
Homework 9 (June 23, 2004)Problem 1: Heavy-to-light urrent in HQETConsider the following heavy-to-light matrix elements of the vetor and axial vetor urrents(in the full theory)hV (p0; �)j�q�5QjP (Q)(p)i = �if (Q)��� � i(��:p) [a(Q)+ (p+ p+)� + a(Q)� (p� p0)�℄ ;hV (p0; �)j�q�QjP (Q)(p)i = g(Q)��������(p+ p0)�(p� p0)� ;where p = mP (Q)v and jP (Q)i is the pseudo-sale heavy meson ground state. V is a lightvetor meson with polarization � that does not ontain a heavy quark (�, K�, et.) Theform fators f (Q), a(Q)� and g(Q) are funtions of y = v:p0. Use the normalization of the heavymeson states in HQET to show that in the limit mb; !1f (b)(y) = (mb=m)1=2 f ()(y) ;g(b)(y) = (m=mb)1=2 g()(y) ;a(b)+ (y) + a(b)� = (m=mb)3=2 [a()+ (y) + a()� ℄ ;a(b)+ (y)� a(b)� = (m=mb)1=2 [a()+ (y)� a()� ℄ :Make the ansatz hV (p0; �)j�q�QjP (Q)(p)i = TrhMV (��; p0; v)� 1 + =v2 i 5iand use Parity invariane of the matrix element to derive the most general form of the (Dira)matrixMV . You need to know the parity of the meson states and how the quark �elds and ��,v and p0 transform under P . You an then derive a relation between the Parity-transformedMV and the original one.Show that heavy quark symmetry (formQ !1) does not redue the number of independentform fators present in the full theory matrix elements, but that the form fators an berelated to the form fators of the tensor urrenthV (p0; �)j�q���QjP (Q)(p)i = �ig(Q)+ ����� ���(p+ p0)� � ig(Q)� ����� ���(p� p0)��ih(Q)�����(p+ p0)�(p� p0)�(p+ p0)�(��:p) (1)
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