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Figure 1 (Color online) (a) Pairing susceptibility P, as a function of
temperature 7 for different pairing symmetries and different fillings.
Dashed and dashed-dotted lines represent the d + id pairing suscepti-
bility at U = 0. (b) 1~’d+id and Py as a function of temperature at
(ny = 1.05 and (n) = 1.10. The inset shows the effective pairing inter-
action Py — ;d+jd as a function of temperature. The figure is from ref.
[8]. Copyright©2011 American Physical Society.
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Figure 2 (Color online) Pairing correlation C, as a function of distance
for the d + id and ES pairing symmetries on the double-75 lattice with
(n) = 1.107 (a) and double-108 lattice with (n) = 1.13 (b). The inset of
(b) shows the average of the long-range d + id pairing correlation Curia
vs. V#T for different Us at a filling (n) =~ 1.1. The figure is from ref. [8].
Copyright©2011 American Physical Society.
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Figure 3 (Color online) Pairing susceptibility P, as a function of tem-
perature for different pairing symmetries (p + ip refers to p wave, d + id
refers to d wave, F refers to f wave) with U = 3¢ at (a) (n) = 0.2 and
(b) (n) = 0.1 on a2 x 75 lattice (solid line). The P.i, at (n) = 0.2 ona
2 x 48 lattice (dashed red line) and a 2 x 108 lattice (dotted red line) are
also shown in panel (a). Here the units of temperature are ¢. The figure
is from ref. [19]. Copyright©2014 American Physical Society.
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Figure 4 (Color online) Pairing correlation C, as a function of the dis-
tance r = |R; — R;| for different pairing symmetries on the double-75
lattice with (n) = 67/75 (a) and with (n) = 13/75 (b) at U = 3.0
and 4 = 0.1. NN refers to nearest-neighbor interaction, NNN refers
to next-nearest-neighbor interaction. The figure is from ref. [20].
Copyright©2015 EPLA.
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Figure 5 (Color online) The sketch of twisted bilayer graphene (TBG)
with Ng = 192 sites is shown for (a) & = 1.08° and (b) § = 9.43°.
The density of states (DOS) in tight-binding theory and fillings (n) are
shown in (c) and (d), respectively. The inset of (c) shows the enlarged
view of DOS around the Dirac point. The figure is from ref. [28].
Copyright©2019 Science China Press.
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Figure 6 (Color online) (a) The geometry of TBG for the effective
model with L = 4. (b) The band structure of the corresponding tight-
binding model. The insert shows the definition of hoppings between
nearest-neighbor (NN) and fifth-NN sites. The figure is from ref. [33].
Copyright©2020 American Physical Society.
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Figure 7 (Color online) The crystal structure of ABA (a) and ABC (b)
trilayer graphene. The figure is from ref. [40]. Copyright©2020 Chinese
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Superconductivity in graphene-related systems: A study of
quantum Monte Carlo methods

DAI HuiJia,ZHANG Xiao & MA TianXing"

Department of Physics, Beijing Normal University, Beijing 100875, China

We review a quantum Monte Carlo approach to study superconductivity in graphene-related systems. The emergence of
superconductivity in doped graphene-based materials has been theoretically predicted for over a decade. For single-layer
graphene, antiferromagnetic fluctuations favor the spin-singlet superconductivity when packed near the Dirac point. How-
ever, quantum Monte Carlo studies have found electronic correlations to be insufficient to drive superconductivity because
of the single-layer graphene’s extremely low electronic density of states. Unconventional superconductivity with p + ip
superconducting pairing symmetry is possible if the system is doped to a van Hove singularity, where the density of states
diverges. However, despite extensive experimental work, superconductivity has yet to be found in single-layer graphene.
Recently, unconventional superconductivity was discovered in experiments on twisted bilayer graphene, followed by the
experimental discovery of superconductivity in ABC-stacked trilayer graphene and multilayer graphene systems. These
findings have attracted the attention of many physicists. In this study, we review the unique properties of superconducting
states in graphene, experimental control of superconductivity in the twisted bilayer and trilayer graphene, and associated
gate-tunable insulator. In addition, a brief overview of recent research progress in condensed matter physics in term of
electronically correlated states in twisted multilayer graphene is presented.

graphene, superconductivity, QMC, pairing symmetry
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