
The Standard Model as an Effective Field Theory



SM is defined by its gauge symmetry and its field content
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Write most general EFT lagrangian as expansion  in
 inverse  powers of microphysics cut-off
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Standard
Model

some basic features of physical reality beautifully explained
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The magic of Ld=4
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and massless 𝝼’s emerge just accidentally
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Data seem to speak for a qualitatively different origin for the 𝝼 mass
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✦  baryon number conserved: the proton is stable (…and life possible)

✦  individual lepton number conserved
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proton lifetime from SuperKamiokande Collab.
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The remarkable ‘flavor’ of L4
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Flavor violation purely in the interplay between u- and d-type quarks
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flavor rotations
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Flavor Changing Neutral Currents

tree: none

loop: depend on the mass (differences) 
          in the other charge sector

(GIM mechanism)
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Consequences
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While         contributes to all these processes at tree levelL6
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hard to understand given CP violation in CKM 
seems just small by accident

This is the Strong CP Problem



The Strong CP problem looks like a stain on the magic of L4
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However this stain is remarkably mitigated by the existence of a dynamical 

solution, entailing the existence of an ultralight scalar, the axion, and 

compatible with a fundamental new physics scale    many orders of 

magnitude above the weak scale ( )
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fa ∼ 1010 − 1012 GeV
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is also an accidental symmetry SU(2)C
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• It is remarkable how the hypothesis , the desert, 
very simply explains many structural aspects of particle 
physics

• This encourages us to try and understand how can   be 
naturally made hierarchically separated from 

ΛUV ≫ 1TeV

mH
ΛUV



• It is remarkable how the hypothesis , the desert, 
very simply explains many structural aspects of particle 
physics

• This encourages us to try and understand how can   be 
naturally made hierarchically separated from 

ΛUV ≫ 1TeV
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… to our great frustration we find we cannot !
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fully fixed by symmetries
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Galileo would surely have gasped had he found c = 10�20

very much like the frequency of pendulum



But why didn’t our ancestors worry about the electron mass?



But why didn’t our ancestors worry about the electron mass?

….well, actually at a certain point they did
 

naive classical picture of electron E ⇠ e2

R

<latexit sha1_base64="9Wua3vRlP8/PvOld5CAma+T+SSc="></latexit>

relativity m = E ⇠ e2

R

<latexit sha1_base64="k263WKiQPl2wNfUsH+vQptRoUaQ="></latexit>

1

<latexit sha1_base64="WKUro444+GopC1bfFaRz98efd6M="></latexit>

R ! 0

<latexit sha1_base64="uBV+Saqu/7geVb1Il+6UEBrHJxQ="></latexit>

puzzle solved
by QED

�me = = 0+
e2

16⇡2
⇤

<latexit sha1_base64="DjNh2y2E1O7r8W/Xo/MF0b3AO68="></latexit>

� e2

16⇡2
⇤

<latexit sha1_base64="9Fg7/Q45nYmVMw/ujlQEPcBjYA8="></latexit>



The reason for this cancellation is chiral symmetry
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Fermion mass is only multiplicatively renormalized
no additive, possibly large, contribution
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And what about the photon?

Shouldn’t we worry for the origin of his vanishing mass?



And what about the photon?

Shouldn’t we worry for the origin of his vanishing mass?

No!
as long as 2 ≠ 3
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Dmz → u Deez (covariant derivative ! )

(DyZJt→ (peezytut
⇒ Tr E)

t

(DME) = gauge
indecent

⇒ S =)-f que G -m t ¥ztr@j5CDnE)
= equivalent to simply adding e. gloominess H

. Indeed us.y
E → Oz under such

-ios



I can choose the gouge E=tI fruity gauge)

⇒ S=J - f q , Gw t gets Tr gag G-

{ = qe.ie

• What does the theory of a massive gluon have

of dramatically different? To analyze that
let us hunt for the nee effects , by making tee
t ones as swell as possible
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