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What are the simplest mono tile tessellation?
Physicist question:

https://en.wikipedia.org/wiki/Surface
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What is a fishnet?
Conformal field theories dominated by a specific class of multi loop Feynman graphs 

with the topology of a regular lattice

D = 4 �4

<latexit sha1_base64="J/ig2OYTLYdoZXaXuXgnWYhTgxc=">AAAB+HicbVDLSsNAFJ34rPXRqEs3g0VwVRIJ6EYo6sJlBfuAJpbJZNIOnUzSeQg19EvcuFDErZ/izr9x2mahrQcuHM65l3vvCTNGpXKcb2tldW19Y7O0Vd7e2d2r2PsHLZlqgUkTpywVnRBJwignTUUVI51MEJSEjLTD4fXUbz8SIWnK79U4I0GC+pzGFCNlpJ5dubn0/NFIo8jPBvTB69lVp+bMAJeJW5AqKNDo2V9+lGKdEK4wQ1J2XSdTQY6EopiRSdnXkmQID1GfdA3lKCEyyGeHT+CJUSIYp8IUV3Cm/p7IUSLlOAlNZ4LUQC56U/E/r6tVfBHklGdaEY7ni2LNoErhNAUYUUGwYmNDEBbU3ArxAAmElcmqbEJwF19eJq2zmuvVvDuvWr8q4iiBI3AMToELzkEd3IIGaAIMNHgGr+DNerJerHfrY966YhUzh+APrM8f87uSpA==</latexit>
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[O.Mamroud,G.Torrents ’17][J.Caetano,O.Gurdogan,V.Kazakov ’16]

• Higher dimensional non-SUSY CFT’s
• Simple diagrammatic structure
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Is there a systematic way to obtain fishnet structures from theories that we like?
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                                          , break supersymmetry!!
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2�j j = 1, 2, 3
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Replacement of the ordinary product with an associative non-commutative    -product 
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The double scaling limit
DS limit = Weak coupling + Large imaginary twists

g ! 0 qi ! 1
fixed⇠i := 4⇡qig
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and only a certain class of Yukawa and 4-scalar interactions survive
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Square lattice 
structure!

We are interested in studying the spectrum of anomalous dimension of those theories. 

This is related to Feynman periods of fishnet graphs  
(see Francis/Matija review)
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Contribution of the wheel graphs to the two-point function  

Cylinder fishnet with M 
wheels and L external 

points 
Transfer matrix of a 

non-compact 
Heisenberg spin-chain  
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Define R-operator acting on the tensor product of 2 reps of the conformal group 

Transfer matrix
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Yang-Baxter assures that 
transfer matrix commutes with 
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INTEGRABILITY!
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Graph building integrability

Transfer matrix at special value  with u = − 1 + ϵ ϵ → 0

Graph-building operator is the leading asymptotic of the transfer matrix

Then the graph-building operator commutes with the integral of motion

To compute the spectrum, we need to diagonalise           and to resum all eigenstates

Transfer matrix at special value  with u = − ϵ ϵ → 0 Cyclic shift
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Q-functions from field theory

Transfer matrix can be rewritten in terms of the new integral operators

The ratio of the transfer matrix in the limit  and  with , u = − 1 + ϵ u = − ϵ ϵ → 0

Relates Q-functions with 
the coupling

They can be constructed 
in terms of the QSC  

Q-functions!!
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To compute the scaling dimension we have to solve                 computing the eigenvalueh�1 = ⇠4

H�� = (�� 4)(�� 2)2� = 16⇠4= h = h��

Solving the quartic equation we obtain

� = 2� 2i⇠2 + i⇠6 �
7

4
i⇠10 +O(⇠14)

� = 4 + ⇠4 �
5

4
⇠8 +

21

8
⇠12 +O(⇠16)

� ! 4��

• twist-2 operators

• twist-4 operators

• 2 shadow operators [D.Grabner, N.Gromov, V.Kazakov, 
G.Korchemsky ‘17]

F = ↵2
1V + ⇠4H
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Consider the same 4-point function G = hTr[�1(x1)�1(x2)]Tr[�

†
1(x3)�

†
1(x4)]i

An arbitrary diagram is composed by the following bosonic and fermionic kernels

�1

�2

�1

�3

�1

 3

 2

Then the spectral equation reads                                                                       where h�1 � ⇠22⇠
2
3h

�1hf = ⇠42 + ⇠43

hf = �2


h+ �(�2 � 1)�(1� �

2 )

✓
3F2(1, 2,

�
2 ;

�
2 + 1, �

2 + 1|1)
�
2 �(�2 + 1)�(2� �

2 )
+ ⇡ cot⇡(4� �

2 )

◆�

F = ↵2
1V + (⇠42 + ⇠43)H+ ⇠22⇠

2
3Hf
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The spectrum of the other two operators with i=2,3 can be written in terms of �1

�2 = �1(⇠2 ! ⇠1, ⇠3) �3 = �1(⇠2, ⇠3 ! ⇠1)and

Spectrum of the DS sub-theories?

•                                      

•                        

•                                ⇠1 = ⇠2 = ⇠3 = ⇠

⇠i ! 0

(i, j, k = 1, 2, 3)

�i , �j 6=i = �2-scalar

⇠i, ⇠j 6=i ! 0

�i = 2 in agreement with [J.Fokken, C.Sieg, 
M.Wilhelm ’14]

�k 6=i,j = 2 , �i = �j = �2-scalar
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Mention HPL



introducing twisted boundary conditions in the 
spin chain picture arising at weak coupling

Twisted QSC captures 
integrable deformations of N=4 

such as gamma

It is described by the same QQ-relations but 
Q and P have different asymptotic depending 

on the twists gamma





Diagonalise with baxter



Dependence of Delta on m and xi?
Quantisation fixes Delta on m

Then we fix m on xi



Numerics



We need 2 independent solutions of the Baxter equation with  m2 = ξ6

We want a perturbative solution in powers of . Leading order m
Δ(m = 0) = L = J + 2n



How to iterate to next order



Quantisation +result for L=3



Higher L matching numerics



L=2 gamma deformed



Method



Analytic data



Limit for fishnet


