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1) U{(1) effective lagrangian

Consider a theory with a complex sealar field ¢ with a U{1) global
symmetry ¢ — " = exp (i) . The lagrangian will be

L =8¢ o +p’p"p — Ap'p)?

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

= V%(U + 1(x) + ipa(x))

Show that s is the Goldstone boson.

b) Use this lagrangian to caleulate the low-energy scattering of ¢q +
w2 — s+ 2. Show that despite the non-derivitive interactions of the
lagrangian, cancelations oceur such that leading seattering amplitude
starts at order p'.

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

1 .
0 = —(v+ ®(z))eXD)/®
P =50+ 8(a)
Show that in this basis a ‘shift symmetry’ ¥ — x + ¢ is manifest.
d) Caleulate the same seattering 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.

) Why is the sky blue?

Write some examples of gauge invariant effective Lagrangians for the scattering
of light off of a neutral object. Use these to calculate the frequency dependence of
light scattered from molecules in the sky — showing that the sky is blue.

For more detail about this calculation, see Barry R. Holstein, Blue skies and
effective interactions, American Journal of Physics, 67,422 (1999)
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