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Filling order of the evels through Z
or N = 82 for a single nucleon in a
nucleus, including the spin-orbit
energy proposed by Goeppert-
Mayer and Jensen. The levels on
'ghe left are the corresponding levels
in the absence of the spin-orbit
energy. The numbers to the right
of each level are the level’s
degeneracy and (in parentheses)
the running total of protons or
neutrons needed to fill through
that level. On the far right are the
closed-shell numbers, which agree
perfectly with the observed magic
numbers | . The ordering of
certain nearby levels is ambiguous
(just as it is in atoms) and can be
different for protons and neutrons.
Beyond 82, where the proton well
is strongly distorted by Coulomb
repulsion, the level orderings for
protons and neutrons are
significantly different.
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(a) Schematic diagram of the IPA wells and levels for protons
and neutrons in a light nucleus. The two wells are essentially identical because
of charge independence. The numbers in parentheses are the observed
degeneracies. (b) The ground state of 12C; is found by putting its six protons
in the lowest available proton levels and its six neutrons in the lowest available
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In nuclei with many protons
the Coulomb repulsion pushes the
proton well appreciably higher
than the neutron well. For a given
number of nucleons, the lowest
energy is obtained when the highest
occupied proton and neutron levels
have the same energy (as indicated
by the arrow). This requires that Z
be somewhat less than N.
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CC-Np-

Features:

1. Stable nuclei:
lie on a line of Z(N), called the B-stability line.
The line: N = Z for small Z
N = 1.5Z7 for large Z

2. Unstable nuclei:

* B decay occurs for nuclei away from the B-stability line

* decay products approaching the stability line

* B*/EC for nuclei in region above the line
* 3~ for nuclei in region below the line
* larger separation from the line = shorter ¢/, (e MMU&)

(In white area of the chart, #,, is too short to be measured)

* a decay: for 4 > 140
* fission: for large 4
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Segre chart

The presently known nuclei displayed
according to proton number Z on the verti-
cal scale, and neutron number N onthe
horizontal scale. The black squares denote
the stable nuclei, and also the extremely
long lived nuclei like 238U that exist on
Earth. The blue squares indicate nuclei
with an excess of neutrons and so beta
decay by emitting electrons. The red
squares indicate nuclei which undergo
positron decay (or electron capture). The
yellow nucleiare those which decay by
emitting alpha particles and the green
nuclei undergo spontaneous fission. There
are afew orange nuclei along the upper
edge of the coloured area; these decay by
emitting protons. The squares at the top
right are recently produced super-heavy
nuclei. This sort of diagramis called a Seg-
ré chart.

stable nuclides
B*,EC - decay

p~ - decay

o - decay
spontaneous fssion
p - decay

100

50 —

0 50 100 150

This is an important chart in nuclear physics. Besides the stable nuclei (black squares),
many other unstable nuclei exist and they undergo various decay processes (here
represented by different colors). [Taken from “Nucleus” by MAJP.]
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