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Fig. 1. (a) Schrodinger’s cat and equation; (b) the model of one-dimensional potential well.

(a) t U

9(E)

y &

B 2 (a) —ZES R TFHEAAL; (b) MATERE R &, T {A7E4 (lower Hubbard band, LHB) /& 3 i, LI {A 7235 (upper

Hubbard band, UHB) J&25#7; (c) 4k A flE A R

Fig. 2. (a) One dimensional hydrogen atom chain model; (b) the schematic illustration of Hubbard bands, where the lower Hubbard
band (LHB) is filled, and the upper Hubbard band (UHB) is empty; (¢) two-dimensional Hubbard model.
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Fig. 3. (a) Two routes of Mott phase transition. Considering the influence of impurity local potential and the finite system size, the
phase boundary is located at a finite doping concentration. (b) The spectral functions of the Hubbard model calculated by dynamic
mean field theory at different U (T = 0), demonstrating the process of bandwidth-control Mott phase transition (D =W/2, W be-
ing the bandwidth) .
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Fig. 4. (a) Schematic diagram of the 5d° states, considering spin orbit coupling and Hubbard U, where the ground state is a Mott
insulator with a total angular momentum of Jz = 1/2; (b) the Fermi surface of SryIrO, covered by 0.5 ML (monolayer) potassium
atoms (7 = 70 K)Pl; (c) the energy gap as a function momentum (Fermi surface angle) for K-dosed Sr,yIrO, with different potassi-
um coveragesP; (d) the local electronic density-of-states map at E = 20 meV for the SryIrO, surface covered by 0.6 ML potassium

atoms shows an uneven distribution of energy gaps (7=20 K)!; (e) typical tunnelling spectra in different regions in Figure (d)*.
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Fig. 5. (a) ARPES data of the Fermi surface of NiS,_,Se, as Se doping is varied!”; (b) ARPES spectra show that the band disper-
sion changes with Se doping!™; (c) summary of the band width evolution with doping in figure (b)["; (d) the evolution of the Fermi
velocities of two bands of NiS, ,Se, in the phase diagram as a function of doping, showing a narrowing bandwidth and effective mass

divergence near the Mott insulating phase 7.
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Fig. 6. (a) Schematic phase diagram of FeAs-based superconductor!'; (b) many heavily electron-doped iron-selenide superconductors

conform to a unified phase diagram [,
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Fig. 7. (a) The crystal structure of A15 Cs3Cg (crystal group Pm3n), where Cgo_ anions with an ordered orientation are stacked in
a body centered cubic structure, and Cs* cations are shown in red'”; (b) the phase diagram of A15 Cs3Cg under pressure shows the

evolution of antiferromagnetic and superconducting phase transition temperature with the volume of fullerene anions 7.
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Fig. 8. (a) Moiré superlattice in twisted-angle bilayer graphenel'; (b) the calculated band structure of the twisted bilayer graphene
at the magic twisted angle (§ = 1.08°), exhibiting a flat band (blue curve) near the Fermi energy!"¥; (c) the phase diagram of “ma-

gic angle” twisted bilayer graphene as a function of charge concentration, there are two superconducting domes near the half-filled
Mott insulator phasel'?.
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Abstract

The competition and cooperation between the itinerancy behavior and localization behavior of electrons in
correlated quantum materials, known as Mott physics, is the physical mechanism behind the diverse states of
many quantum materials. This article reviews the manifestation of Mott physics in various quantum materials
and establishes it as one of the main themes of quantum materials. Finding and understanding its ever-changing
ways of manifestation is one of the central tasks of experimental research on condensed matter physics.

Specifically, the filling-control route of Mott transition is illustrated by exampling the surface K-dosed
SrylrQy, which exhibits d-wave gap, pseudogap behavior in underdoped regime, and phase separation with
inhomogeneous electronic state distribution. All of these show strong resemblances to the doped cuprate
superconductors, another prototypical filling-control type of Mott transition case. On the other hand, the
bandwidth-control route of Mott transition could be found in NiS, ,Se,, where its bandwidth continuously
decreases with decreasing Se concentration, until it becomes an insulator. In addition, the essence of various
ways of doping in iron-based superconductors is to change their bandwidths. The superconductivity shows up at
intermediate bandwidth with moderate correlations, and it diminishes when the bandwidth is large and the
electron correlations are weak. For heavily electron-doped iron-selenides, there is even a Mott insulator phase
with strong correlations.

For carbon based materials, the phase transition between the antiferromagnetic insulator and
superconducting state of A15 Cs3Cg as the volume of fullerene anions decreases could be understood in terms of
a bandwidth-control Mott transition; the insulator-superconductor transition discovered in electrically gated
“magic angle” twisted-angle bilayer graphene could be understood as a filling-control Mott transition.

For f electron systems, the interplay between itinerancy and localization dominates the heavy fermion
behavior and their ground states. The behaviors of the f electrons are demonstrated by using the angle-resolved
photoemission data of CeColns, whose f electron band becomes more coherent with decreasing temperature, and
the c-f hybridization is thus enhanced and the band mass of conduction band continuously increases. The c-f
hybridization behaviors of CeColng Celrlng, and CeRhlng are compared with each other, and the differences in
hybridization strength put their ground states into different regimes of the Doniach phase diagram. Similarly,
the Skutterudites 4f2 Kondo lattice system PrOs,Sb;, and its sibling 4f' system CeQOs,Sh, also have different

ground states due to a slight difference in their c-f hybridization strengths.
Keywords: Mott transition, Hubbard model, Kondo lattice, emergent phenomena
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