quantum control and quantum computations. Meanwhile, the strongly correlated electrons are
usually extremely hard problems, and it is generally impossible to understand them unbiasedly. Quantum
Monte Carlo is a typical unbiased numeric method, which does not depend on any perturbation, and it can help
us to exactly understand the strongly correlated electrons, so that it is widely used in high energy and
condensed matter physics. However, quantum Monte Carlo usually suffers from the notorious sign problem. In
this paper, we introduce general ideas to design sign problem free models and discuss the sign bound theory we
proposed recently. In the sign bound theory, we build a direct connection between the average sign and the
ground state properties of the system. We find usually the average sign has the conventional exponential decay
with system size increasing, leading to exponential complexity; but for some cases it can have algebraic decay,
so that quantum Monte Carlo simulation still has polynomial complexity. By designing sign problem free or
algebraic sign behaved strongly correlated electron models, we can approach to several long outstanding
problems, such as the itinerant quantum criticality, the competition between unconventional superconductivity

and magnetism, as well as the recently found correlated phases and phase transitions in moiré quantum matter.

Keywords: sign problem, quantum phase transition, non-Fermi liquid, moiré quantum matter
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