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Exercise 24: Green ’s Function of the Photon Wave Equation (presence)

In the lecture we have introduced the Green’s function Dµν(x − x′) for solving of the inhomo-
geneous photon wave equation (in Lorentz gauge ∂µA

µ = 0):

�Aµ = eJµ. (1)

where Dµν(x− x′) has the property:

�Dµν(x− x′) = gµνδ4(x− x′) (2)

and δ4(x − x′) is the four dimensional delta distribution. Proof that due to the property of
Equation (2)

Aµ(x) = e

∫
d4x′Dµν(x− x′)Jν(x′) (3)

is a solution of Equation (1) in the point x if Jν(x′) is known in point x′.

Exercise 25: Triviality Bound for the Higgs Boson Mass (presence)

In the lecture we have discussed the solution of the renormalization group equation (at one loop
level) for the Higgs self-coupling λ for very large Higgs boson masses (Q2,m2

t � m2
H):

λ(Q2) =
λ(v2)

1 − 3
4π2λ(v2) log (Q2/v2)

where v =
√

µ2

2λ =

√
m2

H
4λ = 246 GeV is the vacuum expectation value. Calculate the Landau

pole, where the denominator turns to zero. Calculate upper bounds for mH for the assumption
that the SM is a valid and perturbative theory up to scales of Λ = 103GeV (Λ = 1016GeV).

Exercise 26: Stability Bound for the Higgs Boson Mass (presence)

In the lecture we have also discussed the solution of the renormalization group equation for the
case of mH � mt, where the coupling to the top-quark is the dominant part in the loop:

λ(Q2) = λ(v2) − 3

16π2
m4
t

v4
log (Q2/v2)

Note that λ(v2) =
m2

H
4v2

. Derive a formula to estimate a lower limit on mH . Calculate the lower
bounds for the assumption that the SM is a valid and perturbative theory up to scales of
Λ = 103GeV (Λ = 1016GeV).
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