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Photonic systems containing active and passive elements with balanced gain and loss, usually known 
as PT-symmetric systems, are attracting increased attention due to their exceptional properties 
including, to cite some, asymmetric propagation and reflection, unidirectional invisibility, switching, 
or extraordinary nonlinear behaviors [1]. In this talk, we will discuss the optical response of finite 
nanostructures composed of pairs of active and passive nanospheres operating close to the PT-
symmetry condition. We will show that, despite their highly regular geometry, these systems scatter 
light predominantly toward the gain side of the structure when illuminated perpendicularly to their 
axis. Furthermore, the backscattering intensity for illumination parallel to the axis depends strongly on 
the side of incidence, being several times larger for light coming along the gain side. Interestingly, 
under the same conditions, the forward scattering and, consequently, the extinction cross-section 
remain independent of the side of incidence. This leads to an asymmetric absorption cross-section that 
can be made arbitrarily small for light impinging on the gain side of the structure, as shown in the 
figure [2]. 
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Figure: (a) Schematics of the PTS system composed of two nanospheres with a diameter of 100 nm 
separated by a center-to-center distance of 125 nm. One of the spheres has an active response (red 
sphere), while the other displays passive behavior (blue sphere). The dimer is illuminated with an 
angle of incidence θ and polarization perpendicular to the dimer axis. (b) Absorption of the PTS dimer 
as a function of the angle of incidence (red curve), compared with that of a fully passive dimer under 
the same conditions (blue curve). 
 
These results contribute to the basic understanding of the optical properties of active-passive finite 
nanostructures with potential applications for the design of novel nanostructures displaying 
asymmetric and tunable responses. 
 
[1] C.E. Ruter, K. G. Makris, R. El-Ganainy, D. N. Christodoulides, M. Segev, and D. Kip, Nat. Phys. 6, 192 
(2010).  
[2] A. Manjavacas, ACS Photonics (2016). 


