Probing solar polar magnetic fields: a spatially-coupled approach
with disambiguation
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In the solar polar regions, the inclined limb geometry and limited spatial resolution of spectropo-
larimetric instruments introduce significant biases in the retrieval of vector magnetic fields. Near
the limb, the Zeeman linear signals, proportional to the square of the transversal magnetic field,
contain information on the radial component of the field, which is crucial for studying so-called
open polar flux. Furthermore, resolving 180° ambiguity becomes crucial, as it directly influences
the inference of the open flux.

In this study, we synthesize full Stokes profiles {I,Q,U,V} from a 3D MHD atmosphere model
(polar geometry effects are included) and apply spatial degradation to mimic the effects of the
telescope’s PSF. We perform both traditional pixel-to-pixel inversion and the spatially-coupled
approach. By comparing (i) the ground truth magnetic field vector (B) and line-of-sight (los)
velocity (vjos) from the original atmosphere, with the results of different inversion approaches
(traditional pixel-to-pixel inversion and spatially-coupled inversion) we investigate the improve-
ments in recovering underlying magnetic field structures. After quantifying these improvements,
we address the inherent 180° ambiguity in transverse azimuth. To resolve it, we apply a robust
minimum energy disambiguation procedure to the ambiguous magnetic field inferred by different
inversion approaches.

Our results indicate that combining spatially-coupled inversion and minimum energy disam-
biguation yields more accurate and reliable reconstructions of photospheric magnetic structures
and line-of-sight velocities in polar regions. These improvements are most pronounced within
particular ranges of |B| and v)ys. Intervals differ for various cases we examined.



