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Figure: When a negative muon (μ-) is implanted into MgH2, the μ- is trapped by
the muon atomic orbitals near a Mg nucleus. Since μ- has a polarized spin, we
can obtain information about the magnetic field at the Mg nucleus sites, formed
by the hydrogen nucleuses, through the observation of how the μ- spin
depolarizes with time. Credit: J. Sugiyama/Toyota Central Research and
Development Laboratories Inc.

A muon is an unstable subatomic particle similar to an electron but with
much greater mass. The lifetime of a muon is only a couple of
microseconds, but this is long compared with the lifetimes of many
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unstable subatomic particles. Because of their comparatively long
lifetime, positive muons are often used to detect internal magnetic fields
in solid materials. However, negative muons have seldom been used for
this purpose because a large data set is required to obtain reliable results
and experimental data collection times are normally limited. Recently,
researchers developed a system that can count muon events at a much
faster rate, allowing an experiment to be completed in a suitable time
frame. Using this system, a Japanese collaboration has realized the long-
standing goal of using negative muons to observe the local nuclear
magnetic fields in a solid for the first time.

As explained in their article in Physical Review Letters, the team used 
magnesium hydride as the solid in their experiments. Magnesium
hydride has a formula of MgH2 and is a potential candidate as a
hydrogen storage material. Magnesium hydride was selected for study in
experiments using the negative muon beam because muons initially
captured on hydrogen are transferred quickly to magnesium, which
allowed the transfer process of hydrogen to be investigated.

"The magnesium atoms exposed to the negative muon beam were
effectively converted to sodium," says first author Jun Sugiyama at
Toyota Central Research & Development Laboratories Inc. "The local 
magnetic field of the hydrogen atoms around these converted atoms was
then able to be detected, which meant that we could track hydrogen
diffusion."

The experiments used a high-intensity muon beam and highly integrated
positron detector system to detect the local magnetic fields in the
magnesium hydride sample. The obtained spectra were consistent with
the magnesium atoms having a random magnetic field, agreeing with
theoretical predictions. In particular, the results agreed with estimations
from dipole field calculations, indicating that the nuclear magnetic fields
of hydrogens in magnesium hydride were indeed observed.
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"Our approach using negative muons to detect the local behavior of ions
is attractive because it allows us to study the dynamics of light elements
in a solid from the fixed point of the nucleus," says co-author Kazuhiko
Ninomiya at Osaka University. "This approach is therefore
complementary to nuclear magnetic resonance spectroscopy."

Using this negative muon-based technique, it is now possible to track the
movement of hydrogen in a solid, which should aid the development of 
hydrogen storage materials.

  More information: Jun Sugiyama et al. Nuclear Magnetic Field in
Solids Detected with Negative-Muon Spin Rotation and Relaxation, 
Physical Review Letters (2018). DOI: 10.1103/PhysRevLett.121.087202
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