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“Elementary Particle Physics is the quadrant of Nature whose laws can be written
in a few lines with absolute precision and the greatest empirical adequacy”
1 Ao : R. Barbieri

- / N\
= Find elementary constifuents of Nature and understand how they interact



How do things interact?

e Forces we experience daily: gravity & electromagnetism
e electricity and magnetism are one and the same thing
e Maxwell [~1865]: unification = simplicity

= 4 equations, many phenomena




How do things interact?
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The SM of Particle Physics, in a nutshell
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The SM of Particle Physics: theory

e All observed elementary particles and interactions [except gravity]
QFT: unified language of QM and special relativity

e guiding principle: simplicity & (gauge) symmetry
— Interactions are mediated by gauge bosons, EW unification

e The SM is a non-abelian gauge theory:

SU(3)CXSU(2)L XU(I)Y, where SU(?)L XU(I)Y—é U(I)EM

e SMis renormalizable [finite number of inputs — plethora of predictions]
Extremely successful, e.g. particles predicted before their discovery

® Masses of gauge bosons — Electroweak Symmetry Breaking (EWSB)

[Feynman,Schwinger,Tomonaga,GIashow,SaIam,Weinberg,’t Hooft,VeItman,Gross,PoIitzer,WiIczek,...]
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: : [Brout,Englert,Higgs 1964
The Higgs Mechanism outEnglert fiogs 1964

e One complex (doublet) scalar field @ [4 d.o.f]
potential:  V(®) = p?|®|* + \|®|*

» spontaneously broken symmetry

pr<0: (®)£0




: : [Brout,Englert,Higgs 1964
The Higgs Mechanism st Englertiass 1954

e One complex (doublet) scalar field @ [4 d.o.f]
potential:  V(®) = p?|®|* + \|®|*

» spontaneously broken symmetry

p? <0: () #0

» 3 “angular’ modes
= longitudinal W and Z




: : [Brout,Englert,Higgs 1964
The Higgs Mechanism outEngler Higgs 1964

e One complex (doublet) scalar field @ [4 d.o.f]
potential:  V(®) = p?|®|* + \|®|*

» spontaneously broken symmetry
p?<0: (D) #£0

» 3 “angular” modes
= longitudinal W and Z

» radial mode: massive
= the “Higgs boson”
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The Higgs boson discovery
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