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What is an Effective Field Theory?

- An Effective Field Theory (EFT) is a description of physics that contain the
correct degrees of freedom for a chosen energy range

- EFTs can be used as alternative theories when the true underlying physics is
excessively complicated or inaccessible by experiment

- Common uses of EFTs: Fermi interactions, Rayleigh scattering*

See A. Zee VIII.3 2



Key properties of EFTs

- To describe a system’s physics usefully and accurately, EFT Lagrangians 
must contain:

- Exactly all (and no more) of the degrees of freedom to be described
- All of the terms allowed by the symmetries of the problem (∞ terms!)
- Contain an expansion parameter that can be truncated when calculating observables
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The “classic” EFT: Fermi Theory
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A toy EFT for proton decays*

- What is the simplest Lagrangian we could write down for pp decay?
- Key properties: is Lorentz scalar, has mass dimension 4, obeys SU(3)⊗SU(2)⊗U(1)

*See A. Zee VIII.3 5



A toy EFT for proton decays*

- What is the simplest Lagrangian we could write down for pp decay?
- Key properties: is Lorentz scalar, has mass dimension 4, obeys SU(3)⊗SU(2)⊗U(1)

- Conclusions: B and L violated, B-L conserved, lower bound on M set by the
measured p lifetime *See A. Zee VIII.3

+

6



Why use EFTs for QCD?

- EFTs are often used to describe low-energy physics when
some high-energy element is inaccessible (i.e. a particle)
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- We would like a description of QCD at
low-energies -- but in this realm, QCD
is non-perturbative

- QCD is built around quarks and
gluons, but due to color confinement,
we only observe pions and baryons



The “full” solution: 
Chiral Perturbation Theory
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- Chirality corresponded to the handedness of a particle
- In the massless limit, the chiral and helicity eigenstates are identical

A refresher on chirality
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Chirality operator



- In the limit of massless quarks, the Lagrangian becomes

which obeys the symmetries

QCD has an approximate chiral symmetry

Let’s focus only on u, d, s quarks… 10



Motivating ChPT: the broken chiral symmetry

- The chiral symmetry of QCD is spontaneously broken
- Light hadrons are not found in parity doublets of approximately equal

masses
- The spectrum obeys isospin SU(2) or flavor SU(3) representations, but not

SU(3)L ⊗ SU(3)R
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- The chiral symmetry of QCD is explicitly broken
- The light quarks have nonzero masses, so the Goldstone

bosons do as well

- The result: 8 massive (but light)
Goldstone bosons π, K, η



Chiral Perturbation Theory (ChPT)

- ChPT uses the observed π DoF and expands about the ratio (mπ/Λ)
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- In 4 dimensions, loop terms are suppressed

Chiral dimension and power counting
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Experimental tests of ChPT

- Common experimental routes to test ChPT for light mesons are numerous,
and can involve measurements from:

- ππ scattering
- K decays involving π
- π polarizability

- The main method is to calculate observables to some order in ChPT and
compare with experimental results

- ChPT predictions are sometimes compared with those of lattice QCD

*Disclaimer*: many of the summary papers I found were from pre-2010 and used very old
data. Further, I am not an expert on the subject, so my choices of “good” summaries many

not be in line with those of someone in the field. 14



- Summary paper: hep-ph/0103088 (from 2001)

Experimental tests of ChPT: ππ scattering 

?? (B. Hyams et al, 1973) SLAC, 1973 

15

https://arxiv.org/pdf/hep-ph/0103088.pdf
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.7.1279


- Summary paper: from HEP-MAD (from 2013)

Experimental tests of ChPT: K decays

NA48/2: CERN, 2003 - 2004 NA62: CERN, 2015 - present
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https://www.slac.stanford.edu/econf/C130904/papers/Bucci.pdf


Experimental tests of ChPT: π polarizability 

- Summary paper: from COMPASS (CERN, 2012-2021)
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https://cds.cern.ch/record/2201708?ln=en


But wait! Baryon masses aren’t light…

- Naively, we could expand about the about the ratio (mp/Λ) ≈ 1 → very bad!
- A better treatment is Heavy Baryon Chiral Perturbation Theory (HBChPT)
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Experimental tests of HPChPT

- Summary paper: nucl-th/1212.3237 (from 2012)

MAMI, 2000s
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https://arxiv.org/abs/1212.3237
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