
Homework 1 (April 19, 2004)Problem 1a) Determine the muon de
ay rate � ! e���e�� in the limit Mw >> m� >> me = 0 inthe Born approximation. Express the result in terms of the Fermi 
onstant GF . The resultis proportional to a parti
ular power of m�. Can one guess this s
aling behavior withoutexpli
it 
omputation?b) Apply the results to the in
lusive semileptoni
 de
ay rate of a B meson in the StandardModel (B ! e���e + anything). The de
ay of the B meson is very well approximated by thede
ay of a free bottom quark into another quark and e���e. Note that there is more than onepossible quark 
avor in the �nal state.Problem 2: Leptoni
 B de
ays in a top-less modelThis is an
ient history, but still interesting as an exer
ise. Assume that there is no topquark in the Standard Model and that the left-handed bottom quark is a SU(2) gauge sin-glet. Leave the parti
le 
ontent un
hanged otherwise.a) Assign the hyper
harge of the left-handed bottom quark and write down the most gen-eral mass terms the quarks 
an have for the gauge eigenstates. Determine the 
harged- andneutral-
urrent 
ouplings of the quarks to the gauge Bosons W�, Z0 and A.b) Change basis to the mass eigenstates and think about how the 
harged- and neutral-
urrent intera
tions get modi�ed. What happens to the intera
tions with the photon? Usethe result to show that there are FCNC's mediated by the Z0 boson involving left-handed�elds. Assume that in the basis of mass eigenstates the left-handed quark doublets have theform U(u; L) u0d00 ! ; U(
; L) 
0s00 ! ;with the ansatz d00 = 
1
2d0 + 
1s2s0 + s1b0, s00 = 
3
2+4d0 + 
3s2+4s0 + s3b0, and wheres1 = sin(�1),. . . , s2+4 = sin(�2 + �4) and U(u; L); : : : are unitary matri
es. Determine the
ouplings to W� and Z0.
) Compute the ratio of partial widths�(B ! l+l� + anything)�(B ! l+� + anything)at the Born level just in terms of the 
oupling 
onstants ignoring possible di�eren
es in thephase spa
e for the de
ays, but in
luding the overall dependen
e on the W and Z bosonmasses. (For the Z-boson ex
hange there are also 
ouplings involving right-handed lepton�elds. For deriving the ratio you 
an treat them as being left-handed, keeping your �ngers
rossed that this gives the 
orre
t result. If you are ambitious, you 
an 
he
k.) Assume that1



the rates are given by the de
ay of a free b quark.d) Estimate the ratio using the data for jVudj, jVusj, jV
dj, jV
sj and the number for the weakmixing angle. You may in fa
t use the orthogonality of the d00 and s00 states �rst and use then
ontraints from the CKM elements above. Compare your result with numbers you might�nd in the PDG (http://pdg.lbl.gov/). Is there a 
han
e?
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