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• Kaon Factories : u , d , s

• cF : c , 

• BF, SuperB : b , c , 

• LHC :   t , b

• LC : t , …

• F : e , , 

, ,eu c t
d e s b

Flavour Structure of  the Standard  Model

Why  3 ?

• Pattern  of  masses  

• Flavour  Mixing 

•

Related  to  SSB

Scalar  Sector   (Higgs)
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and in Weak Interactions

still a good symmetry (1 family)
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Fermion Masses are
New Free Parameters
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DIAGONALIZATION  OF  MASS  MATRICES
†

†

†

S
d d d d d d d

u u u u u u u

l l l l l l l

M H U S S U

M H U S U

M H U S S U

†

† †

† †

f f

f f f f

f f f f

1

1

H H

U U U U

S S S S

d d + u1 u +vY ud l l
H l

diag ( , , ;) diag ( , , ) diag ( , , );u du c t s ed b lm m m m m m m m m

d d ;    u u ;
d d ; u u ;

L L L L L L

R R R R R R

ud l

u ud d l l

l l
l l

S S S
S U S U S U

Mass Eigenstates

Weak Eigenstates

N C N Cf f f f ; f f f fL L L L R R R R

QUARK   MIXING

†u d u d ;L L L L u dV V S S C C C C

9Flavour  Physics  &  CP                                                                                                      A. Pich   – Natal  2011



f f 5N C
f

f f
2 sin c

a
os

vZ

W W

Ze

Flavour Conserving Neutral  Currents (GIM)

9 7Br( ) (6.84 0.11) 10 , Br( ) 3.2 10L SK K

Z

s

d
_

NO

*

* *

0* ( )

( ) ( )
L

S

K
K

10Flavour  Physics  &  CP                                                                                                      A. Pich   – Natal  2011



u c t

d s b

Flavour Changing Charged Currents
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Weak Decays
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Muon  Lifetime

kicker

/e separator

New World Average:

= 2.196 980 3 (22) s GF = 1.166 378 8 (7) x 10-5 GeV-2 (0.6 ppm)
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LEPTON   UNIVERSALITY
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LEPTON   FLAVOUR  VIOLATION
90% CL  Upper Limits on  Br(l X )         [BABAR / BELLE]
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We  measure  decays  of  hadrons (no  free  quarks)
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Measure the  q2 distribution                   I

Measure  

Get a theoretical prediction for   

Vij Determination (0- 0-)
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|Vud|

(Marciano – Sirlin)

|Vud| = 0.97425 0.00022

Superallowed Nuclear  Transitions   (0+ 0+)

|Vud| = 0.97377 0.00027 (PDG 06)

Hardy-Towner
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Neutron Decay:

(Czarnecki – Marciano – Sirlin)

PDG10:   n = (885.7 0.8)  s   ,    gA /gV  = 1.2694 0.0028

n = (878.5 0.7 0.3)  s             
(Serebrov et al, 2005)

PDG10

|Vud| = 0.9746 0.0019

(PIBETA)

Pion  Decay:
|Vud| = 0.9741 0.0026

2
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Large O(p6) ChPT correction (Bijnens-Talavera)

O(p4)

O(p6)

0.2230 0.0024usV =(0) 0.97 0.01f

(0) 0.2163 0.0005f usV

Flavianet,   arXiv:1005.2323  [hep-ph] 

K l Decays

usV = 0.2255 ± 0.0013(0) 0.959 0.005f
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0.229 0.025
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CLEO-c  2009CLEO-c  2009

Lattice  input
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Inclusive  B  Decays (OPE, HQET)

3
incl

(41.8 0.7) 10cbV

Fits to lepton energy, 
hadronic invariant mass and 

photon energy moments

2.5 discrepancy with 
exclusive measurement

3(40.7 1.4) 10cbV
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incl
34.27 0.38 10ubV

B Xu l 

Large backgrounds from  
B Xc l 

Strong experimental cuts

Large theoretical uncertainties

PDG  2010:
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B l

excl
33.38 0.36 10ubVPDG  2010:

Large theoretical uncertainties

3(3.89 0.44) 10ubV
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QUARK  MIXING  MATRIX
Unitary Matrix: parametersG GN N 2

GN

arbitrary phases:G2 1N
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Nf = 2: 1  angle,  0  phases    (Cabibbo)
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