
x



xi


	Preface Martijn Mulders
	Photograph of participants
	Photographs of the school
	Lecture summaries
	Field theory and the Standard Model: A symmetry-oriented approach Luis Álvarez-Gaumé and Miguel Á. Vázquez-Mozo
	Preliminaries
	From symmetry to physics
	Relativity from geometry
	Relativity and quantum mechanics
	The importance of classical field theory
	The symmetries of Maxwell's theory
	Quantum electromagnetism
	Some comments on quantum fields
	Some group theory and some more wave equations
	Special relativity and group theory
	Chiral (and also nonchiral) fermions
	Some more group theory
	A tale of many symmetries
	The symmetries of physics
	Noether's two theorems
	Quantum symmetries: to break or not to break (spontaneously)
	The Brout–Englert–Higgs mechanism
	Some more gauge invariances
	Anomalous symmetries
	Symmetry vs. the quantum
	The physical power of the anomaly
	The strong CP problem and axions
	The (infinitely) many vacua of QCD
	Breaking CP strongly
	Enters the axion
	The electroweak theory
	Implementing SU2 X U(1)<sub>Y
	But, where are the masses?
	The Higgs boson
	Neutrino masses
	Scale invariance and renormalization
	Closing remarks
	Neutrino physics Pilar Hernández
	Introduction
	Neutrinos in the Standard Model
	Chiral structure of the weak interactions
	Family structure
	Massive neutrinos
	Massive Dirac neutrinos
	Massive Majorana neutrinos
	Neutrino masses and physics beyond the Standard Model
	Neutrino masses and lepton mixing
	Majorana versus Dirac
	Neutrino oscillations
	Plane wave derivation
	Wave packet derivation
	QFT derivation
	Neutrino oscillations in vacuum
	Neutrino propagation in matter
	Neutrino oscillations in constant matter
	Neutrino oscillations in variable matter
	Evidence for neutrino oscillations
	 Solar neutrinos
	Atmospheric neutrinos 
	The three-neutrino mixing scenario
	Prospects in determining unknown neutrino parameters
	Neutrino ordering
	Leptonic CP violation
	Absolute neutrino mass scale
	Outliers: the LSND anomaly
	Neutrinos and BSM physics
	One example: Type I seesaw model

	Low-scale leptogenesis

	Conclusions
	Flavour physics Yossi Nir
	Introduction
	What is flavor?
	Why is flavor physics interesting?

	The Standard Model
	The Lagrangian
	The spectrum
	The interactions
	Global symmetries
	Counting parameters
	Flavor changing charged current (FCCC) processes
	The CKM matrix
	Tree level determination of the CKM parameters
	Flavor changing neutral current (FCNC) processes
	No FCNC at tree level
	CKM and GIM suppressions in FCNC decays
	CKM and GIM suppressions in neutral meson mixing
	Summary
	Testing the CKM sector
	S<sub>psi K<sub>S
	Is the CKM picture self-consistent?
	Probing BSM
	Experimental and observational problems
	Theoretical considerations
	The BSM scale
	The SMEFT
	New physics contributions to B0-B0bar mixing
	Probing the SMEFT
	The new physics flavor puzzle
	A model independent discussion
	Lessons for supersymmetry from neutral meson mixing
	Minimal flavor violation (MFV)
	The Standard Model flavor puzzle
	The Froggatt–Nielsen (FN) mechanism
	The flavor of neutrinos
	Higgs physics: the new flavor arena
	MFV
	FN
	New physics?
	B to D<sup>* tau nu
	Direct CP violation in charm decays

	Conclusions
	SM calculations of the mixing amplitude

	Neutral meson oscillations
	CP violation in neutral meson decays
	Notations and formalism
	CP violation in decay
	CP violation in mixing
	CP violation in interference of decays with and without mixing

	Scientific programme
	Organizing committees
	List of lecturers

	List of discussion leaders
	Outreach training

	List of students
	List of listeners
	List of posters






























