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Exercise 1: Application of Lippman-Schwinger equation

Starting from the usual Lippman-Schwinger equation,

|ψ+
α 〉 = |φα〉+

1

Eα −H0 + iε
HI |ψ+

α 〉,

show that it can be written in the equivalent form

|ψ+
α 〉 = |φα〉+

1

Eα −H + iε
HI |φα〉.

Use this formula to deduce the T -matrix element Tβα ≡ 〈φβ |HI |ψ+
α 〉 ≡ 〈φβ |T |φα〉 in the case in which HI =

V1(~x) + V2(~x), with V2(~x) = V1(~x + ~A) ≡ ei
~P · ~AV1(~x)e−i

~P · ~A, where V1(~x) is significantly different from 0 only

in a small region around a given point ~x0, and the distance | ~A| between the two potentials is much larger than
the linear size of that region. Show that in this limit the T -matrix splits up in two independent pieces, T =

T1(~x) + ei
~P · ~AT1(~x)e−i

~P · ~A.
Generalize this formula to an interaction Hamiltonian made of a set of N potentials Vj(~x) (all mutually far apart),
and to the continuum case.

Exercise 2: Differential cross section 2→ 2 in the center of mass

Consider a scattering process AB → CD where the particles have four-momenta satisfying PA + PB = PC + PD.
The differential cross section reads

dσAB→CD =
1

4EAEB |~vA − ~vB |
|MAB→CD|2 dΦ2 ,

where the 2-bodies phase space is

dΦ2 =
d3pC

(2π)32EC

d3pD
(2π)32ED

(2π)4δ4 (PA + PB − PC − PD) .

Show that for particles colliding along the ẑ axis the flux factor can be written as

EAEB |vzA − vzB | =
√

(PµAPBµ)2 −m2
Am

2
B .

If we are dealing with scalar particles in the initial and final state or we sum and average over all possible
polarizations of non-scalar particles the Lorentz invariant matrix element |MAB→CD|2 can only depend on scalar
combinations of the four momenta Pi. In general it could depend also on the polarizations of initial or final states.
Introduce thus the Mandelstam variables

s = (PA + PB)2 = (PC + PD)2, t = (PA − PC)2 = (PB − PD)2, u = (PA − PD)2 = (PB − PC)2,

and compute the two bodies phase space and the differential cross section in the center of mass frame. In doing
that, show that the scattering process has two degrees of freedom, which can be chosen as the polar and azimuthal
angles of the scattering products w.r.t. the incoming particles. Express the phase space, and consequently the
differential cross section, in terms of these variables, the masses, and the Mandelstam invariant s.
Write down the expression for the cross section in the particular cases mC = mD = m or mC = 0, mD = m.


