
Nuclear Physics Autumn 2017
Exercise set 5

1. The laboratory differential cross section in a certain process is dσ/dΩ = a+ b cos2 θ
with a and b constants with a dimension of area.

(a) What is the total cross section?

(b) A counter mounted at 10 cm from the target at 60◦ has an effective area of 0.1
cm2. The target thickness is 10−4 cm and the number of atoms per cm3 in the
target is 1022. Assume further that a = 420µb/sterad and b = 240µb/sterad.
What is the counting rate, when the beam current is 1 µA protons?

2. Show that

ϕ(r) =

∫
e−µ|r−r′|

|r− r′|
ρ(r′) d3r′

is the solution vanishing at infinity of the static Klein-Gordon equation

∇2ϕ(r)− µ2ϕ(r) = −4πρ(r).

3. If we treat the neutron and proton spins classically, then the triplet state of the
deuteron can be presented by either of the following configurations

↑
|
|
|
↑

or ↑ − −− ↑ .

Show that in this picture the tensor operator S12 has the values 2 and −1 for the
two configurations, respectively. Hence show that the tensor force must be attractive
(VT < 0) to give the correct sign of the quadrupole moment of the deuteron.
(Hint: Note that the ground state is the one with the least energy.)

4. The effect of the finite size of the source in the coordinate space can be described
by multiplying the meson exchange potential in the momentum representation by
a ”form factor” F (q) (very analogously to the Coulomb case earlier). What kind
of a spatial distribution would a ”monopole” form factor Fm(q) = Λ2/(Λ2 + q2)
correspond to?
Assuming that the potential itself (in the momentum representation) is multiplied
by this kind of monopole form factor, how is the Yukawa potential (in r-space) due
to scalar meson exchange modified? Assuming this meson to have the pion mass
and using Λ = 1000 MeV sketch the original Yukawa potential and the modified
one as a function of r. (You can keep the unessential coupling coefficient f as one.)
In fact, of course, the form factor should be applied at each vertex so that the
potential overall is modified by a ”dipole” form factor Fd(q) = [Fm(q)]

2. If you can
do the above calculation also in this case, you get an extra point.


