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1. (a) Assuming νµ’s are left handed, what will be the helicity of µ+

emiited in π+ decay π+
→ µ+ + νµ ? Assume π+ is at rest. (b) Write

down the reaction of µ− decay to electron and neutrinos. Let the µ− be
polarised along the positive z-axis and all the particles be emitted along the
z- axis, with the electron moving along the negative z- axis and the neutrinos
along the positive axis z- axis. Find the helicity of the electron. for this
configuration.

2. Consider the lagrangian density for a complex scalar field Φ(x) given
by

L(x) = (DµΦ)†(x)DµΦ(x) − µ2Φ†(x)Φ(x) −
1

4
F µνFµν

where DµΦ(x) = ∂µ + ieAµ and F µν = ∂µAν
− ∂νAµ, Aµ being the photon

field. Show that the lagrangian density is invaraint under a transformation
Φ′(x) = eiα(x)Φ(x) provided Aµ is transformed appropriately. Find the trans-
formation for Aµ under the above gauge transformation.

3. Suppose we had a scalar doublet ∆ in the standard model

∆ =

(

δ++

δ+

)

What is the value of Y for the doublet?
Write down the covariant derivative for this doublet using W a

µ τa = W a
µσa/2

and Bµ as gauge fields with coupling g, g′ respectively. Introducing the pho-
ton field Aµ and the Z-boson field Zµ, defined by

W 3
µ =

g′Aµ + gZµ

(g2 + g′2)1/2
, Bµ =

gAµ − g′Zµ

(g2 + g′2)1/2

show that the coupling to photon is to the charge of the particle with e =
gg′/(g2 + g′2)1/2.
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