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Why did I care about holographic tensor network?

• Microscopic local map between CFT and AdS dofs - making the 
blackbox transparent! 


• But continuous construction it was not possible to explicitly deal with a 
non-Gaussian path-integral in general. 

Picture courtesy Orus

To construct these tensor networks, entanglement is not enough — it is only a 
number , but CFT has way more structures!!!!



Towards building a holographic 
network describing realistic CFTs??

Some lessons learned… You need CFT data 
• The tensor network describing the partition function. The bulk is 

a p-adic CS Wilson line network,  
with some simple bc.  

• Our partition function 
has a 2D TQFT bulk 
and 1D boundary !
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In 2018, Frank Verstrate told 
me this construction 


looks like something called 
“strange correlators” he is 

working on  - where 2D lattice 
models are expressible as 

boundaries to 3D TQFT

CFT 

OPEs



• Topological Holographic Principle states that a symmetric d-dimensional model can be expressed as 
a d+1 dimensional TQFT path-integral over a “sandwich” 


• Bulk imposes the “generalised symmetries” of the boundary.


• “Generalised symmetries” is refers to the collection of   
all the topological defects of different dimensions .


• The collection of these operators form a mathematical structure: a (higher) fusion category — we will 
need only 1-(spherical) fusion category in the following to discuss 1d topological defects of 2D CFT.


• Topological defects in the d-QFT corresponds to topological excitations (e.g. anyon lines) in the d+1 
TQFT (symTFT/symTO). 


• e.g. Verlinde lines in 2D CFT            Wilson lines/anyon lines in a corresponding 3D Chern-Simons 
theory.  — this is in fact well-known since the 80s. 

d-QFT

d+1 Topological order Topological Holographic Principle

Sandwich and SymTFT:
Kong, Wen, Zheng 2015, 2017;
Kong, Zheng 2019;
Ji, Wen 2019;
Kong, Lan, Wen, Zhang, Zheng 2020;
Gaiotto, Kulp 2020; 
Apruzzi, Bonetti, Garcia Etxebarria, Hosseini, 
Schafer-Nameki 2021;
Freed, Moore, Teleman 2022;



Overview - Applications of the Topological 
Holographic Principles
• D              D+1  

Using CFT data to derive higher dimensional dual  

• symmetry preserving RG algorithms - the bridge between continuity and 
discreteness  

• D     D+1  
Predict new critical lattice models and discover new CFTs

• Is this an opportunity for more general strongly interacting field theories? 



D              D+1 
 

Discretise CFTs and Predict Higher dimensional dual



Cut 2D CFT path-integral into pieces 

• Cut 2D manifold into triangles.


• Each triangle = three-point function of boundary-changing operators.


• Glue triangles: summing over states on the edge (primaries + descendants).


• Leaving holes (radius R) at each vertex, labeled by conformal boundary conditions. 

Gabriel Wong, LYH 2020  
Lin Chen, Kaixin Ji, Haochen Zhang, Ce Shen, Ruoshui Wang, LYH 2022  
Brehm, Runkel 2022



Cut a CFT into triangles

Shrinkable Boundary Condition =  
“Entanglement Brane Boundary Condition” in RCFT 

Wong, LYH 2020, 
Brehm, Runkel 2022
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|eii =
X

a

!�a |�ai Shrinkable boundary designed to preserve all the 
CFT generalised symmetries. 

“Quantum dimensions”
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ZCFT = lim
R!0

Y

v

e�c/6 lnRZ(R)

• Shrink the holes.

Vacuum Ishibashi state



Fuchs, Runkel, Schweigert 2002-2006 

related to “strange correlator” in lattice spin models

Bal, Williamson, Vanhove, Bultinck, Haegeman, 

Verstraete  2018; 
 Aasen, Mong, Fendley 2016; 2020; 

Collection of conformal blocks

Collection of BCFT OPE (= 6j symbols= 3D tetrahedra) 

Emergence of 3D Bulk from BCFT OPE 

Rewrite Z(R) as an overlap of two 3D states  

Ground state of a 3D TQFT

Turaev, Viro 1992;

Levin, Wen 2004

Lin Chen, Kaixin Ji, Haochen Zhang, Ce Shen, Ruoshui Wang, LYH 2022  

3D graph independence in

the bulk triangulation



Apply it to Liouville CFT - Closing Holes 

Weight the hole with the Plancherel measure (Cardy density of states)

Ponsot, Teschner 2001;

Chen, LYH, Jiang, Lao 2024;
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q = e⇡ib
2

Lin Chen, LYH, Yikun Jiang, Bingxin Lao 2024

A self-consistent collection of  
conformal boundary conditions 
 
Fateev, Zamolodchikov,  
Zamolodchikov 2000;  
Teschner 2000;

Also Crossing Kernel of  
Virasoro  conformal blocks



Reading off the bulk
<latexit sha1_base64="EgvDrledMQ6HOYEU1N6tATdfmKk="></latexit>

ZLiouville(R) = h⌦(R)| i

Lin Chen, LYH, Yikun Jiang, Bingxin Lao 2024



Reading off the bulk in the large c limit

BCFT 
primary labels

Bulk 
geodesic 
lengths
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P =
l

2⇡b

Kashaev 1997;

Teschner, Vartanov 2012;

Collier, Eberhardt, Zhang 2023;

Chen, LYH, Jiang, Lao 2024;

Large c limit reduces to on-shell Einstein-Hilbert action on hyperbolic tetrahedron. Gibbons 
Hawking/
Hayward 

Term

Low dimensional AdS/CFT and 
topological holographic principle 

have a large overlap here! 3D gravity 
imposes an infinite number of 
Virasoro Lines — details of the 

quantum measure of geometrical 
sum hides in the hole closing detail!



Symmetry preserving RG - 
The Bridge between continuity and 

Dsicreteness



Generalised Symmetry Preserving RG and Their Fixed Point
A lattice integrable model can also be written in this form:  
R. Vanhove, M. Bal, D. J. Williamson, N. Bultinck, J. Haegeman, and 
F. Verstraete; 
D. Aasen, P. Fendley, and R. S. K. Mong 

RG of topological order

Chen, Gu, Wen 2010; 


and others.. 


•symmetric topological phase 
= topological eigenstate of RG 
operator from Frobenius 
algebra. 


• symmetric CFT is an infinite 
bond dimension eigenstate of 
the RG operator from 
conformal blocks

Gong Cheng, Lin Chen, 
Zheng-Cheng Gu 
2311.18005 
Phys.Rev.X 15 (2025) 1, 0110
73
Lin Chen, Kaixin Ji, 
Haochen Zhang, Ce Shen, 
Ruoshui Wang
2210.12127  Physical Review 
X 14 (4), 041033

CFT corresponds to a 
fixed point solution!

https://arxiv.org/abs/2311.18005
https://arxiv.org/abs/2210.12127


D              D+1 
Engineering seed boundary conditions to discover 

new critical points and CFTs  



Discovering CFTs from Statistical Lattice models
Historically a treasure of CFTs

• Discretising CFT does not get you new CFTs. To predict new CFTs - we need to work 
backwards  — Given a symmetry, construct a CFT.  

• It’s too hard to directly create fixed point bc — but it is possible to create bc 
corresponding to continuous phase transitions in a lattice  — this is how historically 
statistical model helped discovered many CFTs! 

• e.g. The Ising spin model solved by Onsagar — has a critical point which is related 
to the 2D Ising CFT 

• The entire A-series minimal models were originally found in the A-series lattice 
integrable models.  

• This is no longer the main-stream of producing new CFT — writing down Lagrangian 
has become the main-stream. Why? Can we re-live this good old times? 



• PEPS representation of Levin-Wen models/Turaev-Viro 
ground state    


      Gu, Levin, Swingle, Wen PRB 2009; Buershaper, Aguado, Vidal PRB 2009;


•Then pick some mysterious state  and take the 
overlap with   i.e. .  is chosen such that 
the overlap matches exactly the partition function of well 
known families of integrable models — this is a 
realisation of the sandwich. 
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| LW i
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h⌦N |
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h⌦N |

Path-integral

of a 3-ball with a two dimensional 


surfaceRSOS integrable models and Minimal 
models and Levin Wen models
Verstraete et al 2017; Aasen, Fendley, Mong 2016, 2020; 

This observation is related to the anyon chain proposed in Feigen et al 2006



r is related to the temperature in the classical Ising spin model: 


Path-integral

of a 3-ball with a two dimensional 


surfaceRSOS integrable models and Minimal 
models and Levin Wen models
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r = e�2�
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rc = e�2�c , �c = 1/2 ln(1 +
p
2)

The  critical temperature is known for many years. Now expressed as 
the boundary condition of the Levin-Wen model.

Verstraete et al 2017; Aasen, Fendley, Mong 2016, 2020; 



More general there is the A series integrable models with the 
same ansatz : 

Path-integral

of a 3-ball with a two dimensional 


surfaceRSOS integrable models and Minimal 
models and Levin Wen models

Expressed in this form, the well known critical coupling is 
located at : 
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rc =
p
2 cos(2⇡/(k + 2)) + 1/(2 cos(⇡/(k + 2) + 1)

What is this? Does the Levin Wen/TV model knew about these numbers? 

Verstraete et al 2017; Aasen, Fendley, Mong 2016, 2020; Chen et al 2022;  

i.e. How exactly is this ansatz chosen in 
principle????? In particular, which  can produce 
critical points = CFTs? Is there anything special 
about these critical couplings???


<latexit sha1_base64="wJBKWOVDrOcZ3cadJqM+3sqHxhM=">AAAB+3icbVDLSgNBEJyNrxhfazx6GQyCp7Arvo5BL540gnlAEsLspDcZMjO7zMyKYc2vePGgiFd/xJt/4yTZgyYWNBRV3XR3BTFn2njet5NbWl5ZXcuvFzY2t7Z33N1iXUeJolCjEY9UMyAaOJNQM8xwaMYKiAg4NILh1cRvPIDSLJL3ZhRDR5C+ZCGjxFip6xbbnMg+B9y+FdAn3Rv81HVLXtmbAi8SPyMllKHadb/avYgmAqShnGjd8r3YdFKiDKMcxoV2oiEmdEj60LJUEgG6k05vH+NDq/RwGClb0uCp+nsiJULrkQhspyBmoOe9ifif10pMeNFJmYwTA5LOFoUJxybCkyBwjymgho8sIVQxeyumA6IINTaugg3Bn395kdSPy/5Z+fTupFS5zOLIo310gI6Qj85RBV2jKqohih7RM3pFb87YeXHenY9Za87JZvbQHzifPy70k+Y=</latexit>

h⌦N |



A 2D CFT Factory : an ansatz of unit 
cell,  and competing anyon 

condensation 



Ansatz of Unit cell
Module and Frobenius algebra

Example: In the Ising example, we notice that at small beta and large beta, the 
red edges are coloured by one of the two Frobenius algebra of the Ising model 
respectively. One can check that in this case they are closely related to 
topological boundary condition of the 3D TV model. 


There are 2 Frobenius algebra: 


<latexit sha1_base64="IbSFBQGJ+lb6z+4zuQ+RFNXedxk=">AAAB9XicbVBNSwMxEJ2tX7V+VT16CRbBU9kVab0IVS8eK9gPaNeSTbNtaDZZkqxSlv4PLx4U8ep/8ea/MW33oK0PBh7vzTAzL4g508Z1v53cyura+kZ+s7C1vbO7V9w/aGqZKEIbRHKp2gHWlDNBG4YZTtuxojgKOG0Fo5up33qkSjMp7s04pn6EB4KFjGBjpYernneJ3K6MeaKR1yuW3LI7A1omXkZKkKHeK351+5IkERWGcKx1x3Nj46dYGUY4nRS6iaYxJiM8oB1LBY6o9tPZ1RN0YpU+CqWyJQyaqb8nUhxpPY4C2xlhM9SL3lT8z+skJrzwUybixFBB5ovChCMj0TQC1GeKEsPHlmCimL0VkSFWmBgbVMGG4C2+vEyaZ2WvUq7cnZdq11kceTiCYzgFD6pQg1uoQwMIKHiGV3hznpwX5935mLfmnGzmEP7A+fwBnMyRTw==</latexit>

A1 = 0� 1

<latexit sha1_base64="FU0V5Sg5ZqrPtToMNYAPgrC/Gdw=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4KolI9SJUvXisYD+gDWWz3bRLN5uwOxFK6I/w4kERr/4eb/4bt20O2vpg4PHeDDPzgkQKg6777aysrq1vbBa2its7u3v7pYPDpolTzXiDxTLW7YAaLoXiDRQoeTvRnEaB5K1gdDf1W09cGxGrRxwn3I/oQIlQMIpWat30XHJN3F6p7FbcGcgy8XJShhz1Xumr249ZGnGFTFJjOp6boJ9RjYJJPil2U8MTykZ0wDuWKhpx42ezcyfk1Cp9EsbalkIyU39PZDQyZhwFtjOiODSL3lT8z+ukGF75mVBJilyx+aIwlQRjMv2d9IXmDOXYEsq0sLcSNqSaMrQJFW0I3uLLy6R5XvGqlerDRbl2m8dRgGM4gTPw4BJqcA91aACDETzDK7w5ifPivDsf89YVJ585gj9wPn8AWB2OSA==</latexit>

A0 = 0 Electric condensate: equivalent to Lagrangian condensate = 
<latexit sha1_base64="+zmft59vCIBJa+MrockYe0KBhos=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Ae2oWy2k3bpZhN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHssHM0nQj+hQ8pAzaqz06JFenIhUE+yXK27VnYOsEi8nFcjR6Je/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/NL56SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMzeJwOukBkxsYQyxe2thI2ooszYkEo2BG/55VXSuqh6tWrt/rJSv8njKMIJnMI5eHAFdbiDBjSBgYRneIU3RzsvzrvzsWgtOPnMMfyB8/kDs8GQTg==</latexit>

1� e

Magnetic condensate: equivalent to Lagrangian condensate = 
<latexit sha1_base64="+iRo8tDr0I6GyVdCfB2fjTVpPZI=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BLx4jmAcmS5idzCZD5rHMzAphyV948aCIV//Gm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+nfntJ6oNU/LBThIaCjyULGYEWyc9BqinEp4aJPrlil/150CrJMhJBXI0+uWv3kCRVFBpCcfGdAM/sWGGtWWE02mplxqaYDLGQ9p1VGJBTZjNL56iM6cMUKy0K2nRXP09kWFhzERErlNgOzLL3kz8z+umNr4OMyaT1FJJFovilCOr0Ox9NGCaEssnjmCimbsVkRHWmFgXUsmFECy/vEpaF9WgVq3dX1bqN3kcRTiBUziHAK6gDnfQgCYQkPAMr/DmGe/Fe/c+Fq0FL585hj/wPn8Av+GQVg==</latexit>

1�m

How to connect the two things?  There 
are many ways .  See Wan et al. But 

bottom line is to use the  Ribbon 
operator for the Levin Wen model. 

Two anyons with non-trivial braiding cannot condense together. CFT is an equilibrium point in this competition! 

Low temperature Z2 spontaneously sym breaking

High temperature dual Z2 spontaneously sym breaking



Ansatz of Unit cell
Module and Frobenius algebra

• A Frobenius algebra satisfies the following conditions: 

Fuchs, Runkel, Schweigert 2000s ; Hu, Wan, Wu  1706.00650;

Each Frobenius algebra describes a Lagrangian algebra which is a maximal set of anyons that condense.  
When a maximal set of anyons are condensed — this produces a trivial state. Each such trivial state is a topological 
boundary condition of the 3D TQFT. 




Ansatz of Unit cell
Module and Frobenius algebra

Consider a octagon-square lattice. (Inspired by the Ising model)


We consider  a unit cell in this lattice as highlighted above. We want to define a state 
corresponding to pouring the condensate into this cell, while it is well “isolated” from the 
other cells. 


This is given by: 


Here, M is a module of A. It satisfies: 

This state is a topological boundary condition of the  TQFT! 



Ansatz of Unit cell
Module and Frobenius algebra

• Normalising a Frobenius algebra 

<latexit sha1_base64="IdqYVPhoBKucJKuvI2zA+XeiwA0=">AAACE3icbVDLSsNAFJ3UV62vqEs3g0WoIiUpUt0IVTdulAr2AW0Mk+mkHTp5MDMRSsg/uPFX3LhQxK0bd/6NkzYL23rgwuGce7n3HidkVEjD+NFyC4tLyyv51cLa+sbmlr690xRBxDFp4IAFvO0gQRj1SUNSyUg75AR5DiMtZ3iV+q1HwgUN/Hs5Conlob5PXYqRVJKtH93acanrITnAiMUXiU2P4Y0dTynJYfJQgee2XjTKxhhwnpgZKYIMdVv/7vYCHHnEl5ghITqmEUorRlxSzEhS6EaChAgPUZ90FPWRR4QVj39K4IFSetANuCpfwrH6dyJGnhAjz1Gd6a1i1kvF/7xOJN0zK6Z+GEni48kiN2JQBjANCPYoJ1iykSIIc6puhXiAOMJSxVhQIZizL8+TZqVsVsvVu5Ni7TKLIw/2wD4oAROcghq4BnXQABg8gRfwBt61Z+1V+9A+J605LZvZBVPQvn4B/cSdmw==</latexit>

N2
(Ai,MAi )

=



Ansatz of Unit cell
Module and Frobenius algebra

Interpolating between condensates: 

Here, we require that Ai and Aj share the 
module objects in M, even if the module 

function  may not be the same. 

This is crucial to preserving the isolation of 

the condensate between unit cells in the full 
lattice. 



Ansatz of Unit cell
Module and Frobenius algebra

Interpolating between condensates: 

Example: 
Going back to 
the A-series

<latexit sha1_base64="FU0V5Sg5ZqrPtToMNYAPgrC/Gdw=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4KolI9SJUvXisYD+gDWWz3bRLN5uwOxFK6I/w4kERr/4eb/4bt20O2vpg4PHeDDPzgkQKg6777aysrq1vbBa2its7u3v7pYPDpolTzXiDxTLW7YAaLoXiDRQoeTvRnEaB5K1gdDf1W09cGxGrRxwn3I/oQIlQMIpWat30XHJN3F6p7FbcGcgy8XJShhz1Xumr249ZGnGFTFJjOp6boJ9RjYJJPil2U8MTykZ0wDuWKhpx42ezcyfk1Cp9EsbalkIyU39PZDQyZhwFtjOiODSL3lT8z+ukGF75mVBJilyx+aIwlQRjMv2d9IXmDOXYEsq0sLcSNqSaMrQJFW0I3uLLy6R5XvGqlerDRbl2m8dRgGM4gTPw4BJqcA91aACDETzDK7w5ifPivDsf89YVJ585gj9wPn8AWB2OSA==</latexit>

A0 = 0

For all k  we have the following Frobenius algebra: 

<latexit sha1_base64="IbSFBQGJ+lb6z+4zuQ+RFNXedxk=">AAAB9XicbVBNSwMxEJ2tX7V+VT16CRbBU9kVab0IVS8eK9gPaNeSTbNtaDZZkqxSlv4PLx4U8ep/8ea/MW33oK0PBh7vzTAzL4g508Z1v53cyura+kZ+s7C1vbO7V9w/aGqZKEIbRHKp2gHWlDNBG4YZTtuxojgKOG0Fo5up33qkSjMp7s04pn6EB4KFjGBjpYernneJ3K6MeaKR1yuW3LI7A1omXkZKkKHeK351+5IkERWGcKx1x3Nj46dYGUY4nRS6iaYxJiM8oB1LBY6o9tPZ1RN0YpU+CqWyJQyaqb8nUhxpPY4C2xlhM9SL3lT8z+skJrzwUybixFBB5ovChCMj0TQC1GeKEsPHlmCimL0VkSFWmBgbVMGG4C2+vEyaZ2WvUq7cnZdq11kceTiCYzgFD6pQg1uoQwMIKHiGV3hznpwX5935mLfmnGzmEP7A+fwBnMyRTw==</latexit>

A1 = 0� 1
<latexit sha1_base64="mtpZqvEYqIWBrIP3lVpvkfpi+3s=">AAACHnicbZDLSsNAFIYn9VbrLerSzWARUgptErS6EYpuXFawrdCEMJlO26GTizMToYQ+iRtfxY0LRQRX+jZO2yDa+sPAz3fO4cz5/ZhRIU3zS8stLa+sruXXCxubW9s7+u5eS0QJx6SJIxbxWx8JwmhImpJKRm5jTlDgM9L2h5eTevuecEGj8EaOYuIGqB/SHsVIKuTpJ9zD8Bw64o7L1HZwJAzbiWnVGJbtUgmWrXHVmOEfWrZKnl40K+ZUcNFYmSmCTA1P/3C6EU4CEkrMkBAdy4ylmyIuKWZkXHASQWKEh6hPOsqGKCDCTafnjeGRIl3Yi7h6oYRT+nsiRYEQo8BXnQGSAzFfm8D/ap1E9s7clIZxIkmIZ4t6CYMygpOsYJdygiUbKYMwp+qvEA8QR1iqRAsqBGv+5EXTsitWrVK7Pi7WL7I48uAAHAIDWOAU1MEVaIAmwOABPIEX8Ko9as/am/Y+a81p2cw++CPt8xtULJ46</latexit>

rc =
p
2 cos(2⇡/(k + 2)) + 1/(2 cos(⇡/(k + 2) + 1)

<latexit sha1_base64="zkERRxCoQ+81Vi1fd0aVkVOfowg=">AAACAnicbVBNS8NAEJ3Ur1q/op7Ey2IRPJWkSPUiFL14ESrYVmhC2Ww37dLNB7sboYTgxb/ixYMiXv0V3vw3btoctPXBwOO9GWbmeTFnUlnWt1FaWl5ZXSuvVzY2t7Z3zN29jowSQWibRDwS9x6WlLOQthVTnN7HguLA47Trja9yv/tAhWRReKcmMXUDPAyZzwhWWuqbB06A1Yhgnt5k6AI5vsAktbO0nvXNqlWzpkCLxC5IFQq0+uaXM4hIEtBQEY6l7NlWrNwUC8UIp1nFSSSNMRnjIe1pGuKASjedvpChY60MkB8JXaFCU/X3RIoDKSeBpzvzg+W8l4v/eb1E+eduysI4UTQks0V+wpGKUJ4HGjBBieITTTARTN+KyAjrFJROraJDsOdfXiSdes1u1Bq3p9XmZRFHGQ7hCE7AhjNowjW0oA0EHuEZXuHNeDJejHfjY9ZaMoqZffgD4/MHnxqW8w==</latexit>

M =
1

2



Why does it work? — why is it a second order phase transition? 
Key: cut down on degrees of freedom in RG space 

• For chosen M such that it is shared by all the interpolating algebras (for simplicity, 
including module function),  the RG attraction basins would be reduced to these 
algebras. 


• This happens where  


Number of couplings in a unit cell: 

number of sharing A = 
<latexit sha1_base64="9+aMpKTv0bqSUgYm0Ymtrnv4QpU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiFy9CRfsBbSib7aZdutmE3YlQQn+CFw+KePUXefPfuG1z0OqDgcd7M8zMCxIpDLrul1NYWV1b3yhulra2d3b3yvsHLROnmvEmi2WsOwE1XArFmyhQ8k6iOY0CydvB+Hrmtx+5NiJWDzhJuB/RoRKhYBStdK/6t/1yxa26c5C/xMtJBXI0+uXP3iBmacQVMkmN6Xpugn5GNQom+bTUSw1PKBvTIe9aqmjEjZ/NT52SE6sMSBhrWwrJXP05kdHImEkU2M6I4sgsezPxP6+bYnjpZ0IlKXLFFovCVBKMyexvMhCaM5QTSyjTwt5K2IhqytCmU7IheMsv/yWts6pXq9buziv1qzyOIhzBMZyCBxdQhxtoQBMYDOEJXuDVkc6z8+a8L1oLTj5zCL/gfHwDKnaNvQ==</latexit>nM

All phase transitions in a phase diagram are forced to be second order if
i.e. all directions correspond to moving towards an incompatible phase. 


No directions describe degeneracy between two phases. 

<latexit sha1_base64="HjFfCb4hGIYsK7CGEoazNNEC8Kw=">AAACAnicbVDLSsNAFJ34rPUVdSVuBovgxpKIVDdC0S5cVrAPaEOYTKft0MkkzNyIJQQ3/oobF4q49Svc+TdOHwttPXDhcM693HtPEAuuwXG+rYXFpeWV1dxafn1jc2vb3tmt6yhRlNVoJCLVDIhmgktWAw6CNWPFSBgI1ggG1yO/cc+U5pG8g2HMvJD0JO9ySsBIvr1f8Sm+xBU/bQN7ABWmieSQZSeubxecojMGnifulBTQFFXf/mp3IpqETAIVROuW68TgpUQBp4Jl+XaiWUzogPRYy1BJQqa9dPxCho+M0sHdSJmSgMfq74mUhFoPw8B0hgT6etYbif95rQS6F17KZZwAk3SyqJsIDBEe5YE7XDEKYmgIoYqbWzHtE0UomNTyJgR39uV5Uj8tuqVi6fasUL6axpFDB+gQHSMXnaMyukFVVEMUPaJn9IrerCfrxXq3PiatC9Z0Zg/9gfX5A4AOluQ=</latexit>

Dc = Dunit � 1

This is a sufficient but not 
necessary condition!



Phase Diagrams and Phase 
Boundaries 



phase boundaries and tri-critical point

• The module: 


Note that this choice of module kills 


nM = 3, Dc = 2 => All phase transitions are 
second order. 


<latexit sha1_base64="tN/ucVr5mgFIC35zf2dh6UXs0VY=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqheh6MWLUMG0hTaUzXbSLt1swu5GKKW/wYsHRbz6g7z5b9y2OWj1wcDjvRlm5oWp4Nq47pdTWFldW98obpa2tnd298r7B02dZIqhzxKRqHZINQou0TfcCGynCmkcCmyFo5uZ33pEpXkiH8w4xSCmA8kjzqixkn9HrojXK1fcqjsH+Uu8nFQgR6NX/uz2E5bFKA0TVOuO56YmmFBlOBM4LXUzjSllIzrAjqWSxqiDyfzYKTmxSp9EibIlDZmrPycmNNZ6HIe2M6ZmqJe9mfif18lMdBlMuEwzg5ItFkWZICYhs89JnytkRowtoUxxeythQ6ooMzafkg3BW375L2meVb1atXZ/Xqlf53EU4QiO4RQ8uIA63EIDfGDA4Qle4NWRzrPz5rwvWgtOPnMIv+B8fANGP42y</latexit>

M = 1
<latexit sha1_base64="kxsJV+02ohLM2/fDlIuKWBvzHnQ=">AAACKnicbZBNS8MwGMfT+TbnW9Wjl+AQPI12julF2PTicYJ7ga2UNEu3sDQtSSqMss/jxa/iZQdlePWDmK4FdfOBwC////OQPH8vYlQqy1oYhY3Nre2d4m5pb//g8Mg8PunIMBaYtHHIQtHzkCSMctJWVDHSiwRBgcdI15vcp373mQhJQ/6kphFxAjTi1KcYKS25ZrPpWvAWWnAgY08SBZuund3DiMUS1n4ZV6nxo2dQdc2yVbGWBdfBzqEM8mq55nwwDHEcEK4wQ1L2bStSToKEopiRWWkQSxIhPEEj0tfIUUCkkyxXncELrQyhHwp9uIJL9fdEggIpp4GnOwOkxnLVS8X/vH6s/BsnoTyKFeE4e8iPGVQhTHODQyoIVmyqAWFB9V8hHiOBsNLplnQI9urK69CpVux6pf5YKzfu8jiK4Aycg0tgg2vQAA+gBdoAgxfwBt7Bh/FqzI2F8Zm1Fox85hT8KePrG1bgowY=</latexit>

A0 = 0 ⇢ A1 = 0� 4 ⇢ A3 = 0� 4� 2
<latexit sha1_base64="nMR+pD/8JdaB7YTgsxa9uM49EGU=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCq5IUqW6EqhuXFewD2hAm00k7dDIT5iHU0C9x40IRt36KO//GaZuFth64cDjnXu69J0oZVdrzvp3C2vrG5lZxu7Szu7dfdg8O20oYiUkLCyZkN0KKMMpJS1PNSDeVBCURI51ofDvzO49EKir4g56kJEjQkNOYYqStFLrl67AGr6DXFykzCtZCt+JVvTngKvFzUgE5mqH71R8IbBLCNWZIqZ7vpTrIkNQUMzIt9Y0iKcJjNCQ9SzlKiAqy+eFTeGqVAYyFtMU1nKu/JzKUKDVJItuZID1Sy95M/M/rGR1fBhnlqdGE48Wi2DCoBZylAAdUEqzZxBKEJbW3QjxCEmFtsyrZEPzll1dJu1b169X6/XmlcZPHUQTH4AScAR9cgAa4A03QAhgY8AxewZvz5Lw4787HorXg5DNH4A+czx9vU5Gs</latexit>

A2 = 0� 2

3 phase competition: Ashkin-Teller model from A5



phase boundaries and tri-critical point

• The module: 


Note that this choice of module kills 


nM = 3, Dc = 2 => All phase transitions are 
second order. 


<latexit sha1_base64="tN/ucVr5mgFIC35zf2dh6UXs0VY=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqheh6MWLUMG0hTaUzXbSLt1swu5GKKW/wYsHRbz6g7z5b9y2OWj1wcDjvRlm5oWp4Nq47pdTWFldW98obpa2tnd298r7B02dZIqhzxKRqHZINQou0TfcCGynCmkcCmyFo5uZ33pEpXkiH8w4xSCmA8kjzqixkn9HrojXK1fcqjsH+Uu8nFQgR6NX/uz2E5bFKA0TVOuO56YmmFBlOBM4LXUzjSllIzrAjqWSxqiDyfzYKTmxSp9EibIlDZmrPycmNNZ6HIe2M6ZmqJe9mfif18lMdBlMuEwzg5ItFkWZICYhs89JnytkRowtoUxxeythQ6ooMzafkg3BW375L2meVb1atXZ/Xqlf53EU4QiO4RQ8uIA63EIDfGDA4Qle4NWRzrPz5rwvWgtOPnMIv+B8fANGP42y</latexit>

M = 1
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A0 = 0 ⇢ A1 = 0� 4 ⇢ A3 = 0� 4� 2
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A2 = 0� 2

3 phase competition: Ashkin-Teller model from A5



3 phase competition: Ashkin-Teller model from A5
phase boundaries and tri-critical point

Phase boundaries: 

Ising

Ising

4-state potts

How do we understand which CFT would 
show up here? Particularly they seem to 

preserve different amount of (non)-
invertible symmetries. How do we 

determine what is the minimal amount of 
symmetries preserved? 



Novel Examples -  
Haagerup TQFT



Haagerup Model



Haagerup Model



Haagerup Model - summary of results



Summary and Outlook

• AdS/CFT seems to coincide with the topological holographic principle, at least in 
low dimensions!


• Topological holographic principle — connects the discrete and the continuous world


• We produce a systematic way of constructing critical lattice models based on the 
strange correlator


• This gives the Landau paradigm for generalised symmetries a more precise handle 
to construct effective field theories — here, the order parameter is precisely the 
anyon creation operator defined on some choice of unit cells




To appear : 

1) Generalisation to Fermionic CFT in 2D - recovering global spin structures 
from local pieces. 2026.08xxx


2) More generalised 2D CFT factory —


• More general lattice. 2026.xxxxx


• Some new competitions between generalised topological boundaries 
2026.xxxxx



Future: Strongly Interacting 
Field Theory ???

• Higher dimensions


• Include fermions and introduce chirality

pictures courtesy Cern

But the success is mostly  
in the high energy limit, when the theory approaches free 
theory— where perturbation based on Feynman diagrams 
have been extremely successful.



Thank you!


