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1. Nuclei are usually modelled in terms of protons and neutrons. Which other degrees of freedom could be instead
used to describe atomic nuclei, and what would be their limitations?

2. What is a hypernucleus? Why is it interesting to study hypernuclei?

3. Give an example of

a. A basis of the one-nucleon Hilbert space H1 ;

b. A basis of the two-nucleon Hilbert space H2 ;

c. A basis of the two-nucleon Hilbert space H2 that has well-defined (anti)symmetry properties in coordinate,
spin and isospin Hilbert subspaces separately.

4. Given P� ⌘ ~S2
� 1, where ~S ⌘

1

2
[~�1 + ~�2] is the total-spin operator for a pair of nucleons

a. Prove that P� =
1 + ~�1~�2

2
;

b. Determine the eigenvalues of P� ;

c. Show that P� is a spin-exchange operator.

5. On which experimental data the nucleon-nucleon potential is typically adjusted? Which data can be used to fit
three-nucleon interactions?

6. Explain how we can conclude that in the nucleon-nucleon interaction

a. There is a non-negligible spin-orbit component ;

b. There is a non-negligible tensor component.

7. Prove the anticommutation relations between fermionic creation and annihilation operators a+µ and a⌫ .

Hint: Evaluate the action of the anticommutators on a generic Slater determinant |↵� . . . i.










