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U(1) effective lagrangian
Consider a theory with a complex scalar field ¢ with a U(1) global
symmetry ¢ — ¢’ = exp (i8) . The lagrangian will be

L =0,p* "¢ + pPo*p — A(p*p)?

a) Minimize the potential to find the ground state and write out the
lagrangian in the basis

o= %( T o1(2) +ipa())

Show that s is the Goldstone boson.

b) Use this lagrangian to calculate the low-energy scattering of o +
wa — o+ pe. Show that despite the non-derivitive interactions of the
lagrangian, cancelations occur such that leading scattering amplitude
starts at order p.

¢) Instead of the basis above express the lagrangian using an exponen-
tial basis,

1 .
ey T ) pix(z)/v
= —=(v + B(x))e
V2

Show that in this basis a ‘shift symmetry’ ¥ — x + ¢ is manifest.
d) Calculate the same scattering amplitude using this basis and show
that the results agree. Note that the fact that the amplitude is of
order p* is more readily apparent in this basis.



1) Effective lagrangian for pu — e+~

In describing the decay p — e + v, one may try to use an effective
lagrangian L34 which contains terms of dimensions 3 and 4,
L34 = az(ép + jie) +iaq(ePp + nle)
where D, = d, + ieQ)q A, and as, ay are constants.
a) Show by direct calculation that £34 does not lead to p — e + 7.
b) If L34 is added to the QED lagrangian for muons and electrons,
show that one can define new fields p’ and ¢’ to yield a lagrangian
which is diagonal in flavor. Thus, even in the presence of L34,
there are two conserved fermion numbers.
¢) At dimension 5, 4 — e + 7 can be described by a gauge-invariant
effective lagrangian containing constants c, d,

Ly = (?cr”"’)((: + dys)puFys + hec.

Obtain bounds on ¢, d from the present limit for p — e + ~.
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