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 is a positron emitter. In positron emission an up quark undergoes the
following change,
u → d βνe
Show that charge, lepton number and baryon number are conserved in this decay.
charge ..............................................................................................................................................
lepton number ................................................................................................................................
baryon number ................................................................................................................................
(3 marks)
(c) Describe what happens when a positron collides with an electron.
........................................................................................................................................................
........................................................................................................................................................
........................................................................................................................................................
(2 marks)
2 (a) Quarks may be combined together in a number of ways to form sub-groups of hadrons. 
Name two of these sub-groups and for each, state its quark composition.
sub-group 1 ......................................................................................................................................
.........................................................................................................................................................
sub-group 2 ......................................................................................................................................
.........................................................................................................................................................
(3 marks)
(b) A free neutron is an unstable particle.
(i) Complete the following to give an equation that represents the decay of a neutron.
n→           
(ii) Describe the change that occurs to the quark structure when a neutron decays.
...............................................................................................................................................
...............................................................................................................................................
...............................................................................................................................................
.......................................................................................................................................
3 (a) Name a force which acts between an up quark, u, and an electron.  Explain, with reference to an exchange particle, how this force operates. You may be awarded marks for the quality of written communication in your answer.

...............................................................................................................................................

...............................................................................................................................................

...............................................................................................................................................

...............................................................................................................................................

...............................................................................................................................................

...............................................................................................................................................

...............................................................................................................................................

...............................................................................................................................................
4 (a) (i) Neutrinos can be detected because they (very rarely) interact with protons.
νe +  p  →n + e
(ii) What fundamental force is responsible for the interaction shown in part (i)?

...............................................................................................................................................

(iii) Name an exchange particle that could be involved in this interaction.

.............................................................................................................................................(iv) Draw the Feynman diagram illustrating this process...

(4 marks).
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