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Buch: Thomson — Modern particle physics
Beispiele fiir die Ubung am 12.3.2019

Feynman Diagramme:
1.1
1.4
Einheiten:
2.1
2.2
Spezielle Relativitaetstheorie:
2.3,2.4,2.6,2.12,2.13,2.14



1.1 Feynman diagrams are constructed out of the Standard Model vertices shown in Figure 1.4. Only the weak
charged-current (W*) interaction can change the flavour of the particle at the interaction vertex. Explaining
your reasoning, state whether each of the sixteen diagrams below represents a valid Standard Model
vertex.
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@ JL1 The Standard Model interaction vertices.




1.4  Draw the Feynman diagrams for the decays:

(@) A*(uud) — n(udd) 7t* (ud),
(b) X°(uds) — A(uds) ¥,

(c) ' (ud) — |»1+V;u

and place them in order of increasing lifetime.

2.1 When expressed in natural units the lifetime of the W boson is approximately 7 ~ 0.5 GeV ™", What is the cor-
responding value in S.1. units?

2.2 Acrosssection is measured to be 1pb; convert this to natural units.
23  Showthatthe processy — e*e™ can notoccurin the vacuum.

24  Anparticle of mass 3 GeV is travelling in the positive z-direction with momentum 4 GeV; what are its energy and
velocity?

2.6 Forthedecaya — 1+ 2,show that the mass of the particle a can be expressed as
m =m +m + 26601 — By, 0s ),
where 3, and 3, are the velocities of the daughter particles (8; = v,/c¢) and @ is the angle between them.



212 For the process 1+2 — 3 +4, the Mandelstam variables s, t and u are defined as s= (p, +p)>,

2.13

2.4

t=(p —p;)* and u = (py — ps)’. Show that
S+U+t=m +m+m+m.

At the HERA collider, 27.5 GeV electrons were collided head-on with 820 GeV protons. Calculate the centre-of-
mass energy.

Consider the Compton scattering of a photon of momentum k and energy £ = | k| = k from an electron at rest.
Writing the four-momenta of the scattered photon and electron respectively as k" and p’, conservation of four-
momentum is expressed ask + p =k’ + p’. Use the relationp’? = m? to show that the energy of the scattered
photon is given by

E

1t (E/m)(1 — cos )’
where @ is the angle through which the photon is scattered.
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