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Un’introduzione al Modello Standard delle 
particelle elementari e al molto che c’è 

ancora da studiare dopo la scoperta 
 del bosone di Higgs 
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John Dalton 
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Dimitrij Mendeleev 
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Dimitrij Mendeleev 
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[https://en.wikipedia.org/wiki/Periodic_table] 



Atomi 
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Orbitali atomici 
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Muons and kaons 
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Particle zoo 
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“Three quarks for muster mark” 
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[Phys.Lett. 8 (1964) 214-215] 
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Murray Gell-Mann 



Particelle sub-nucleari 
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Standard Model 
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Forze o interazioni 
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Intensità 
relativa 

Raggio 
d’azione 

forte 1 ~10-15 m attrattiva 

e.m. 1/102 infinito attrattiva o 
repulsiva 

debole 1/105 ~10-18 m 

gravità 1/1040 infinito attrattiva 
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Standard Model 
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Campi e particelle 
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4 luglio 2012 
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Massa del protone 
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Standard Model 
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Antimateria 
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Dirac Anderson x2 = 4 
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Modello Standard Cosmologico 
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Andrei Sakharov 
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Le condizioni di Sakharov 
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[proposte nel 1967] 

Dalla differenza tra 
materia e antimateria 
necessaria al Big Bang 

“Deve esserci una differenza tra materia e antimateria” 

Se si assume che 
l’Universo non distingue 
tra materia e antimateria 

~ 6 x 10-10 ~ 10-18 ~ 10-17 

Dalla differenza tra 
materia e antimateria 
che misuriamo a terra. 

10-18 10-17 10-16 10-15 10-14 10-13 10-12 10-11 10-10 



Credits: Hitoshi Murayama 

Materia e Antimateria 
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Credits: Hitoshi Murayama 

Materia e Antimateria 
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Differenza tra materia e antimateria 
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Differenza tra materia e antimateria 
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Differenza tra materia e antimateria 
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Differenza tra materia e antimateria 
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2019 

[Credits: Maximilien Brice et al./CERN] 
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Differenza tra materia e antimateria 
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2020 

[Enrico Sacchetti/Science Source] 
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Differenza tra materia e antimateria 
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PET 
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PET 
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Open points: SM (and beyond) 
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 - No explanation for the quark hierarchy 
 - Why are there 3 families/generations? 
 - No real explanation for CP violation 
 - Why it is only found in the weak interaction? 
 - Mass value of the Higgs boson 
 - EW and strong unification 
 - … 

 - No explanation for baryogenesis 
 - Dark matter and dark energy 
 - Neutrino masses 
 - Gravity 
 - … 
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Approfondimenti 
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Lezioni e seminari:  
 - D. Domenici (Rivelatori di particelle) e D. Alesini (Fisica degli acceleratori)  
   (http://edu.lnf.infn.it/ippog-international-masterclass-2019/) 
 - Canale YouTube dei LNF 
   (https://www.youtube.com/channel/UCyi2ABzIOiISreiYPxQ5g_w) 

Libri:  
 “L’universo elegante” di B. Greene, Einaudi 
 “La legge fisica” di R.P.Feynman, Adelphi 
 “I primi tre minuti” di S. Weinberg, Mondadori. 
 “Particelle familiari” di M. Delmastro, Laterza 

Asimmetrie, rivista semestrale dell’INFN   
 (www.asimmetrie.it)  in particolare AS6 [acceleratori], 
AS7 [antimateria], AS8 [bosone di Higgs], AS11 [simmetrie], 
AS14 [massa], AS16 [1964], AS18 [#NuovaFisica] 

Il modello standard: 
 “CERN and the rise of the Standard Model ” 
  https://videos.cern.ch/record/1950520 
 “La langrangiana del modello standard” [didattico, EN]: 
https://indico.cern.ch/event/803074/attachments/1832320/3001970/PED_52_034001.pdf 
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Specchi imperfetti 
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Matrice CKM 
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Bosone di Higgs 
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Lagrangiana 
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1 - Gluoni [mediatori forza forte] 

2 - Bosoni W/Z [forza debole] 

3 - Interazioni della materia dovute alla forza 
debole; interazioni con il bosone di Higgs 

4 e 5 - “sistemano” i fantasmi di Higgs     
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