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Light beams consist of oscillatory electric (and magnetic) fields having a certain amplitude, phase
and frequency. In transverse waves, the state of polarization (SoP) characterizes how the electric
field oscillates on the plane perpendicular to the propagation direction. Light-matter interaction
strongly depends on the SoP, so its complete measurement is of paramount importance in a
wide amount of disciplines, including chemistry, imaging, optical communications or astronomy,
amongst others. However, measuring the SoP of a light beam, the main goal of polarimetry (1),
is much trickier than knowing its intensity or frequency since it involves the simultaneous
measurement of the four Stokes parameters, which even account for the case of unpolarized
light. For decades, polarimeters have consisted of a combination of linear retarders, polarizers,
and quarter-wave plates, which were able to get such four measurements by spatial or temporal
splitting the incoming light beam (2). Such macroscopic polarimeters, widely used in many
applications, are complex, bulky and expensive, and there have been little attempts for
miniaturization with the notable exception of the fiber-grating polarimeter, highly useful in fiber
optics (3).

Recent advances in nanoscience and nanotechnology have unveiled new ways to shrink
polarimeters, which all the subsequent advantages that miniaturization and on-chip integration
may bring (4). The underlying idea is that being the response of nanostructures to an incident
light beam essentially polarization-dependent one may ultimately use such response to retrieve
the SoP. For instance, a metasurface can be designed to scatter an incident light beam in
different directions depending on its SoP (Fig. 1A), thus enabling to retrieve the Stokes
parameters at a certain wavelength (5)-(9). Such scattering paths could be even parallel to the
metasurface and therefore guided on the chip substrate, which could facilitate on-chip
processing and detection (10). Still, light-matter interaction enabling the polarization-
dependent response is distributed amongst all the elements of the array, so the device foot-
print is much larger than one square wavelength. Therefore, there is still room for further
miniaturization.

Attaining truly nanoscale detection of the SoP requires polarization-dependent photonic
resonances in individual metallic or dielectric nanostructures. For instance, one may think on
using plasmonic nanostructures engineered in certain in-plane shapes so it can support optical
hot-spots depending on the actual SoP of the illumination (Fig. 1B). By placing an absorbing
semiconductor in the hot-spot regions, it will be possible to get output photocurrents
proportional to the SoP (11). Even though the foot-print is much smaller than in the case of
metasurface polarimeters, this approach still requires at least four nanostructures so that by
measuring the photocurrent generated by each of them the SoP can be fully retrieved. Thus, this
polarimeter would efficiently work for transverse light beams but would fail when measuring
the SoP of complex, structured beams showing variation of the local polarization in the
transverse plane (12).

Measuring the SoP at a single spatial point and in a single shot can be done by mixing both
previous approaches: using polarization-dependent scattering from individual nanostructures.
As a result of spin-orbit interaction (13), the direction of the scattered light paths will depend



upon the incident polarization. Moreover, the scattering paths can be lithographically-defined
waveguides supporting different modes that will carry all the information needed to retrieve the
SoP (Fig. 1C) (14). Since in principle there is no limit for extremely downscaling the scatterer as
long as it partly scatters the incoming beam, such polarimeter — which can be designed to
operate optimally (15) - may be as small a single atom, though the efficiency of the system would
also be subsequently reduced. Remarkably, spin-orbit interaction would also enable a full-vector
description of the incident light, beyond the transverse picture (16).

By a suitable design (materials, shape, size) of the underlying nanostructures, the previous
approaches can be used to build ultracompact polarimeters though the whole electromagnetic
spectrum, even reaching the important THz regime. Moreover, they are extremely broadband:
by calibrating the polarization scattering paths or absorption at each working wavelength, they
can be employed for spectropolarimetry (7)-(8),(14). Notably, they may also be implemented
using resonant dielectric nanostructures (17), besides avoiding the ohmic losses inherent to
metals, also facilitates mass-manufacturing in silicon chips. Whilst the absorptive approach is
highly appropriate to build a ending device for SOP measurement, the approaches based on
scattering can operate in a non-destructive way with low insertion losses, being highly suitable
for an in-line configuration. On-chip polarimeters should easily displace their bulk free-space
counterparts because of the inherent advantages of integration, such low-cost, reliability,
repeatability, or integration with electronics, to name a few. A number of applications would be
immediately affected by the realization of such on-chip polarimeters. Low-cost inline
polarimeters with low insertion losses operating at telecom wavelengths may be employed for
real-time monitoring of the SoP in current and future optical communication networks
employing polarization multiplexing schemes. Lightweight polarimetry chips operating in the
visible could be easily integrated in satellites for measuring the magnetic activity on the Sun’s
surface (18). Spin-orbit polarimeters with ultimately reduced size may locally test the
polarization of single photons in quantum systems and networks. Now that the fundamentals
for on-chip nanoscale polarimeters have been settled down, it is time for making them a
practical reality.

Figure 1. Nanoscale polarimetry. Transverse light (with a certain electric field E and wave
vector k) illuminates a set of nanostructures able to determine its SoP. A. A metasurface
consisting on a set of nanoantennas scatters different polarization states into well-defined
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spatial pathways. B. Plasmonic nanoantennas are shaped to preferably absorb light of a certain

polarization. C. Spin-orbit interaction in a scatterer coupled to a waveguide scatters different
input polarizations into different directions and modes of a waveguide. In all the cases, by

measuring at least 4 outputs (corresponding to either scattered (A), absorbed (B) or guided (C)
radiation) enables to retrieve the SoP. Possible polarization states are linearly polarized light
forming either a 02 (Ig) or a 909 (Iso) with the horizontal axis, and right-handed (c*) and left-

handed (o) circularly polarized light. Dielectric and metallic nanostructures are depicted in blue

and yellow, respectively,
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