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0 What’s quantum entanglement?
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Laflorencie, N., Phys. Rep., 646, 1-59 (2016).



Humeniuk, S., & Roscilde, T. Phys. Rev. B, 86, 235116 （2012）.



Luitz, D. J., Plat, X., Laflorencie, N., & Alet, F. Phys. Rev. B, 90, 125105 (2014).
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decompose!

high  precision!!



Jarzynski, C. Phys. Rev. Lett. 78, 2690 (1997).

Alba, V. Phys. Rev. E, 95, 062132 (2017).

F=ln(Z)

W>=Ff-Fi



D’Emidio, J. Phys. Rev. Lett. 124, 110602 (2020).

Alba, V. Phys. Rev. E, 95, 062132 (2017).
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Better solution?

arXiv:2403.08642，Yi-Ming Ding, Jun-Song Sun, Nvsen Ma, Gaopei Pan, Chen Cheng, Zheng Yan

https://arxiv.org/abs/2403.08642
https://arxiv.org/search/cond-mat?searchtype=author&query=Ding%2C+Y
https://arxiv.org/search/cond-mat?searchtype=author&query=Sun%2C+J
https://arxiv.org/search/cond-mat?searchtype=author&query=Ma%2C+N
https://arxiv.org/search/cond-mat?searchtype=author&query=Pan%2C+G
https://arxiv.org/search/cond-mat?searchtype=author&query=Cheng%2C+C
https://arxiv.org/search/cond-mat?searchtype=author&query=Yan%2C+Z




arXiv:2406.05324 (2024)











Entanglement Spectrum
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Sandvik, A., Phys. Rev. B 57 10287 (1998); Sandvik, A., Phys. Rev. E 94, 063308 (2016).

Syljuåsen, O., Phys. Rev. B 78, 174429 (2008); Shao, H. and Sandvik, A., arXiv:2202.09870 (2022)

Quantum Monte Carlo??

Spectrum ????

Stochastic analytic continuation!!



Zheng Yan*, Z. Y. Meng, Nat. Commun. 14, 2360 (2023)

Quantum Monte Carlo simulation!!

Entanglement Spectrum !!!

𝝆𝑨



Example 1: Ladder

Double velocity (slope) correction!

Quadradic dispersion!



Example 2: Bilayer

The results reveal that the deep correspondence between the ground state ES of a 

many-body system of entangled constituents with the true spectra on their virtual edges, 

is robust across (2+ 1)d quantum phase transitions



The wormhole effect on the path integral of reduced density matrix:

Unlock the mystery of energy spectrum and entanglement spectrum



Z. Liu, Zheng Yan*, et al, Phys. Rev. B 109, 094416 (2024)

Z. Liu, Zheng Yan*,  et al. Phys. Rev. B, 105, 014418 (2022).

Extending Li-Haldane conjecture:   Engineering the entanglement spectrum



M. Song, Zheng Yan*, et al. Phys. Rev. B 108, 075114 (2023)

Reversing the Li and Haldane conjecture: 

The low-lying entanglement spectrum resembles the bulk energy spectrum



Chuhao Li, Zheng Yan*, et al,  arXiv: 2309. 16089 (2023)



Sampling reduced density matrix to 

extract fine levels of entanglement spectrum

Bin-Bin Mao, Yi-Ming Ding, Zheng Yan
arXiv: 2310. 16709 [quant-ph] (2023)

https://doi.org/10.48550/arXiv.2310.16709






Z. Deng, L. Liu, W. Guo, and H. Q. Lin, 
Phys. Rev. B 108, 125144 (2023).



Thanks for your attention!

Positions of Postdoc & PhD students are open!

Welcome to our group and Hangzhou!

Homepage: https://zheng-yan-group.github.io/
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