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“I keep picturing all these little kids playing some game in this 
big field of rye and all. … And I'm standing on the edge of some 
crazy cliff. I have to catch everybody if they start to go over the 
cliff - I mean if they're running and they don't look where they're 
going I have to come out from somewhere and catch them. 
That's all I do all day. I'd just be the catcher in the rye and 
all. I know it's crazy, but that's the only thing I'd really like 
to be.”

A coming of age story, themes of angst and alienation, and a 
critique of superficiality in society (phonies). Holden Caulfield, 
J. D. Salinger's adolescent antihero, has become an icon for 
teenage rebellion. 

Holden admires in children attributes that he often struggles to 
find in adults, like innocence, kindness, spontaneity, and 
generosity. Falling off the cliff could be a progression into the 
adult world that surrounds him and that he strongly criticizes. 

https://en.wikipedia.org/wiki/Angst
https://en.wikipedia.org/wiki/Social_alienation
https://en.wikipedia.org/wiki/Superficiality
https://en.wikipedia.org/wiki/Holden_Caulfield
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⟨i, j⟩
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Equipments used for HP heat capacity measurements

Integrated facility with  
HP and LT (0.3K)

Integrated facility with  
HP/LT(0.3K)/MF(14T)

Single crystal SCBO

piston/cylinder cell

Three-stage cooling 
with He3 exchange

https://arxiv.org/abs/2310.20128


 Jing Guo, et al., PRL 124, 206602 (2020)

 H. Kageyama et al. Physica B 667 281 (2000)

• A peak emerges at lower T at 1.8 GPa and prevails up to 2.4 GPa — the Plaquette phase.

• At P>3 GPa, a new transition was observed at 1.7 − 3.5 K — the Antiferromagnet phase.



 Jing Guo, et al., PRL 124, 206602 (2020)

• Gaps are in agreement 
with previous report. 

• The gap is suddenly 
reduced at 1.7 GPa, 
showing that the DS-
PS transition is first 
order.

 

Ref [11]: M. E. Zayed et al. Nat. Phys. 13 962 (2017)

• P < 1.8 GPa: Dimer-singlet state  

• P < 2.5GPa: Plaquette-singlet state 

• 3 GPa < P < 4 GPa: AF state
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• The gap is suddenly 
reduced at 1.7 GPa, 
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PS transition is first 
order.
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The learning of entanglement on 
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Entanglement entropy with incremental (Qiu Ku) method 
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(2+1)d SSB, O(3) QCP, Topological order Z2 QSL, GNY, FL, DQCP, SMG, …

CornerSmooth boundary
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Square lattice Heisenberg model
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Spontaneous symmetry breaking phases: smooth boundary 

H = J∑
⟨i, j⟩

Si ⋅ Sj

Metlitski & Grover, arXiv:1112.5166

 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, arXiv:2312.?????

A A

l ∈ [40, 160]

S(2)
A (l)

l
= sG

ln(l)
l

+
c
l

+ a

S(2)
A (l)

l
=

b
l2

+
c
l

+ a

S(2)
A (l) = al + sG ln(l) + cSmooth boundary

1
l

finite size correction



(2+1)d O(3) quantum critical points: smooth & corner

H = J∑
⟨i, j⟩

(Si,1 ⋅ Sj,1 + Si,2 ⋅ Si,2) + J⊥ ∑
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Si,1 ⋅ Si,2
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Deconfined quantum critical points: Corner

JQ3 model H = − J∑
⟨i, j⟩

Pi, j − Q ∑
⟨ijklmn⟩

PijPklPmn

Pij =
1
4

− Si ⋅ Sj

(Q /(J + Q))c = 0.59864(4)Deconfined QCP:

not a unitary 
CFT 

 H. Casini, M. Huerta, Journal of High Energy Physics 2012, 87 (2012) 
 P. Bueno and W. Witczak-Krempa, PRB 93, 045131 (2016) 

Corner corrections for Renyi EE 
must be positive for unitary CFTs

 J. Zhao, Y.-C. Wang, Z. Yan, M. Cheng, ZYM, PRL 128, 010601 (2022)

sC < 0

S(2)
A (l) = al − sC ln(l) + csC = 0.08 > 0



Deconfined quantum critical points: Smooth boundary 

 M. Song, J. Zhao, ZYM, C. Xu, M. Cheng, arXiv:2312.?????

JQ3 model: H = − J∑
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SU(N) conjugate rep. |α⟩B → U*α,β |β⟩B

Pij SU(N) singlet projection
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Projected to the LLL with degeneracy N = 2s + 1

ψτσ(Ω)
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A coming of age story, themes of angst and alienation, and a 
critique of superficiality in society (phonies). Holden Caulfield, 
J. D. Salinger's adolescent antihero, has become an icon for 
teenage rebellion. 

“I keep picturing all these little kids playing some game in this 
big field of rye and all. … And I'm standing on the edge of some 
crazy cliff. I have to catch everybody if they start to go over the 
cliff - I mean if they're running and they don't look where they're 
going I have to come out from somewhere and catch them. 
That's all I do all day. I'd just be the catcher in the rye and 
all. I know it's crazy, but that's the only thing I'd really like 
to be.”

“I’m quite illiterate, but I read a lot.” 

https://en.wikipedia.org/wiki/Angst
https://en.wikipedia.org/wiki/Social_alienation
https://en.wikipedia.org/wiki/Superficiality
https://en.wikipedia.org/wiki/Holden_Caulfield


The enigma of DQCP

S(2)
A (l) = al − s ln l − b

 Jiarui Zhao, Yan-Cheng Wang, Zheng Yan, Meng Cheng, ZYM, PRL 128, 010601 (2022)



Entanglement entropy with Qiu Ku method

Topological order 

S(l) = al − γ

Topological entanglement entropy (TEE)

γ = ln(𝒟) = ln( ∑
a∈𝒞

d2
a )

Kagome lattice frustrated spin model

Spinon and vison

Conductivity fractionalisation

Translational symmetry fractionalisation

…… 


 S. Isakov, Y.B. Kim, A. Paramekanti, PRL 97, 207204 (2006)

Y.-C. Wang, et al., PRL 121, 057202 (2018)

G.-Y. Sun, et al., PRL 121, 077201 (2018) 

J. Becker, S. Wessel, PRL 121, 077202 (2018)

……

 Yan-Cheng Wang, Meng Cheng, William Witczak-Krempa, ZYM, Nat Commun 12, 5347 (2021) 



Entanglement entropy with Qiu Ku method

Topological order 

 Jiarui Zhao, Bin-Bin Chen, Yan-Cheng Wang, Zheng Yan, Meng Cheng, ZYM, npj Quantum Materials 7, 69 (2022)

Kagome lattice frustrated spin model

 S. Isakov, M. Hastings, R. Melko, Nature Phys 7, 772 (2011) 

L = 12,14,16

L = 6,8,10

L = 8



Extended pressure-temperature phase 
diagram

At P> 4GPa, an AFM transition at ~ 120 K and another previously not observed 
phase transition at T~ 8-9K were observed.

 Jing Guo, et al., PRL 124, 206602 (2020)



J⊥ = 0.01

 CPB 30, 067505 (2021) Cover Story

Tc = 0.088(2), gc = 0.16

P( |mp | , |mz | )

T = 0.06

T = 0.085

T = 0.09

•Triple point:



J⊥ = 0.1

 CPB 30, 067505 (2021) Cover Story

Tc = 0.165(2), gc = 0.041

P( |mp | , |mz | )

T = 0.1

T = 0.162

T = 0.168

•Triple point:



What is Qiu Ku (秋裤) 
How can you tell winter is coming? 

 In Chinese: I need to put my Qiu Ku on.


long underwear, looks similar to leggings 

normally made of cotton 

most popular colors are grey, blue, white and beige 

nothing to do with fashion or style 

The only reason for its existence is to keep you warm. 
When jeans can no longer resist the freezing air, just 
wear Qiu Ku under your jeans. Problem solved! 

long johns

A pair of (stretchy) pants


