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Nematic Magnetic Helices Fluctuate at

Different Tempos
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Scattering intensity variation along the (a) radial and (b) azimuthal direction as a function of
temperature. Insets show 2D diffraction patterns with their respective linecuts.

Bottom: Fits to radial linecuts show (c) crossover in functional form while (d) azimuthal intensity
persists through transition thereby revealing the nematic phase.

A dynamic new thin film

Inrecent years, iron germanium has
gained scientific interest because it can
host skyrmions—swirling patterns of
magnetism that can move through a
material without dissipating energy. At
room temperature, skyrmions are stable
and provide high potential for low-
power magnetic computing by replacing
magnetic grains in hard drives for data
storage or by serving as components in
neuromorphic computing.

A team of researchers at the ALS
continued with their past studies of iron
germanium thin films to examine their

stability in a nematic phase—a state of
matter where the constituents are spaced
irregularly but align in a preferred
direction. The researchers explored the
nature of the ordering in this material,
which resulted in the first experimental
evidence of two nematic helical phases
with distinct thermodynamics, opening
new opportunities to understand the
stability of a material that could improve
computer performance.

Imaging a complex thin film

Helical magnetism is more difficult to
study, because many techniques measure
the magnetic moment of a material and for
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Experiments at the Advanced
Light Source (ALS) produced
the first evidence of an exotic
nematic phase made up of
magnetic helices fluctuating at
different timescales.

Significance
and Impact

The findings could advance
the development of low-
power microelectronic and
spintronic technologies.

helical materials the magnetic moment
averages to zero. Diffraction allows
researchers to capture the periodicity of
the twist in this less common type of
magnetism. The researchers deposited the
amorphous iron germanium using DC
magnetron co-sputtering. At Beamline
7.0.1.1 (COSMIC Scattering) at the ALS,
the team used resonant and coherent
x-ray scattering to determine the
arrangement and motions of the magnetic
coils in the film.

The resonant soft x-ray scattering (RSoXS)
is sensitive to static magnetic structure
and spatial correlation length (the spatial



extent of disorder at a given point in time).
X-ray photon correlation spectroscopy
(XPCS) is used to study the dynamic
processes within materials—including
particle diffusion, structural rearrange-
ments, and phase separation—over a wide
range of time scales. The technique uses
the coherence of x-rays to enable
time-dependent measurements within
disordered, heterogeneous materials.

The team complemented their study using
two-pulse x-ray correlation experiments
at the Linac Coherent Light Source at
SLAC National Accelerator Laboratory

to measure faster timescale fluctuations
within the material.

Helical coils fluctuate at
two tempos

In this study, the team discovered that
temperature induces a phase change
within the nematic thin film. They
determined that at low temperature, the
magnetic spins are arranged into coils
pointing in relatively the same direction. As
heat is applied, the magnetic coils fluctuate
on different timescales—one being a
trillion times faster than the other. The
research team attributed this observation
to defects—small disturbances in the
helical order—that move independently
through the slower, more uniformly
oriented system. This heterogeneity in
timescale offers the first glimpse of the
intricate motions in this complex material.

The researchers fit mathematical models
to the x-ray data to understand the nature
of the dynamics and performed computer
simulations to understand the system.
Using this approach, they have found
constrained motion of defects at lower
temperature that move more freely upon
heating, contributing to the multiple
timescales observed during the study.

The results provide a framework for
characterizing exotic phases, which may
have interesting optical and transport
properties for microelectronics and
spintronics. While this nematic phase
requires further study, the discovery
could one day lead to the use of a
nematic thin film in technologies with
on-demand properties based on tiny
magnetic helices rather than conventional
magnetic materials.

Top: Micromagnetic simulation showing the low-temperature phase of the thin film. The helical
propagation direction (Q-vector) shown in the scale is purely in-plane. Bottom: Simulation in the
same region after the temperature increases. The periodicity decreases and the rotation of the
Q-vector occurs both in-plane (solid box) and tilted obliquely out-of-plane (dashed box).
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