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Problem 13: Leptonic B-decays

a) The decay process BT — 77, is induced in the standard model by diagram in
Fig. 1(a). Show that the decay can be described at the parton level with effective
four-fermion interaction in the form:

Ly (2) = —Cw[b(w)y, Pru(a)][7-(2)y" Py 7(2)] + hec.

by expanding the W propagator to first non-vanishing order in p%/Mg3,, where pg is
the momentum of the B* meson. Express the coefficient Cy with Fermi constant G
and the CKM-matrix element V.

b) The decay amplitude is:
(T*(p, )vr(k, " )iL5H (0)| B (pg)) = i(2m)*6W (pp — p — k) Moy (p, k)
with
iMoo (p, k) = —iCwa(k, o")7" Pro(p, 0)(016(0)y, Pru(0)| B* (p + k)

where o, ¢’ are spin indices and p, k are the four-momenta of the 7+ and v,. Parame-
trize the hadronic matrix element (0]b(0)y, PLu(0)|B*(p+k)) with the decay constant
[+ and calculate the partial decay width I'(B* — 771,). Set k* = 0, p*> = m? and
(p+k)? = mi.
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Abbildung 1: Tree level diagrams for BY — 77v, in standard model and two-Higgs-doublet
model.



¢) The diagram in two-Higgs-doublet models is given in Fig. 1(b). The relevant coup-
lings in two-Higgs-doublet type-1I (2HDM-II) (after neglecting up-quark and neutrino
masses) are given by

2. 2
Lys ;7= tan B meu*b%bPLuH_ + tan 3 mT%VTPRTm +hec.

d) In analogy to (a) express the interaction in Fig. 1(b) with

LM (z) = —Cy[b(x) Pyu(x)][7,(z) Per(z)] + h.c.
and determine the coefficient Cy.

e) Show

2

(Olb(x)5u(z)| B (pp)) = —z'fB+Z—§e—iW.

For this you can use the equations of motion for the quark fields:

i Db(z) = mb(x) . i Dulz) =0,
where D, = 0, — igA;T* and A}, denotes the gluon field.
f) Calculate, in analogy to (b), the partial decay rate I'(BT — 77 v,) in 2HDM-II.

g) The present average for the several measurements of the branching ratio Br(B* —
7v,) is (1.15 £ 0.23) - 10~%. Compare this value to your standard model predicti-
on. Sketch the region in the parameter space of my+,tan g presently allowed by the
experiment. For the following values of the remaining parameters you can use:

mp+ = 5.27925GeV |, fg+ =0.192GeV |,  T'pr =4.011-107¥GeV
my = 4.8CGeV | m, = 1.77682GeV , |V,,| =0.00409
1
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Gp =1.1663787-107°GeV ™2 | ? =
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