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研究内容和结论
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[Research methods]
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研究背景和动机[Research background and motivation.]

临界性的一般性描述:
[general description of criticality]

热涨落驱动经典相变，量子涨落驱动量子相变。[Thermal fluctuations drive classical phase 

transitions, while quantum fluctuations drive quantum phase transitions.]

• 朗道：用序参量区分破缺不同对称性的相。[Landau uses order parameters to distinguish 

phases with different broken symmetries.]

• 连续场论：Landau-Ginzburg-Wilson 哈密顿:

• Wilson：重整化群理论[Renormalization Group] 

普适类：只由系统对称性与维度决定
[Universality class: only determined by symmetry and 

dimension of the system] 
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研究背景和动机[Research background and motivation.]

去禁闭量子临界性:
[deconfined quantum criticality]

最初的数值发现。[The earliest numerical discovery.]

• S=1/2 XY Model with an additional four-spin ring exchange term K.

• Increasing K leads to the emergence of a striped bond plaquette order.

朗道-金兹堡-威尔森范式期待一级相变的出现，但
这却被违反了。[Landau-Ginzburg-Wilson Paradigm expects a first 

order phase transition here, but it is violated.]

A. W. Sandvik, et al, Phys. Rev. Lett. 89, 247201 (2002).



6

研究背景和动机[Research background and motivation.]

去禁闭量子临界性:
[deconfined quantum criticality]

去禁闭量子相变是两个破坏了无关的对称
性的相（例如：Nèel与VBS）之间发生的
连续相变。[A deconfined quantum phase transition is a 

continuous quantum phase transition between two phases 

that break unrelated symmetries (e.g., Nèel AFM and VBS). ]

什么普适类？
[What Universality class? ]
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研究背景和动机[Research background and motivation.]
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研究背景和动机[Research background and motivation.]

去禁闭量子临界性:
[deconfined quantum criticality]

J-Q模型：[model]

𝐽 − 𝑄2:

𝐽 − 𝑄3:



研究背景和动机[Research background and motivation.]

去禁闭量子临界性:
[deconfined quantum criticality]

J-Q模型：[model]

𝐽 − 𝑄2:

𝐽 − 𝑄3:
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纠缠熵与凝聚态物理：
[Entanglement entropy and condensed matter physics]

研究背景和动机[Research background and motivation.]

• 标准的可观测量（结构因子，Binder累积量，关联长度）在Nèel-VBS 

附近难以解释。[Standard observables (structure factors, Binder cumulants, correlation 

lengths) become difficult to interpret near the Nèel-VBS transition.]

• 纠缠熵通过非局域的观测能直接捕捉量子上的关联，对微观细节更加
不敏感。[Entanglement Entropy (EE) is less sensitive to microscopic details and directly 

captures quantum correlations across a spatial cut.]

在量子蒙卡模拟中，我们无法测量von Neumann纠缠熵，我们使用二阶
Rènyi 纠缠熵。[In QMC simulations, the von Neumann EE is out of reach, we use the Rènyi EEs.]

𝑆2 = ln𝑇𝑟(𝜌𝐴
2) , 𝜌𝐴 = 𝑇𝑟 ҧ𝐴𝑒

−𝛽𝐻 = 𝑒−𝛽𝐻𝐴 .
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纠缠熵与凝聚态物理：
[Entanglement entropy and condensed matter physics]

N. Laflorencie, Physics Reports 646, 1 (2016)

研究背景和动机[Research background and motivation.]
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纠缠熵与临界性：
[Entanglement entropy and criticality]

J. Zhao, et al, Phys. Rev. Lett. 128, 010601 (2022).

研究背景和动机[Research background and motivation.]

任何现有的共形场论都认为纠缠熵满足
该标度关系，并且𝑎 > 0,这与数值结果
冲突。[All CFT predictions for the EE of a critical 

system with corners is this equation, with 𝑎 > 0, which 

disagrees with the numerical results.]
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纠缠切割与边缘临界性：
[Entanglement bipartition and surface criticality]

Z. Deng, et al, Phys. Rev. Lett. 133, 026502 (2024).

研究背景和动机[Research background and motivation.]

任何现有的共形场论都认为纠缠熵满足
该标度关系，并且𝑎 > 0,这与数值结果
冲突。[All CFT predictions for the EE of a critical 

system with corners is this equation, with 𝑎 > 0, which 

disagrees with the numerical results.]

J. Emidio, et al, Phys. Rev. Lett. 133, 100402 (2024).

Goldstone Mode Correction:

斜切以确保不人为破坏对称性。[Use tilted cut 

to avoid destroying symmetry manually.]
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研究内容和结论[Research content and conclusion]

纠缠谱与纠缠哈密顿量信息的提取：
[Entanglement spectrum and entanglement Hamiltonian]



3D Ising model
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Binder, PRB 9, 2194 (1974)；
Binder, Phase and Critical Phenomena,1983.



• The gapless surface states of the AKLT-like ( symmetry-

protected topological, SPT）phase induce special  transition.

Zhang, PRL 118, 87201 (2017).
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SCBs of QCP: pioneering work by Zhang and Wang

• Nonordinary/special SCB at 3D O(3) critical point Jc1
with  different surface critical exponents   

• Ordinary SCB at 3D O(3) critical point Jc2 with 

surface critical exponents 

𝜂|| = 1.327 25 𝜂⊥ = 0.680(8)

𝜂|| = −0.449(5) 𝜂⊥ = −0.2090 15
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我们首次将纠缠与表面临界行为建立联
系，发现不同的表面临界行为，会诱导
不同的纠缠谱，从而影响纠缠熵的测量，
这一点超出了共形场论的预测。[We 

establish, for the first time, a connection between entanglement 

and surface critical behavior, and find that different surface 

critical behaviors lead to distinct entanglement spectra, thereby 

affecting the measurement of entanglement entropy—a 

phenomenon that goes beyond the predictions of conformal 

field theory.]

Y. Zhu, Z. Liu, Zhe Wang, Y. C. Wang and ZY, Phys. Rev. Lett. 136, 046501 (2026)

研究内容和结论[Research content and conclusion]

纠缠切割与边缘临界性：
[Entanglement bipartition and surface criticality]
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在斜切情况下，一个额外的序在临界点被引入了。我们推测此时边缘上发生了一个
extraordinary相变。[In tilted cut, an additional order is induced at the critical point. We conject that an extraordinary phase 

transition occurs at the surface.]

研究内容和结论[Research content and conclusion]

正切
Standard

斜切
Tilted

纠缠切割与边缘临界性：
[Entanglement bipartition and surface criticality]
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我们测试了Li-Haldane-Poilblanc 猜想对
于JQ模型是否仍然成立：边缘激发谱与
纠缠谱的对应关系。[We check the Li-Haldane-

Poilblanc conjecture for JQ model – the correspondence 

between Surface Excitation Spectra (SES) and Entanglement 

Spectra (ES).]

研究内容和结论[Research content and conclusion]

SES

ES

正切Standard 斜切Tilted

定性上，我们可以认为猜想对该模型适
用，并且两种不同的切割方式会带来很
大的不同。[Qualitatively, we can argue that the 

conjecture holds for this model, and that the two ways of cut 

show a big difference.]

纠缠切割与边缘临界性：
[Entanglement bipartition and surface criticality]
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我们还在正切下找到一组新的满足标度律的临界指数，我们认为此时发生了
一个ordinary相变。[We also find a new set of critical exponents for standard cut satisfying the scaling law, 

which we argue is an ordinary phase transition.]

研究内容和结论[Research content and conclusion]

纠缠切割与边缘临界性：
[Entanglement bipartition and surface criticality]
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量子蒙卡计算纠缠熵和其导数：
[Entanglement entropy and its derivative by QMC]

Wang, Wang, Ding, Mao and ZY,

Nat Commun 16, 5880 (2025).

研究内容和结论[Research content and conclusion]

Wang, Deng, Liu, Wang, Ding, Zhang, Guo, ZY
Chinese Physics Letters 42, 110712 (2025)
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研究内容和结论[Research content and conclusion]

arXiv:2601.12365

https://arxiv.org/abs/2601.12365
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数值结果[Numerical results]
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数值结果[Numerical results]

Johannes Helmes and Stefan Wessel

Phys. Rev. B 89, 245120 (2014)

Edge cases :

Max A. Metlitski, Carlos A. Fuertes, and Subir Sachdev

Phys. Rev. B 80, 115122 (2009)
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数值结果[Numerical results]
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谢谢！Thanks!
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