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Effective Field Theory
Our dream is to understand the most fundamental (UV) theory. On the other hand, we can always do computation without 
knowing the exact theory.

For example

Consider a QFT with a fundamental high energy scale M but interested in observables as energy E << M.

Choose a cutoff    < M and divide all quantum fieldsΛ

Integrate-out



Effective Field Theory



Unify into a single forceSymmetry breaking

Different breaking chains

M.Pernow (2021)

Grand Unified Theory



SMEFT and GUT



Dimension-5

Corresponding three types seesaw

The breaking chain in SO(10)

Lepton Number Violating



Dimension-7

The dimension-7 operators are suppressed, the 
UV models which contribute to dimension-7 
operators should exclude three types seesaw.

Lepton Number Violating



The UV models contribute to dimension-7 operators without seesaw. The breaking chain in SO(10).

Lepton Number Violating



For example

Interaction Wilson coefficient

Effective Lagrangian

Lepton Number Violating



Dimension-6

The breaking chain in SO(10).

The UV models contribute to dimension-6 operators.

For example

Baryon Number Violating
Δ(B − L) = 0



Dimension-7

The breaking chain in SO(10).

The UV models contribute to dimension-7 operators 
which do not contribute to dimension-6 operators.

For example

Baryon Number Violating
Δ(B − L) = 2



The particles in LEFT : (uR , uL , dL , dR , eR , eL , νL) , nu = 2 , nd = 3 , ne = 3 , nν = 3 .

The involving LEFT operator form : (q̄ql̄l) , (q̄ql̄lD) , (q̄qq̄qll) , (qqql) , (qqql̄) , (qqqlD) , (qqql̄D) , q = (u, d, s)T

Matching between SMEFT and LEFT



The QCD Lagrangian with external source

chiral symmetry 
symmetry 

symmetry breaking
The chiral Lagrangian

Dimension-6 and dimension-7 LEFT LNV operators

Dimension-9 LEFT LNV operators

symmetry breaking

symmetry 

chiral symmetry 

The chiral Lagrangian

Matching between LEFT and ChPT



Quark bilinear with spurion

Matching between LEFT and ChPT



Quark bilinear with two spurion

operators

Matching between LEFT and ChPT



Dimension-6 and dimension-7 LEFT BNV operators

Three spurions can be added

Type LO

NLO

The corresponding chiral Lagrangian for              can be expand as(uLuLdLL)

Contribute to the processes

Matching between LEFT and ChPT
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(126F , 45V) (45F , 126S)

[F12(3, 2)7
6
, V5(3, 1)2

3
]

n → p + e + νc

[F10(3, 2)− 5
6
, S13(3, 2)7

6
]

p → π+ + ν

ΔB = 1ΔL = 2
Summary



Thanks !


