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Integer and Fractional Quantum Anomalous Hall Effects
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Integer and Fractional Quantum Anomalous Hall Effects

twisted bilayer MoTe2 rhombohedral pentalayer graphene/hBN
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Fractional Chern Insulator
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Spectra of Magnetoroton and Chiral Graviton Modes of Fractional Chern Insulator
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Continuous Transition between Bosonic Fractional Chern Insulator and Superfluid

Lattice model, ED, DMRG+TDVP, (Thermal) Tensor-Network
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Quantum Theory of the Smectic Metal State in Stripe Phases
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FQAHS — Fractional quantum anomalous Hall smectic state
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Continuous transition and gapless roton inside fractional quantum anomalous Hall states

Hongyu Lu,! * Han-Qing Wu,? * Bin-Bin Chen,® and Zi Yang Meng!

2
c==
3
FL FQAHS PSM )V . '
= > V3 4 LIQUID | HALL X'TAL | WIGNER X'TAL
oxy=€%h 1 ox=e?/h 1 gy =0

<< i I

[N g P8y |

|

|

|

|

A vV =— Vl — 1.1,V2 — 1,V3 m C
Gap 3 ™~ Tesanovic, Axel, Halperin,
Charged excitations “Hall crystal” versus Wigner crystal,
Phys. Rev. B 39, 8525 (1989)
FQAH FQAH + CDW (i ap
6. = ye—2 o = ,,e_z Gapped FQH Nematic Gapless
Xy Xy
Charge B (CDW)
E Neutral
Neutral excitations
- - >k_
Interaction
— oV
® 00 , X___.
.QOO.O
® 00 & Pu, Balram, Taylor, Fradkin, Papic,
..OO.. Microscopic Model for Fractional Quantum Hall Nematics,

Phys. Rev. Lett. 132, 236503 (2024)



A Gap

Charged excitations

FQAH FQAH + CDW
e? e?
ny =UV— ny = VT

Neutral excitations

Interaction

%t
L O

e

"

@k = (0,0),£(0, )

4k = (7.0), =(=, %

Vl —_ 1.1,V2 —_ 1



b

i

-
%

J
Nt

= 464l Va=ls  Ek-00L0G) - 48
-16. = Ak = (m.0), +(m, =) |
n ' 2 .gQ =
! '16.6 : "*
-16.4 i -16.8 :
0 1 2 | 0 | | 2
6,/7(0, = 0) 5 0,/m(6. =0) :
:0.61 ]
FQAH e FQAHS
e’ 2 e?
6., = —— ,no CDW 6., = —— ,CDW: (z,0) No quantized o,,, CDW: (7,0)
Xy Xy 3 h ’
D = 1200 D = 1200 0.3
=D = 2000 102 =D = 2000|. g B = 1300
x D = 3000/ -+ D = 3000 . 5 — |
1.8 * ey ;30-2% 4D = 1600
w < =D = 2000
FQAHS v -+ D = 3000
0.1 T
FQAHS
L I I 101 P 1 O L
0.56 0.6 0.64 10 10 0.56 0.6 0.64
Vs Vi—=V; V3
. ; 3 ,
(b) D = 1200 (d)10 =100 Dos D = 1200)
4D = 1600 4D = 1600 4D = 1600
-=D = 2000 =D = 2000 2} -=D = 2000/
-+ D = 3000/ D =3000 = ‘ -+ D = 3000
——v=1 -~ 1.5 1

0.56

0.64

0.56



L
@k =(0.0),£(0,%)| |
-k = (7. 0), +(m. T |

FQAHS

0 1
b,/7(0, = 0)
FQAH
2
= ——,no CDW

2e
= ——, CDW: (x,0)

OV3 = 0.55 A V; = 0.64
Vs = 0.58 -V = 0.67
Vi = 0.61 - - ~ e T/S £~ 0.69

MMMMMNNN NS

ST

Wit
LRI
X1
Y I

A/ AR AN
y \

p e -

A T
AT T LA
[/

1A

|
\
g

o =
— SRR

No quantized o,,, CDW: (7,0)

A D = 1600
‘m D = 2000
¢ D = 3000

--1n=025

. .
' QCCw«q
2y (((((((((((((((((((((((((;:

[(ninj) — (ni){n;)|

20 3040



PHYSICAL REVIEW B VOLUME 33, NUMBER 4 15 FEBRUARY 1986

Magneto-roton theory of collective excitations in the fractional quantum Hall effect
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Spectra of Magnetoroton and Chiral Graviton Modes of Fractional Chern Insulator

Min Long,! Hongyu Lu,! Han-Qing Wu,? and Zi Yang Meng' *
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Generic (fractional) quantum anomalous Hall crystals from interaction-driven band folding
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Continuous Transition between Bosonic Fractional Chern Insulator and Superfluid
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Continuous Transition between Bosonic Fractional Chern Insulator and Superfluid

Hongyu Lu®,' Han-Qing Wu,” Bin-Bin Chen,"" and Zi Yang Meng®""
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Twisted Bilayer Graphene

€ Chin. Phys. Lett 38, 077305 (2021) ¢ Phys. Rev. Lett 130, 016401 (2023)

Momentum Space Quantum Monte Carlo on Twisted Bilayer Graphene

¢ Phys. Rev. B 107, L241105 (2023)

Polynomial sign problem and topological Mott insulator in twisted bilayer graphene

€ Phys. Rev. B 109, 125404 (2024)

Evolution from quantum anomalous Hall insulator to heavy-fermion semimetal in magic-angle twisted bilayer graphene

& arXiv: 2412.11382 (to appear in Nat. Commun.)

Angle-Tuned Gross-Neveu Quantum Criticality in Twisted Bilayer Graph¢ A Quantum Monte Carlo Study

Laura Classen Fakher Assaad
Cheng Huang Xu Zhang



Quantum moiré materials are superlattice of 2D materials (e.g. graphene)

Moiré: stack, twist & new physics emerges
crystal from crystals
ideal playground & challenge for quantum many-body physics

Semiconductor industry,
Quantum dots / wires technologies

semiconductor superlattice

* Periodic in growth direction (mainly 1D)
» Based on free electron band structure



Momentum Space Quantum Monte Carlo on Twisted Bilayer Graphene

Xu Zhang(5k#), Gaopei Pan(i% &i4%)23, Yi Zhang(7K £%)4,
Jian Kang(f{#)5, and Zi Yang Meng(# F#%)1,2* & CPL 38, 077305 (2021)
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Momentum Space Quantum Monte Carlo on Twisted Bilayer Graphene
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Momentum Space Quantum Monte Carlo on Twisted Bilayer Graphene

Xu Zhang (7K #)'T, Gaopei Pan(i# 5 #)>°", Yi Zhang(7k4%)*,
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Momentum-Space Quantum Monte Carlo

$§ CPL 38, 077305 (2021)
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Momentum Space Quantum Monte Carlo on Twisted Bilayer Graphene
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Thermodynamic characteristic for correlated flat-band system with quantum anomalous Hall
ground state

Gaopei Pan,"? Xu Zhang,> Hongyu Lu,? Heqiu Li,* Bin-Bin Chen,? Kai Sun,>*" and Zi Yang Meng>: '

momentum_space QMC & PRL 130, 016401 (2023)
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Thermodynamic characteristic for correlated flat-band system with quantum anomalous Hall
ground state

Gaopei Pan,"? Xu Zhang,> Hongyu Lu,? Heqiu Li,* Bin-Bin Chen,” Kai Sun,”> " and Zi Yang Meng> "

momentum-space QMC & exact diagonalization

$ PRL 130, 016401 (2023)
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Detective Dr. Dragon on the Monte Carlo Sign Problem

Y, [Re(W;)| oL

[Re(W;)| A
S ReWDl _ (O)Rew)
2 Wi o (Sl n)
o’ 4 | 5, IRe(W))] -
‘ l\ﬂf]%u’vgiq oz
UGN (sign) ~ e PN
Xu Zhang FIZRERITREF S | BZMmERIR
N (W)

Detective Mr.
Dragon on the
Monte Carlo Sign
Problem

I8 = S T ReWp |~ (IRe(W)])

(IRe(W)1) < (IW]) < 1/(IWI)

| #KkEmE
) <Slgn> > <W> ZW — Ew e_ﬁ(<E>W_<E>|W|)

(W) B Zw  &w

— | ‘\—/

o] $7X [g]

ETJ‘I\E—J BRITISH LIBRARY CRIME CLASSICS

EW__ ,—~BUE)y—(E)yp/2)

Wz
\/<IWI2> \Zwe VWP

(sign) >
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Polynomial Sign Problem and Topological Mott Insulator emerging in Twisted Bilayer
Graphene

Xu Zhang,! Gaopei Pan,>? Bin-Bin Chen,! Heqiu Li,* Kai 81111,5’ and Zi Yang 1\-"Ieng1’

€ Phys. Rev. B 107, L241105 (2023)

Filling(v) Chiral(y =0) Non-chiral(y = 0) Chiral(y > 0) iz;i : (b) —%—fi;&@i\)w)
0 1 1 1 0.8 1L =4 (QMC)
+1 N‘} X X e - --L =4 (ES)
+2 N2 N1 N2
3 N~—° X X
+4 N-8 N4 N4
3 3 4
filling(v)
= 1 (@) ' =L =3 (QMC)
(N + 32N +2P°(N + 1)? === o3 iliiao
7 L =4 (ES)
(sign) > Sl o Sk Y N~!
— 2,-0 (N+ 32N+ 2N+ 1)2 N8
(31)2(21!)?
3 4 3 4

filling(v)

(N+3)N+2)(N+1) . (N + 3)*(N + 23N + 1)?
3 (31)2

8=1=28¢c,=3c=0t28c,—0c=1=

(N + 3)*(N + 2)*(N + 1)? . (N + 3)*(N + 2)*(N + 1)?
(31)? (BDH2(21!)?

8,=0 = 28¢,=4.c =0 T 28¢,=3.c.=1 T 8c,=2.c.=2 =



Dynamical properties of collective excitations in twisted bilayer graphene

Gaopei Pan ©,"? Xu Zhang ©,> Heqiu Li®,*> Kai Sun,*" and Zi Yang Meng ®>1

& CPL 38, 077305 (2021) Express Letter
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Evolution from quantum anomalous Hall insulator to heavy-fermion
Cheng Huang ©,! Xu Zhang,' Gaopei Pan®,>? Hegiu Li,* Kai Sun,”" Xi Dai,® " and Zi Yang Meng ©!-*

¢ PRB 109, 125404 (2024)
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Evolution from quantum anomalous Hall insulator to heavy-fermion
semimetal in magic-angle twisted bilayer graphene

Cheng Huang ®,! Xu Zhang,' Gaopei Pan®,>* Heqgiu Li,* Kai Sun,”" Xi Dai,® " and Zi Yang Meng ©!-*
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Continuous Field Momentum-Space QMC

& Cheng Huang et al., arXiv: 2412.11382
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Angle-Tuned Gross-Neveu Quantum Criticality in Twisted Bilayer Graphene:
A Quantum Monte Carlo Study

Cheng Huang,! Nikolaos Parthenios,”> Maksim Ulybyshev,* Xu
Zhang,':> Fakher F. Assaad,*® Laura Classen,>® * and Zi Yang Meng' "
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Angle-Tuned Gross-Neveu Quantum Criticality in Twisted Bilayer Graphene:
A Quantum Monte Carlo Study

Cheng Huang,! Nikolaos Parthenios,”> Maksim Ulybyshev,* Xu
Zhang,!:> Fakher F. Assaad,*® Laura Classen,>* * and Zi Yang Meng!: '

€ arXiv: 2412.11382
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Fractional Chern Insulator
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spectral functions,
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