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Fig. 1. (a) Schematic structure of the superlattice; (b) SEM picture corresponding to the experimental sample with the parameter
(p, @) = (0, 0); (c) dispersion of the superlattice with different parameters, the red dashed line marks the boundary of the first Bril-
louin zone of the superlattice, the blue solid line and cyan dashed line represent the dispersion curves when the parameter is set to
(p, 9 = (0, 0), and the folding of the bands resulting from the artificial doubling of the unitcell period is marked by the cyan
dashed line, and the black dashed line is the dispersion corresponding to the parameter (p, q¢) = (0, 0.2); (d) Weyl cones in the syn-
thetic space, the purple dashed line is the loop in the parameter space corresponding to p? + ¢ = 0.22 | and the fuchsia dots are

the experimental data points that have been characterized.
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Fig. 2. (a) ARTES measurement device and measurement optical path diagrams. The superlattice absorption spectra (b)—(d) calcu-
lated by FDTD and the thermal emission spectra (e)—(g) of the sample measured by ARTES: (b), (e) Correspond to the synthesis
parameter (p, ¢) = (0, 0); (c), (f) correspond to the synthesis parameter = n/6; (d), (g) correspond to the synthesis parameter 6 =
n/3; colorbar on the right side of the picture represents the normalized absorbed/radiated intensity, and the dark red solid line in
the diagram is from the COMSOL multiphysics simulation results.
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Fig. 3. Thermal emission spectra with different parameters: (a) Thermal emission spectrum for different 6 at thermal emission angle

a = 35°% (b) thermal emission spectrum corresponding to 6 = n/3 at thermal emission angle a = 35° (c) thermal emission spec-

trum corresponding to 6 = n/6 at different thermal emission angle c; (d) thermal emission spectrum corresponding to oo = 20° for

thermal emission angle 6 = 7/6.
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Fig. B1. Mode-field distributions of the high-frequency eigenmodes at synthetic angle # = n/6 when the wave vectors are (a) k, =
0.2k, (b) k,= 0.4k and the low-frequency eigenmodes when the wave vectors are (c) k, = 0.2k, (d) k,= 0.4k; (e) the far-field radi-
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ation intensity of the TE mode corresponding to the low-frequency dispersion at synthetic angle = n/6.
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Abstract

Blackbody emission such as the emission from incandescent sources usually possesses a broadband emission
spectrum covering the whole infrared wavelength range. Most of emission energy goes into the unwanted
infrared range and consequently causes low emission efficiency. Recently, metasurfaces with two-dimensional
subwavelength artificial nanostructures have been widely studied due to their flexibility in modulating optical
properties, thus providing an ideal platform for controlling thermal emission. The use of synthetic dimension
methods in metasurfaces has opened up new avenues for fine-tuning thermal emission, especially highlighting
the physical properties beyond traditional three-dimensional systems and rich topological physics. Although it is
theoretically possible to explore physical phenomena through complete three-dimensional structures, such
structures are difficult to construct in practice. In contrast, studying one-dimensional system or two-dimensional
system is more feasible and efficient. The synthetic dimension approach introduces the possibility of
manipulating intrinsic degrees of freedom in photon systems by introducing structural or physical parameters.
In this work, we propose utilizing synthetic dimension methods to achieve wavelength-selective thermal
emission. Firstly, we construct synthetic Weyl point in a superlattice model and validate it theoretically.
Subsequently, experimental characterization of synthetic Weyl cones is conducted by using angle-resolved
thermal emission spectroscopy (ARTES). The experimental results demonstrate that we can achieve reasonable
wavelength-selective thermal emission while suppressing emission at other wavelengths as much as possible.
This is essential for practical infrared applications such as thermalphotovoltaics and thermal management

devices.
Keywords: thermal emission, metasurfaces, superlattices, synthetic dimensions
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