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Dr. Teng Wu aligning the probe laser beam of the comagnetometer setup. Credit:
©Arne Wickenbrock, JGU

Matter surrounds us day and night in all its forms—trees, houses,
furniture, and even the air we breathe. But, according to physicists, the
visible matter familiar to us may only account for approximately 20
percent of all material in the universe. According to the current theory,
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as much as 80 percent may be dark matter. This claim is based on
several observations, one of which is that stars and galaxies rotate much
faster than they would if there were only 'normal' matter present in the
universe.

Dark matter could be made of axions

Over time, scientists have developed different theories to explain exactly
what this mysterious dark matter might be made of. Among the potential
candidates that come into question are weakly interacting massive 
particles or WIMPs. Researchers have spent many years trying to hunt
these down with particle detectors, as yet without success. Several years
ago, however, scientists proposed an alternative—a class of particles
called axions, which are significantly lighter than other particles.
According to the theory, the field of these particles oscillates, which
means that it varies continuously. The frequency of this oscillation is
proportional to the mass of the particles, and, as this is extremely low,
the frequency must also be low. But nobody knows just yet if that is the
case. The problem is that the field oscillation is as likely to go through a
complete cycle once a year as a trillion times a second.

Detecting axions with the help of nuclear spin change

Researchers at Johannes Gutenberg University Mainz (JGU) have now
found a way of detecting axions with the help of the Cosmic Axion Spin
Precession Experiment (CASPEr) program. "We are exploiting the
potential of nuclear magnetic resonance," explained Professor Dmitry
Budker of the Institute of Physics at JGU and the Helmholtz Institute
Mainz. "This means we can identify the spin of nuclei within molecules,
or, more specifically in our case, within the carbon isotope C13 and
hydrogen." The basic assumption is that dark matter can influence the
spin of nuclei, hence providing researchers with a way of tracking it
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down. The spin, however, can also be influenced by the Earth's magnetic
field. The researchers use sophisticated shielding to suppress the
magnetic field; however, even the best shielding in imperfect. The
physicists must therefore decide which proportion of the observed spin
changes are due to dark matter and which to the Earth's magnetic field.
This led the team of scientists to develop its new comagnetometer
configuration. The principle underlying the technique is the fact that
molecules generally contain different kinds of atomic nuclei. As the
various nuclei will react to the magnetic field and dark matter to
differing extents, it is possible to differentiate between these influences.

A part of the possible frequency range has now been
investigated

The team at Mainz University have now combed through the range of
frequencies from a few oscillations per year up to 18 oscillations per
hour—as yet, without finding evidence of the effect of dark matter. "It's
rather like looking for a lost ring in a vast garden," said Budker. "We
have already searched part of the garden, so we now know this is where
the ring—the axion—is not to be found. This has allowed us to
considerably narrow down the range in which we hope to find the axion,
and we can now focus our search on other ranges."

  More information: Teng Wu et al, Search for Axionlike Dark Matter
with a Liquid-State Nuclear Spin Comagnetometer, Physical Review
Letters (2019). DOI: 10.1103/PhysRevLett.122.191302
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