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Materia

«Noi siamo fatti con la stessa materia dei sogni» 
(W. Shakespeare, Tempesta, atto IV)
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«viaggio» nel mondo degli atomi
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(disponibile qui https://videos.cern.ch/record/2307613)



Componenti
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Scale
[]
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Classificare
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Tutti gli elementi
[https://en.wikipedia.org/wiki/Periodic_table]
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Tutti gli elementi
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[https://en.wikipedia.org/wiki/Periodic_table]

Nelle stelle Fuori dalle stelle (Supernovae, scontri di stelle 
di neutroni, scontri di buchi neri, artificiali) Primordiali
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«a panettone»
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Bonus track: eletrizzazione
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Fenomeno fisico per cui un corpo elettricamente neutro, conduttore o no, acquista cariche elettriche 
positive o negative, oppure, conservando carica totale nulla, presenta sulla sua superficie, o nel suo 
volume, una distribuzione di cariche di segno contrario. 



«Vedere» le cose
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L’atomo di Rutherford



Modelli a confronto
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Atomi
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Principio di esclusione di Pauli
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«Orbite»
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«Orbite»
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Orbitali
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Orbitali
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Credits: https://it.wikipedia.org/wiki/Orbitale_atomico



[]
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Un’altra tavola periodica
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Particelle
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Forze o interazioni
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Mediatori delle forze
[]
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Le 4 forze fondamentali
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Le 4 forze fondamentali
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[]
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Particles
[]
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Quark up e down
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“pezzi” di carica elettrica:
   quark up (u): carica + 2

3

   quark down (d): carica − 1
3
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Protone: 938 MeV (1,67 × 10-27 kg)
Quark up: 2,3 MeV
Quark down: 4,8 MeV

Quanto «pesa» un protone?



Elettrone
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Neutrino elettronico

- Barbara Sciascia (INFN) -

C
re

di
ts

: A
sim

m
et

rie

35



Particles
[]
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[]
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Antimateria!
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Dirac Anderson



Bonus track: «le equazioni»
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On YouTube “The most beautiful idea in physics”: 
https://www.youtube.com/watch?v=CxlHLqJ9I0AEmmy Noether



Antielettrone
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[Physical Review 43 (6) 491–494]



Antimateria
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Materia e Antimateria
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[Image Credit:https://www.youtube.com/watch?v=Lo8NmoDL9T8]



Positron Emission Tomography - PET
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Materia e Antimateria
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-1 +1-1 +10



Materia e Antimateria
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Modello Standard Cosmologico
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Credits: Hitoshi Murayama

Materia e Antimateria
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Credits: Hitoshi Murayama

Materia e Antimateria
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Andrei Sakharov
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Le codizioni 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
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Isaac Newton
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Fritz Zwicky
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Coma cluster [Abell 1656]
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Mare e terra
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Mare e terra
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La signora dell’oscurità
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Vera Rubin, 1928 - 2016



Curve di rotazione [galassia M33]

60- Barbara Sciascia (INFN/LNF) -



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 is it 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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Riferimenti e approfondimenti
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Viaggio «dal capello ai quark»: https://videos.cern.ch/record/2307613
«Potenze di 10»: https://www.youtube.com/watch?v=kn_r7QxpMYc

Canale YouTube dei LNF: https://www.youtube.com/@INFNLNF

https://www.lnf.infn.it/edu/kids/da-qui-al-big-bang.php

Playlist «L’Universo in tasca» (YouTube LNF): 
https://www.youtube.com/playlist?list=PLRuUrPCVPFIrw_os9-4avm88c-0gSLfmM

https://www.asimmetrie.it/

https://www.youtube.com/c/AmedeoBalbi

Tavole periodiche:
- https://elements.wlonk.com/ (non aggiornata)
- https://periodictable.com/

https://www.ilpost.it/episodes/podcasts/mai-piu/

Le prime ~100 pagine de «L’universo elegante», Brian Greene, Einaudi
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Comportamento di onde e particelle
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Antimateria primoridiale
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CP violation, key dates
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1964: Cronin et al.

2001:
Babar@PEPII
Belle@KEK

2019:
LHCb@CERN

2020:
SuperKamiokande
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