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Weinberg’s EFT 



Weinberg’s EFT

• Weinberg got a Nobel prize for establishing 
electroweak unification theory based on 
renormalizability constraints. 

--- t Hooft provide the actual proof

• However, after winning the prize, he turned around 
about renormalizability: Non-renormalizable field 
theory can also make sense!

Key word: power counting



Chiral perturbation theory

• Given degrees of freedom (pion & nucleon) and 
symmetry, one can write down the most general 
lagrangian for low-energy chiral dynamics (EFT).

• The lagrangian is not renormalizale in the sense that 
it requires infinite number of counter terms. 

• However, at a fixed order in chiral power counting, 
there are only a finite number of “low-energy 
constants” paramerizing high-energy physics. 

• All physical observables can be calculated to a 
particular order using these LEC’s. 





Wilson’s OPE and QCD factorization  

• For QCD, we have Wilson’s OPE or factorization

• High-energy physics-> coefficient function

• Low-energy physics-> local operators 



QCD Factorization as EFT: HEP view

• We can write fields in terms of low-energy and high-
energy part

𝜓 = 𝜓ℎ𝑖𝑔ℎ + 𝜓𝑙𝑜𝑤

𝐴 = 𝐴ℎ𝑖𝑔ℎ + 𝐴𝑙𝑜𝑤

• For HEP interested in pQCD, we have an EFT with 
𝜓ℎ𝑖𝑔ℎ plus “high-energy constants”

ത𝜓𝑙𝑜𝑤 . . 𝐴𝑙𝑜𝑤…𝜓𝑙𝑜𝑤

which parametrizes the low-energy physics.



QCD Factorization as EFT: hadron structure

• For QCD theorists interested in hadron structure, we 
integrate out the high-energy degrees of freedom, 
𝜓ℎ𝑖𝑔ℎ, and the remainder is a low-energy lagrangian

𝐿 𝜓𝑙𝑜𝑤 = σ𝑖 𝐿𝑖
• This is an EFT for “high-energy constants”



Partons as EFT 



Partons

• Partons are infinite-momentum collinear modes 
which are part of low-energy QCD DOF. 

• Parton EFT
• H-formulation: infinite momentum frame

light-front quantization
• Lagrangian formulation:

Soft-collinear effective theory (SCET)               



Non-local EFT 

• Parton EFT is non-local 

contains operators   
1

𝑖𝐷+

• Power counting-> twist counting

• Infinite number of counter terms-> infinite number of 
“high-energy constant”

• This is the PDF 



Inverse problem

• Infinite number of constants require infinite number 
of experimental data to fix. 

• But we don’t have!

• This is the inverse problem: there is an optimal 
solution but there is no unique solution: “global 
analysis”

• We assume there are correlations among infinite 
constants

𝑓 𝑥 = σ𝑖 𝐶𝑖 𝑥
𝛼𝑖 1 − 𝑥 𝛽𝑖



The hope?  

• Solve parton EFT, not fit!

• Light-front quantization
• Light-cone singularity

• Non-perturbative solutions

• Critical theory

• Soft-Collinear EFT
• Time-dependent correlation function!

• Quantum computer



Quasi-PDF as Euclidean EFT



Quasi partons

• Partons are idealized objects, which do not exist in 
nature

• In reality, we have quasi-partons in a large-
momentum hadrons

• Quasi-PDF are PHYSICAL momentum distribution in a 
large-P hadron, more physical than partons.



DIS Factorization in quasi-PDF 











QPDF factorization

• qPDF factorization can be carried out for more 
complicated Feynman diagrams and for other 
processes like Drell-Yan.

• Global analysis can be carried out for quasi-PDF

• QPDF can be calculated directly on lattice QCD, there 
is no inverse problem!  



LaMET as Euclidean EFT for partons



EFT for partons

• High-energy physical observables can be factorized 
in terms of PDFs

• The same can be done in terms of qPDFs

• Therefore, PDFs can be entirely expressed in terms of 
qPDFs

• This is the large-momentum effective theory for 
partons: LaMET



Leading LaMET lagrangian

• LaMET starts with hadrons with large momentum P or 
velocity v, 



Features of LaMET

• There is no light-cone singularities

no extra renormalization/ zero mode problem

• It is a Euclidean theory, can be calculated on lattice or 
instanton liquid. 

• P serves as a rapidity regulator, and evolution 
equation can be derived
• For PDF, it is DGLAP

• For TMDs, it is the Collins-Soper evolution. 



There is no inverse problem 

• Take parton observables as physical, one can a 
Weinberg-like systematic expansion

• So long as the expansion converges, PDF at any x can 
be computed with controlled errors.



x-dependence

• LaMET calcaluates/predicts the x-dependence 
without model-dependent fits (inverse problem)

• No other methods can do this. 



Conclusion

• LaMET is an EFT in the sense of Weinberg
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