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 Towards Solving QFT
Strongly-coupled QFT                    
Non-perturbative physics

Weakly-coupled QFT     
Perturbative expansion:

     Rapid growth of the number of Feynman diagrams, with the number of 
     loops/ external legs 

     The perturbative expansion diverges factorially. 
      
     Possible violation of perturbative unitarity in SM  
     multi-boson production processes at E≈100 TeV. 

{ Many-loops 

Many-legs

Semiclassical approach is useful [Degrande, Khoze, Mattelaer, 2016] 





Rattazzi et al ‘19

• n counts number of the external legs and 1/n is our expansion parameter.
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The eigenvalues of the dilation charge operator (the scaling dimensions) 
become the energy spectrum on the cylinder (eigenvalues of Hamiltonian).

State-operator correspondence: 
States and operators are in 1-to-1 correspondence.

   Weyl map to the cylinder

R is the radius of the sphere.

Works at the conformal fixed point 



• By computing the ground state energy on the cylinder we compute the 
minimal scaling dimension operators carrying the charge Q 

   Minimal scaling dimension
Conformal invariance: h�̄n(xf )�
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Superfluid phase with  
homogeneous charge density
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Quantum physics “classicalizes” in the presence of large quantum numbers. 



• n counts the number of external legs



∆0 is given by the fluctuation determinant around the classical trajectory

   Next-to-leading order: ∆0

    labels the eigenvalues of the momentum which have degeneracy     . 

 Goldstone boson of 
spontaneously broken U(1) 
and the radial mode

∆0

 Dispersion relations  
of the spectrum:

��n =
X

k=�1

1

nk
�k(�n)



   Generalization: O(N) model

Standard Model Higgs Superfluid He4, Magnets,  
Superconductors, .. 

• O(N) scalar theory in d= 4-ε dimensions where it features an infrared 
Wilson-Fisher fixed point 

• Consider even N: we can fix up to N/2 charges, which is the rank of the O(N) group

• O(2)=U(1) is the Abelian complex scalar model before
Phys.Rev.D 102, 045011.



These operators have classical scaling dimension Q and transform  
 in the Q-indices traceless symmetric O(N) representations where 

        Scaling dimension

These operators represent anisotropic perturbations in O(N)-invariant 
systems.     define a set of crossover (critical) exponents measuring 
the stability of the system (e.g. magnets) against anisotropic 
perturbations (e.g. crystal structure). 

• We compute the scaling dimension        of the operators carrying  
    the charges Qi and having the minimal scaling dimension.

Q = 3



   Boosting perturbation theory
Red terms: Δ-1

Blue terms: Δ0

By expanding the Δk‘s in the limit of small 
‘t Hooft coupling A=gQ, we obtain the 
conventional perturbative expansion

We are computing RG functions (anomalous dimensions) of the infinite tower 
of Higgs-like operators. For N=4 and Q=1 we have the SM Higgs field itself.

Feynman diagrams crosscheck:  
Jack and Jones ’20 ’21

…



In the large ‘t Hooft coupling limit we obtain the form predicted by the EFT approach

   Large charge EFT 

First-principle computation of α1

       For

…

…

JHEP12(2015)071

d=4:



Conclusions

• Improve and check diagrammatic calculations.

• Access the large order behaviour of perturbation theory (resurgence)

• Applications: Higgsplosion, different global symmetries,  AdS/CFT,  

CFT data, condensed matter systems, …(“Large charge seminars”  

series on youtube)

Thank you!



Back up



   Applications:

Consider the                amplitude

[Degrande, Khoze, Mattelaer, 2016] 

Multi-boson production




