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Motivation

Feynman integrals with the multi-scales complicated.
⇒ Hierarchical scales generally lead to the emergence of EFT.

Very often computing the full results of Feynman integrals neither mandatory nor necessary.
I An example from B→ γ `ν`:

FV,LP(n ·p) =
Qu mB

n ·p
f̃B(µ)C⊥(n ·p,µ)

∫
∞

0
dω

φ
+
B (ω,µ)

ω
J⊥(n ·p,ω,µ) .

I Only need to evaluate the hard and jet functions with the strategy of regions.
I Much easier than evaluating the full QCD amplitude.
I Even if you obtain the full result, the heavy quark expansion must be then implemented.
←↩ QCD/SCET factorization at leading power in Λ/mb.

Determine the leading regions of Feynman integrals⇒ Identify the relevant field modes.
↪→ Crucial to establish QCD factorization theorems with the traditional and modern formalisms.

The infrared behaviours of Feynman integrals can be addressed with distinct techniques.
I Interesting development on the evolution kernels of the light-ray operators.
I The infrared subtractions generally complicated (in particular for heavy quark physics).
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Factorization of Feynman Diagrams
Example: exclusive weak decay B→ π`ν̄` [b→ u`ν̄`].

Feynman integral:
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Case I: QCD→ HQET
The EFT description of the process depends on the external momenta.

For the soft pion (u-quark): E = O(λ ).
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Case I: QCD→ HQET
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Case I: QCD→ HQET
First lessons:

I Expansion in ratio of scales (→ heavy quark expansion) can be obtained by adding
contributions from the relevant momentum regions.

I Direct computation of the expansion is much simpler than the computation of the exact
result, because all integrals involve only one scale, not several.

I Each term scales with a definite power of λ , which is determined before a calculation.

Diagrammatic factorization:
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Effective fields and Lagrangians

Introduce fields for soft modes and construct the Lagrangian that corresponds to the diagrammatic
expansion rules⇒ reproduce the soft matrix element Mi

soft.

Effective heavy quark field:
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Heavy Quark Effective Theory
Effective Lagrangians and currents:

Leff =
[
h̄v (iv ·D)hv +NLP

]
+ ∑

light quarks
q̄D/q− 1

4
G2 ,

ūΓb = ūΓhv +O(αs,λ ) .

Scaling rules:
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Case II: QCD→ SCET
What happens for the energetic pion (u-quark) with E = O(m) ?

Fail to reproduce the QCD result by adding the hard and soft contributions.
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Case II: QCD→ SCET
External kinematics:

Collinear contribution:

Ih + Ic + Is reproduces the expanded exact result. This works to all orders in λ .
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Case II: QCD→ SCET
Key observation:

When there are energetic, nearly on-shell, nearly massless external lines, one must introduce
collinear loop momentum configurations. The infrared structure is different from the case
E ∼ λ .

An important difference is the non-locality.

This is indeed true for the collinear Lagrangian in SCET.

Lc = ξ̄

(
in− ·D+ iD/⊥

1
in+ ·D

iD/⊥

)
n/+
2

ξ .
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Case II: QCD→ SCET

Next lessons:
I For a given process (external kinematics) find the relevant momentum regions to construct

the expansion.
I Introduce effective fields and vertices which reproduce this⇒ effective Lagrangian.

Relevant field modes in SCETI.

Can add a soft line to a jet (phc +ps)
2 ∼ λ , but not a line with p∼ λ

1/2.
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Soft-collinear effective theory: power counting
Light quarks:

Heavy quarks:
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Soft-collinear effective theory: power counting
Gluons:

Derivatives on fields:
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Constructing the soft-collinear Lagrangian
Here we aim at deriving the SCETI Lagrangian and first neglect the soft quark field.

Step I: Integrate out small components of the collinear quark field.

I No degrees of freedom have been integrated out! Lc is simply the QCD Lagrangian in a
frame where all particles are boosted to large momentum.

I Non-locality can be made explicit in terms of Wilson lines.

1
in+ ·D

= W
1

in+ ·∂
W† .

Yu-Ming Wang (Nankai) Loops and EFT SDU, August-4-2023 15/18



Constructing the soft-collinear Lagrangian
Step II: Expansion of the exact Lagrangian in λ

1/2.
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Constructing the soft-collinear Lagrangian
Remarks on the multipole expansion.

The expanded collinear Lagrangian:
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Constructing the soft-collinear Lagrangian
Step III: Include soft quarks.

More discussions can be found in the review article [arXiv: 1410.1892] and references therein.
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