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Quick reminder: What is an Effective Field Theory?
- Common examples: Weak Effective Field Theory, SMEFT, ChPT

- Based on hierarchies of scales, expand in small ratios


- New symmetries / power counting simplify the problem

- Can be deeper than just “integrating out the heavy particle”

mμ ≪ MW
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- , QCD has approximate chiral symmetry ( ) 
in the Lagrangian, but condensate  is not invariant  SSB 

Goldstone bosons

mq ≪ ΛQCD mu = md = 0 ( = ms)
⟨q̄q⟩ →

→ SU(N)L × SU(N)R ↦ SU(N)V →

- Give our Goldstones the transformation of the condensate: , and 
a  representation: , ensuring , 

Σ → LΣR†

SU(N) Σ = exp(2iπata/f ) Σ†Σ = 1 det Σ = 1

- Degrees of freedom: soft pions (and  partners),  can add mass as a “spurion”SU(N)

ℒ(2)
πs

=
f2

4
Tr [∂μΣ†

s∂μΣs]

- Now build a Lagrangian for this field that respects the symmetries of QCD,
but it can only work at low energies, to have a systematic power counting 

, and to neglect resonant effects (  meson, as an example). At LO:ϵ = p/Λχ ρ
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Matching: Chiral Perturbation Theory

ℒ(2)
πs

=
f2

4
Tr [∂μΣ†

s∂μΣs]
- Matching is what makes EFTs work. In QCD pion decay goes through 

 which transforms under chiral symmetry as jW = q̄LγμqL jW ↦ LjwL†

- Build an operator with ChPT fields that transforms the same: OW = Σs∂μΣ†
s

- Take the appropriate matrix elements, imposing their equality, and you get 
that, at leading power

⟨0 | jw |π⟩ != ⟨0 |Ow |π⟩ → f = fπ

- Now we can calculate some stuff with ChPT!
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n2 = n̄2 = 0, n ⋅ n̄ = 2 n ⋅ k⊥ = n̄ ⋅ k⊥ = 0nμ = (1,0,0,1), n̄μ = (1,0,0, − 1),

kμ
c ∼ (1,λ2, λ) kμ

s ∼ (λ, λ, λ)

- Different momentum components scale differently, introduce light-cone coordinates

λ = ΛQCD/E

- In SCET II, the collinear fields are a boosted version of the soft fields

- What’s important:

- The SCET II LO Lagrangian is two copies of QCD (one soft, one collinear), 
decoupled
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Soft-Collinear Effective Theory (II)
- Based on the method of regions:
 q → qs , qcqs qc

E ≫ ΛQCD

Duplication of chiral 
symmetry on the 
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mq ≪ ΛQCD
symmetries!→

π → ℓν πsoftπsoft → πsoftπsoft→

SC ChPT

ℒ(2) = ℒ(2)
πs

ℒ(2)
πc

+

p ≪ E

It’s use is motivated in places 
where you have relevant soft and 
collinear hadrons, like in B → πcℒ(2)

πs/c
=

f2
π

4
Tr [∂μΣ†

s/c∂
μΣs/c]ChPT is Lorentz invariant:
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- Conclusion: We can compute chiral corrections to LCDAs! 
And in principle, any non-local operators

- Unique LO operator!
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- Problem: Infinite tower of allowed leading operators

Solution: Basis subtraction procedure so , only one operator 
contributes at tree (and 1-loop) order!

𝒰∂
N = 𝒪(π2N−1
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⟨0 | jπ |π⟩1−loop = C1 ⟨0 |𝒰∂
1 |π⟩
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- We built SCET for a hadronic theory: SC-ChPT


- It’s use is motivated in places where you have relevant soft and collinear 
hadrons, like in 


- The Lagrangian is based on the Lorentz invariance of ChPT and the 
duplication of Chiral symmetry of SCET II


- The matching procedure for external currents becomes more complicated, but 
ends in a useful result


- This procedure can be in principle replicated with other operators that may 
appear in different contexts

B → πc



Thank you!
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A2
c =

1
2

{n̄ ⋅ A, n ⋅ A} + A2
⊥ ∼ ϵ2

ℒ(0)
πs/c

=
f2
π

4
Tr [∂μΣ†

s/c∂
μΣs/c] = f2

π Tr[Aμ
s/cAs/cμ]


