Physics 6433, Quantum Field Theory Assignment #8 Due Wednesday, April 3, 2002

March 13, 2002

1. Do the integral (4.26) given in class.

2. Using the proper-time representation for the propagation function, derive the following dimensional regularization formulæ: ∫ d^dl

(2π)^d 1 (l^2 + M^2 + 2l · p)^α = Γ(α − d/2) (4π)^{d/2}Γ(α) 1 (M^2 − p^2)^{α−d/2} , ∫ d^dl

(2π)^d l_μ (l^2 + M^2 + 2l · p)^α = − Γ(α − d/2) (4π)^{d/2}Γ(α) p_μ (M^2 − p^2)^{α−d/2} , ∫ d^dl

(2π)^d l_μl_ν (l^2 + M^2 + 2l · p)^α = 1 (4π)^{d/2}Γ(α) [ p_μp_ν

Γ(α − d/2) (M^2 − p^2)^{α−d/2} + 1 2 δ_{μν}

Γ(α − 1 − d/2) (M^2 − p^2)^{α−1−d/2} ] , ∫ d^dl

(2π)^d l_μl_ν l_ρ (l^2 + M^2 + 2l · p)^α = − 1 (4π)^{d/2}Γ(α) [ p_μp_ν p_ρ

Γ(α − d/2) (M^2 − p^2)^{α−d/2} + 1 2 (δ_{μν} p_ρ + δ_{μρ}p_ν + δ_{νρ}p_μ)

Γ(α − 1 − d/2) (M^2 − p^2)^{α−1−d/2} ] , ∫ d^dl (2π)^d l_μl_ν l_ρl_σ (l^2 + M^2 + 2l · p)^α = 1 (4π)^{d/2}Γ(α) [ p_μp_ν p_ρp_σ

Γ(α − d/2) (M^2 − p^2)^{α−d/2} + 1 2 (δ_{μν} p_ρp_σ + δ_{νσ}p_μp_ρ + δ_{ρσ}p_μp_ν + δ_{μρ}p_ν p_σ + δ_{νρ}p_μp_σ + δ_{μσ} p_ν p_ρ) × Γ(α − 1 − d/2) (M^2 − p^2)^{α−1−d/2} + 1 4 (δ_{μν} δ_{σρ} + δ_{μρ}δ_{νσ} + δ_{μσ} δ_{νρ})

Γ(α − 2 − d/2) (M^2 − p^2)^{α−2−d/2} .

3. The “Spence function” or dilogarithm occurs frequently in the evaluation of two-loop Feynman diagrams. It is defined by for real x

f(x) = −

∫_x 0 dt t ln |1 − t|.

Establish the identities

f(x) + f(1 − x) + ln |x| ln |1 − x| = π^2 6 , f(x) + f(1/x) + 1 2 ln^2 |x| =

{_1

3 π^2, x > 0, −^1_6 π^2, x < 0,

and determine the specific values

f(1) = −2f(−1) = 2 3 f(2) = 2f(1/2) + ln^2 2 = 1 6 π^2.