
 

Physicists measure force that makes
antimatter stick together
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A new measurement by RHIC's STAR collaboration reveals that the force
between antiprotons (p with bar above it) is attractive and strong--just like the
force that holds ordinary protons together within the nuclei of atoms. Credit:
Brookhaven National Laboratory
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Peering at the debris from particle collisions that recreate the conditions
of the very early universe, scientists have for the first time measured the
force of interaction between pairs of antiprotons. Like the force that
holds ordinary protons together within the nuclei of atoms, the force
between antiprotons is attractive and strong.

The experiments were conducted at the Relativistic Heavy Ion Collider
(RHIC), a U.S. Department of Energy Office of Science User Facility
for nuclear physics research at DOE's Brookhaven National Laboratory.
The findings, published in the journal Nature, could offer insight into
larger chunks of antimatter, including antimatter nuclei previously
detected at RHIC, and may also help scientists explore one of science's
biggest questions: why the universe today consists mainly of ordinary
matter with virtually no antimatter to be found.

"The Big Bang-the beginning of the universe-produced matter and
antimatter in equal amounts. But that's not the world we see today.
Antimatter is extremely rare. It's a huge mystery!" said Aihong Tang, a
Brookhaven physicist involved in the analysis, which used data collected
by RHIC's STAR detector. "Although this puzzle has been known for
decades and little clues have emerged, it remains one of the big
challenges of science. Anything we learn about the nature of antimatter
can potentially contribute to solving this puzzle."

RHIC is the perfect place to study antimatter because it's one of the few
places on Earth that is able to create the elusive stuff in abundant
quantities. It does this by slamming the nuclei of heavy atoms such as
gold into one another at nearly the speed of light. These collisions
produce conditions very similar to those that filled the universe
microseconds after the Big Bang-with temperatures 250,000 times hotter
than the center of the sun in a speck the size of a single atomic nucleus.
All that energy packed into such a tiny space creates a plasma of matter's
fundamental building blocks, quarks and gluons, and thousands of new
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particles-matter and antimatter in equal amounts.

"We are taking advantage of the ability to produce ample amounts of
antimatter so we can conduct this study," said Tang.

The STAR collaboration has previous experience detecting and studying
rare forms of antimatter-including anti-alpha particles, the largest
antimatter nuclei ever created in a laboratory, each made of two 
antiprotons and two antineutrons. Those experiments gave them some
insight into how the antiprotons interact within these larger composite
objects. But in that case, "the force between the antiprotons is a
convolution of the interactions with all the other particles," Tang said.
"We wanted to study the simple interaction of unbound antiprotons to
get a 'cleaner' view of this force."

To do that, they searched the STAR data from gold-gold collisions for
pairs of antiprotons that were close enough to interact as they emerged
from the fireball of the original collision.

"We see lots of protons, the basic building blocks of conventional atoms,
coming out, and we see almost equal numbers of antiprotons," said
Zhengqiao Zhang, a graduate student in Professor Yu-Gang Ma's group
from the Shanghai Institute of Applied Physics of the Chinese Academy
of Sciences, who works under the guidance of Tang when at
Brookhaven. "The antiprotons look just like familiar protons, but
because they are antimatter, they have a negative charge instead of
positive, so they curve the opposite way in the magnetic field of the
detector."

"By looking at those that strike near one another on the detector, we can
measure correlations in certain properties that give us insight into the
force between pairs of antiprotons, including its strength and the range
over which it acts," he added.
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Zhengqiao Zhang, a graduate student from the Shanghai Institute of Applied
Physics, with STAR physicist Aihong Tang at the STAR detector of the
Relativistic Heavy Ion Collider (RHIC). Credit: Brookhaven National Laboratory

The scientists found that the force between antiproton pairs is attractive,
just like the strong nuclear force that holds ordinary atoms together.
Considering they'd already discovered bound states of antiprotons and
antineutrons-those antimatter nuclei-this wasn't all that surprising. When
the antiprotons are close together, the strong force interaction overcomes
the tendency of the like (negatively) charged particles to repel one
another in the same way it allows positively charged protons to bind to
one another within the nuclei of ordinary atoms.

In fact, the measurements show no difference between matter and
antimatter in the way the strong force behaves. That is, within the
accuracy of these measurements, matter and antimatter appear to be
perfectly symmetric. That means, at least with the precision the scientists
were able to achieve, there doesn't appear to be some asymmetric quirk
of the strong force that can account for the continuing existence of
matter in the universe and the scarcity of antimatter today.

But the scientists point out that we wouldn't know that if they hadn't
done these experiments.

"There are many ways to test for matter/antimatter asymmetry, and there
are more precise tests, but in addition to precision, it's important to test it
in qualitatively different ways. This experiment was a qualitatively new
test," said Richard Lednický, a STAR scientist from the Joint Institute
for Nuclear Research, Dubna, and the Institute of Physics, Czech
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Academy of Sciences, Prague.

"The successful implementation of the technique used in this analysis
opens an exciting possibility for exploring details of the strong
interaction between other abundantly produced particle species," he said,
noting that RHIC and the Large Hadron Collider (LHC) are ideally
suited for these measurements, which are difficult to assess by other
means.

  More information: Nature, 
nature.com/articles/doi:10.1038/nature15724
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