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We want to solve QFT

Which tools do we have?

Perturbation theory…





2

Let us now see explicitly how this ’t Hooft coupling emerges…
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In a CFT is physical (critical exponents)
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Small 𝛌0Q:  Reorganizing perturbative expansion
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Small 𝛌0Q:  This work computation
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EFT for phonons (superfluid phase)

Orlando et al 2015

Large 𝛌0Q:  Large charge limit
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Semiclassical computation
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• ne QFT to the perturbative fixed point

• Tune QFT to the perturbative fixed point 

• Map the theory to the cylinder  

• Exploit operator/state correspondence for the 2-point 
function to relate anomalous dimension to the energy 
E=Δ/R 

• To compute this energy evaluate expectation value of the 
evolution operator in an arbitrary state with fixed charge Q

Rattazzi et al 2019Method
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�(g) = �✏g + �d=4(g) = 0

• Tune QFT to the perturbative fixed point

1) In D=d-𝛆 dimensions, formal Wilson-Fisher fixed point exists 

2) In D=d dimensions, fixed point  might exists with small 
parameter 𝛆 build from parameters of the model  

(e.g. numbers of colors, flavors, fields components, etc)

Example: Banks-Zaks FP in d=4 multi-flavor QCD, 𝛆=Nf/Nc

g⇤ = f(✏)



• Weyl map and operator/state correspondence
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• Computing the energy

-

To study system  
at fixed charge: H ! H + µQ  𝜇 is chemical  

potential



Example : O(N) model at WF fixed point
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Weyl map the theory to the cylinder:

Lagrangian





𝜇 is chemical potential
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H ! H + µQ
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Small x:

Large x:
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LO result 

3-loop2-loop1-loop
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Phonon
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(sum of zero point energies)
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NLO result
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Q=1 and N=4 is the anomalous dimension of the Higgs field-





Choose a Charge 
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Yukawa interactions: NJLY model
LNJLY = @µ�̄@

µ�+  ̄j@ 
j + g ̄Rj �̄ 

j
L + g ̄Lj� 

j
R +

�

24

�
�̄�

�2

 L !  L eµ⌧/2 ,  R !  R e�µ⌧/2

S(2) =

Z T/2

�T/2
d⌧

Z
d⌦d�1

h1
2
(@r)2 +

1

2
(@⇡)2 � 2iµ r@⌧⇡ + (µ2 �m2)r2

+iµ  ̄j�
0 j +  ̄jrM j + g f  ̄Lj 

j
R + g f  ̄Rj 

j
L

i

� = �iµ⌧

� = fei� Remove phases from Yukawa term via:

 cl
L,R = 0Classically:

Z
DrD⇡D ̄D e�S(2)

=
det F

det B
Gaussian integral

Quadratic in fluctuations: 

is O(2) model result��1



�0 =
1

2

1X

`=0

[n`(!+(`) + !�(`))�Nfnf,`(!f+(`) + !f�(`))]

�(f)
0 = Q

✓
g2

8⇡2
� 3g4

32⇡4�

◆
+Q2

✓
g2�

12⇡2
� g4

32⇡4

◆
+Q3

✓
g6⇣(3)

64⇡6
� g2�2

18⇡2
+ g4�

1� 3⇣(3)

48⇡4

◆

!f±(`) =

r
3g2 (µ2 �m2)

8⇡2�
+

⇣µ
2
+ �f±

⌘2

Fermionic dispersions

Leading quantum correction 

+….



Gauge interactions: scalar QED
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Pheno application: Higgsplosion



Ground State

Inhomogeneous  
(operators with derivaties, spin)

Fermionic (superconductivity)
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Other directions/aspects

• Tune QFT to the perturbative fixed point

• Large order behaviour of the series (resurgence) 

• Dualities (particle-vortex, fermion-bosons, ….) 

• Other (higher) correlations functions 

• Holography (charged black holes) 

• Non-relativistic CFTs 

• …….



Youtube series



Thank you!
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