
Homework 7 (June 9, 2004)Problem 1: b! s
 and QCD equations of motionAfter integrating out the top, W, Z and Higgs, a number of lo
al operators are indu
ed whi
hmediate the 
avor 
hanging (ele
tri
) 
harge-neutral pro
ess b ! s
. The operators thatare indu
ed in
lude the lo
al 4-quark operators dis
ussed in 
lass and the following lo
al2-quark operators, whi
h we, 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 = g mb�sL���TAbRGA�� ;O10 = mb�sL =D =DbR :Here, D� = �� + igTAAA� + ieQA� is the 
ovariant derivative (in the SU(3) fundamentalrepresentation) a
ting on the quark �elds and (D�G��)A = (ÆAB�� + gfABCA�B)GC�� .a) Write down the 
ombined QCD-QED Lagrangian (i.e. only operators up to 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 of motion remember your 
ourses on ele
trodynami
s.The QCD equations of motion are derived in an analogous way.b) You 
an take the 
lassi
 equations of motion for the dominant dimension-4 a
tion toredu
e the dimension-6 operators shown above to linear 
ombinations of O8 and O9 and the4-quark operators treated in 
lass. One 
an in fa
t prove that this eliminates the 2-quarkoperators also at the quantum level. Take ms = 0, but keep the bottom quark mass nonzero.You will �nd the identity 2D� = f
�; =Dg quite useful. For O7 you need the identity withthree gamma matri
es 
�
�
� = g��
� + g��
� � g��
� � i�����
�
5 :Problem 2: Heavy antiquarks in HQETIn the mQ ! 1 limit, show that the propagator for a heavy antiquark with momentump �Q = mQv + k is iv:k + i�(1� =v2 )1



while the heavy antiquark-gluon vertex isig(TA)Tv� :Note that one wants to formulate the e�e
tive theory for antiparti
les having positive energy.So, parti
le and antiparti
le dynami
s are de
oupled and there is an independent fermion
ow for parti
les and antiparti
les.

2


