
E�etive Field Theories of Strong InterationProblems Sheet 1, 03.11.2005Problem 1: Muon DeayIn the Fermi theory the amplitude for muon deay �! e�����e readsMFermi = �i4GFp2 [�u���PLu�� ℄ [�ue��PLv�e℄;where PL=R = 12(1� 5). Derive the Fermi onstant GF within the StandardModel and determine the � deay width (me = 0).Find the � width (from the PDG) and determine GF (with errors).Problem 2Think bak how the SM is onstruted and whih fators are relevant forthe muon deay. What is the result for the Fermi onstant in a theory inwhih the left-handed eletron and muon �elds are in triplets (with allright-handed �elds in singlets) under SU(2)� U(1) as follows: eL = 0� E+L�eLe�L 1A  �L = 0� M+L��L��L 1Awhere E+ and M+ are heavy (unobserved) lepton �elds?The SU(2) generators of the triplet representation are:T1 = 1p20� 0 1 01 0 10 1 01A T2 = 1p20� 0 �i 0i 0 �i0 i 0 1A T3 = 0� 1 0 00 0 00 0 �11ANote that [Ta; Tb℄ = i�abT .



Problem 3: Neutrino-Eletron Elasti SatteringIn the SU(2)� U(1) theory, both W� and Z0 exhange ontribute to theelasti sattering proess ��ee� ! ��ee� . For momentum transfers very smallompared to MW , show that the amplitude for this proess an be writtenas M0 = �iGFp2 ��e�(1� 5)�e �e��(GV �GA5)e� :Find GV and GA.Problem 4: Fierz TransformationsFind the onstants Cj in the following relations:(a) [�P�℄ij[�P�℄kl = C1[�P�℄il[�P�℄kj(b) [�P�℄ij[�P�℄kl = C2[P�℄il[P�℄kj (b0) Note that [���P�℄il[���P�℄kj = 0() [P�℄ij[P�℄kl = C3[P�℄il[P�℄kj + C4[���P�℄il[���P�℄kj(d) [���P�℄ij[���P�℄kl = C5[P�℄il[P�℄kj + C6[���P�℄il[���P�℄kjThese six numbers are all there is to Fierz transformations.Hint: For (a) and (b), multiply by �lk and sum over l and k. For () and(d), it's easiest to avoid taking traes of ��� , so multiply by Ælk and sumover l and k to get one equation. Multiply by Æjk and sum over j and k toget another. To prove (b0), multiply by �lk and sum over l and k.


