
E�e
tive Field Theories of Strong Intera
tion
Problems Sheet 5, 7.12.2005Problem 1: Semileptoni
 and non-leptoni
 b de
ay ratea) Cal
ulate the semileptoni
 de
ay rate of a free b quark �(b! 
e��e). Usethe e�e
tive Hamiltonian dis
ussed in 
lass. (Re
y
le the 
omputations youalready did earlier.)b) Now Use the e�e
tive Hamiltonian dis
ussed in 
lass to 
ompute the non-leptoni
 free quark de
ay rate �(b! 
d�u). Negle
t all masses ex
ept for theb quark mass. If you are ambitious you 
an in
lude a nonzero 
harm mass.Problem 2: Non-leptoni
 b quark de
ays & penguin transitions(a) Write down all possible de
ays of a b quark into u, d, s and 
 quarks.(This in
ludes de
ays into two or three of the same quarks.) Order the variousde
ay modes into the following three 
lasses:� Class I: only 
urrent-
urrent operators 
ontribute� Class II: 
urrent-
urrent and penguin operators 
ontribute� Class III: only penguin operators 
ontribute(b) Determine the parametri
 size of the various operators (take into a

ountmat
hing 
onditions and CKM fa
tors).Problem 3: b! s
 and QCD equations of motionAfter integrating out the top, W, Z and Higgs, a number of lo
al opera-tors are indu
ed whi
h mediate the 
avor 
hanging (ele
tri
) 
harge-neutral



pro
ess b ! s
. The operators that are indu
ed in
lude the lo
al 4-quarkoperators dis
ussed in 
lass and the following lo
al 2-quark operators, whi
hwe, however, did not dis
uss in 
lass:O1 = �sL =DD�D�bL ;O2 = �sLD� =DD�bL � 12�sLD�D� =DbL ;O3 = �sLD� =DD�bL ;O4 = �sL =D =D =DbL ;O5 = g�sLTA
�bL(D�G��)A ;O6 = gGA���sLTA
�D�bL ;O7 = g ~GA���sLTA
�D�bL ;O8 = emb�sL���bRF�� ;O9 = gmb�sL���TAbRGA�� ;O10 = mb�sL =D =DbR :Here, D� = ��+igTAAA�+ieQA� is the 
ovariant derivative (in the SU(3) fun-damental representation) a
ting on the quark �elds, (D�G��)A = (ÆAB�� +gfABCA�B)GC�� and ~G�� = 12�����G��.a) Write down the 
ombined QCD-QED Lagrangian (i.e. only operators upto dimension-4) and derive the equations of motion for the gluon and quark�elds. Note that this is a 
lassi
 problem. So, for the QED equations ofmotion remember your 
ourses on ele
trodynami
s. The QCD equations ofmotion are derived in an analogous way.b) You 
an take the 
lassi
 equations of motion for the dominant dimension-4a
tion to redu
e the dimension-6 operators shown above to linear 
ombina-tions of O8 and O9 and the 4-quark operators treated in 
lass. One 
an infa
t prove that this eliminates the 2-quark operators also at the quantumlevel. Take ms = 0, but keep the bottom quark mass nonzero. You will �ndthe identity 2D� = f
�; =Dg quite useful. For O7 you need the identity withthree gamma matri
es
�
�
� = g��
� + g��
� � g��
� � i�����
�
5 :


