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Gauge Bosons

Three generations, why?

Interactions

  Strong 

  Electromagnetic

  Flavor conserving neutral

  Flavor conserving charged
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Mass generation

Gravity

Dark matter

UV completion

Hierarchy Naturalness

Nature of Neutrinos
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Mass generation
Mass Proton = 1GeV

Mass up+up+down= 9.1MeV

G. Comitini, DR et al, PRD 104, 074020.

Lattice
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Flavor Conserving 
Neutral Currents

Flavor Conserving 
Charged Currents

Muonic (g-2)

W mass anomaly
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Muonic (g-2)

The status of muon g-2 theory: Aida El-Khadra
Higgs, Flavor and Beyond – DESY Theory Workshop



28

Phenomenological problems of 
The Standard Model

    daniele.rizzo@ncbj.gov.pl Daniele Rizzo

Muonic (g-2)
Flavor Conserving 
Neutral Currents
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W mass anomaly

CDF Collaboration, doi:10.1126/science.abk1781
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W mass anomaly (GeV)
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8 free parameters Less predictive
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Hamiltonian of the Ising model

Generic configuration

All spin flipped

Generic configuration

Only one spin flipped

Same 
energy

Different 
energy
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Global Transformation Local Transformation

Covariant Derivative

Electromagnetic 
field

U(1)

Conserved current
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Random walk algorithm Genetic algorithm
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6 free parameters



64

Type-II next-to-2HDM

    daniele.rizzo@ncbj.gov.pl Daniele Rizzo



65

Type-II next-to-2HDM

    daniele.rizzo@ncbj.gov.pl Daniele Rizzo



66

Type-II next-to-2HDM

    daniele.rizzo@ncbj.gov.pl Daniele Rizzo



67

Type-II next-to-2HDM

    daniele.rizzo@ncbj.gov.pl Daniele Rizzo

2HDM: G. Bhattacharyya and D. Das, Pramana 87, no.3, 40



68

Type-II next-to-2HDM

    daniele.rizzo@ncbj.gov.pl Daniele Rizzo



69

Type-II next-to-2HDM

    daniele.rizzo@ncbj.gov.pl Daniele Rizzo



70

Type-II next-to-2HDM

    daniele.rizzo@ncbj.gov.pl Daniele Rizzo

Positivity conditions



71

Type-II next-to-2HDM

    daniele.rizzo@ncbj.gov.pl Daniele Rizzo

Positivity conditions



72

Type-II next-to-2HDM

    daniele.rizzo@ncbj.gov.pl Daniele Rizzo

Positivity conditions



73

Type-II next-to-2HDM

    daniele.rizzo@ncbj.gov.pl Daniele Rizzo



74

Type-II next-to-2HDM

    daniele.rizzo@ncbj.gov.pl Daniele Rizzo

Log(E/GeV)

60 TeV2 TeV 10 TeV



75

Type-II next-to-2HDM

    daniele.rizzo@ncbj.gov.pl Daniele Rizzo

Log(E/GeV)
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gd(2 TeV) = 1 gd(10 TeV) = 1.37 gd(60 TeV) = 10.41
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Work in progress:
● Perform the minimization of the loss-function with multi-core random 

walk to find the parameters for the models.
● Perform the same minimization with genetic algorithm, gradient descent 

and other machine learning techniques.
● Perform the analysis of already existing bounds from LHC for the 

production of the scalar particles, the VL-fermions and (in the local 
model) of the Z’.

Ideas for a next project:
● Study the quark sector of the model by taking into account new 

observable than can set constraints on their parameter space.
● Repeat the entire analysis by adding a second family of VL-fermions, so 

that we can also generate a mass for the first generation of leptons.
● ...
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Thanks for the attention!

Hoping you are still awake
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Analytical expression for the muonic g-2 

Put here the value from best-fit xi^2
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W mass anomaly

Put here S T U from best-fit 
xi^2

Put here M_W from best-fit 
xi^2
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