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Figure 13.3. Spectrum of a single particle moving in a spheroidal potential (N, Z < 20). The
spectrum is taken from Mottelson and Nilsson (1959). The orbits are labelled by the asymptotic
quantum numbers [N, n., A, 2] and refer to prolate deformation. A difference in parity is indicated
by the type of lines (full lines: positive parity: dashed lines: negative parity). (Taken from Bohr and
Mottelson, Nuclear Structure, vol. 2, © 1982 Addison-Wesley Publishing Company. Reprinted
by permission.)

and
pf =840+ (13.13)

with (£, n, Z) the ‘stretched’ coordinates.

The paramelers k, it determine the basic that orders and splits the various single-
particle orbits and their values are such that at zero deformation the single-particle and
single-hole energy spectra are well reproduced. The first evaluation was carried out in
the article by Nilsson er al but various adjustments, that depend on the specific nuclear
mass regions under study, have been carried out.

The Nilsson model has been highly successful in describing a large amount of
nuclear data. Even though, at first sight, a Nilsson level scheme can look quite
complicated, a number of general features result (see figure 13.4).

(i) Each spherical (n. 1, j) level is now split into j+ } double-generate states,
according to the £ degeneracy. The Nilsson states are most often still characterized
by the [Nn,A] quantum numbers even though these are notr good quantum numbers,
in particular for small deformations.

(ii) According to equation (13.10), orbits with the lower §2 values are shifted
downwards for positive (prolate) deformations and upwards for negative (oblate)
deformations. This can be understood in a qualitative way by looking at the orientations
of these different © orbits relative to the z-axis.

(iii) For large deformations we see that levels with the same n, value are moving

in almost parallel lines (see figure 13.4). This peculiar feature is related to a further,
underlying symmetry that appears in the deformed shell model (pseudo-spin symmetries).
(iv) Using the spherical basis |[N1j<) to expand the actual Nilsson orbits,

1Q4) =Y cijINLj. Q) (13.14)

that are near to zero-deformation, the coefficients ¢f; lead to only small admixtures, in
particular for the highest (nlj) spherical orbit in each N shell, i.e. 1gosz orbit in the
N = 4 oscillator shell.
(v) The slope of the Nilsson orbits, characterized by |£2) and &q,, is related to the

quadrupole single-particle matrix element, or (see equations (13.9) and (13.10))

d y ]

55 = vl (IR, (13.15)
The matrix elements of the quadrupole operator r?¥;o(7") have been evaluated using the
|N1jS) basis, and are presented in equation (13.10).

Figure 13.4. As for figure 13.3 but now for (50 < Z < 82). The figure is taken from Gustafson
et al (1967).

Itis now possible to determine the total energy of the nucleus as a function of nuclear
deformation. This calculation will allow us to determine the stable, nuclear shapes in a
very natural way. At first sight one might think of adding the various deformed single-
particle energies; however, one should minimize the total many-body Hamiltonian given
by

A
: 1 =
H= m :+M uML_ d\ﬁ_.;&. (13.16)
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