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Abstract

Fermions are basic building blocks in the standard model. Interactions among these elementary particles
determine how they assemble and consequently form various states of matter in our nature. Simulating
fermionic degrees of freedom is also a central problem in condensed matter physics and quantum chemistry,
which is crucial to understanding high-temperature superconductivity, quantum magnetism and molecular
structure and functionality. However, simulating interacting fermions by classical computing generically face the
minus sign problem, encountering the exponential computation complexity. Ultracold atoms provide an ideal
experimental platform for quantum simulation of interacting fermions. This highly-controllable system enables
the realizing of nontrivial fermionic models, by which the physical properties of the models can be obtained by
measurements in experiment. This deepens our understanding of related physical mechanisms and helps
determine the key parameters. In recent years, there have been versatile experimental studies on quantum
ground state physics, finite temperature thermal equilibrium, and quantum many-body dynamics, in fermionic
quantum simulation systems. Quantum simulation offers an access to the physical problems that are intractable
on the classical computer, including studying macroscopic quantum phenomena and microscopic physical
mechanisms, which demonstrates the quantum advantages of controllable quantum systems. This paper briefly
introduces the model of interacting fermions describing the quantum states of matter in such a system. Then we
discuss various states of matter, which can arise in interacting fermionic quantum systems, including Cooper
pair superfluids and density-wave orders. These exotic quantum states play important roles in describing high-
temperature superconductivity and quantum magnetism, but their simulations on the classical computers have
exponentially computational cost. Related researches on quantum simulation of interacting fermions in
determining the phase diagrams and equation of states reflect the quantum advantage of such systems.

Keywords: quantum simulation, interacting fermions, cold atoms, optical lattice
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