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PART II

• Parity Violation in weak decay (Wu + Goldabher)

• CP Violation in K0

• Kobayashi-Maskawa; CKM matrix and CP→ 3 families

• Tau lepton discovery

• b quark discovery

• B lifetime, Vcb and Vub

• CKM Matrix : Wolfestein Parametrisation

• B oscillations 

• Top quark discovery
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Parity Violation in weak interaction
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e-

P

Emission of e- preferentially in the direction  

opposite to the Co spin ! 

60 60*Co Ni             n p    ee ee  −−→ →

Polarisation of Co
Polarisation of Co

e-

Observation of an  asymetry forward/backward wrt 

direction of  Co spin. if P conserved → no 

asymmetry

Magnetic field

• Spin of Co60 all aligned

• b decay of Co60

• Recording the direction of the  e- emitted

C.S. Wu et al. (1957)

In fact the « strange » particles have been also fundamental for pointing out for the first time the fact 

that the parity is not conserved in the weak interaction…

Le puzzle -q

•  → + + - (J=0,  P=+1)

• q → + 0               (J=0,  P=-1)

• The parity of  and of  q are different

• If  =q=K  

Experimentally

The mass and the lifetime of la  

and q are identical. 
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-Violation of the parity in the weak interaction (1956 experiment-Wu)

-The neutrino has helicity left (1958 experiment-Goldabher)

-The helicity of the antiparticule is opposite to those of particules 

P and C are maximally violated in weak interaction.

3CP was thought to be conserved
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Neutral Kaons

0K

0K

0K
0K

0K

0K

Known:

1. K0 can decay to +−

Hypothesized:

1. K0 has a distinct anti-particle K0

Claims:

1. K0 (K0) is a “particle mixture” with two distinct lifetimes

2. Each lifetime has its own set of decay modes

3. No more than 50% of K0 (K0) will decay to +−

In terms of quarks: us vs. us
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There is a HUGE difference 
between K0→ and K0 → 

in phasespace (~600x!). 

The huge difference is because 
mK0 – 3m = 75 MeV/c2
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 K0 and K0 are not CP eigenstates, but
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CP Violation in the Kaon sector - 1964
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If KL →2 there is CP violation. 

Level of CP violation is :

KL

2-body decay : the two 

are back-to-back: |cosq|=1

signal

cos q = 1

+

−

cos q  1

+

−

0

q q
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is a 2 x 2 unitary matrix. As such, it generally contains 4 parameters, of which 

one can be chosen as a real angle, qc, and 3 are phases:

V(CKM)

V(CKM)V(CKM)

V’(CKM) =  Pu V(CKM) P*d
By transformation

Namely we redifine the mass eigenstates  

Notice that there are three independent phase 

differences(*) between the elements of Pu, and those of 

Pd, and three phases in V(CKM). Consequently, there 

are no physically meaningful phases in (CKM). 

We eliminate the 3 

phases from the 

mixing matrix !

a      b

c      d

a b

c d

With 

(*)



V(CKM)

is a 3 x 3 unitary matrix. As such, it generally contains 9 parameters, of which three 

can be chosen as real angles, q12, q13 q23 and six are phases. We may again reduce

the number of phases in the mixing matrix V by redefining the phases of the quark

mass eigenstates:

The crucial point is that there are only FIVE independent phase differences 

between the elements of Pu and those of Pd, while there are 6 phases in V(CKM) 

Consequently, the mixing matrix V(CKM) contains one physically meaningful phase

V’(CKM) =  Pu V(CKM) P*d

There are  2n – 1  reducible phase



If 3 families the CKM matrix is complex

What are the consequences of a complex coupling ? 
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Direct CP violation requires at least two amplitudes 
with different weak and strong phases

Example of CP violation in decay

CP violation if 
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CP Violation → 3 families
Cabibbo Matrix → CKM Matrix 



1977 : b quark Discovery 9.5-10.5 GeV : The series of  

Excess larger than the experimental resolution 

presence of more than one resonance

Today….. more comments later 

on B-factories
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Forbidden because
m(J/)<2 m(D0)
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c ̅
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e-/-

The decay through the strong interaction is 

extremely suppressed  the decay through 

electromagnetic interaction becomes competitive !

(ee)~5  keV 

()~5  keV

The qq ̅ resonances and the R ratio

~70 keV
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• The R ratio :

(sensitive to the number of colours)
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All articles about the 

J/ discovery start 

mentioning that an 

increase of the cross 

section around 3.2 

GeV was already 

observed
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More ’s…
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The (4S) is just

heavy enough to 

decay to B0B0 and 

B+B- meson pairs!

(NO additional particles!)
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The  lepton discovery

• In 1975 at SLAC (e+e-)

  + − + − → → +  missing energye e e

24 e events among 35000.

• Complicated analysis !

Example of discriminating variables :
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Correction for acceptance effects

m() between 1.6 and 2 GeV

PDG : m() =1784 MeV

e
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q

19

3 FAMILIES
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3 FAMILIES
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1-l2/2 l

−l 1-l2/2

u
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d s b

A l3(1-r-i) -Al2t

d, s
b

d, s b

Vtd ,Vts

B Oscillations

A l3(r−i)

Al2

1

Vtb

c,u

B decays

b

Vub,Vcb

The CKM Matrix
Wolfenstein parametrization

4 parameters : l ,A, r, 

The b-Physics plays a very 

important role in the determination 

of those parameters  

t t
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Dominated by top quark mass (GIM!):



If mt would be order of 10 GeV/c2, B mesons would 

decay long before they have the chance to oscillate…
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First hint of a 

really large mtop!

Phys.Lett.B192:245,1987
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B0B0 mixing: ARGUS, 1987

x give the number of oscillation in a lifetime 
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