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Chiral Twists and Turns Lead
Way to New Materials

Chiral electron trajectories on the surface of a rhodium-silicon (RhSi) crystal, as revealed by angle-
resolved photoemission spectroscopy (ARPES) at the ALS. The looping helicoid arcs of the electron
spectrum have a definite handedness, connected to the chirality of the atomic lattice.

A Look in the Mirror Reveals
New Physics

Chiral objects have two nearly identical
versions: right- and left-handed. Just like
your hands or your feet, chiral objects
are mirror images that cannot be super-
imposed on each other through any
rotational transformation. Chirality is
akey principle in cutting-edge materials
research because it breaks crystal
symmetries, a condition that often
leads to new physical phenomena with
relevance to next-generation electronic
and spintronic devices.

One example of the consequences of
chirality in materials involves the peculiar
helical trajectories of electrons in crystals
with chiral atomic structures. In earlier
work, physicists at Princeton University
predicted and confirmed a link between
this type of crystal-lattice chirality and the

chiral momentum distribution of
topologically protected electrons at the
crystal surface. These chiral electronic
behaviors manifested as looping, helicoid
“Fermi arcs” in spectroscopic data obtained
at the ALS.

Now, in two recently published studies,
the Princeton group has extended their
study of topological chiral crystals by
tuning the crystals’ electronic structure
using chemical doping. This enabled them
to probe multiple intertwined topological
phases of the surface electrons as well as
saddle-shaped features (“van Hove
singularities”) associated with the
emergence of exotic material properties.

Tuning into the multigaps

The researchers performed angle-resolved
photoemission spectroscopy (ARPES)

on two chiral crystals, RhSi and CoSi.
Ultraviolet light from ALS Beamline 4.0.3

Scientific
Achievement

Using the Advanced Light Source
(ALS), researchers found that,

in crystals with structural chirality
(left- or right-handedness), tuning
the electronic behavior reveals
hidden chiral phases and
singularities.

Significance
and Impact

The results provide a new way to
predict, test, and manipulate novel
materials that exhibit desirable
properties for next-generation
electronic and spintronic devices.

was used to probe the surface electronic
states, while soft x-rays (at the Swiss Light
Source and SPring-8 in Japan) probed the
bulk states. Because some of the bulk
bands of interest were at a level
inaccessible to photoemission techniques
(i.e., above the Fermi level), the researchers
shifted the band structure downward by
doping with small amounts of Ni.

In RhSi, this allowed visualization of the
intersection of three bulk energy bands
that defined two gap regions between
them. The researchers systematically
explored these bulk multigaps and aligned
spectral data from the bulk with data from
the surface. The correspondences thus
revealed between the bulk bands and

the surface Fermi arcs (“bulk-boundary
correspondence”) provide strong evidence
for the topological nature of the chiral
surface states.



Emergence of van

Hove singularities

Based on their detailed studies, the
researchers were also able to predict that
the topological properties of these chiral
crystals can drive surface electrons to
become unstable. Saddle-shaped van Hove
singularities in the ARPES data are a
signature of such instabilities. In fact, the
researchers found two types of van Hove
singularity: type | (occurring between
helicoid arcs) and type Il (occurring within
asingle helicoid arc).

Left: Calculated constant-energy contours of
atype | (inter-helicoid) van Hove singularity
(VHS) in RhSi. The dashed blue and orange
lines guide the eye to the characteristic saddle
shape. As the energy sweeps through the
singularity (at E = Eyys), neighboring arcs
approach each other, touch at the van Hove
energy, and move away with opposite chirality.
Right: Calculated constant-energy contours of
atype ll (intra-helicoid) VHS in CoSi. The red
and blue arrows illustrate how clockwise and
counterclockwise winding at the ends creates
a squeezing and pinching effect that drives
segments of the helicoid arc to approach,
touch, and separate. The white arrows
suggest that the helicoid arc evolved with

a saddle-like dispersion.

As unstable surface electrons interact with
each other to reduce their energy, exotic
new states of matter can emerge—

an exciting testing ground for the study
and manipulation of correlation effects in
promising topological materials.

collective excitations or correlated
electron states, for example—with
impacts on optical characteristics,
magnetic order, charge-carrier mobility,
and other useful properties.

Ultimately, these discoveries offer
scientists a predictive tool for identifying
materials that host novel topological
effects. Moreover, the ability to tune a
system to the van Hove singularity offers
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