Physics 129 Nuclear and Particle Astrophysics Winter 2014

Midterm Exam
Thursday February 13 — Open Book and Notes

1. For each of the terms below, (a) give one example of a particle of this type, and (b)
briefly explain the meaning of the term:,
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2. Draw a Feynman diagram including quark lines for

(a) neutron beta decay, and (b) the main 7" decay mode.
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3. The muon mass m, = 106 MeV and its lifetime 7, = 2.2 x 107% s. Muons with an
energy of 10.6 GeV are produced by cosmic rays at an altitude of 30 km. Calculate the
fraction of these muons headed straight downward that reach you at sea level.
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4. Explain briefly the evidence that muon neutrinos produced in cosmic ray interactions
in the upper atmosphere oscillate into other neutrino types.
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5. For each of the following decays, state a conservation law that forbids it:
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6. For each of the following high-energy interactions or decays state (a) whether it is
allowed or forbidden, (b) reason if forbidden, and (c) type of interaction (S, W, or E) if
allowed:

71’_—}-p——)7r0+n ul(md, 5‘}Y'JV\5 (V\"CA“‘"‘/\;""

&, smee W ohes Cot\, ¥ it E==

= y+y+y

- R AN o “’SV-M
7T0_—)7+’)’ C&llwesk’ %‘WOM‘D;,UI\C \k‘)'b\ y 4 ¢
t = ut 4y, wlewed ) .wa.—\l;

p- e lephon nimber

at = ut + 7,

\CYHM A ber

K- —>n%+e

p+p— A0+ A° baryon wamber

7. There are no known mesons of electric charge +2, but there are baryons with electric
charge +2. Give a simple explanation for this.
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8. The ¥** is an unstable baryon with mass 1385 MeV and decay width I' = 35 MeV. It
is produced in the reaction K~ +p — 7~ + X** and mostly decays via *+ — 7+ + AC.
From these facts (a) determine the strangeness of the ¥** and (b) determine whether its
decay ©*+ — 7t 4+ A0 is via the strong or the weak interaction.
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9. Briefly describe the difference between direct and indirect CP violation in neutral kaon
decay. — o "
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10. (a) Briefly state the main motivations for supersymmetry, and (b) briefly describe the
new particles that supersymmetry requires.
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11. Describe the t#o types of black holes that are known to exist, including their masses,
typical locations, and how we observe their effects.
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12. Show that during the early universe, when the energy density of the universe was
mainly in the form of relativistic particles, the scale factor satisfies a L2,
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‘{;7. Show that the distance to the particle horizon in the Einstein-de Sitter cosmology
(Qn =1, Qp = 0) is dp = 2¢/Hy, determine this distance in light years if Hy = 70
km/s/Mpc, and explain briefly why the particle horizon is farther away than light could
travel in the age of the umverse deFe s M T ade™ 5 A & d't/
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