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Lightning review of ergodicity and its breaking

Eigenstate thermalization Hypothesis 
Heller, PRL, 84’

Weak ETH breaking in constrained Hilbert space

Turner, et. al., Nature Phys., 18’

PXP model

Hilbert space dim. grows as Fibonacci sequence:

2, 3, 5, 8, 13, 21, 34, 55, 89, 144, …

Asymptotically as 1.618N Any 2D counterparts?



Height model and entanglement

Can this happen in 2D as well? At least not naively.

Bravyi, et. al., PRL, 12’

Movassagh, and Shor, PNAS, 16’



Vertex, loop and height models
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a=b=c Domain wall boundary
Hilbert space grows as:

2, 7, 42, 429, 7436, 218348, …

Asymptotically as 1.299N2 
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How to make them quantum (frustration free)?

By introducing off-diagonal terms in Hamiltonian
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Dual height representation



Hilbert space fragmentation

Inductive proof of ergodicity 

within Krylov subspaces



Entanglement entropy
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bulk gapless excitation
Natural ordering of configurations by volume 
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Link pattern, Wieland gyration and holography dual

Alexander, et. al., PRB, 19’

Dell’Anna, et. al., PRB, 16’

Salberger, and Korepin, Rev. Math. Phys., 17’
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[Hbulk +H
0
@ ,G] = 0 Chiral edge mode?

Lemm and Mozgunov, J. Math. Phys., 19’

Wieland, Elec. J Comb., 00’



Open questions
• Quantum many-body scar dynamics?


• What if there is kinetic term on boundary or periodic boundary condition?


• Add color degree of freedom to increase entanglement?


• Current gapless proof doesn’t work for q-deformed model, could the be a 
phase transition at q=1?


• Other lattices and constraints (coming soon)


• Spin Hamiltonian on vertices (coming soon) Cano, and Fendley, PRL, 12’

Zhang, Ahmadain, Klich, PNAS, 17’

Movassagh, and Shor, PNAS, 16’

Turner, et. al., Nature Phys., 18’


