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CAN ONE HEAR THE SHAPE OF A DRUM?
MARK KAC, The Rockefeller University, New York
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mathematician 1914 - 1984

To George Eugene Uhlenbeck on the occasion of his sixty-fifth birthday
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Entanglement entropy and quantum
field theory § J. Stat. Mech. (2004) P06002
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Entanglement entropy with incremental (Qiu Ku) method
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Controllable Incremental Algorithm for Entanglement Entropy in Quantum Monte Carlo

Simulations
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Monte Carlo simulation
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An integral algorithm of exponential observables for interacting fermions in quantum

Monte Carlo simulation
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Incremental SWAP Operator for Entanglement Entropy: Application for Exponential Observables
in Quantum Monte Carlo Simulation

Xuan Zhou,"? Zi Yang Meng,®> Yang Qi,"*** and Yuan Da Liaol%3" ¢ PRB 109, 165106 (2024)
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Spontaneous symmetry breaking phases: smooth boundary

¢ J. Zhao, B.-B Chen, Y.-C. Wang, Z. Yan, M. Cheng, ZYM, npj Quantum Materials 7, 69 (2022)
¢ M. Song, J. Zhao, ZYM, C. Xu, M. Cheng, SciPost Phys. 17, 010 (2024)
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(2+1)d O(3) quantum critical points: smooth & corner
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Deconfined quantum critical points: Smooth boundary

¢ M. Song, J. Zhao, ZYM, C. Xu, M. Cheng, SciPost Phys. 17, 010 (2024)

(i.)) (ijkl)

JQ3 model: H=- JZ P;—0Q Z PyiPrP
(

(i.J) ijklmn)
(b) 1 1 1 L 1 1
0.136 .
121L 1.0 — _
0.131 $ JQ, | ™
@ 0.6} :
e T gt B, _
= : : — oy mas =
0.131F 1
0126' 1 1 1 1 1 1 7] 3b
0.0 001 002 003 0.04 0.05 0.06 0.07 Subtracted EE S*(l) = — _l —C
1/1
S5 = S,(21) — 2S,4(1
s <0 concave () A2 A() S*() =sIn(l) — ¢
1.0F @ 1
0.8F .
06 5 With Liin = 8|5 With Limin = 16|~ ;‘ / f/z
. C’J or - n
| ! ] J-Q2, smooth|  —0.289(6) ~0.35(2)  [3.38]25.2
0.4 -
= ] ool ne T J-Qs, smooth|  —0.224(5) —0.24(2)  [0.49] 13.1
\—i’;‘: _O._' 3 '

30 35 40 000 005 0.10 0.15 _
In! 1/ Lnin —s > 0 Not a CFT, behave like Goldstone mode.



Deconfined quantum critical points: Smooth boundary

¢ M. Song, J. Zhao, ZYM, C. Xu, M. Cheng, SciPost Phys. 17, 010 (2024)
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Deconfined quantum criticality lost
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Extracting Universal Corner Entanglement Entropy during the Quantum Monte
Carlo Simulation
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¢ arXiv: 2404.13876
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Phases of (241)D SO(5) non-linear sigma model with a topological term on a sphere:
multicritical point and disorder phase

Bin-Bin Chen,! Xu Zhang,! Yuxuan Wang,? * Kai Sun,® T and Zi Yang Meng" |

¢ PRL 132, 246503 (2024)
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Phases of (241)D SO(5) non-linear sigma model with a topological term on a sphere:
multicritical point and disorder phase

Bin-Bin Chen,! Xu Zhang,! Yuxuan Wang,? * Kai Sun,® T and Zi Yang Meng" |

(a) 4 = :
XA LT
Nt Y
2 |
| “
S0t
Ferromagnet (FM)
-1 -
&
2 0(\
o
Sl
3t ,b&‘_.
QT
44 2 4
(b) i | 0\0"9. .< (C) SO@3) WF FP
o % A non-
1.6} 1 o
Néel \/'
1.2} ) SO(5)
s disorder
08¢} .
U/U()
0.4} VBS
OO ] 5 SO(2) non-WF FP
UK

(0;) = JdQWT(Q)F"w(Q) =

1
Mypg = 2—N2<(012 +

N

m=—s

07))

Z c'Tc,

T T

u.=1.75(4) ||

0.005 0.01

¢ PRL 132, 246503 (2024)

Uy=1, uy = uy = ug, s = uy = us = uy

0 L L
0 0.05 0.1
1/N
(d) 0.8 - -
SO5 breaking
0.75 ¢ 8
—0.07
& 07 — 0.08
—0.10
= 0.12
0.65 =0.20
—033
—$—u =1.00
0.6 '
0 0.1 0.2 0.3

+ 03))



Phases of (241)D SO(5) non-linear sigma model with a topological term on a sphere:
multicritical point and disorder phase
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Integer and Fractional Quantum Anomalous Hall Effects
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From Fractional Quantum Anomalous Hall Smectics to Polar Smectic Metals: Nontrivial Interplay
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Bands
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Vestigial Gapless Boson Density Wave Emerging between v = 1/2 Fractional Chern Insulator and
Finite-Momentum Supersolid
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Quantum Theory of the Smectic Metal State in Stripe Phases
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From a fractional quantum anomalous Hall state to a smectic state with equal Hall conductance
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More questions:
Different fractional fillings of correlated flat bands
Different lattice geometries
Different excitations: magnetoroton, geometric graviton
Different techniques: ED, DMRG, Tensor, QMC
Different experiments: transport, STM, thermal measurements
Different communities: FQH, Stripe, FCI, Intertwinement, Vestigial
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More questions:
Different fractional fillings of correlated flat bands
Different lattice geometries
Different excitations: magnetoroton, geometric graviton
Different techniques: ED, DMRG, Tensor, QMC
Different experiments: transport, STM, thermal measurements
Different communities: FQH, Stripe, FCI, Intertwinement, Vestigial




