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Where we stand

LSM = −1
4F

µνFµν + ψ̄i /Dψ + |DµH |2

+Y ψ̄ψ′H + µ2|H |2 − λ|H |4

seen all particles
determined all parameters

missing pieces
(neutrino oscillation, matter/antimatter asymmetry, dark matter)

untested correlations
(EW fit, CKM unitarity, mx /ghxx /ghhxx )

structural weaknesses
(flavour hierarchies, strong CP, weak-scale and CC naturalness)
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Let’s assume the SM only breaks down
at a high energy Λ & TeV.

This would explain why LSM is so successful.

short-distance physics
seen from a long distance

[R. Rattazzi]“LSM is the monopole of particle physics.”

It contains only terms surviving the E � Λ limit,

and basically all of them,
built from the fields and symmetries we know.
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SM as a low-energy EFT

Ld≤4 + L5/Λ + L6/Λ2 + · · ·

Naturally accounts for observed suppressions...
(neutrino masses, proton decay, tree-level FCNCs, etc.)

... but not for: I ye , θ13, etc.� 1 in Y ψ̄ψ′H

I θQCD � 1 in θQCD
32π2 GaµνG̃a

µν

I µ2/Λ2 � 1 in µ2|H|2

I Λ4
CC/Λ4 � 1 in Λ4

CC

which we would want to be calculable, quantum-mechanically.
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SM as a low-energy EFT

EFT not only points at the weak-scale naturalness puzzle

but also formalises and organises systematically SM structural tests,

breaking correlations between observables QFT-consistently.

Gauthier Durieux – FCC Physics Workshop – Krakow, 23 Jan 2023 5

https://inspirehep.net/authors/1273362
https://indico.cern.ch/event/1176398


Probing weak-scale naturalness

Higgs precision measurements & direct searches

Taking up on the LHC which is already forcing a compromise
between unexplained suppressions and model minimality.

Explanations for the weak scale without energy-frontier implications
have also been explored.

Still, colliders are unique and indispensable tools for covering new ground,
and refining our fundamental understanding of nature.
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Why keep exploring the energy frontier?

No guaranteed new-physics discovery

But no measurements for the sake of measurements

Unseen phenomena as proposed targets

Prioritise where the unexpected is the least unlikely

Based on theory biases

The weak-scale puzzle as prime motivation!
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