HGS-HIRe DY FAIR Lecture Week “Nuclear Structure:

)
Helmholtz Graduate School for Hadron and lon Research Sheu Structure Of Complex NUCIGI

Proposals for theory oriented topics
Project 1: 3*Mg and islands of inversion

It happens that in neutron-rich nuclei magic numbers, such as N =8, N = 20, N = 40
may not necessarily signify shell closures, but rather corresponds to nuclei with deformed
ground states. Discuss experimental evidence and theoretical considerations in **Mg re-
gions based on the deformed mean-field calculations, schematic and realistic shell model.
Why such regions form “islands”?
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Project 2: Shape coexistence in neutron-deficient Pb-region

A term shape coexistence denotes appearance of spherical and deformed structures at sim-
ilar excitation energies. 2°*Pb;s is a well-known doubly-magic nucleus, its ground state
is spherical and first excited states lie very high in energy. A great variety of different
shapes comes into play in neutron-deficient Pd-isotopes. Oblate and prolate quadrupole-
deformed states, or even bands, have been observed at low energies in ¥%%6Ph and
neighboring nuclei. Shell model describes these states in terms of particle-hole excitations
across the major N=82 shell gap. Deformed mean-field models predict coexisting minima
of potential energy surfaces. Discuss the mechanism of shape coexisting in terms of the
spherical shell model and deformed mean-field picture and point out the complementarity
of the approaches.
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Project 3: The changing nuclear shell structure: experimental evidence and
theoretical understanding

The seminal work of M.G.Mayer and J.H.Jensen has led to understanding the specific
proton and neutron numbers to which enhanced stability in the nuclear mass table cor-
responds and can be observed in various observables (abundance of elements,excitation
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energy of first excited state in even-even nuclei,...). Discuss the early relevance of this
and contrast with the case of shell structure in atoms. During the years following, ex-
perimental evidence has accumulated that as one moves away from the region of S-stable
nuclei, changes in the energy gaps separating filled from the unfilled orbitals show up as
a function of N/Z ratio. Magic numbers, characteristic for nuclei near the valley of beta
stability may not necessary correspond to the shell closures in very neutron-rich nuclei.
Discuss both the experimental evidence for these changes, and what might be at the ori-
gin of these single-particle energy variations. On the theoretical side, consider the energy
change that a proton moving in a given single-particle state feels when interacting with
a filled shell of neutrons. These so-called ’self-energy’ corrections are at the origin of the
changing mean-field approaching regions in the nuclear mass table, far removed from the
valley of stability.
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Project 4: Isobaric mass multiplet equation

The isospin symmetry is an important, but approximate symmetry of the nuclear Hamil-
tonian. The eigenstates of the isospin-conserving Hamiltonian (for a nucleus with Z
protons and N neutrons) can be characterized by the total isospin T' and its projection
Mr = |N — Z|/2, such as |oTMr), where « represents other quantum numbers. The
states in mass-A nuclei labeled by the same o, T and My = =T, =T +1,...,T —1,T are
degenerate (isospin multiplets).

Show that the two-body Coulomb interaction acting among protons represents a com-
bination of a scalar, vector and tensor operators in isospace. Evaluate the energy shift of
a state |aT'Mr) due to the Coulomb interaction and derive the isobaric mass multiplet
equation. Is the isospin still a good quantum number? Discuss this problem in terms of
the group theory. At what conditions can we get the isospin mixing in nuclear states?
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