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Why exploring QFT?

4 necessary to develop one day the Theory of Quantum Gravity
from where all descends (CC, ms, 0gcd, me, 0c ...)

4 explain confinement in QCD
4 learn about the Condensed Matter zoo
4 support Particle Physics experiments

4 directly address open questions (hierarchy, flavor, unification,...):

build models

4 get inspired and maybe serendipitously get crucial hints
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The Hierarchy Paradox
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Clash between Simplicity and Naturalness

Made concrete in construction of Natural models (SUSY, Comp Higgs,...)



A matter of symmetry and selection rules
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Of Mass Hierarchies and CFTs
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TeV

Illustration: Conformal Technicolor

Luty, Okui ‘o4
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[lustration: Conformal Technicolor Luty, Okui ‘o4
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TeV

Illustration: Conformal Technicolor

Luty, Okui ‘o4
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The wishes of model building and the reality of QFT

4.5

3.9

2.5

1.2

1.4

. |
1.6 On

Rattazzi, Rychkov, Tonni, Vichi '08
Poland, Simmons Dufhn, Vichi ‘11



The wishes of model building and the reality of QFT
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The wishes of model building and the reality of QFT
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Ma la fisica ¢ come il maiale...

[Chester, Landry, Liu, Poland,

Bootstrap ‘g, . " ons_Duffin, Su. Vichi, 2019]

1.512

9]°

1.511

A

| Monte Carlo

[Campostrini et al 2006,
Hasenbusch 2019]

He-4 experiment t »

[Lipa et al, 2003]

0.5189



The two Chief Systems

[.SMupto m; ! TeV Simplicity

B, L & Flavor (L) T

 Illh points beyond Naturalness

e multiverse

* “cosmological relaxation, Nnaturalness, ...’
e failure of EFT (UV/IR connection)

p)

I1. Naturalizing New Physicsat m; | TeV

* Constraints on B, L, Flavor & CP met by c/ever model building Naturalness

but with opportunity to explain fermion masses and CKM structure



H. Georgi, D.B. Kaplan '84

Modern Composite Higgs  pb xaplino:

Agashe, Contino, Pomarol ‘o4
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Fermion spectrum: structure from anarchy via RG flow
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A full fledged CFT realizing all that?

... of course not

but we at least have ‘holographic realizations’

Randall-Sundrum’s

slice of AdS5
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Higgs potential & Naturalness
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Higgs potential & Naturalness
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Higgs is a pseudo-Nambu-Goldstone boson
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Higgs potential & Naturalness
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A Higgs non-linearities:
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A Composite resonances:
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LHC
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... and then there came Flavor
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To allow for low [Tl must assume Flavor & CP Symmetries

P explanation of fermion spectrum is lost
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Supersymmetric Composite Higgs
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Nomura, Papucci, Stolarski ’08 Okada, Yamada 11 Agashe, Giudice, RR, Sundrum, to appear



® oaugino and sfermions masses from SM gauge forces
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calculable EVWWSB: mﬁ = Cimi2
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The irresistible fascination for the Higgs trilinear

A generically unspecial:
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A 1n peculiar Casces . 3 | "g! w - 9hzz F 100" : Ohzz
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Durieux, Mccullough, Salvioni ’23
Degrassi, Giardino, Maltoni, Pagani ’16

B possibly motivated by EW baryogenesis, but ...

B standard scenarios ruled-out/borderline by electron-edm bound

B scenarios evading edm bound all have small " 3

* spontaneous CPV Espinosa, Gripaios, Konstandin, Riva '11

* symmetry non restoration Meade, Ramani, 18 Baldes, Servant 18,  Glioti, RR, Vecchi 18



Back to the Strong CP problem

chatting with Luty, Luzio, Redi, Stelzl, Vecchi, ....

‘locp  is determined by vacuum dynamics, not by microphysics,
hence it is futile to seek symmetry based solution a la Nelson-Barr’ Dvali ’06
Kaplan, Melia, Rajendran 24

.. but global symmetries (ex P, CP) may just emerge
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either | evolves (via instantons) or is exactly marginal (1?)
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What is the origin of the weak scale?

How much un-Natural or Clever did Nature decide to be?

New Particles

Higgs

cosmology
&
astro

\ Hypotheses
) ElectroWeak

Flavor & CP
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Let us all meet at GGI to discuss and be inspired!



