Imaging quantum oscillations in strongly correlated moiré systems
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dHVA oscillations in ABA graphene at D =0
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Band structure of

ABA graphene
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Tuning the band structure with displacement field

Band structure and Landau levels
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Landau level interferometry and pseudomagnetic fields in ABA graphene

) 500 0 500 BT 000, 0 500 320 mT
0 (") commm— Shear-sHAINTINd e e : : : E— : : ,
remro=: _ 500+ A Experiment J
= =
S0
D 500 -
400 I I I I I I I I
© 200f Theory
m
3 0 ‘l ‘\
g -200F J
_400 1 1 1 1 1 1 1 1
.......... : -8 -6 -4 ) 0 2 4 6 8
: n (10'% cm?) 320 mT
B I I I E I . t I I I I
— B Xperimen _
= 150
.............................................. (:/ om
" -150 A
1 1 1 1 1 1 1 1
I I I I I I I I
© 100Fr 6  42mT Theory .
E A
& 100} i
1 1 1 1 1 1 1 1
-8 -6 -4 -2 0 2 4 8
n (1012 em-2) 170 mT
— e ... _200F g ' ' Experiment | ' ' s
7 : =
S 0
EN
-200F -
” I
0 1mT A — 1mdeg B  200F :
Straind6 —¥¢ 8-10° E
MATBG: 1— 0.I A & 0.1T s 2001 .
-8 8

H. Zhou et al., Nature 624, 275 (2023) X (Um)



Imaging dHVA quantum oscillations in bilayer gaphene/nBN moiré
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Band structure reconstruction of moiré bilayer graphene
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Magnetic breakdown - hybrid electron-hole coherent states

Magnetic breakdown
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Full magnetic breakdown
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Strongly interacting systems i quantum oscillations in tTLG
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Quantum oscillations in tTLG T band renormalization by interactions
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Summary T nanoscale imaging of dHvA quantum oscillations

Noninteracting system: Bernal trilayer graphene
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Highly interacting system: twisted trilayer graphene
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Summary T nanoscale imaging of dHvA quantum oscillations

Magnetic breakdown: Bernal bilayer graphene
aligned to hBN
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Highly interacting system: twisted trilayer graphene
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Twisted trilayer graphene (tTLG) T strongly interacting system

Alternating-twist tTLG graphene

Band structure of tTLG graphene
80 , , ,

60 r

S 40 ¢
[0}
E
w 207
Dirac band —
0 Flat bands
~25 meV
-20 * *
\Y K_ r K \Y

At O 1A mirror symmetry
A Dirac band sector
A Flat band sector (TBLG-like band)

n (x1012 cm'2)
-6 -4 -2 0] 2 4

LLs in flat
bands

LLs in
Dirac band

A Two Landau fans from CNP
A Symmetry breaking at’ ¢

A Image local thermodynamic quantum oscillations at very small 6

A Start with hole doping

J. M. Park et al., Nature 590, 249 (2021)
Z. Hao et al., Science 1138, 1133 (2021)
H. Kim et al., Nature 606, 494 (2022)

C. Shen et al., Nat. Mater. 22, 316 (2023)



Twisted trilayer graphene (tTLG) T strongly interacting system
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Band structure reconstruction of moiré bilayer graphene
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Comparisorof SWMc parameters in different workseV)

Reference I I I I I I ) y 0
TaychatanapatNP (2011) 3160 390 -28 315 41 50 46 Nan 7
ShimazakiarXiv(2016) 3100 390 -28 315 41 50 34 0 -5
Stepanov, PR2016) 3230 310 -32 300 40 10 27 1.8 6
Campos, PRL (2016) 3100 390 -18%2 315 90+50 10+5 15%3 >2.7 1
Datta, NC (2017) 3100 390 -28 Nan Nan 10 21 Nan 2
Asakawa, PRL (2017) 3230 390 -23.7 315 43.8 6 14.3 Nan -0.55
Datta, PRL (2018) (0.5 T) 3100 390 -20 315 120 18 20 4.3 1
Zibroy PRL (2018) 3100 380 -20 290 141 50 35.5 3.5 0.5
Che (suspended), PRL (20: 3100 355 41 315 150 40 47 1 6.5
Che(hBNaligned), PRL (202 3100 355 -12.5 315 150 40 31.5 5.8 5.25
This work (0.32 T) 3100 370+10 -19+0.5 315+10 140+15 20+0.5 18.5+x0.5 3.8+£0.05 -1




Bernal-stacked trilayer ABA graphene - electrically-tunable band structure

Slonczewski-Weiss-McClure (SWMc) model for graphite Minimal graphene structure requiring the full set of SWMc parameters
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Electricallytunable band structure and multiple Lifshitz transitions in ABA trilayer graphene

SlonczewskiWeissMcClure (SWMc) model for graphite
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Effect of different hopping parameters on the band structure

Slonczewski-Weiss-McClure (SWMc) model for graphite
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