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Introduction
Effective Field Theory



Introduction
SMEFT and LEFT

The degrees of freedom for SMEFT are the same as those for the SM, and they share 
the same symmetries

The LEFT contains five types of light quarks, as well as leptons, photons, and gluons, 
and its symmetry is SU(3)✖U(1)
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Construction Of Chiral Operators
Young tensor technique

Lorentz structure Gauge structure 

Li, Ren, Xiao, Yu, Zheng, 2007.07899     
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SMEFT, LEFT, …..



Construction Of Chiral Operators
The building block of the chiral operators can be defined by CCWZ

All of the building blocks are dressed through u

where

Chiral transformation of the building blocks

Chiral dimension and CP properties

Coleman, Wess, Zumino,  Phys.Rev. 177 (1969) 2239-2247    
Callan, Coleman, Wess, Zumino,  Phys.Rev. 177 (1969) 2247-2250        



Construction Of Chiral Operators
Young tensor technique for chiral operators

Lorentz structure Internal structure Chiral operators



Construction Of Chiral Operators

Complete CP eigen state
Song, Sun, Yu,  2404.15047 (JHEP)



Systematic Spurion Matching 
External source

where

The external source method is limited by the interactions (V/A, S/P, T).



Systematic Spurion Matching 
Spurion matching



• The spurions in the LEFT operators remains unchanged in the matching.


• The CP transformation properties of the LEFT and chiral operators are the same.


• The leptons parts are identical in the LEFT operators and chiral operators.

External source and systematic spurion method
Matching rules

The information used in the matching is the spurions, the CP properties, and the non-quark fields.



The matching for neutrino interaction
Dimension-7 operators

Wrong CP properties

CP properties

CP properties



The matching for neutrino interaction
Four quark part Chiral representation

The combination of the spurions

Equivalence

Li, Song, Yu,  2507.02538 (JHEP)



New Physics Applications
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New Physics Applications

where spurious are defined

QCD RGE

Coherent elastic neutrino-nucleus scattering



New Physics Applications
Coherent elastic neutrino-nucleus scattering



New Physics Applications
Coherent elastic neutrino-nucleus scattering



New Physics Applications
Interactions of Neutrinos with Non-relativistic Nucleons

Spin-averaged squared amplitude



New Physics Applications

The hierarchy of nuclear responses

Differential event rate per target nucleus



New Physics Applications

NSI analysis at the 90% confidence level

Lower limits on the energy scale corresponding to the Wilson coefficients of LEFT at the 90% confidence level



New Physics Applications

SMEFT Operators UV Completion

Bottom up EFT

Li, Ren, Yu,  2307.10380 (PRD)
Li, Ni, Xiao, Yu,  2309.15933 (JHEP)

Li, Ni, Xiao, Yu,  2204.03660 (JHEP)

Dim-6

Dim-7

Dim-8



New Physics Applications

UV completion of dimension 7 SMEFT operators



Summary

• We construct the full set of chiral operators via the Young tensor method.


• We propose a systematic spurion method for the matching of LEFT to ChPT, 
which is particularly useful for LEFT at higher dimensions and for ChPT at 
higher orders of p.


• We establish a complete EFT framework bridging high scales down to nuclear 
probes for CEvNS.

Thank you


