
 
The SM as an effective theory
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8.1 Generalities

The modern pointof view on the SM isthat this is the low energy

limit of a theory containing more degreesof freedom
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Similarly to the case ofthe low energy limit of the SM we can

think there is a theory above the SM the UV completion oftheSM
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Infinite listof operators finite at any fixedorder in d satisfying
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which is the lowest value of A and which is the structure ofthe Ctd
are the big open questions in particle physics

EB If we probe processes at E cc A this construction is pective
as it is the Fermi theory at low energies given finite order of
operators a couplings at finite d precision in Ela

8.2 TheHiggs hierarchyproblem

All the SMcouplings exceptthe Higgs mass ters are dimensionless couplings

Logaritmic evolution under RGE
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orders of magnitude
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The only exception is the Higgs mass term

m v m A 2 V2 logterms

quadratic sensitivity to the cutoff

The quadratic cutoff dependence signals a quadratic dependence of the renormalized

valueof m at low energies from possible physical high scales in the

theory
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If 4 12 s MH we need to fine tune the values in the Lagrangian

in order to reproduce the observed value of My

General argument why we expect some form ofNew Physics not far
from the TeV scale stabilization of the Higgs sector



3 Classifyingtheops of dog in the SMEFT

1 04 D ft d 6
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The onlyallowed 1 5 op in LSME.tt is a bit special since it violates

total lepton number eatery of 25
It's possible to conceive lower scales of NP which do not alter the

structure of hᵈ 5 small mu provided LN remains unbroken
This is whywe putthe label LN on the scaleof the d 5 operator

A very similar argument holds for operator violating baryon number
appearing at 1 6



We can now look at the structure of the d 6 operators

Few independent electroweak structures seetables but

21 new freecouplings mainly flavorsector



The fact that a large number of free parameters is connected

to the flavor sector emerges more clearly by the following

table

Imposing exactuggs
Imposing 01315
but allowingonly

flavor symm linearterms inNo flavorsymmetry
Is b fm miurefor 3 or 1 9h

I v

N of independent real couplings CP invariant

N of independentimaginary couplings CP violation

Most of the SMEFT parameters appearing at d 6 control the

breaking of the U 3 5 flavor symmetry


