
WHAT IS EXPLOSIVE NUCLEOSYNTHESIS

Explosive nucleosynthesis is a combination of the nuclear physics of thermonuclear reactions, and the hydrodynamics of
the plasma in which the reactions occur.

Some boron may have been formed at this time, but the process stopped before significant carbon could be
formed, as this element requires a far higher product of helium density and time than were present in the short
nucleosynthesis period of the Big Bang. Advances in astrophysical simulations e. At present, there is only one
indication of gamma-ray emission from 22Na decay [ A. Nova T Pyxidis. When it has exhausted the hydrogen
in its core, having converted it all to 4He, the 4He will become the next nuclear fuel and will be itself
converted to 12C and 16O. Fred Hoyle 's original work on nucleosynthesis of heavier elements in stars,
occurred just after World War II. A star gains heavier elements by combining its lighter nuclei, hydrogen ,
deuterium , beryllium , lithium , and boron , which were found in the initial composition of the interstellar
medium and hence the star. These nuclei forming the WD surface composition are called "seed nuclei". The
site of the r-process is a matter of current research and nucleosynthesis calculations are crucial to determine
which conditions are suitable to produce which elements and the associated electromagnetic signature [5]. To
take an example, our Sun presently converts hydrogen to 4He nuclei by way of a series of nuclear reactions
called the proton-proton chains. Supernovae are some of the most spectacular examples of this phenomenon.
Timeline[ edit ] Periodic table showing the origin of each element. Neon-Sodium Cycle. The shock wave of
the explosion compresses and heats the outer layers of the star and leads to a final phase of explosive
nucleosynthesis, while the material is also irradiated by neutrinos. Gradually it became clear that hydrogen and
helium are much more abundant than any of the other elements. Heavier elements can be assembled within
stars by a neutron capture process known as the s-process or in explosive environments, such as supernovae
and neutron star mergers , by a number of other processes. Those equations form a system of non-linear
coupled differential equations and large efforts have been done in the past decades to develop techniques for
this kind of problem The evolution of each nuclear species is coupled to the evolution of other nuclei by
nuclear reactions that are described by the corresponding cross-sections, forming a nuclear reaction network.
Many open questions about the details of the different nucleosynthesis processes and their astrophysical sites
remain. Among the elements found naturally on Earth the so-called primordial elements , those heavier than
boron were created by stellar nucleosynthesis and by supernova nucleosynthesis. A Hubble photograph of a
candidate oxygen-neon nova is shown in the image above; one can see the central WD surrounded by a
clumpy ejecta of material, blasted off the WD surface by the thermonuclear runaway. We have completed
construction of a new experimental facility that will measure the lifetimes of excited nuclear states in nuclei
involved in nova explosions; and the existing high resolution momentum spectrometer allows us to map out
the existence and corresponding energies of excited states in those nuclei involved in these explosions. The
primary stimulus to the development of this theory was the shape of a plot of the abundances versus the
atomic number of the elements. Hoyle's work explained how the abundances of the elements increased with
time as the galaxy aged. In some cases, like in the rapid neutron capture process r-process that could happen in
the merger of binary neutron stars, nucleosynthesis proceed far away from the stable nuclei and most of the
cross-sections need to be taken from theoretical calculations. Cameron , and Donald D. Synthesis of these
elements occurred either by nuclear fusion including both rapid and slow multiple neutron capture or to a
lesser degree by nuclear fission followed by beta decay. Furthermore, 22Na is itself destroyed by proton
capture to 23Mg. Hoyle proposed that hydrogen is continuously created in the universe from vacuum and
energy, without need for universal beginning. These decays populate excited nuclear states in the daughter
nuclei, which then decay by gamma-ray emission. The seminal review paper by E. This is "quiescent"
nucleosynthesis; so-called, because the fusion reactions occur under non-explosive conditions within the core
of the star. In this situations explosive nucleosynthesis occurs which can change the composition drastically in
a very short time. C 69, ; doi:  Explosive nucleosynthesis Explosive Nucleosynthesis The chemical
composition of the universe changes with time as nuclear reactions in stars and other astrophysical sites
change the abundances of the elements by nucleosynthesis. In our group we have calculated the necessary
neutrino-nucleus cross-sections and study their impact on supernova nucleosynthesis [7]. Interstellar gas
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therefore contains declining abundances of these light elements, which are present only by virtue of their
nucleosynthesis during the Big Bang. Elements from carbon up to sulfur may be made in small stars by the
alpha process. The majority of these occur within stars, and the chain of those nuclear fusion processes are
known as hydrogen burning via the proton-proton chain or the CNO cycle , helium burning , carbon burning ,
neon burning , oxygen burning and silicon burning. Bishop et al. Fowler , Alastair G. As the above figure
shows, the reaction flow proceeds along a pathway that is only 1 or 2 neutrons removed from the nearest
stable isotopes. Nuclear reactions require high temperatures and densities to occur [1]. The nuclear energy
released in this process leads to a thermonuclear runaway within the envelope resulting in a thermonuclear
runaway that causes the ejection of the envolope and the newly synthesized nuclei into space. Abundances of
the chemical elements in the Solar System. In core-collapse supernovae , which are violent explosions that
mark the end of the live of a massive star, neutrino interactions determine the nucleosynthesis conditions in
the neutrino-driven wind [6].


