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Problem 1: n real scalar fields [14 Points]

Consider a theory with n real scalar fields and Lagrangian
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(a) (2 Points) What are the global symmetries of this theory?

(b) (2 Points) What are all the possible vacua of this theory? Are all the vacua equivalent?

(c) (5 Points) Using simply group considerations, how many Goldstone bosons are there?

(d) (2 Points) Write down the Lagrangian for small excitations around one of the vacua. How
many Goldstone bosons are there?

(e) (3 Points) If instead of real fields we had complex fields and the Lagrangian was characterized
by SU(N) symmetry, how many Goldstone bosons we should expect in this case?
Use only group considerations!

Problem 2: The scalar Mexican hat potential [6 Points]

Consider the case of one hermitian scalar field φ with scalar potential
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Show that V0(φ) has degenerate minimum at φ = ±v, with v =
√
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λ
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Suppose now we add a cubic term to V0(φ)
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Show that the degeneracy in the minimum of V0(φ) is now removed. Find the true minimum of
Ṽ0(φ).
Also, show that, as a function of the parameter ξ, the vacuum expectation value (VEV) 〈φ〉0
changes discontinuously from 〈φ〉0 = −v to 〈φ〉0 = +v as ξ changes from positive to negative
values going through 0.
HINT: Do all the calculation in the hypothesis of very small ξ.


