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1 (4p) Consider the following decays/reactions (the particles are not bound or virtual).
Discuss which of these it is possible to observe and draw a Feynman diagram for that case.
If a process is impossible, state a conservation law which is violated.
(a) W   e   e
(b) n         0
(c)           
(d)              0
2 (4p)
In a scattering experiment, an electron with energy 27.5 GeV collides head-on
with a proton of energy 820 GeV. The electron is scattered at an angle of 150o with
respect to the direction of the incoming proton. The energy of the electron after the
collision is 21.5 GeV.
(a) The four-vector Q is defined as being the four-momentum of the exchange photon.
Calculate Q 2 .
(b) It is assumed that a single quark in the proton takes part in the interaction.
If that quark carried 40% of the proton's momentum before taking part in the
interaction, calculate the momentum of the quark after the interaction.

(3) (4p)
The semi-empirical mass formula (SEMF) can be used to calculate
nuclear masses to a good precision over a wide range of mass numbers A.
The SEMF gives the binding energy, B ( A, Z ), for a nucleus with atomic number
Z and mass number A as :
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Explain the physical origin of each term in the SEMF.
(4) (4p) (a) A sample of a radioactive material decays via  -emission.
If the  -particles have an energy of 4 MeV, estimate the half-life of
the nuclei.
(b) Explain qualitatively the origin of  radioactive decays.
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(4p)

Describe the early work that Hubble, Leavitt and others did to establish
what is now called the Hubble law. What does the Hubble law describe?
What value didHubble determine for the Hubble constant ?
What do modern Hubble constant measurements suggest?
A de Sitter universe is a universe that is dominated by vacuum energy,
a positive cosmological constant. Such a universe is characterized by:
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Assuming that this universe is flat, k  0, show that the scale factor , a (t ),
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increases exponentially in such a universe.
(6) (4p)
2

A matter dominated universe can be descried by a (t )  t 3 . Assuming that
H 0  70 km/s/Mpc, use this relation to estimate the current age of the universe.
Name four types of observations that indicate the presence of dark matter in the
universe.
How can we explain the presence of a dipole in the temperature of the comic
microwave background ?

Geiger-Nuttall relation:
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