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Origin: The Sun and its planetary system formed
from heterogeneous debris of a supernova' that ex-
ploded 5 Gy ago’. Meteorites and planets recorded
this as decay products of short-lived nuclides and
linked variations in elemental and isotopic abun-
dances™"'. Cores of the inner planets grew in a central
iron-rich region; the Sun formed on the collapsed SN
core.* !
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FIG 1. The birth of the solar system from debris of a
supernova that exploded here 5 billion years ago.

Composition: Diffusion enriches lighter elements
and the lighter isotopes of each element at the solar
surface’™.  When corrected for mass fractionation,
the most abundant nuclide that accreted on the Sun'
was shown to be *°Fe, the decay product of doubly-
magic *°Ni; the next most abundant nuclide is the dou-

bly-magic '°O. These nuclides were recently ob-
served'® in the ash of SN 1987A. The most abundant
elements - Fe, Ni, O, Si, S, Mg, and Ca - are the seven,
even-Z elements that Harkins'’ found to comprise 99%
of ordinary meteorites. The least abundant elements -
Li, Be and B - have loosely bound nucleons, confirm-
ing a link'” between abundance and nuclear structure
hidden beneath the Sun’s H-rich surface, with one
conspicuous and important exception - an excess of
protons.
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FIG 2. Solar abundance of the elements is related to
nuclear stability, as suggested by Harkins'” in 1917.

Source of Energy: 3-D plots'®* of energy vs.
charge density vs. mass or atomic number for the
ground-state nuclides reveal a cradle, shaped like the
trough made by holding two cupped hands together,
that contains all nuclear matter in the universe.

T B

1008 -

B
b

Energy, M/A {amu)

2= e
= o= B
B2 2 2B

@
g ¥
5
g

150 21 mm o C &
Mass number, A CQ&

FIG 3. The cradle of nuclear matter in the universe.
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The Sun’s radiant energy and protons in the solar wind
(SW) come from the collapsed supernova core, a neu-
tron star (NS), on which the Sun formed. The univer-
sal cradle of nuclear matter (FIG 3) indicates that the
energy of each neutron in the Sun’s central NS ex-
ceeds that of a free neutron by = 10-22 Mev. Solar
luminosity and the flux of solar wind protons are gen-
erated by a series of reactions: a) escape of neutrons
from the central NS, b) decay of free neutrons or their
capture by other nuclides, c) fusion and upward migra-
tion of H+ through material that accreted on the NS,
and d) escape of H+ in the SW. An example might
be:

a) The escape of neutrons from the NS,
<'n>—>"n+10-22 Mev

b) The decay of free neutrons,
'n—>'H" + ¢ + anti-neutrino + 0.78 Mev

c¢) Fusion of hydrogen,
4 '"H"+2 ¢ —>*He"" + 2 neutrinos + 26.73 Mev

d) Escape of excess H' in the solar wind.

Implications: Reactions like a) and b) produce part
of the Sun’s radiant energy and perhaps the luminosity
of isolated neutron stars’’. Note that reaction a) may
release more energy per nucleon than is released by the
sum of reactions b) and c), the subsequent decay of the
free neutron plus H-fusion. The “Solar Neutrino Puz-
zle” confirms™ that reaction c) only generates part of
the Sun’s total luminosity. Most 'H' from b) is con-
sumed by H-fusion, but the anomalous abundance of H
(Fig. 2) shows that 'H" also leaks from the interior,
selectively carrying lighter nuclides to the solar surface
before departing in the solar wind at an emission rate
of about 2.7 x 10* 'H/yr. Homochirality in living
creatures™ was likely initiated by circularly polarized
light (CPL) from the Sun’s early NS. Their fate and
climate changes of planets® may depend on the half-
life of this massive nucleus at the Sun’s core.
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Additional Information: This abstract is con-
densed from a December 2000 report to the sponsor,
the Foundation for Chemical Research, Inc. It will be
available on the web at http://www.umr.edu/~om/ with
more complete figures and references. Background
information is in the Proceedings of the 1999 ACS
Symposium on the Origin of Elements in the Solar
System: Implications of Post 1956 Observations. For
information, contact Susan Safren, Editor, Kluwer
Academic/ Plenum Publishers, Susan.Safren@wkap.com.
This conclusion to our 40-year effort to understand the
origin of the Solar System and its elements would not
have been possible without moral support and encour-
agement from the late Professors Glenn T. Seaborg
and Raymond L. Bisplinghoft.




