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Warm-up question 1

Which statement about the diagrams on the right is correct?

Both processes are valid.A)

The processes are both not valid because the 
strangeness is not conserved.B)

Quark mixing is part only of the W interaction. 
The upper diagram is not valid.

The charge is not conserved in the lower process. 
Only the upper diagram is valid.

C)

D)
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Warm-up question 2

The diagonal elements of the CKM matrix are almost equal to 1…

Because the W-boson couples preferentially between particles of the same generation.A)

B)

Because the CKM matrix must be hermitian

C)

D)

Because the W-boson couples preferentially between particles of the different charge

Because the CKM matrix must be unitarian

Because the W-boson couples preferentially between particles of the different generation.

E)
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Where are we today?

elastic scattering

interaction with matter

inelastic scattering

quarks &  
strong interaction

weak interaction

nuclear physics

neutral and charged currents

quark mixing

Feynman diagrams Parity violation

symmetries

Today
Next week
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Feynman rules for charged current interactions
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Quark vertices

Lepton vertices

General rules:

• Charge conservation

• Lepton number conservation

• Baryon number conservation

• Fermion line goes through!
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Feynman rules for charged current interactions
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Feynman rules for neutral current interactions

Quark vertices - examples

Lepton vertices - examples

General rules:

• Charge conservation

• Lepton number conservation

• Baryon number conservation

• Fermion line goes through!
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Feynman rules for neutral current interactions

Quark vertices - examples

Lepton vertices - examples

General rules:

• Charge conservation

• Lepton number conservation

• Baryon number conservation

• Fermion line goes through!
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νe

e

νe

eHave a look at the two Feynman diagrams on the left. 
Which of the following statements is correct?

A) The upper diagram shows a  decay.β+

B) The lower diagram is not possible, because the 
       quark family number is not conserved in the s u vertex.→

D) The matrix element of the lower diagram is about 5 times 
     smaller than the one of the upper diagram.

C) The matrix element of the upper diagram is about 20 times 
      smaller than the one of the lower diagram.

Quark mixing - question



Introduction to particle and nuclear physics

νe

e

νe

eHave a look at the two Feynman diagrams on the left. 
Which of the following statements is correct?

A) The upper diagram shows a  decay.β+

B) The lower diagram is not possible, because the 
       quark family number is not conserved in the s u vertex.→

D) The matrix element of the lower diagram is about 5 times 
     smaller than the one of the upper diagram.

C) The matrix element of the upper diagram is about 20 times 
      smaller than the one of the lower diagram.

β−!

Quark mixing - question
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The CKM matrix

In weak current interactions, it is possible to mix  
between the quark generations.

But: The generation-changing reactions are suppressed.
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Cabibbo representation

The CKM matrix generalizes the  
Cabibbo notation to 3 quark  
generations.

 is very small 
 mixing is suppressed.

θc
⇒
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A)

B)

C)

D)
E)
F)
G)
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Which of the following Feynman diagrams are valid?

Group work - weak diagrams
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Which of the following Feynman diagrams are valid?

Group work - weak diagrams
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Wrong charge of W
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Kaon oscillation

 decayπ−

strong interaction 
does not 
change flavour!
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Z boson does not mix quark generations!
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Group Activity  
 

MC questions from exams
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D−⟩ = dc̄⟩

Λ0⟩ = uds⟩
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D−⟩ = dc̄⟩

Λ0⟩ = uds⟩
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http://hst-archive.web.cern.ch/archiv/HST2002/feynman/examples.htm

Website with many example Feynman diagrams 
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Warm-up question 2

The diagonal elements of the CKM matrix are almost equal to 1…

Because the W-boson couples preferentially between particles of the same generation.A)

B)

Because the CKM matrix must be hermitian

C)

D)

Because the W-boson couples preferentially between particles of the different charge

Because the CKM matrix must be unitarian

Because the W-boson couples preferentially between particles of the different generation.

E)
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