
Nuclear Physics Autumn 2017
Exercise set 7
The week 43 being the exam week, this set will be treated a week later on
Thursday Nov. 2 (also the return thus deferred to Wednesday Nov. 1 NOON
into the bird’s nest box in the 2nd floor corner space).
In this week the course is taken over by Pertti Tikkanen.
Re exam: We have had the exam with 6 problems, 3 from each period, of
which 5 are to be handed as solved. In this way, it is possible for students to
set individually more focus on experimental or theoretical aspects according
to their inclination and choice.

1. α particles colliding on a 9Be target have a resonance at the energy 1.732 MeV.
Calculate the excitation energy of the corresponding state in the intermediate com-
pound nucleus. The same state could give a resonance also in proton collisions on
12B or neutrons on 12C. What should the corresponding proton and neutron ener-
gies be? Draw an illustrative diagram of the energetics. What experimental incon-
veniences might you expect?
Necessary nuclear data you can find in references given on our webpage, but it
would be nice to standardize them by using Krane.

2. (a) Assuming that the total cross section is σ and the density of target nuclei
ρ, show that the intensity change dI for an infinitesimal travelling distance
dx in the medium is dI = −ρσIdx, and thus the attenuation of the beam
for distance x is given by I(x) = I0 e

−ρσx = I0 e
−x/λ. Here we have defined

attenuation length (or mean three path) λ.

(b) If the mean attenuation length of uranium (A = 238) for a collimated beam
of neutrons of a certain energy is 2 cm, calculate the total microscopic cross
section σt for the removal of neutrons from the beam. The density of uranium
is 18.9 g cm−3.

(c) If the neutron scattering cross section is six times the absorption cross section,
what is the mean total distance travelled by the neutrons (absorption mean
path) in uranium. You may assume the cross sections to be energy independent
or energy changes of the neutrons and other additional complications to be
irrelevant for this problem.

3. An s-wave resonance in the total scattering cross section of neutrons incident on
238U is observed at the centre-of-mass energy En = 115 eV. The total width of
the resonance is 94× 10−3 eV and the peak cross section is 19200 b. Calculate the
partial widths Γn and Γγ for neutron and γ emission (assuming that these are the
only final channels populated) and the peak cross section for the (n, γ) capture
reaction. Assume also that Γγ > Γn.
From the width given above, what is the lifetime of the associated compound nucleus
state of 239U? Compare this with the time necessary for the neutron to traverse the
nucleus freely and decide whether here a compound nucleus or a fast direct reaction
is involved.
What would be the depth where a neutron beam of this energy is attenuated by a
factor 1/e (”length of free travel”) in uranium? Compare your result to that with



the average background total cross section ≈ 10 b for nonresonant energies. (The
fission cross section of neutrons on 239U is negligible below 1 MeV and of the order
1 b above.)

The specific gravity of uranium is 18.9 g/cm3, you can omit the 235U component
and other inaccuracies consistent with these are allowed.
(Hint: If you are to find a well paid job in certain corners, this is the way to make
plutonium, as you can see by looking at the decay scheme of 239U.)

4. The cross sections for neutrino interactions are typically of the order

σ ≈ G2
F

(h̄c)4
E2

ν ≈
(

Eν

1MeV

)2

10−19 b,

where Eν is the neutrino energy and GF = 1.166 × 10−11 (h̄c)3 MeV−2. Let us as-
sume this to be the cross section from nucleons in general and consider neutrinos
traversing typical stellar material assumed for simplicity to be hydrogen and scat-
tering to take place from nucleons.
a) What is the mean free path if the star has the mass of the sun distributed uni-
formly in a volume of the sun? M⊙ = 2× 1030 kg and R⊙ = 700 000 km.
b) What happens if the mass is squeezed in a volume inside R = 10 km (into a
neutron star)? Lesson?
For simplicity you may assume the energy of the neutrino to remain unchanged and
for definiteness that it is 1 MeV.


