
Basics	on	particle	physics.
Structure	of	the

Standard	Model	
of	particle	physics

Antonio	Masiero
University	of	Padua	and	INFN

ISAPP2023:	Neutrino	physics	,	astrophysics	and	cosmology	– SIF,		Varenna,	26	June	– 6	July	2023

MICRO-COSMOS





LECTURES		I	– II
• Where	the	two	infinities	touch	each	other:		a	bird’s-eye	view	of	the	

Standard	Models	(SM)	of	particle	physics	and	of	cosmology

• Symmetries and	fundamental	interactions

• The	QED and	QCD lessons

• Spontaneous	breaking	of	a	(gauge)	symmetry	and	the	Higgs	mechanism.
The	appearance	of	the	electroweak	energy	scale.

• The	structure	of	the	SM	of	particle	physics.	

• Masses and	mixings of	the	SM	fermions.	CP	violation	in	the	SM

• The	exceptional	points	of	strength	of	the	SM



In	this	last	decade	à the	triumph	of	the



UNIFICATION of
FUNDAMENTAL INTERACTIONS
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HUNTING FOR THE QUARKS



SM	OF	ELEMENTARY	PARTICLES	 AND	FUNDAMENTAL	INTERACTIONS

MATTER

RADIATION



The HIGGS BOSON CONDENSATE
• “SOMETHING” fills the Universe: it 

“disturbs” Weak interactions making 
them SHORT-RANGED, while it does 
NOT affect gravity or 
electromagnetism.

• WHAT IS IT? 
• Analogy with 

SUPERCONDUCTIVITY: in a 
superconductor the magnetic field 
gets repelled (Meissner effect) and 
penetrates only over the “penetration 
length”, i.e. the magnetic field is short-
ranged            source which disturbs 
are the boson condensates, Cooper 
pairs.

• We are “swimming” in Higgs Boson 
Condensates its value at the 
minimum of its potential determines 
the masses of all particles! 
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THE HIGH-ENERGY ROAD



THE HIGH-INTENSITY ROAD

Discovering the presence of the 
heavy up-type quarks through their 
virtual effects on physical processes

Looking for NEW 
PARTICLES through 
their virtual effects à
discrepancies w.r.t. 
the SM predictions



J.	de	Kleuver

THE	ASTRO-PARTICLE	PHYSICS	ROAD
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NUCLEUS b-DECAY 

(Nuclear) WEAK Interactions
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ELW.	PRECISION	PHYSICS





BSM	Direct	Searches	
High-Energy	Frontier	à produce	and	observe	BSM	new	heavy particles
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