weak interaction




A)

B)

D)

Warm-up question 1

Kod

Which statement about the diagrams on the right is correct?

Both processes are valid.

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

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.
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Warm-up question 2

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

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

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

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

D) Because the CKM matrix must be hermitian

E) Because the CKM matrix must be unitarian




Where are we today?

Today
Next week
quark mixing
Feynman diagrams Parity violation
neutral and charged currents symmetries

interaction with matter -

nuclear physics
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Recap - particles and their interactions
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charged leptons

e U 7
neutral leptons
v, v, U
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Feynman rules for charged current interactions

Quark vertices

WH

Lepton vertices

Wt Wt Wt

General rules:

* Fermion line goes through!
« Charge conservation

* Lepton number conservation

« Baryon number conservation
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Feynman rules for charged current interactions

Quark vertices

u d

c s t b
W WE

Wt

Lepton vertices

e U u v T U

Wt Wt Wt

General rules:

* Fermion line goes through!
« Charge conservation

Lepton number conservation

« Baryon number conservation
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Feynman rules for neutral current interactions

Quark vertices - examples

Y Y

Lepton vertices - examples

Y Y Y

General rules:

* Fermion line goes through!
« Charge conservation

* Lepton number conservation

« Baryon number conservation
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Feynman rules for neutral current interactions

Quark vertices - examples

\d\/C} \C\/ General rules:
W/ z

* Fermion line goes through!

« Charge conservation

Lepton vertices - examples + Lepton number conservation

\,M\//} {e\.//’/e {\.//T - Baryon number conservation
Z Z Z
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Quark mixing - question O

Neutron »-

Proton

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

A) The upper diagram shows a i decay.

\
\
W=

B) The lower diagram is not possible, because the

quark family number is not conserved in the s—u vertex. " -

AO d -

d Proton

C) The matrix element of the upper diagram is about 20 times S .

smaller than the one of the lower diagram.

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

Time
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Quark mixing - question .

Neutron d > d Proton

d

\
y
\

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

A) The upper diagram shows a i decay. p! .

B) The lower diagram is not possible, because the

quark family number is not conserved in the s—u vertex. " - "
A0 d o d Proton

C) The matrix element of the upper diagram is about 20 times 1
smaller than the one of the lower diagram. ‘

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

Time
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The CKM matrix

d Ve
- - - - - - Time
In weak current interactions, it is possible to mix ot
between the quark generations.
But: The generation-changing reactions are suppressed. WH
gp---"""9
|dl> Vud Vus Vub |d>
) | = Vea Ves Vo |s)
) \Via Vi V) \ID) u
Vaud|  [Vus|  [Vis| 0.97370 4+ 0.00014  0.2245 + 0.0008  0.00382 =+ 0.00024
Vea|  |Ves| |Vl | = | 0.22140.004 0.987 +0.011  0.0410 & 0.0014
Vid|  |Vis|  |Vis| 0.0080 = 0.0003  0.0388 +0.0011  1.013 + 0.030
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Cabibbo representation

Ust
+
The CKM matrix generalizes the - . /f ) Vs M
Cabibbo notation to 3 quark f W T?"
generations. K - - A K
v N

USine, C KK~ V\o\}vix (2x3d Flanix)

a +
3 w s :‘ W 0. is very small
Kk -- m = mixing is suppressed.
,\ - a )

™
5]
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Question 19 (2 Points)

Consider the two K — p* + i~ diagrams as shown in the figure below. The amplitude
of these diagrams depend on the Cabibbo angle ©¢. Answer to the following questions:

W W
S —— M' § NN T
KO u Ay " K“ cY Ay "
d - u* a —— AN
W W 2

A) The matrix element for the left diagram is M ~ sin O¢ cos O¢ and for the right is
Mp ~ sin O¢ cos O¢.

B) The matrix element for the left diagram is My ~ cos O¢ cos O¢ and for the right is
Mp ~ sin O¢ cos O¢.

C) The matrix element for the left diagram is M} ~ cos O¢ cos O¢ and for the right is
Mp ~ cos O¢ cos O¢.

D) The K° — ity decay probability is given by My + Mp.
E) The K° — utpu~ decay probability is given by M7 + M3 + 2Mp Mpg.
F) The K° — utpu~ decay probability is given by My + Mg + 2MpMg.
G) The K° — p*p~ decay probability is given by M? + M3.
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Question 19 (2 Points)

Consider the two K — p* + i~ diagrams as shown in the figure below. The amplitude
of these diagrams depend on the Cabibbo angle ©¢. Answer to the following questions:

W W
S —— M' § NN T
KO u Ay " K“ cY Ay "
d - u* a —— AN
W W 2

B The matrix element for the left diagram is M ~ sin O¢ cos O¢ and for the right is
Mp ~ sin O¢ cos O¢.

[ ] The matrix element for the left diagram is M}, ~ cos ©¢ cos O¢ and for the right is
Mp ~ sin O¢ cos O¢.

[ ] The matrix element for the left diagram is My, ~ cos O¢ cos O¢ and for the right is
Mp ~ cos O¢ cos O¢.

[ ] The K° — p*p~ decay probability is given by My + Mp.
B The K° — it~ decay probability is given by M7 + M3 + 2Mp Mp,.
[ 1 The K° — p*p~ decay probability is given by My, + My + 2Mp Mp.
[] The K° — p*pu~ decay probability is given by M? + M3.
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Group work - weak diagrams

Which of the following Feynman diagrams are valid?

v, i
\\’/ u I//"
A
) Fw N —
//‘\> d
U
u
d——%" W_ A) t Yu
5 X S by z
) S @ d u
wt v,

E)
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Group work - weak diagrams

Which of the following Feynman diagrams are valid?

# K
\/ u I//"
A
) W+ 0 """""""""" E)
':' W_
d
7 H
n~ decay u ¢

Wrong charge of W _ _
strong interaction
does not

g W~ s " Vi change flavour!

0 t 0 MYy e

S ——e------ W == d u Dﬂ

Kaon oscillation Z boson does not mix quark generations!
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Group Activity

MC questions from exams
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Question 6 (2 Points) Consider the following hypothetical process
Vr+p— T +n.

Which conservation law(s) is(are) violated in this process?

[ ] Charge. [ ] Lepton number.
[ ] Energy. [ ] Baryon number.
[ ] Linear momentum. [ ] None of the listed laws is violated.

[ ] Angular momentum.
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Question 6 (2 Points) Consider the following hypothetical process
Ve +p — ™" +n.

Which conservation law(s) is(are) violated in this process?

[ ] Charge. B Lepton number.
[ ] Energy. [ ] Baryon number.
[ ] Linear momentum. [ ] None of the listed laws is violated.

[ ] Angular momentum.
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Question 10 (2 Points)

A particle having non-zero strangeness . ..

[]...can decay into a particle of zero strangeness only via the weak interaction.
[ ]...can decay into a particle of zero strangeness only via the strong interaction.
[ ]...can not decay into a particle of zero strangeness.

[ ]...can not be created from a strong process when colliding particles with zero
strangeness.

[ ]...can be produced from a strong process when colliding particles of zero strangeness
only if more than one particle with non-zero strangeness are produced in the final
state.

Introduction to particle and nuclear physics = EPT



Question 10 (2 Points)

A particle having non-zero strangeness . ..

B ... can decay into a particle of zero strangeness only via the weak interaction.
[ ]...can decay into a particle of zero strangeness only via the strong interaction.
[ ]...can not decay into a particle of zero strangeness.

[ ]...can not be created from a strong process when colliding particles with zero
strangeness.

B ... can be produced from a strong process when colliding particles of zero strangeness
only if more than one particle with non-zero strangeness are produced in the final
state.
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The weak interaction...

[ ]...is weaker than the electromagnetic interaction only at high energy due to the large
W-boson mass.

[ ]...is much weaker than the electromagnetic interaction only at low energy due to the large
W-boson mass.

[ ]...has similar coupling constants as the electromagnetic interaction.

Introduction to particle and nuclear physics = EPT



The weak interaction...

[ ]...is weaker than the electromagnetic interaction only at high energy due to the large
W-boson mass.

B .. . is much weaker than the electromagnetic interaction only at low energy due to the large
W-boson mass.

B .. has similar coupling constants as the electromagnetic interaction.
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Question 18 (5 Points)

Classify the following experimentally observed processes into strong, electromagnetic and

weak interactions.

(a) [ ] strong

(b) [ ] strong
(c) [ ] strong
(d) [ ] strong

(e) [] strong

T =’ e + 7

y+p—=7t4n

ﬁ+p—>7r++7r_+7r0

D s Kt4r +7~ |D_> = |d5>
Adp—=-K +p+p |A0>=|uds)

[ ] electromagnetic [ | weak

[ ] electromagnetic [] weak
[ ] electromagnetic [ | weak
[] electromagnetic [] weak

[ electromagnetic [ ] weak
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Question 18 (5 Points)

Classify the following experimentally observed processes into strong, electromagnetic and

weak interactions.

(a) [ ] strong

(b) [ ] strong
(c) W strong
(d) [ ] strong

(e) B strong

T — 7r0+(>_+17€

Y+p—=7T+n

13-+-p—)7r++7r_+7r0

D™= K" +7n +n |D—>: |d5>
Adp—->K +p+p
|AO> = | uds)
[ ] electromagnetic | weak

. electromagnetic D weak
[ ] electromagnetic [ ] weak
[ ] electromagnetic | weak

[ ] electromagnetic [ ] weak
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Website with many example Feynman diagrams

http://hst-archive.web.cern.ch/archiv/HST2002/feynman/examples.htm
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A)

B)

D)

Warm-up question 1

Kod

Which statement about the diagrams on the right is correct?

Both processes are valid.

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

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.
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Warm-up question 1 d :

KO

Which statement about the diagrams on the right is correct?
’
A) Both processes are valid. ’<:y

The processes are both not valid because the

) strangeness is not conserved. K° ? > Zl -
Quark mixing is part only of the W interaction. \/
The upper diagram is not valid. "~~....W+
p
D The charge is not conserved in the lower process. .<:
) : : :
Only the upper diagram is valid. v,
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Warm-up question 2

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

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

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

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

D) Because the CKM matrix must be hermitian

E) Because the CKM matrix must be unitarian
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E) Because the CKM matrix must be unitarian

ENGAGING
..... <EPT
TuroRING



