
Particle Physics- Standard Model(4)
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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)
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Quark confinment
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Heavy quark Efective Theory HQET
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Heavy quark Efective Theory HQET
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HQET spectroscopy
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HQET spectroscopy
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HQET spectroscopy
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Weak decay form factors
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Weak decay form factors

Andrzej Bożek IFJ PAN, Kraków PHD lectures, November 26, 2020 10 / 84



Short and long interactions
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Example B → D`ν
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Example - inclusive decays B → XSγ
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Example - inclusive decays B → XSγ
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Effective Hamiltonian
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Effective Hamiltonian
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Convergence of perturbative SM theory

Andrzej Bożek IFJ PAN, Kraków PHD lectures, November 26, 2020 17 / 84



Convergence of perturbative SM theory
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Effective theories
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Effective theories
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Effective theories Renormalized Group Equation
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Operators Products Expansion (OPE)
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Operators Products Expansion (OPE)

Basic structure of decay amplitudes:
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Effective theories: OPE - b → s
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Effective theories: OPE - B mixing
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Effective operators products expansion - b → s
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The Standard Model lagrangian
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The effective hamiltonian and physics beyong SM
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