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Dynamical properties of collective excitations in 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 Yan Meng3* t
p g gy q g

w = ot
T T

V(Q)/2Q (meV)

o - [\
T T

o

lal/|Gal

0.2 0.4 0.6 0.8 1

0.6F

5 10 15
T (meV)

T.=3.65(5) mev

20

momentum-space QMC

& PRL 130, 016401 (2023)

Single valley and single spin

—T =1 meV
4 C
@ - : — = 3 ( ) —T = 2.5 meV
3l I 3 ) T = 3.33 meV
: : = A —T =5 meV
| : e , ] < —T =10 meV
= , 0
) L ¥ —_—
~ |“/ —-L =3 I
i —+L=4 |
j,-/ 1 L= |
Ok ] L 4N
0.08 . :
() I
__0.06 :
7 : o
3 0.04 ' 3 23
S : ~ Gl
= : N = 1s
0.02 _ m— l =
r‘l — =Single-particle Gap| | 0
0 | - N 2 I
0 5 10 15 20
T(meV)
-0 w (meV)
on _ (N*)—(N)* measured via measured via
ou TN quantum capacitance STM



Thermodynamic characteristic for correlated flat-band system with quantum anomalous Hall
ground state
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Detective Dr. Dragon on the Monte Carlo Sign Problem
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Continuous Field Momentum-Space QMC
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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' "

El€g

1.1 1.2
O (degq.)
= 600f (a) -
o
T
2 400 - Discretized-field )
@) —— Continuous-field
o 200F .
£
F..
Op W —8
2 4 6 10 12
L
104F P
S | L
j? 102 w” T
> - e
5 100 g
;; ,/’ !/”
€ 10-2fm -7 -7 -=- O(BN*) |
= w ——- O(BN3)

3x10°4x10° 6x10°
1

10!

1.3

S
)
£
o
<
)

30r (a)1.08°

€= 7'50 ug = 30 meV
1

U

1.|10 1.|15 1.|20 1.|25 1.|30
O (deg.)

[ M-Kp - - - -

(b) 1.195°

& Nat. Comm. 16, 7176 (2025)

30

20

10

-10

-20

-30

20

10

0

10

-20

{ &€=7&p, Upg =60 meV

1.10

1.15 1.20
O (deg.)

1.25

1.30

0 -

30

(f)
: [ 0.

0.5
2

1073

1.|10 1.|15 1.|20 1.|25 1.|30
O (deg.)



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!: '

& Nat. Comm. 16, 7176 (2025)

Eleg

1.1 1.2
© (deg.)

€ = 5¢p
ug = 60 meV,

1.1 1:2 1.3 1.4
© (deg.)

e =7¢&p
up = 60 meV|

1.10 1.15 1.20 1.25 1.30
© (deg.)

Rxive

Rxive

1.0

0.9

0.8

0.7

0.6

0.5
-1.0

—(|J.5 OiO 0:5 1.0
(0 - L

1.0

0.9

0.8

0.7

0.6

1.1 1.2 1.3 1.4
© (deg.)

Svp

00 1 0.5 1 1 1 05 C 1 1 1
le=7¢ : Una = 60 meV 1.1 1.2 1.3 1.4 1.10 1.15 1.20 1.25 1.30 -1.0 -0.5 0.0 0.5 1.0 1.1 1.2 1.3 1.4
ae o (deg.) O (deg.) (© — O )LV © (deg.)
: 2.0 1.0F
€ = 10¢
15 Uo = 60 meV 091 (k)
(@] O 0.8F
2 1.0 g
n X 0.7f
0.5 0.6
I I I I 0.0 0-5 L 1 1 N 0.5 o | N 1L
1.10 1.]8 (dlezo ) 125 130 1.1 1.2 1.3 1.4 1.10 1.15 1.20 1.25 1.30 -1.0 -0.5 0.0 0.5 1.0 1.1 1.2 1.3 1.4
9. O (deg.) O (deg.) (© — O LW O (deg.)



Content

& CPL 38, 077305 (2021) [ momentum-space QMC, 6 x 6 ]
¢ PRL 130, 016401 (2023) [ Thermodynamic responses ]
¢ PRB 107, L241105 (2023) [ Polynomial sign problem ]

& Nat. Comm. 16, 7176 (2025) [ global update, 18 x 18 ]

§ PRL 132, 246503 (2023) [ ED+DMRG, N, = 16 ]
& arXiv: 2605.03700 (2026) [ global update, N, = 160]

3. Hybrid Monte Carlo for FQHs

& Rep. Prog. Phys. 10.1088/ae70a7 (2026) [ global update, N = 1200 ]




Phases of (2+1)D SO(5) non-linear sigma model with a topological term on a sphere:
multicritical point and disorder phase
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