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Standard model ~ 2023
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Scalar selfinteractions

» Gauge structure established
* Yukawa structure to be determined

* Higgs (nature) self-coupling to be determined



VWhat's left of the anomalies
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2022 ~ Crass

+ Lepton flavour (non) universality
¢ o-) of the muon

+ VW boson mass
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+ Lepton flavour (non) universality
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2023/24 (on the way out?)

» VW boson mass

+ 9-) of the muon
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Should one bet against the SM¢
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CDF claims increase statistics/better understanding of PDFs and detector

EEIENaIene recuce Uncertainty from 10 to 3.9 MeV)

CDF is in Tension with ATLAS measurement and SM!

Study correlations w.rit. to PDFs, higher order QCD and QED effects.



What the numbers say
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Weighted average for incompatible measures

My, e 80,408 = 19 MeV 2.4 o discrepancy with SM

(PDG) Uncertainty X 4 / v /ndr

D'Alise, De Nardo, Di Luca, Fabiano, Frattulillo, Gaudino, lacobacci, Sannino, Santorelli,Vignaroli, JHEP 08 (2022) 125, 2204.03686

See Erler and Ferro, Eur. Phys. | C 80 (2020) 6,541 for PDG alternative



Over coffe-break/lunch questions

s it sensible to combine these measures !

Are CDF and ATLAS measuring the same quantity !
Could NP in PDFs explain the discrepancy !

s CDF wrong (see Rgx) !

S eie X piresults S Diasedt

Can precision ever replace a signal discovery!



Precision electroweak
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Precision electroweak
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Non Standard Higgs
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Summary and references in

Sannino, Phys. Rev. D. 93 (2016), 1508.07413

Non-standard (composite) Higgs

Glueball:

Lightest glueball with string tension Ay # v = 246 GeV

lechnicolor:

TC fermion bound state assume reference SU(N) (Fund. Rep.)

Large N Dilaton:

Couplings related and single scale NA

Goldstone/Holo:

EW vev misalignment v = fsin@ = fs, with sy, < 1



Sannino, Phys. Rev. D. 93 (2016), 1508.07413

Glueball Higgs

| h~G G
- LGlueball-Higgs = Lgg + (1+®2rih+@h2)v Tr D, U'D*U
ueball-Higgs = “5M
Lightest SU(N) glueball
2
+ L9.hath - Mgy 4 Yor b, Voz b
2 2 N AH N2 A2
Ay#v  v=246GeV
¥t s 1
- (1 ¥ NAHh) [qL 4 (E ¥ TG) AR h'C'] N-independent String Tension
rb - 1 3
- mb(1+ h)quU(——T)qR+h.c.]+
NAm 2 Of= 290, (i27r“T“/v)
1 &
: 0[47w, A2 ] D,U = 9,U — igW*T°U + ig'UB, T
H
SN el
VO,b Non-derivative series in h Ay e e
r,=t=r=N— s. =Nee=



Sannino, Phys. Rev. D. 93 (2016), 1508.07413

lechnicolor Higgs
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Sannino, Phys. Rev. D. 93 (2016), 1508.07413

Pseudo Dilaton Higgs
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General Non-Stanc
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Non-standard S & T
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ASyy = unknown UV contributions
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General results

Goldstone/Holo = ky = ¢y < 1

Dilaton, TC and Glueball Higgs = k, > 1 for A < v and/orr, > 1

Dilaton, TC & Glueball Higgs work but small coupling for Goldstone/Holo Higgs

Natural composite dynamics can address W and g-2 anomalies



Compositeness



Composite landscape

Interactions Rep UV
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Gﬂ +w+ ¢ + Yy Repr: dependent | SiFke cleais

[t can be (partially) supersymmetric

T extra dimensions seen as non-perturbative QFT



Phase diagram for gauge-termion sector

Sannino, Tuominen Phys. Rev. D71 (2005) 051901
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Applications

Bright R
» Colliders

| JEShielne (CIF
* Early universe QCD . Axions

» Compact stars

- Technicolor Novel * Dark b;ryons

» Composite (GB) Higgs | * Dark pions

* Fundamental partial Compogte s ol o
compositeness Dynamlcs » Composite inflation

* Secluded dark sectors

Sannino. Acta Phys. Polon. B 40 (2009) 3533-3743, 091 1.0931
Cacciapaglia, Pica, Sannino, Phys. Rept. 877 (2020) [-70, 2002.049 14



Final considerations

Landscape of strongly interacting theories Is vastly unknown
Relevant, for example, to address g-2
Phase diagram of strongly interacting theories very much needed

New promising analytic and numeric methodologies underway



To be continued...
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Muon g-2 2

Orbital magnetic moment
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Fine Structure of the Hydrogen Atom by a Microwave Method* **
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~undamental Composite Physics

Sannino, Acta Phys. Polon. B 40 (2009) 3533-3743, 091 1.093
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Cacciapaglia, Pica, Sannino, Phys. Rept. 877 (2020) 1-70, 2002.049 |4
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Skeleton diagrams/estimates
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General observations

L/
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- Theory uncertainty for g - 2
+ No RI(;) anomalies = back to lepton flavour universality

4

5

- (Natural) composite model works for g-2

+ Non-standard Higgs as pseudo-dilaton (near conformal)



