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Abstract 

Wave scattering through disordered media has intrigued scientific community for centuries. 

Multiple scattering of light in opaque systems results in a non-uniform distribution of the intensity 

at various position within the disordered medium. For sufficiently strong scattering, in the limit of 

the regime of Anderson localization, light wave hardly penetrates the medium and is essentially 

backscattered as a result of strong destructive interferences in the forward direction.   

One of the modern challenges in the last decade has been the control of multiple scattering, to 

extract useful information from the light wave. Due to the availability of high-resolution spatial 

light modulator, remarkable progress has been made in the field of photonics, in the study of 

controlling light transmission through disorder media [1,2] for applications such as biomedical 

imaging, focusing [3], and efficient transmission [4]. Recent theoretical and experimental studies 

show that non-Hermitian photonic structures which obey PT-symmetries in the presence of 

balanced gain and loss can give rise to unique functionalities such as unidirectional invisibility [5], 

loss induced lasing [6], non-reciprocal light transmission [7], laser with absorber [8], that are not 

possible to realize with Hermitian potentials.  

 PT-symmetry is broken in disordered systems. Yet, recent theoretical investigations [9] predict 

that in disordered systems described by a given distribution of the refractive index, it is possible to 

find a corresponding distribution of the imaginary part of the refractive index, such that a wave will 

traverse freely the scattering medium without any backscattering or intensity variation along the 

sample. This concept of perfect transmission through disordered system has been recently verified 

for acoustic waves in a one dimensional (1D) strongly scattering system limited to 8 scatterers [10]. 

This has not yet been observed in optical systems. In this work, we consider a 1D scattering 

photonic structure, in which gain and loss can be controlled and distributed along the sample. We 

show how an opaque medium in the deep regime of Anderson localization can be turned into a 

transparent medium. We demonstrate how multiple light scattering can be controlled by intelligent 

shaping of the gain and loss profile along the sample: for any scattering arrangement and any 

wavelength, we can find a particular distribution for which, backscattering is completely canceled 

and transmission is almost unity at any position along the sample. 

 

 

 

 



References 

[1] Rotter S, Gigan S. Light fields in complex media: Mesoscopic scattering meets wave 

control. Rev Mod Phys 2017; 89: 015005 

[2] Mosk AP, Lagendijk A, Lerosey G, Fink M. Controlling waves in space and time for 

imaging and focusing in complex media. Nat Photonics 2012; 6: 283–292 

[3] Vellekoop IM, Mosk AP. Focusing coherent light through opaque strongly scattering 

media. Opt Lett 2007; 32: 2309–2311. 

[4] Popoff SM, Lerosey G, Carminati R, Fink M, Boccara AC et al. Measuring the 

transmission matrix in optics: an approach to the study and control of light propagation 

in disordered media. Phys Rev Lett 2010; 104: 100601. 

[5] Lin, Z., Ramezani, H., Eichelkraut, T., Kottos, T., Cao, H., Christodoulides, D.N.: 

Unidirectional invisibility induced by PT-symmetric periodic structures. Phys. Rev. Lett. 

106, 093902 (2011) 

[6] Brandstetter M, Liertzer M, Deutsch C, Klang P, Schöberl J et al. Reversing the pump 

dependence of a laser at an exceptional point. Nat Commun 2014; 5: 4034. 

[7] Peng, B., Özdemir, ¸S.K., Lei, F., Monifi, F., Gianfreda, M., Long, G.L., Fan, S., 

Nori, F., Bender, C.M., Yang, L.: Parity-time-symmetric whispering-gallery 

microcavities. Nat. Phys. 10, 394–398 (2014) 

[8] Chong, Y.D., Ge, L., Cao, H., Stone, A.D.: Coherent perfect absorbers: time-reversed 

lasers. Phys. Rev. Lett. 105, 053901 (2010) 

[9] Wave propagation through disorder media without backscattering and intensity 

variations. K. G. Makris, A. Brandstötter, P. Ambichl, Z. H. Musslimani, and S. Rotter, 

Light: Science & Applications 6, e17035 (2017). 

[10] Constant-pressure sound waves in non-Hermitian disordered media. E. Rivet, A. 

Brandstötter, K. G. Makris, H. Lissek, S. Rotter, and R. Fleury, Nature Physics 14, 942 

(2018). 

 


