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| The 7 Nuclear Clocks for the Age of
E ¢ the Earth, the Solar System, the

Galaxy, and the Universe
clock T1[10°y]
40K /40Ar (D) 1.3
e 238U...Th...2%Pb ([] O) 45
10 keV 232Th...Ra...2%8Pb (O 0) 14
g.s.
187Re0 176]_u/176Hf (O) 30
Sz B 10 keV
= —————— 05 11" 187Re/1870s (O) 42
T.,,= 42 Gy; Q = 2.7 keV 87Rb/87Sr (O) 50
147Sm/143Nd (0) 100
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Table 3.4: Basic features of the principal theories on the atomic nucleus.

Liquid drop model nuclear shell model

Nucleons equivalent: Nucleons differ not only by charge:
Protons and neutrons differ in charge, but all Nota single nucleon is identical to another one
protons are equal, and all neutrons are equal presentin a nucleus

Nucleons distributed homogeneously Nucleons occupy discrete, quantum mechanical orbits
Electric charges distributed uniformly Electric charges may be distributed nonuniformly
Final parameters: Final parameters:

Egas f(Z, N,(A) E as f(quantum mechanics)

Nucleon separation energies Excitation energies

Overall spin of the nucleus
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Figure 3.11: Mathematical outcome of the WEIZSACKER equation compared to “real” mean nucleon
binding energies Ep versus mass number A for stable nuclei and the three uranium isotopes 234,
235 and 238 and 22Th. Black squares are experimental values, the red line indicates the polynomial
according to the WEIZSACKER equation.
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Fig. 2.8. Difference in MeV between the measured value of B/A and the value
calculated with the empirical mass formula as a function of the number of protons
Z (top) and of the number of neutrons N (bottom). The large dots are for B-stable
~ nuclei. One can see maxima for the magic numbers Z, N = 20, 28, 50, 82, and 126.
The largest excesses are for the doubly magic nuclides as indicated.
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Fig. 2.6. The systematics of P-instability. The top panel shows a zoom of Fig. 2.1
with the B-stable nuclei shown with the heavy outlines. Nuclei with an excess of
neutrons (below the B-stable nuclei) decay by B~ emission. Nuclei with an excess of
protons (above the B-stable nuclei) decay by BT emission or electron capture. The
bottom panel shows the atomic masses as a function of Z for A=111and 4 = 112.
The quantity plotted is the difference between m(Z) and the mass of the lightest
isobar. The dashed lines show the predictions of the mass formula, (2.13) after being
offset 50 as to pass through the lowest mass isobars. Note that for even-A, there
can be two B-stable isobars, e.g. 1'2Sn and 2Cd. The former decays by 2B-decay
to the latter. The intermediate nucleus *2In can decay to both.



NSM

TopAL ! DETERMINE NUCLEAR,
ParenTAL ard SOVE S.E fos
oo efe Ak MIHQ?
MOIDEL PSTENTTALS

-MW@ ieo el

g
- = 42 MeV
o
o = 6.27 fm _
2
L = 0,50 fm
1 I 1 1 1 l 1 1 1 1 I 1 1 i §
0 5 10 15 20
Radius (fm)

Fig. 2.1. Approximate potentials for the nuclear shell model. The solid curve
represents the 3-dimensional harmonic oscillator potential, the dashed curve the
infinite square well and the dot-dashed curve a more nearly realistic Woods—
Saxon potential, V(r) = —Vp/[1 + exp{(r — R)/a}] (Woods & Saxon 1954).
Adapted from Cowley (1995). /
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Fig. 2.2. Energy levels for ISW and 3DHO potentials. Each shows major gaps
corresponding to closed shells and the numbers in circles give the cumulative
number of protons or neutrons allowed by the Pauli principle. In a more realistic
potential, the levels for given (n, £) are intermediate between these extremes, in
which the lower magic numbers 2, 8 and 20 are already apparent. Adapted from

Krane (1987).
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