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Effective Field Theory

Bottom-up approach to new physics:

credit: Jiang-Hao Yu
Various weak processes at the hadronic scale 
have been utilized to search for new physics at 
high energy scale 2



Effective Field Theory

Three tasks: operator, matching, RGE

How to systematically match LEFT to ChPT?
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Y for SM interactions
N for BSM interactions



Outline

• Basics of external source method

• Conventional spurion method

• Systematic spurion method
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External source method

Quark-level interactions:

under chiral symmetry 

J. Gasser, H. Leutwyler, Annals Phys. 158 (1984)
142; Nucl. Phys. B 250 (1985) 465–516
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guiding rules of constructing chiral Lagrangian:

credit: De-Liang Yao



External source method

Matching from quark to hadronic operators:

under chiral symmetry: 

ingredients:

J. Gasser, H. Leutwyler, Annals Phys. 158 (1984)
142; Nucl. Phys. B 250 (1985) 465–516

local chiral symmetry

Building blocks: 
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covariant derivate:

�-parameterization



External source method

Matching from quark to hadronic operators:

�2 order: J. Gasser, H. Leutwyler, Annals Phys. 158 (1984)
142; Nucl. Phys. B 250 (1985) 465–516
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�4 order: 

LR basis



External source method

under chiral symmetry 

ingredients:

Matching from quark to hadronic operators:
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Ecker, Gasser, Pich, de Rafael, 
Nucl.Phys.B 321 (1989) 311



External source method

Matching from quark to hadronic operators:

covariant derivate:

Building blocks: �2 order:

�4 order: 

� basis
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�-parameterization



New physics scenarios

External source method provides convenient frameworks
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applications: � → ��, DM-nucleon, lepton EDMs

Dekens, Jenkins, Manohar, Stoffer, 1810.05675 (JHEP)
J.-H. Liang, Y. Liao, X.-D. Ma, H.-L. Wang, 2401.05005 (CPC)
Aebischer, Dekens, Jenkins, Manohar, Sengupta, Stoffer, 2102.08954 (JHEP)

Cata, Mateu, JHEP 09 (2007) 078

• Tensor current

chiral Lagrangian:



New physics scenarios

External source method does not apply to more quark bilinears
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• 0휈�� decay

How to match them to chiral Lagrangian? 
- spurion method



Outline

• Basics of external source method

• Conventional spurion method

• Systematic spurion method
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Conventional spurion method

Spurion field:
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• External sources can be regarded as spurions

Manohar, Georgi, Nucl.Phys.B 234 (1984) 189-212; 
Donoghue, Grinstein, Rey, Wise Phys.Rev.D 33 
(1986) 1495

• Non-leptonic weak decays

J. Gasser, H. Leutwyler, Annals 
Phys. 158 (1984) 142

�, �, �, � are 푆�(3) or 푆�(2) 
flavor indices



Conventional spurion method

Map each quark field to � field:

LO:

NLO:
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global chiral symmetry

chiral basis

M. L. Graesser, 1606.04549 (JHEP) 
Y. Liao, X.-D. Ma, H.-L. Wang, 1909.06272 (JHEP)



Conventional spurion method

Construct the chiral Lagrangian:
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• Map each quark field to � field in the chiral basis

• Spurions remain invariant (different contractions)

• Check the CP transformation properties

• Eliminate the redundancies using EOM, IBP, and identities

• Convert from the �-parameterization to �-parameterization



Conventional spurion method
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Single quark bilinear:

Matching at �2 order:

Compare with the result in the external source method

• Scalar/pseudo-scalar interactions

Similar for other interactions



Conventional spurion method

Two quark bilinears:
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• 0휈�� decay

leads to 

Matching at �0 order:

M. L. Graesser, 1606.04549 (JHEP) 

(mapping from quark to hadronic fields)



Conventional spurion method

Two quark bilinears:
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• 0휈�� decay

Matching at �2 order:

M. L. Graesser, 1606.04549 (JHEP) 



Conventional spurion method

Two quark bilinears:
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• 0휈�� decay

Introduce the building block: 

Matching:

In both ways, after some tedious work:

 �0 order

 �2 order

(chiral trans.)

Prezeau, Ramsey-Musolf, Vogel,  PRD 
68 (2003) 034016

V. Cirigliano, et al., 1806.02780 (JHEP)



Outline

• Basics of external source method

• Conventional spurion method

• Systematic spurion method
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� basis
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Matching in the �/� bases:

Single quark bilinear:

This is similar to:

We can get the same result by indentifying

• Scalar/pseudo-scalar interactions



� basis
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Single quark bilinear:

• Similar for vector/axial-vector and tensor interactions

• Four types of bilinears:

even for derivative interaction

LEFT ChPT
chiral basis LR basis

� basis � basis



Systematic spurion method

• Building blocks:
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• Young tensor technique has been used to construct complete and 
independent basis of chiral Lagrangian for QCD at �8 order in the � basis 
using the building blocks

• Marriage spurion with Young tensor technique:

Y.T.

matching
� basis

interactions in 
CP eigenstates

� basis

X.-H. Li, H. Sun, F.-J. Tang, J.-H. Yu, 
2404.14152 (JHEP)



Systematic spurion method

Single quark bilinear:
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Systematic spurion method

Two quark bilinears:
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basis trans.

• 0휈�� decay



Systematic spurion method
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�0 order: 

Two quark bilinears:

• 0휈�� decay

• No need to introduce external sources and new spurions
• A simple algebraic calculation yields

�2 order: 



Summary

• 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 �.

• Key achievements:
• identify a minimal set of building blocks and establish a one-to-one 

correspondence between LEFT and chiral operators.
• avoids the irreducible representation decomposition, and the 

introduction of external sources and new spurions 
• applies to single quark bilinear, and two quark bilinears

• Outlook:
• three quark bilinears (neutron-antineutron oscillation)
• odd number of quark fields (baryon number violation)
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Upcoming vSTEP 2025
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https://indico.itp.ac.cn/event/358/


