
Physics 226: Problem Set #7
Due Thursday Oct 25, 2018

1. Feynman Diagrams for Weak Decays (16 points) Draw a Feynman dia-
gram involving a W boson for each of the following processes. For each
quark-W vertex, indicate what CKM matrix element is involved in the
transition

(a) τ+ → e+ + νe + ντ

(b) K0 → π− + e+ + νe

(c) D+ → K0 + µ+ + νµ

(d) τ+ → ντ + π+

(e) Λ→ p+ e− + νe

(f) νe + e− → νe + e−

(g) B− → D0π−

(h) B− → D0K−

2. Find the missing particle (10 points) For each of the weak interations
listed below replace the unknown X with the appropriate particle:

(a) π+ → π0 + e+ +X

(b) X → e+νeνµ

(c) K+ → Xe+νe

(d) X + p→ n+ e+

(e) D0 → K− + π0 + νe +X

3. Cabbibo Allowed and Cabbibo Suppressed Decays (30 points) Estimate
the relative rates for the following four decay modes of the D0(cu) me-
son: D0 → K−π+, D0 → π−π+, D0 → K+π−, D0 → π0π0. Express
these as the branching ratio of each decay mode divided by the branch-
ing ratio for D0 → K−π+. As part of your answer, draw Feynman
diagrams involving W bosons for each decay. How well do your esti-
mates agree with the experimental ratios? Note: One of these decays
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needs a Feynman diagram that is topologically different from the oth-
ers. Using the fact that the W is a color singlet and that all hadrons
are color singlets, explain why the rate predicted for this decay will
differ from the others.

4. Leptonic B decays (44 points) Consider the rare leptonic decay B+ →
`+ν`.

(a) Explain in words, with an accompanying diagram, why this decay
is rare.

(b) We saw in class that the charged pion has a partial width for its
decay to a muon
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where fπ is a constant that is related to the π wave function at
the origin, has units of mass. Using the analog of this expression,
calculate the relative rates for the B+ to decay to the 3 lepton
species e, µ and τ .

(c) From the particle data group web page, state whether this decay
has been observed for the cases of ` = e, µ and τ and if the
decay has been observed, give the observed branching ratio and
its uncertainy and the partial width for the decay.

(d) Use the results above to estimate fB+ . Warning: make sure you
include the effect of the CKM matrix in the estimate.

(e) Repeat (a) through (d) for the Ds (where in part d you estimate
fDs).
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