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Introduction

• Strongly interacting particles are observed as hadrons, that are color singlets.

• What happens if free quarks or color non-singlet particles are observed?

• In the same reasoning, what if we turn off the strong interaction? See what 
happens with the weak interaction.

• As a simple example, we will consider 𝑒!𝑒" → 𝜇!𝜇" using the effective field 
theory in SU(2).



Introduction

• At first, we have to consider the factorization of the process.

• Factorization of the weak processes consists of not only weak singlets but also 
weak non-singlets, which make factorization more difficult.

• Except for the difficulty of the factorization, some issues are encountered in the 
presence of the non-singlets.

- non-cancellation of the large logs, additional rapidity evolution, ⋯
→ See next talk



Effective Field Theory (EFT)

• Concentrate on the parts of the physics that we hope to understand.

• Relevant degrees of freedom.

• Transparent method to derive factorization theorem.

• Simplify the problem containing scale hierarchies.



Soft-Collinear Effective Theory (SCET)
• Expanding 4-momentum.

• Light-cone coordinate.

• Scaling for n-collinear & ultrasoft with power counting 𝜆 ≪ 1.

• Scale hierarchies.



Descending sequence of EFTs

Full Theory
𝜇 = 𝑄 ≫ 𝑀!

𝜇 = 𝑀!

Matching &
Integrating out hard mode

Matching &
Integrating out W

SCET 𝛾 in the 
broken SU(2)xU(1)

SCETW,𝛾 in the 
unbroken SU(2)xU(1)

𝜇 ≪ 𝑀!



N-jettiness

Thrust 𝜏 is defined as

N-jettiness 𝜏" is defined as

N-jettiness is treated as the generalization of the thrust.
By putting 𝜏"# to the ultrasoft scale 𝑄𝜆$, we can study about the N-jettiness in SCET.



Factorization theorem

Cross section is schematically written as

where 𝐶% are the Wilson coefficients. 𝑂% are the four-lepton operators defined as

In order to decouple soft interactions, perform the field redefinition.



Factorization theorem - Hard function

Hard function is defined as

Factorization theorem is written as

𝑒" 𝑒#

𝜇"

𝜇#

Cross section is schematically written as

Every field in each mode doesn’t interact with the fields in the different modes!!



Factorization theorem – Beam functions

To combine each 𝑙! into a bilinear, 
use the following relation.

Beam function is defined as

𝑒" 𝑒#

𝜇"

𝜇#Factorization theorem is written as

Cross section is schematically written as



Beam functions vs. Parton distribution functions (PDFs)

more differential

In SCET, the lepton beam function and the electron PDF are defined as

Factorization with a PDF
Factorization with a beam function 
by inserting

The relation between the BF and the PDF is

𝑒" 𝑒#

𝜇"

𝜇#



Factorization theorem – Jet functions

Jet function is defined as

𝑒" 𝑒#

𝜇"

𝜇#
Factorization theorem is written as

Cross section is schematically written as



Factorization theorem - Soft funtion

Soft function is defined as

𝑒" 𝑒#

𝜇"

𝜇#Factorization theorem is written as

Cross section is schematically written as



Conclusions

• We have reviewed the EFT.
• We have seen the factorization theorem of the 2-jettiness in SU(2), which is valid 

to all orders of 𝛼2.
• What can be done with the factorization formula:

- Calculate each factorized function.
- Sum the large logarithms by solving the renormalization group equation.

- Extend the theory to SU(2)xU(1).
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