MATHEMATICAL TRIPOS Part III

Wednesday, 3 June, 2009 1:30 pm to 4:30 pm

PAPER 47

STANDARD MODEL

Attempt no more than THREE questions.

There are FOUR questions in total.

The questions carry equal weight.

STATIONERY REQUIREMENTS SPECIAL REQUIREMENTS Cover sheet None Treasury Tag Script paper

You may not start to read the questions printed on the subsequent pages until instructed to do so by the Invigilator.

You may find the following information useful.

For Dirac matrices γ^μ:

T r [γ^μ γ^ν γ^ρ γ^σ] = 4 (g^{μν} g^{ρσ} − g^{μρ}g^{νσ} + g^{μσ}g^{νρ}) , T r [γ^μ γ^ν γ^ρ γ^σγ_5] = 4 i ϵ^{μ νρ σ}, where ϵ is the Levi-Civita symbol in 4 dimensions satisfying ϵ^{μ νρ σ}ϵ_{μ νχ η} = −2 ( δ^ρ_χ δ^σ_η − δ^ρ_η δ^σ_χ ) . Writing a charge conjugation operator as Ĉ and a parity reversal operator as P̂ , a Dirac spinor ψ(x) transforms as

Ĉψ(x)Ĉ^{−1} = Cψ̄(x)^t , P̂ ψ(x)P̂^{−1} = γ^0ψ(x_P )

ignoring phases, where x_P is obtained from x by reversing the signs of its spatial components, and C is an anti-symmetric 4 by 4 matrix satisfying C(γ^μ)^tC^{−1} = −γ^μ.

The decay width Γ for a particle with 4-momentum p^μ decaying into n particles of 4-momenta q^μ_{i = 1, ... ,n} is

Γ =^1_{2 p0} ∫ n∏ i=1 (_{d3qi} (2π)^3 2 E_{qi} ) |M|^2(2π)^4δ^4 ( p − n∑ i=1 q_i ) , where M is the matrix element of the decay.

The fundamental representation of the generators of SU(N) may be written as traceless N by N matrices T^a, where T r(T^aT^b) =^1_2 δ^{ab} and a = 1, . . . , N^2 − 1 .

Part III, Paper 47

Part III, Paper 47 [TURN OVER

Part III, Paper 47

Part III, Paper 47 [TURN OVER

END OF PAPER

Part III, Paper 47