
 

New insights into the creation of heavy
elements: Researchers simulate scattering of
helium nuclei inside stars
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In the background is the JUQUEEN supercomputer at the Jülich
Supercomputing Center (JSC). Credit: Copyright: Jülich Research Center

Alpha particles, as the nuclei of the helium atom are also called, play a
decisive role in the formation of heavier elements. Carbon, for instance,
is formed from the fusion of these alpha particles. If another helium
nucleus is added, oxygen is formed - another prerequisite for the
development of life on Earth. In the current issue of the journal Nature,
an international team of researchers is now presenting a new method
using supercomputers to create detailed simulations of these birth
processes inside stars. The method reduces the computational effort
required and for the first time makes it possible, using the Jülich
supercomputer JUQUEEN, to do a complete calculation of the scattering
process of two alpha particles.

The simulation of the processes that lead to the formation of heavier
elements requires great computing power. Even the fastest
supercomputers in the world are just able to model the creation of the
very light elements. All the protons and neutrons flying around, from
which the atomic nuclei are created, interact with one another. In
addition, the wide range of theoretically possible quantum states of each
particle must be taken into account. The requisite computational power
thus rises exponentially as the number of particles involved increases.
For this reason, so-called ab-initio simulations have thus far been
restricted to reactions in which no more than five particles are involved.
Such simulation methods are done without additional experimentally
determinable parameters. The findings made are thus based only upon
the fundamental laws of physics.
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With the help of a new computational method, scientists at the
Universities of Bonn and Bochum, the Jülich research center, and two
American universities have now succeeded in modeling a much more
complex process. They examined the scattering, or deflection, of two
helium nuclei: a reaction that encompasses a total of 8 nucleons - which
is the overall term for protons and neutrons. For their calculations, they
used one of the most powerful supercomputers in the world, the
JUQUEEN supercomputer at the Jülich Supercomputing Center (JSC).

To reduce the enormous computational effort, they used a trick: The
researchers placed the nucleons involved not in free space, but on a
virtual matrix (the so-called lattice), the state of which can be calculated
very efficiently with a large number of parallel processors, as are now
being used in supercomputers. In this way, the computational time is not
(as has previously been the case) increased exponentially with the
number of nucleons involved, but is instead only quadratic. The
computational time for a system with 16 particles is thus only four times
greater than for an 8-particle system. In contrast, if the computational
time increased exponentially, a supercomputer such as JUQUEEN would
not be occupied for a few weeks, but for several thousand years.

A few years ago, physicists unlocked the secret of the basic conditions
for the formation of carbon; the new method now takes researchers
tangibly close to another vital creation process: the formation of oxygen,
which has been called the "Holy Grail of astrophysics". Furthermore, the
method could also open up new perspectives for simulation calculations
in elementary particle physics, in which the focus is not on atomic nuclei
but on the behavior of quarks and gluons.

  More information: Serdar Elhatisari et al. Ab initio alpha–alpha
scattering, Nature (2015). DOI: 10.1038/nature16067
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