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Is CKM matrix

Natural in SM ?

More advanced
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The mass sector in the gauge 

sector is better constrained
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In the gauge sector : 

Mγ=0

but

Massive weak gauge bosons :

1

2

1

2 cos

W

Z

W

M vg

vg
M



=

=

v is not known it can be computed 

using the muon decay rate
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So increasing v increases the mediator
mass, which suppresses the effective
weak force at low energies.
This is actually one of the deepest facts
of the electroweak theory: the scale of
weak interactions is directly tied to
electroweak symmetry breaking through
the Higgs field.

Recall that :
e = g sin(W)
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LL LLVleptonsVVVV= = =
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There is a direct connection between quark mass matrices and the CKM matrix.

The CKM matrix is not an independent object; rather, it is constructed from the unitary
matrices that diagonalize the up- and down-quark mass matrices:

.

Therefore, the structure of the mass matrices determines the flavour mixing.
A simple way to illustrate this connection is to consider mass matrices with texture
zeros. Texture zeros reduce the number of free parameters and often lead to relations
between quark masses and CKM elements.

As an illustrative example, let us consider only two generations and assume that the up-
and down-quark mass matrices have the same texture:
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that enters the weak charged current, therefore :

-sini

Demo in the next slide
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Mass matrices are generated/predicted by new symmetry

This new symmetry should be NOT FLAVOUR BLIND !
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An additional flavour symmetry can impose that certain Yukawa couplings 
vanish. For example, it may require

leading to texture zeros in both the up- and down-quark Yukawa matrices.

The Cabibbo angle is small
and order 0.25 because

the mass of the d
is small wrt to

the mass of the s
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SU(4) leptons as a four colour

SU(3)in color

IN FLAVOUR PHYSICS we add new symmetry of type U(1)
It is the less costly way because you add ONLY a new charge
quantum number a ONLY a new boson

Always remember, symmetries are not for free, 
you add quantum number and you add new interaction bosons !


