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Outline

Flavor in SM

• Flavour in the SM

• Quark Model History

• The CKM matrix

metrology of CKM elements

• CKM elements |VCKM|
• CKM phases
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Flavor in SM

Section I

Flavor physics (of quarks)
in the SM
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Flavor in SM

Flavour in the SM

Flavour and Colour

Just as ice cream has both color and flavor so do quarks. - Murray
Gell-Mann

Rahul (TIFR) Unravelling the mysteries of CKM matrix 4 / 36



Flavor in SM

Flavour in the SM
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Quark Model History

The Quark Model
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Quark Model History

The Quark Model
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Quark Model History

Cabibo angle
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Quark Model History

GIM mechanism
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Quark Model History

GIM suppression
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CKM

Parameters of the CKM matrix
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CKM

Parameters of the CKM matrix
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CKM

CKM parameterisations
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CKM

CKM parameterisations
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CKM

CKM Unitarity Constraints

Rahul (TIFR) Unravelling the mysteries of CKM matrix 15 / 36



CKM

CKM Unitarity Triangles and the Jarlskog Invariant
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Metrology of CKM

Section III

Metrology of CKM matrix
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Metrology of CKM

Measuring CKM matrix elements: |Vud|
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Metrology of CKM

Measuring CKM matrix elements: |Vus|
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Metrology of CKM

Measuring CKM matrix elements: |Vcd| and |Vcs|
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Metrology of CKM

Measuring CKM matrix elements: |Vcb|
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Metrology of CKM

Measuring CKM matrix elements: |Vub|
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Metrology of CKM

Measuring CKM matrix elements: |Vts| and |Vtd|
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Metrology of CKM

Measuring CKM matrix elements: |Vts| and |Vtd|
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Metrology of CKM

Measuring CKM matrix elements: : |Vtb|
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Metrology of CKM

Measuring CKM phases
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Metrology of CKM

Measuring CKM phase: β
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Metrology of CKM

Measuring CKM phase: β
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Metrology of CKM

Measuring CKM phase: β
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Metrology of CKM

Measuring CKM phase: α
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Metrology of CKM

Measuring CKM phase: α
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Metrology of CKM

Measuring CKM phase: γ
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Metrology of CKM

Measuring CKM phase: γ
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Metrology of CKM

Measuring CKM phase: γ
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Metrology of CKM

• We discussed a myriad of topics under the umbrella of Flavor physics.

• First half focused on the SM, quark model history, and CKM matrix.

• In the second half we talked about metrology of CKM parameters.

• The talk is based on the course taken by Prof. Mathew Kenzie.
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https://warwick.ac.uk/fac/sci/physics/staff/academic/kenzie/reading.pdf


Backup

Flavour in the SM
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Backup

Flavour in the SM
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Backup

Quark Gauge Couplings

Rahul (TIFR) Unravelling the mysteries of CKM matrix 3 / 27



Backup

Yukawa couplings
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Backup

Diagonalising the mass matrices
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Backup

Flavour in the SM
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Backup

particle zoo
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Backup

Particle zoo
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Backup

CKM mechanism
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CP violation

Section II

Meson mixing and
CP violation in the SM

Rahul (TIFR) Unravelling the mysteries of CKM matrix 10 / 27



Neutral Meson Mixing

Neutral Meson Mixing
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Neutral Meson Mixing

Neutral Meson Mixing
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Neutral Meson Mixing

Coupled meson systems
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Neutral Meson Mixing

Coupled meson systems

Rahul (TIFR) Unravelling the mysteries of CKM matrix 14 / 27



Neutral Meson Mixing

Time evolution
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Neutral Meson Mixing

Time evolution
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Neutral Meson Mixing

Neutral Meson Mixing
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Neutral Meson Mixing

Neutral Meson Mixing
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Neutral Meson Mixing

Measuring CP violation
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Neutral Meson Mixing

Measuring CP violation
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Neutral Meson Mixing

Measuring (direct) CP violation
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Neutral Meson Mixing

Classification of CP violation
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Neutral Meson Mixing

Classification of CP violation
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Neutral Meson Mixing

Neutral Meson Mixing with CP violatio
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Neutral Meson Mixing

Generalized Meson Decay Formalism
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Neutral Meson Mixing

Generalized Meson Decay Formalism
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Neutral Meson Mixing

Specific cases:

ACP (t) =
2Cf cos(∆mt)− 2Sf sin(∆mt)

2 cosh(1
2∆Γt) + 2Df sinh(1

2∆Γt)

• For B0, ∆Γ is small ⇒ ACP (t) = 2Cf cos(∆mt)− 2Sf sin(∆mt)

• For D0, both ∆Γ and ∆m are small ⇒ ACP (t) =
Cf−Sf∆mt

1+ 1
2
Df∆Γt
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