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The Kobayashi-Maskawa Paradigm for CP Violation

Two Young
Postdocs at
that time

1972

Proposed a “daring” explanation for CP violation in K decay:

CP violation appears 1n the charged current weak interaction of
quarks

There 1s a single source of CP Violation = Complex Quantum
Mechanical Phase SKM 1n mter-quark coupling matrix

Need at least 3 Generation of Quarks (then not known) to facilitate
this



Generations of Quarks and Leptons Circa 2002

Since then, Experiments Show
Three generations : no more, no less !
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Just Enough to Make CP Violation Possible




Number of Light Neutrino Families: LEP@CERN

. - Width of the Z resonance

s HADRONS




The Weak Interaction Couplings of Quarks

* The coupling strength at the weak vertex
1s given by g¥;
— g 1s the universal Fermi weak
coupling

— V,-j depends on which quarks are
involved
— For leptons, the coupling 1s just @

* For 3 generations, the V; can be written
as a 3x3 complex unitary matrix (CKM)

« View this matrix as rotating the quark

states from a basis 1 which they are mass

eigenstates to one in which they are
Weak eigenstates
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CP Violation In SM With 3 Generations

The CKM matrix = 3x3 complex unitary matrix
Requires 4 independent parameters to describe it:
— 3 real numbers & 1 complex non-trivial phase

The existence of the complex coupling (phase) gives rise to CP
violation

— If only 2 quark generations = 2x2 matrix 1s all real = No CP
violation

Some Expectations:

— CP violation 1s the result of interference between
different decay amplitudes involving weak phase

— CP violation 1s “bult” into the Standard Model with 3
generations or more ...or so Kobayashi-Maskawa wondered



CP Violation In SM With 3 Generations

The CKM matrix = 3x3 complex unitary matrix  W-

Requires 4 independent parameters to describe it:

— 3 real numbers & 1 complex non-trivial phase gV N P
The existence of the complex coupling (phase) . P
gives rise to CP violation anti-quark decay W+

— If only 2 quark generations = 2x2 matrix 1s
all real = No CP violation

Some Expectations:

S\

— CP violation 1s the result of Vo V| T
interference between different decay — |V"d| |V"‘| 0 ]"’
amplitudes involving weak phase - 8 TJV o - | IVCb |

— CP violation 1s “built” into the Standard 3 “ : °

Model with 3 generations or more ...or so
Kobayashi-Maskawa wondered

Complex phases - CP violation
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