
Homework 10 (June 30, 2004)Problem 1: Anomalous dimension of FUp to order 1=mQ the HQET Lagrangian has the formL = Qv(iv:D)Qv + 12mQQv(iv:D?)2Qv � F (�) g4mQQv���G��Qv :Derive the HQET Feynman rules at order 1=mQ and draw the diagrams one needs to om-pute to determine the anomalous dimension of the oeÆient F . Disuss at the level ofthe diagrams whether the 1=mQ kineti energy operator an mix with the magneti mo-ment operator. Write down the olor struture of eah of the diagrams ontributing to theanomalous dimension of the F and argue that the anomalous dimension is proportional toCA = 3. (At this point it is helpful arefully look at the diagrams and to remember urrentonservation in QED.) You don't have to atually ompute any of the loop integrations.Problem 2: Renormalization of the HQET at order 1=m2QIn the paper hep-ph/9708306 by Bauer and Manohar the LL renormalization of the HQETLagrangian up to order 1=m2Q is arried out. This is atually a reading assignment whihshould enourage you to reprodue some of the results shown in the paper. The only trikypart of the paper is that it treats the time-ordered produts of the 1=mQ operators as individ-ual operators. This is just a notational trik to formulate insertions of two 1=mQ operatorsin the framework of a linear (!) renormalization group equation involving operators at order1=m2Q. The Wilson oeÆient of suh a time-ordered produt is just the produt of theWilson oeÆients of the operators that appear in it. You might atually appreiate howniely this simple notational trik works in pratie.a) Find the renormalization group equation for F and solve it.b) Derive the reparametrization onstraint that relates the Wilson oeÆients of the opera-tors OS with the order 1=mQ magneti moment operator.) Reprodue Eq.(9) whih relates the Darwin operator OD to the operator Ohl1 using thegluon equation of motion. This eliminates the operator Ohl1 from the anomalous dimensionmatrix shown in Eq.(14). Derive the anomalous dimension matrix for the operator basiswhere Ohl1 is eliminated. Note that in this paper the anomalous dimension matrix for theoperators and not for the Wilson oeÆients is shown.d) Find the solution for D and F using the mathing onditions D(� = mQ) = S(� =mQ) = 1.
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