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Magic Numbers of Nucleons

15t exited state energy x Al/3

Figure 7-1: Energy of the first ex-
cited state of even-even nuclei as a
function of proton number (upper)
and neutron number (lower). All en-
ergies are multiplied by a factor AL/3
to account for the general decrease
in excitation energy with increasing
nucleon number A. Among a total
of 389 nuclei, form “He to ?°°Fm,
there are 372 with spin-parity 27
for the first excited state, only 7
with 0%, 3 with 3=, 2 with 1~, and
5 with unknown spin. The high-
est excitation energy is found in “He
(not shown) with E, = 20.1 MeV or
E; x AY® = 31 MeV. The data are
taken from Ref. [95],
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Magic Numbers of Nucleons

- i Nuclei with magic
1w F . .= " numbers of neutrons
- . have neutron
- - . . absorption cross-
E ge.r . sections up 1o two
€ mk as . . orders of magnitude
-g . " | less than other
g Lo I" = nuclei with similar
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Relative Abundance

0.3 Quadrupole measurements
for odd-A nuclei. The
. I . horizontal axis is either
é . ﬂ neutron number or proton
S 0.2y number, whichever is odd.
§ i For a shell model, those nuclei
] i with closed shells should be
- spherically symmetric and
g 1 have no quadrupole moment.
=)
§ 0.0
: TN
,8! 28k, M8, 1126
07756730 60 80 100 120 140
Iron-56 is the most abundant Note: 62Ni (Z = 28)
56F and the third most stable isotope. It iS most bound
1 06 i € does not have Z or N equal
to a magic number!
] Note the oscillations of abundance
4 depending upon whether Z and N
10 are odd or even.
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Simple Shell Model (3D harmonic oscillator or 3D
infinite square well predict shell closuresat NorZ =2,

8, 20, 40, 70)
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Figure 5.9 Level scherne of the shell model showing the break of the degeneracy in j caused by the
spin-orbit interaction term and the ernergence of the magic nurmnbers in the shell closing. The values
in the first set of parentheses indicate the number of nucleons of each type that the level admits and
the values in the second set of parentheses provide the total number of nucleons of each type up to that
level. Finally, the numbers outside parentheses indicate the total number of nucleons at shell-closure,
reobtaining the magic nurnbers in their entirety. The ordering of the levels is not rigid, and there could

be level inversions when changes occur in the form of the potential [M]S5].
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