
Homework 8 (June 16, 2004)Problem 1: Reparametrization invariane in HQETConsider the following order 1=mQ heavy-to-light vetor urrentsO1 = 12mQ �q�i =DQv ;O2 = �qv�i =DQv ;O3 = �qiD�Qv ;O4 = �q(�iv: �D)�Qv ;O5 = �q(�iv: �D)v�Qv ;O6 = �q(�i �D�)Qvhaving the oeÆients B1 to B6 respetively. Use reparametrization invariane to determinewhih of the oeÆients are in �xed by the oeÆients C1 and C2 of the two leading orderheavy-to-light vetor urrents �q�Qv and �qv�Qv. Note that the light quark and the gluon�elds do not transform under reparametrization transformations beause they are equivalentin eah v-setor. The easiest way to proeed is to determine linear ombinations of urrentsat leading and subleading order in 1=mQ that are, up to a phase, reparametrization invariantat order 1=mQ. You an ignore overall phases.Derive generi rules how the heavy quark Lagrangian LHQET = Pv Lv(Qv(x); v�; iD�) trans-forms under reparametrization up to order 1=mQ. Construt a new heavy quark �eld, a newveloity label and a new ovariant derivative whih are reparametrization invariant (up to apossible overall phase for the heavy quark �eld).In HQET, write down the reparametrization invariant versions (up to order 1=mQ) of the�ve heavy quark bilinear operators (heavy-heavy urrents) �Q�Q (� = f1; 5; �; �5; ���g)known from full QCD. You just have to math at leading order in 1=mQ and then extendthe operators by order 1=mQ terms to obtain invariant ombinations using the rules derivedabove.Problem 2: Heavy quark limit and the deays (D1; D�2)! (D;D�)+�The members of the sl = 3=2 doublet (D1; D�2) an deay by means of a single pion emissioninto the two members of the sl = 1=2 ground state doublet (D;D�). The deay it governedby the strong interation. So in addition to parity and angular momentum onservation, alsoheavy quark spin symmetry an be applied in the limitm !1. Parity restrits the orbitalangular momentum L of the emitted pion (P (�) = �1). Determine the relative amplitudesand the relative deay partial widths for the four possible deays using a Clebsh-Gordananalysis in the heavy quark limit. You need to use the Wigner-Ekard theorem and heavyquark spin symmetry to obtain the expressions for eah of the possible partial waves (L).1



Determine the allowed partial waves using parity and angular momentum onservation. Re-member that that the various partial waves ontribute inoherently to the deay rates.The largest soure of heavy quark symmetry breaking arises from the fat that the harmmass is atually not really in�nite. This leads to sizeable di�erenes in the phase spaesavailable for the pion for the various deay hannels. The phase spae of the pion for partialwave L is to a good approximation proportional to jp�j2L+1 in the (D1; D�2) rest frame, p�being the pion momentum. Inlude the orretions arising from this e�et into the relativesize of the four deay rates and ompare to the experimental numbers.Compare the previous experimental numbers to those for the analogous deays of the sl = 1=2doublet (D�0; D1�) into the ground state doublet plus a pion whih have been seen. Explainthe di�erene.
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