
  

Time to think

● Why are the weak interactions weaker than 
the EM?

● Why are the strong interactions stronger than 
the EM?

● Can you write down the standard model 
particles?



  

Why is the interaction weak?
Do you recall?



  

Propagator is very small!
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Almost constant
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Good approximation: 
point interaction!



  

Estimate α
W
 from G

F

● G
F
 = 1.166 x 10-5 GeV-2

● Relation:

● So α
W
~ 0.0042, so that α

W
 ~ 0.58*α

● Often today we show g
W
 = 2π√α

W 
which is the 

coupling in a single vertex



  

Weak interaction of leptons and 
quarks

● Review weak interactions of leptons
● Weak interactions of quarks
● 2 important concepts

– Lepton ↔ quark symmetry

– Quark mixing



  

The basic building blocks



  

1-4/8 basic diagrams



  

5-8/8 basic diagrams



  

NB!there are also 8 anti-diagrams



  

Why choose these diagrams and 
not only use W+?

● Crossing symmetry:

Exchange particles:

initial ↔ final state

particle ↔ anti-particle
● Example: W- intial state 

becomes W+ in final 
state

● Xsymmetry states that 
amplitudes are related



  

Weak interaction of quarks

Question: What is g
ud

?



  

Lepton-quark symmetry v1



  

Fantastic experimental result
Same coupling

Emit W-
Absorb W+

Emit W-
Absorb W+



  

Fantastic experimental result
Same coupling

Emit W+
Absorb W-

Emit W+
Absorb W-

That is why one draws the neutrino above the electron!



  

But there is a small detail

OK!
Forbidden in simplest theory.
But observed in nature!



  

Neutrino oscillations
Quark mixing



  

Weak interaction quark eigenstates 
are not mass eigenstates

● The weak interaction couples to “rotated” 
states:

|d'> = |d> * cos θc + |s> * sin θc 

|s'> = - |d> * sin θc + |s> * cos θc
● The angle θc~13 degrees is called the 

Cabibbo angle



  

The physics picture
Weak interaction states Quark mass eigenstates



  

Estimating θc 



  

Lepton-quark symmetry v2



  

Weak decay selection rules

● Focus mainly on semi-leptonic decays i.e. decays 
where there is a lepton pair in the final state
– NB! This is always the decay products of the W!

● So when we use ΔQ in the following we mean for the hadrons!
– ΔQ = Qfinal – Qinitial = +1 here



  

Weak decay selection rules
(derived from W diagrams)

Because the weak interaction is so weak only 
single W exchange diagrams are allowed!



  

Exercise

● D+ = cd
● K+ = us, K- = su
● Pions: π+ = ud, π- = du
● Hint: Try to understand what c decays are possible



  

Trying to make a rule for c decays:

● ΔC = ΔS = ΔQ = ±1

S = Nsbar-Ns

C = Nc - Ncbar

● ΔC = ΔQ = ±1, ΔS=0 

Cabibbo favored

Cabibbo suppressed



  

Exercise

● D+ = cd, K+ = us, K- = su, π+ = ud, π+ = du
● (a): ΔC = -1, ΔS = -1,  ΔQ = -1favored
● (b): ΔC = -1, ΔS = +1,  ΔQ = -1 not allowed
● (c): ΔC = -1, ΔS = 0,  ΔQ = +1 not allowed
● (d): ΔC = -1, ΔS = 0,  ΔQ = -1 suppressed



  

What about s decays?

● Favored: s → c
– Not possible due to mass!

● Suppressed: s → u (s-bar → u-bar)
● Rule: ΔS = ±1 

– For semi-leptonic decays we would also have ΔS 
= ΔQ = ±1

– We can only loose one unit of strangeness at a 
time!



  

The full Ω (sss) decay chain
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