Universität Bonn Summer term 2004 Physikalisches Institut Example sheet 4 Theoretische Physik 2004-06-07

Elementary Particle Physics II

Prof. Dr. H.-P. Nilles

1. Vector superfields and gauge transformations A vector superfield V is defined through V ≡ V^†.

(a) Check that V (x, θ, θ̄) = C(x) + i θχ(x) − i θ̄χ̄(x) + 1 2 i θθ [M(x) + iN(x)] (1) − 1 2 i θ̄θ̄ [M(x) − iN(x)] + θσ^μθ̄ V_μ(x) + i θθθ̄ [ λ̄(x) + i 2 σ̄^μ∂_μχ(x) ] − i θ̄θ̄θ [ λ(x) + i 2 σ^μ∂_μχ̄(x) ]

+ 1 2 θθθ̄θ̄ [ D(x) − 1 2 ∂_μ∂^μC(x) ]

satisfies this relation.

(b) Using a chiral superfield Λ, is i (Λ − Λ^†) a vector superfield? Identify the component fields from (a) here.

The identification for the V_μ(x) component suggests that the vector superfield transforms under a U(1) gauge transformation as

V → V^′ = V + i (Λ − Λ^†) . (2)

(c) One gauge choice for V is the Wess-Zumino gauge, where C = χ = M = N = 0.

Calculate V_{W Z} , V^2_{W Z} and V^3_{W Z} .

2. Gauge invariant couplings

(a) Generalizing the U(1) tranformations known from electrodynamics, a chiral superfield transforms as Φ → Φ^′ = e^{−2iqΛ}Φ. Is Φ^†Φ gauge invariant? What about Φ^† e^{2qV} Φ?

(b) Calculate [ Φ^† e^{2qV} Φ ] θθθ̄θ̄ (3) in the Wess-Zumino gauge.

3. Gauge field kinetic terms The supersymmetric generalization of the electromagnetic field strength is given by the chiral spinor superfield W_α = D̄D̄D_αV , (4)

where D and D̄ are the covariant derivatives defined on sheet 2.

(a) Show that W_α is a left chiral superfield and that it is invariant under gauge transformations.

(b) Compute the explicit form of the F-term (θθ component) of W_αW^α.

(Lengthy calculation! You can use V_{W Z} and a suitable left/right coordinate choice for the derivatives.)

Up to an overall factor, the result should be − 1 4 V^{μν} V_{μν} + i λσ^μ∂_μλ̄ − 1 4 V^{μν} (^∗V_{μν} ) + 1 2 D^2 . (5)