
Name :

Physics 490. Practice Final (closed book; calculator, one notecard
OK)

Problem I:

(a) Give an example of experimental evidence that the partons in the
nucleon (i) are fractionally charged. How can scattering experiments demon-
strate that quarks have spin 1/2 ?

(b) What experimental evidence shows that there only three generations
of light neutrinos and not four ?

(c) What is an example of experimental evidence that shows that the
weak interaction is CP violating ?

(d) Is the decay p→ e+π0 allowed ? Has it been observed ?
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Problem II

Consider a positively charged muon decay.

(a) What is the dominant decay mode of the muon ? Why are two
neutrinos required ?

(b) Make a clear diagram and show why the muon is polarized in the
direction of the outgoing charged lepton in (a).

(c) Even though it has much more phase space, why is the decay π+ →
e+νe suppressed by a factor of 104 compared to π+ → µ+νµ ?
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Problem III

A supersymmetric cousin of the Higgs boson (a.k.a “the God particle”)
may be heavy enough to decay into a pair of W bosons (H → W+W−).
Suppose the supersymmetric Higgs mass is 165 GeV and the W mass is 80.4
GeV.

(a) Calculate the momenta of the W bosons for a Higgs decay at rest.

(b) What is the center of mass energy,
√
s, for these two W bosons in

part (a) ?

(c) In the process e+e− → HZ, what is the minimum beam energy re-
quired for the electron and positron beams ? (MZ = 91 GeV and assume
symmetric energy collisions).
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Problem IV

A strongly decaying particle X has a lifetime of 10−23 sec while a weakly
decaying particle Y has a lifetime of 10−7 sec.

(a) If both X and Y are relativistic and are produced in an experiment
with γ = E/m = 10, how far do they travel in the laboratory before they
decay ?

(b) Can the decay vertices of both X and Y be experimentally separated
from their production points ? Why or why not ?
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Problem V

Two particles X0(1193) and Y −(1321) can be produced in the strong
interaction processes

K−p→ π0X0

and
K−p→ K+Y −

(a) What are the baryon number, strangness, charm and bottom for the
X and Y ?

(b) What are the quark contents of the X0 and Y − particles ?

(c) Suppose the Y − has the decay mode, Y − → Λπ−. Is this a strong,
electromagnetic or weak decay ?

(d) Suppose the X0 has the decay mode, X0 → Λγ. Is this a strong,
electromagnetic or weak decay ?
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Problem VI

(a) In the decay of the vector particle, K∗ → K−π+, what is the orbital
angular momentum between the K and π ? Is this a strong, electromagnetic,
weak or gravitational decay ? (Note that the K and π are pseudoscalar
mesons).

(b) The ratio R = σ(e+e− → qq̄)/σ(e+e− → µ+µ−) has steps at several
different CM energies. Why do these steps occur and why are some steps a
factor of four larger than others ?

(c) In Bettini’s textbook, we calculated the cross-section for e+e− →
µ−µ+ and found that is expected to have a (1 + cos2 θ) angular dependence,
where θ is the angle with the beam axis. At PETRA with

√
s ∼ 30−40 GeV,

a small deviation from this expectation is observed. What is the deviation
and what is the cause ?

(d) Compare the rates of D0 → π−`+νe to D0 → K−`+νe and draw the
corresponding Feynman diagrams. (Note that Vcd ∼ 0.22 and Vcs ∼ 0.97)
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Problem VII

Compare the rates for the two reactions: (i) π−p→ π−p and (ii) π−p→
π0n for the case that I=3/2 is dominant.

(A sheet of Clebsch-Gordan coefficients is attached.)
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Problem VIII

For the process pp → χ̃−
2 χ̃

+
1X, where the χ’s are hypothetical weakly

interacting supersymmetric particles with a mass of 100 GeV each, a cross
section of about 1 pb is expected. The final design luminosity of the first
phase of the large hadron collider (LHC), which will soon have p p collisions
at 14 TeV, is 1034/cm2/sec.

(a) How many pairs of these supersymmetric particles are expected to be
produced per year at the LHC ?

(b) What is the smallest cross-section that could be observed at the LHC
with this luminosity ?
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