
Light Sci Appl | 2023 | Vol 12 | Issue 3 |  325 LSA

especially for response that arises directly from quantum
geometry and topology of Weyl cones9. Corresponding to
the topological charge (Chern number) of a chiral Weyl
cone, the circular photogalvanic response of the cone is
theoretically predicted to be quantized with the Chern
number, which is a smoking gun optical signature to jus-
tify Weyl Fermions, but remains to be elusive experi-
mentally. However, the experimental progresses are
generally more advanced for nonlinear comparing to linear
optical response, and some nonlinear optical effects have
already reserved their unique applications in functional
devices. An established example is the shift current
response can be enhanced by the Berry phase at the vici-
nity of Weyl nodes10, such effect is directly applicable for
high-performance photodetection and energy harvesting11.
In addition, photodetectors based on Weyl semimetals
exhibits orbital photogalvanic effect, applicable for direct
detection of the orbital angular momentum of light, a very
changeling task otherwise12,13. As exhausted in the review,
other nonlinear effects, such as anomalous current, second
and high harmonic generation, inverse Faraday effect, are
actively explored experimentally and one can envision
their applications in nonlinear optoelectronics.

Overall, the new topological phenomena of Weyl
semimetals beyond topological insulators have made new
physics accessible and signaled potential applications,
despite the early stage of the research. Several exciting
transport and optical phenomena that are still being
sought in further experiments.
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Fig. 1 Typical band structure of Weyl semimetals (left) and its nano-
structured photonic (right)
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Spatiotemporal pulse weaving scalar optical
hopfions
Chenhui Li1, Sicong Wang1 and Xiangping Li 1✉

Abstract
Scalar optical hopfions weaved by nested equiphase lines in the shape of a toroidal vortex are theoretically designed
and experimentally demonstrated. This category of hopfions manifesting as a spatiotemporally structured pulse
propagating in space-time may enable encoding and transferring optical topological information in an additional
(temporal) dimension.

Topological solitons with topologically protected spin
textures are cutting-edge researches in high-energy and
condensed matter physics. Numerous studies have
focused on low-dimensional magnetic topological soli-
tons such as one-dimensional (1D) magnetic domain
walls1 and 2D magnetic skyrmions2, and explicitly
revealed the promising applications of topological soli-
tons in spintronic devices. 3D topological textures with
more complex features have also been attracting con-
siderable interest in numerous branches of physics. For
example, hopfions, as the most classic 3D topological
solitons originally raised by Heinz Hopf in 19313, have
been proved to be of great significance in chiral magnets,
quantum fields, cosmology, fluid dynamics and liquid
crystals.
Recently, photonic counterparts of topological solitons

have aroused intense interest of researchers. Optical
skyrmions and optical hopfions have been experimentally
demonstrated and considered to have potential applica-
tions in metrology, information encoding, and optical
communication4,5. However, all the current researches on
photonic topological solitons are restricted to spatial
dimensions and lose sight of temporal or dynamic infor-
mation of such structures, and hence manipulating cor-
responding light-matter interactions spatiotemporally
remains challenging.

In the article in eLight5, the research group led by Prof.
Qiwen Zhan from University of Shanghai for Science and
Technology theoretically designed and experimentally
demonstrated dynamic scalar optical hopfions weaved by
nested equiphase lines in the shape of a toroidal vortex.
This spatiotemporally varied optical hopfion is proposed
through an analytical expression as an approximate
solution to Maxwell’s equations. Numerical simulations
and experimental data demonstrate that the equiphase
lines are disjoint and linked closed loops in the form of
links and knots with a linking number determined by the
Hopf invariant. As shown in Fig. 1, each closed loop
painted in one specific color corresponds to a point in the
parameter space and to a circle on unit sphere in 4D
space. Each closed loop is an equiphase line and all
equiphase loops form complete tori that fill up the entire
3D space.
The key to experimentally generate such dynamic scalar

optical hopfions is to manipulate poloidal and toroidal
spiral phases in toroidal coordinates. In this regard, three
spatial light modulators are utilized to generate spatio-
temporal optical vortex and flexibly control the winding
numbers of the optical hopfions. The authors perform 2D
phase measurements of the poloidal phase through
interfering the hopfion wave packet with a transform-
limited reference pulse split from the source. The
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measured poloidal phase distributed in a spiral pattern in
the spatiotemporal domain is well consistent with the
theoretical predictions.

As the obtained dynamic scaler optical hopfions manifest
as spatiotemporally structured pulses propagating in space-
time, they may provide a photonic platform for studying
particle-like topological states, and may find promising
potential applications in light-matter interactions with
spatiotemporal mode excitation, and in optical commu-
nications as high-dimensional information carriers.
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Fig. 1 Schematic of the Hopf fibration and scalar hopfion by
spatiotemporal beam shaping. The equiphase lines in a scalar
hopfion present the topological features of the Hopf fibration
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AI-powered drone-based automated inspection
of FAST
Lijun Wang1✉

Abstract
Automated optical inspection of FAST is realized by exploiting advances in drone technology and deep-learning
techniques. The AI-powered drone-based automated inspection is time-efficient and reliable, which guarantees the
stable operation of FAST.

The Five-hundred-meter Aperture Spherical radio
Telescope (FAST), also known as the “China Sky Eye”,
is the world’s largest single-dish radio telescope1. Its
optical geometry is outlined in Fig. 1a. The reflector is a
partial sphere of radius R= 300 m. The planar partial
spherical cap of the reflector has a diameter of 519.6 m,
1.7 times larger than that of the former largest radio
telescope. The large reflecting surface makes FAST the
world’s most sensitive radio telescope. It was used by
astronomers to observe, for the first time, fast radio
bursts in the Milky Way and to identify more than 500
new pulsars, four times the total number of pulsars
identified by other telescopes worldwide. More inter-
esting and exotic objects may yet be discovered using
FAST.
However, each coin has two sides. A larger reflecting

surface is more prone to external damage due to envir-
onmental factors. The FAST reflector comprises a total of
4450 spliced trilateral panels, made of aluminum with
uniform perforations to reduce weight and wind impact.
Falling objects (e.g., during extreme events such as rock-
falls, severe windstorms, and hailstorms) may cause severe
dents and holes in the panels. Such defects adversely
impact the study of small-wavelength radio waves, which
demands a perfect dish surface. Any irregularity in the
parabola scatters these small waves away from the focus,
causing information loss.

The rapid detection of surface defects for timely repair
is hence critical for maintaining the normal operation of
FAST. This is traditionally done by direct visual inspec-
tion. Skilled inspectors climb up the reflector and visually
examine the entire surface, searching for and replacing
any panels showing dents and holes. However, this pro-
cedure has several limitations. Firstly, there is danger
involved in accessing hard-to-reach places high above the
ground. Secondly, it is labor- and time-consuming to
scrutinize all the thousands of panels. Thirdly, the pro-
cedure relies heavily on the inspectors’ expertize and is
prone to human-based errors and inconsistencies.
The remedy to the shortcomings of manual inspection

at FAST is automated inspection. A recent publication in
Light: Advanced Manufacturing by Li et al.2 made the first
step towards automating the inspection of FAST by
integrating deep-learning techniques with drone tech-
nology. As a first step, the research team integrated
deep-learning techniques with the use of drones to
automatically detect defects on the reflector surface.
Specifically, they began by manually controlling a drone
equipped with a high-resolution RGB camera to fly over
the surface along a predetermined route (Fig. 1b). During
the flight, the camera captured and recorded videos of the
surface condition. One benefit of the advanced flight
stability of drones is that the recorded videos can capture
much information on surface details. Moreover, thanks to
the GPS device and the RTK module onboard the drone
platform, every video frame can be tagged with the cor-
responding drone location with centimeter-level accuracy.
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