
 

Beryllium-7 atom helps to check
inconsistencies in the Big Bang theory
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Stephan Heinitz, Dorothea Schumann and Emilio Maugeri (from left to right) of
the Isotope and Target Chemistry research group in their laboratory. Credit: Paul
Scherrer Institute/Mahir Dzambegovic

Shortly after the Big Bang, radioactive atoms of the type beryllium-7,
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among others, came into being. Today, throughout the universe, they
have long since decayed and do not occur naturally, in contrast to their
decay product lithium. Now researchers at the Paul Scherrer Institute
PSI have helped to better understand the first minutes of the universe:
They collected artificially produced beryllium-7 and made it into a
sample that could be investigated. The beryllium-7 was subsequently
probed by researchers at CERN. The joint study by PSI, CERN, and 41
other research institutions addresses the so-called cosmological lithium
problem: There is a marked discrepancy between the amount of lithium
the Big Bang theory predicts should be in the universe and the amount of
lithium actually observed. According to the present study, it now appears
more likely that the cause of this cosmological lithium problem lies in
the theoretical description of the origin of the universe. The scientific
community will thus have to keep searching for a solution to the
cosmological lithium problem. The researchers now published their
results in the journal Physical Review Letters.

Researchers at the Paul Scherrer Institute have provided a hard-won
puzzle piece towards a better understanding of the universe's origin:
They were able to produce a sample of extremely rare and short-lived
atoms of the isotope beryllium-7. Subsequently, at CERN, it was
possible to probe this beryllium-7 – in practice, its interaction with
neutrons – with far more precision than ever before.

Since through its radioactive decay beryllium-7 becomes lithium-7,
studying it can help to crack a fundamental problem of the Big Bang
theory: The theory predicts a three to four times greater amount of
lithium in the universe than actual measurements show. This so-called
cosmological lithium problem is one of the last great riddles of the
current theory of the origin of the universe, because for all other
elements produced shortly after the Big Bang, the theory conforms well
to the measured data.
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Virtually all of the present-day lithium-7 in the universe comes from the
decayed beryllium-7 which in turn was formed shortly after the big bang.
Thus the researchers were looking into the question of whether there
might have been less beryllium in the beginning than previously
believed, which could clear up the cosmological lithium problem. One of
the last possibilities still open to be checked was the so-called neutron
capture cross-section of beryllium-7. This value predicts the probability
that a beryllium-7 atomic nucleus will capture a free neutron and
subsequently decay.

"The neutron capture cross-section of beryllium-7 was last measured,
imprecisely by comparison, around 50 years ago," explains PSI
researcher Dorothea Schumann, head of the Isotope and Target
Chemistry research group. This key figure should now be investigated at
CERN, more accurately than ever before. The beryllium-7 sample
needed for this was provided by the PSI researchers.

Years of preparation and test runs

The production and measurement of the beryllium-7 sample was like a
one-time theatre performance, for which the researchers had to do
around three years of preparatory work and test runs. Beryllium-7
disappears so rapidly through radioactive decay that its quantity is
reduced by half roughly every 53 days. Therefore everything had to be in
position before the actual run at both PSI and CERN, as well as for
transportation between the two institutions – so that as little time as
possible would elapse between the production of the sample and the
measurement.

The idea for the experiment arose in 2012. PSI researcher Schumann
knew that she could extract the rare beryllium-7 from the cooling water
of the Swiss Spallation Neutron Source SINQ, which is operated at PSI
for experiments with neutron beams.
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"Here at PSI, with SINQ and the other large research facilities, we have
unique sources for harvesting rare radioactive isotopes," Schumann says.
"For the researchers who operate and use these facilities, these isotopes
are a by-product – but for many other research institutions, they are very
useful and urgently needed." Like gold prospectors, Schumann and her
research group extract these rare isotopes. "And then we act as an
interface to other researchers outside PSI who are interested in enriched
samples of these isotopes."

CERN is interested

Researchers at CERN showed interest in obtaining a sample of
beryllium-7. "With it, they knew they could tackle the cosmological
lithium problem," Schumann explains.

So Schumann and her team set about the preparations: Within PSI,
Schumann made contact with the scientists and engineers who operate
SINQ. A special filter system meeting the isotope researchers'
specifications was connected to the cooling water of SINQ, which could
collect material containing a suitable amount of beryllium-7 over a
period of about three weeks. "To the layperson, our filter can be thought
of as being quite similar to the familiar household filter for tap water,"
says Stephan Heinitz, scientist in the research group of Schumann.

Then, among other things, the materials gathered in this way had to be
chemically separated. "This requires special expertise – which luckily we
have in my research group," Schumann says. Nevertheless, this
procedure took another week and had to be carried out, for protection
against radiation from the material, in a so-called hot cell – a laboratory
set up for the manipulation of radioactive materials.

A transport weight of 800 kilograms
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From there, the concentrated sample of beryllium-7 had to be
transferred into a suitable mount, and this in turn into an apparatus about
the size of a cooking pot, which met specifications for use in the
experimental setup at CERN. "The apparatus as well as the radiation-
proof containers for transferring the material – all of it was custom-
made," relates Emilio Maugeri, another researcher in Schumann's group.

Finally, arrangements had to be organised and approved to transport a
heavy load of radioactive materials from PSI to CERN.

"The actual sample that we delivered to CERN contained only a few
millionths of a gram of beryllium-7," Schumann explains. "But the
required shielding brought the transport weight up to 800 kilograms."

Within the critical time period, everything succeeded according to plan.
The CERN researchers were able to carry out the experiment with the
PSI sample and determine the thus-far insufficiently known neutron
capture cross-section of beryllium-7.

The cosmological lithium problem remains unsolved

The CERN and PSI scientists and their collaborators from 41 other
research institutions were especially interested in a particular decay path
of beryllium-7: the probability of a process by which an atomic nucleus
of beryllium-7 traps a free neutron – that is, an elementary particle with
no net charge. At the same time one of the protons leaves the beryllium
nucleus. Thus, since the nucleus now contains one less proton (and one
more neutron), the beryllium atom transforms itself into an atom of the
element lithium: It becomes lithium-7. The so-called neutron capture
cross-section – that is, the probability of this entire process – depends on
the energy that the free neutron has. Therefore the researchers took
advantage of the possibility at CERN to vary the energy of the neutrons,
and they made a measurement series for a wide range of neutron
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energies.

Yet these latest measurements of the neutron capture cross-section have
not solved the cosmological lithium problem. Schumann says, "With the
new measurements, the CERN researchers were able to determine the
neutron capture cross-section so precisely that it now is clear: The
cosmological lithium problem can't be solved in this way; it still persists.
The scientific community will have to keep looking for an explanation."

  More information: L. Damone et al. Be7(n,p)Li7 Reaction and the
Cosmological Lithium Problem: Measurement of the Cross Section in a
Wide Energy Range at n_TOF at CERN, Physical Review Letters (2018).
DOI: 10.1103/PhysRevLett.121.042701
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