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Outline

This is an “introduction”
• Historical overview.
• the elementary particles
• the elementary forces

• Symmetries:
• Gauge symmetry
• Problem of mass
• Spontaneous symmetry breaking

This lecture is not a complete course in particle
physics and will only touch some most general
problems.
Further reading:

• D. H. Perkins, “Introduction to High Energy
Physics”,

• F. Halzen, A. Martin: “Quarks and Leptons”.

Further lecture to watch listen on SM and BSM
physics:

• Prof. Yuval Grossman (Cornell U.)
• Standard Model and Flavor - Lecture

(https://www.youtube.com/watch?v=
GGzRdiBd8w8)

Andrzej Bożek IFJ PAN, Kraków PHD lectures, November 12, 2020 2 / 74

https://www.youtube.com/watch?v=GGzRdiBd8w8
https://www.youtube.com/watch?v=GGzRdiBd8w8
https://www.youtube.com/watch?v=GGzRdiBd8w8


GIM mechanism revisited
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Weak interaction revisited
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Quark decays revisited
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Weak interaction revisited
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Fermi’s theory of weak intercation
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Weak currents by Fermi
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V-A theory
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V-A theory
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Vector and axial currents
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Vector and axial currents

Sugested reading http:
//www.scholarpedia.org/article/Axial_anomaly
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Leptonic currents modern aproach
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Leptonic currents
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Hadronic current
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Problems with Fermi theory
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Problems with Fermi theory
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Problems with W
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Electroweak theory and Higgs mechanism
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Electroweak theory and Higgs mechanism
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4 Fermi Theory with V-A
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4 Fermi Theory with V-A 2
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τ decay
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π decay
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π decay (2)
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K± decay
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GF fenomenology

• Leptonic decays of µ and τ demonstrate that GF is the same for all lepton
species

• Leptoniv decay of charged pion and kaon tell us nothing about GF since fπ and
fK (which depend on wave form ar origin) are unknown

• If we want to ask whether GF is the same for hadronic currents as leptonic ones,
we need to look at semileptonic decays

• Analog of the β decay
• But, we have to make sure taht we are not affected by stron interactions

corrections.
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Is GF really universal ?
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Is GF really universal ? (2)
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An Explanation: weak eigenstates

Andrzej Bożek IFJ PAN, Kraków PHD lectures, November 12, 2020 32 / 74



The Cabbibo angle

• Using
d ′ = d cos θC + s sin θC

we predict
p&π decay ≈ G2

F cos2 θC

K decay ≈ G2
F sin2 θC

µ decay ≈ G2
F

• Using experimental measurements, we found

cos θC = 0.97420 ± 0.00021

sin θC = 0.2243 ± 0.0005

• However, in addition to the d ′ there should be an orthogonal down-type
combination

s′ = s cos θC − d sin θC

Does it interact weakly?
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4th quark - early 70’s discussion
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GIM mechanism
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GIM mechanism box diagrams
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The cancelation is not accidental
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GIM mechanism historical view
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GIM mechanism historical view
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More than two generation
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CKM matrix
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CKM matrix (2)
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b quark third family
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Upsilon meson discovery : b quark
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Upsilon meson discovery : b quark
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R ratio :Quarks electric charge, number of QCD
charges (colors)

R is the ratio of the hadronic cross section to the muon cross section in electron–positron
collisions:
R = σ(e+e−)→hadron

σ(e+e−)→µ+µ−

R also provides experimental confirmation of the electric charge of quarks, in particular
the charm quark and bottom quark, and the existence of three quark colors. A simplified
calculation of R yields
R = 3

∑
e2

q ,
where the sum is over all quark flavors with mass less than the beam energy. eq is
the electric charge of the quark, and the factor of 3 accounts for the three colors of the
quarks. QCD corrections to this formula have been calculated.
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Weak neutral current discovery - indirect evidence of
Z 0
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W and Z 0 discovery
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Number of generations?
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Recapitulation
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