
E�etive Field Theories of Strong InterationProblems Sheet 6 and 7, 19.01.2006Problem 1: Quantum numbers of the light (JP = 0�) pseudo-salarmeson oteta) Give the relation between the physial Goldstone boson �elds (��; �0; : : :)andthe Cartesian Goldstone omponents (�a; a = 1; : : : ; 8) using the relation�(x) = 8Xa=1�a�a(x) = 0BB� �0 + 1p3� p2�+ p2K+p2�� ��0 + 1p3� p2K0p2K� p2 �K0 � 2p3� 1CCA :Determine the quark ontent of the physial Goldstone bosons. Rememberhow the quantum numbers of the Goldstone states are �xed.b) Determine the isospin (I) and strangeness (S) and eletri harge (Q) oper-ators and determine the (I; S;Q) quantum numbers of the physial Goldstoneboson states. Remember that these operators are just linear ombinationsof quark number operators and related to the unbroken symmetries of lowenergy QCD. Draw the Goldstone bosons into the (I; S)-plane and indiatethe lines of onstant eletri harge.Problem 2: Goldstone boson and quark masses(a) Aounting for the �nite light quark masses indues masses for the Gold-stone bosons. Compute the physial Goldstone boson masses aounting forthe di�erene between mu and md as a perturbation; ompute the masses toO(�) preision (� � B04 (mu�md)2(ms� �m) , �m � 12(mu +md)). You an use the resultsobtained in lass, but need to apply another diagonalization due to �0 � �mixing.(b) Use the formulae to extrat the quark mass ratio mu : md : ms from thephysial meson masses. Note that the masses of the Goldstone bosons with



eletri harge di�er from the neutral ones due to eletromagneti orretions.The mass shifts should be proportional to the square of the eletri hargesand approximately the same for pions and kaons. So, only use ombinationsof mesons masses where the leading order eletromagneti e�ets anel.Try to also use ombinations where this is not the ase to see how largeeletromagneti e�ets are. Can one onsistently explain the eletromagnetimass shifts of the harge mesons by a rude model �m� = ��?Problem 3: Leptoni and Semileptoni deays(a) Compute the harged pion leptoni partial width �(�+ ! �+��) fromthe matrix element derived in lass. Compare the result to the data given inthe PDG and determine the pion deay onstant F0 using Vud as an input.Predit the leptoni partial width �(�+ ! e+��) and ompare to the data.What is the physial reason why the eletron partial width so muh smaller?(b) Make preditions for the kaon (semi)leptoni partial rates �(K+ !�+��), �(K+ ! e+��) and �(K+ ! �0e+�e) and ompare to the experi-mental data. For the last rate you an neglet the eletron mass. Also havea look on the data for �(K+ ! �0�+�e). Why is the situation di�erent tothe purely leptoni deay?Problem 4: Compton Sattering(a) Implement eletromagneti e�ets into the hiral e�etive Lagrangianusing the tehnology we have applied for the weak interations in lass.Compute the two additional terms to the leading order hiral Lagrangianproportional to e and e2 that result from the proedure. Analyse whih ele-mentary interations of photons with two Goldstone bosons you an get.(b) Determine the Feynman rules you need to onsider for the Comptonsattering proess �+ ! �+. Draw the Feynman diagrams for the proessand derive the amplitude. Argue that the result is in fat U(1)em gaugeinvariant. (Answering the questions in part a) might be easier.)


