
Homework 2 (April 28, 2004)Problem 1The QED Lagrangian in R�-gauge has the formLQED = �14F ��F�� � 12� (��A�)(��A�) + �	(i =D �m)	 ;where the �eld strength and the 
ovariant derivative have the form F �� = ��A� � ��A� andD� = �� + ieQfA�, respe
tively. Derive the Feynman rules.Problem 2: Right-handed neutriosAdd three right-handed neutrinos N iR to the Standard Model. Then a Majorana-type massterm is allowed of the formLM = �NR i =�NR � 12 �N 
RMNR � 12 �NRM�N 
R ;where M is a 
omplex symmetri
 matrix.a) Show that possible antisymmetri
 
ontributions in M do not 
ontribute.b) Write down the most general dimension-4 operators that 
ouple NR to Standard Model�elds. Use the gauge symmetries.
) Transform all operators with NR to Majorana mass eigenstates with Ni = N 
i . Use thetheorem that for any 
omplex, symmetri
 matrixM there is a unitary matrix X (XyX = 1)su
h that M = XDXT where D is a diagonal matrix with real non-negative entries. Howmany free parameters exist now in the lepton se
tor? Is there CP-violation in the leptonse
tor?d) Take the masses Mi large with respe
t to the ele
troweak s
ale. Integrate out the right-handed neutrinos at tree level using the equations of motion for the Majorana �elds. Notethat N and �N for Majorana fermions are not independent! Show that in the limit of largeMithe leading term of the result has the form of the dimension-5 operator built from StandardModel �elds dis
ussed in the le
tures.
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