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Abstract: The editors introduce the feature issue on “Beyond Order: Random, Aperiodic, and
Hyperuniform Photonic Materials,” which includes nine articles.
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Structurally complex photonic materials with disordered refractive index variations on the
wavelength scale manifest a rich physics with profound analogies to the electron transport in
disordered metallic alloys and semiconductors. In particular, mesoscopic phenomena known
for the electron transport in disordered materials, such as the weak localization of light,
universal conductance fluctuations, anomalous transport, and Anderson localization have found
their counterparts in disordered optical materials as well. Recently, advancements in theory,
computational modeling, and nanofabrication methods enabled the engineering of photonic
materials with aperiodic order and tailored structural disorder. These complex optical systems
exhibit more predictable responses suitable for a wide range of engineering applications including
radiation control and imaging, enhanced optical sensing and spectroscopy, nonlinear optics,
multidirectional lasing, and quantum photonics [1–5].

This feature issue brings together original contributions to the vibrant field of complex
photonics and showcases nine research papers that delve into customized disordered optical
materials and their applications in devices. Pourmasoud et al. proposed a novel design for highly
reflective, broadband omnidirectional mirrors using chirped and hybrid-type periodic-aperiodic
structures. Based on the aperiodic Thue-Morse sequence, their work demonstrated dielectric
mirrors with a spectral width up to 2500 nm and 0-60° angular span [6]. Kim et al. derived
an exact nonlocal effective medium theory valid in the strong-contrast regime beyond the
long-wavelength approximation that enables inverse design of the effective wave characteristics
of disordered structures by engineering their spectral densities [7]. By combining microgels
and silica nanoparticles, Manne et al. demonstrated the fabrication of foam-like photonic media
exhibiting structural coloration in the visible spectral range, paving the way to novel photonic
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pigments [8]. Okamoto et al. demonstrated control of laser emission using an optical trapping
technique to engineer the distribution of scattering particles within a random lasing medium
[9]. Kumar et al. presented a compact integrated spectrometer based on speckle correlations in
scattering media with engineered multifractal geometry in a silicon-on-insulator platform and
demonstrated enhanced throughput and signal-to-noise ratio outperforming traditional speckle
spectrometers based on uncorrelated random media [10]. Razo-López et al. demonstrated
experimentally strong localization effects beyond two spatial dimensions using deterministic
structures with aperiodic Vogel spiral geometry in the microwave regime and presented a
comprehensive analysis showing how Vogel spiral arrays outperforms the localization behavior
of traditional disordered systems [11]. Mustafa et al. achieved tailored distributions of scattering
directions in artificial structures designed in reciprocal space to scatter incident radiation only
for defined wavelengths and directions [12]. Selvestrel et al. addressed the question of light
intensity propagation through space- and time-dependent disorder in one-dimensional systems
with short-range correlations and provided explicit expressions, valid in the in the weak scattering
regime, for the scattering mean-free time and mean-free path in agreement with numerical
simulations [13]. Finally, Shubitidze et al. introduced the localization landscape theory for
classical optical waves in multifractal scattering potentials and experimentally investigated, using
leaky-mode spectroscopy, the localization properties of silicon nitride nanophotonic membranes
in the visible spectrum, establishing a scalable approach to enhance light-matter interactions in
extended scattering media with tailored multiscale disorder [14].

We are grateful to all the authors, reviewers, OMEX and OPTICA staff members for their
contributions and efforts to make this issue possible.

References
1. A. P. Mosk, A. Lagendijk, G. Lerosey, et al., “Controlling waves in space and time for imaging and focusing in

complex media,” Nat. Photonics 6(5), 283–292 (2012).
2. L. Dal Negro and S. V. Boriskina, “Deterministic aperiodic nanostructures for photonics and plasmonics applications,”

Laser Photonics Rev. 6(2), 178–218 (2012).
3. Z. V. Vardeny, A. Nahata, and A. Agrawal, “Optics of photonic quasicrystals,” Nat. Photonics 7(3), 177–187 (2013).
4. D. S. Wiersma, “Disordered photonics,” Nat. Photonics 7(3), 188–196 (2013).
5. L. Dal Negro, Waves in Complex Media (Cambridge University Press, 2022).
6. S. Pourmasoud, P. Falcone, and L. Moretti, “Omnidirectional mirror based on the aperiodic and hybrid-order

aperiodic-periodic chirped multilayers,” Opt. Mater. Express 14(2), 249 (2024).
7. J. Kim and S. Torquato, “Theoretical prediction of the effective dynamic dielectric constant of disordered hyperuniform

anisotropic composites beyond the long-wavelength regime,” Opt. Mater. Express 14(1), 194 (2024).
8. K. Manne, S. Magkiriadou, P. Yazhgur, et al., “Photonic spheres by microgel templating,” Opt. Mater. Express 14(3),

598 (2024).
9. T. Okamoto, N. Yokoi, and T. Kaku, “Random laser emission from dye-doped gain media with optically trapped

scattering particles,” Opt. Mater. Express 14(4), 880 (2024).
10. B. Kumar, Y. Zhu, L. Dal Negro, et al., “High-throughput speckle spectrometers based on multifractal scattering

media,” Opt. Mater. Express 14(4), 944 (2024).
11. L. A. Razo-López, G. J. Aubry, F. A. Pinheiro, et al., “Aperiodicity is more effective than disorder in localizing

electromagnetic waves,” Opt. Mater. Express 14(3), 816 (2024).
12. M. E. Mustafa, M. Eich, and A. Y. Petrov, “Reciprocally tailored transparent artificial media for frequency and

direction dependent light trapping,” Opt. Mater. Express 14(5), 1281 (2024).
13. A. Selvestrel, J. Rocha, R. Carminati, et al., “Multiple scattering theory on one dimensional space and time dependent

disorder: average field,” Opt. Mater. Express 14(3), 801 (2024).
14. T. Shubitidze, Y. Zhu, H. Sundar, et al., “Localization landscape of optical waves in multifractal photonic membranes,”

Opt. Mater. Express 14(4), 1008 (2024).

https://doi.org/10.1038/nphoton.2012.88
https://doi.org/10.1002/lpor.201000046
https://doi.org/10.1038/nphoton.2012.343
https://doi.org/10.1038/nphoton.2013.29
https://doi.org/10.1364/OME.505558
https://doi.org/10.1364/OME.507918
https://doi.org/10.1364/OME.510924
https://doi.org/10.1364/OME.510961
https://doi.org/10.1364/OME.511275
https://doi.org/10.1364/OME.514886
https://doi.org/10.1364/OME.515338
https://doi.org/10.1364/OME.517488
https://doi.org/10.1364/OME.520201

