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Introduction

The young solar wind is permeated by large-amplitude, non-linear magnetic field deflections known as switchbacks, characterized by rapid rotations of the magnetic field vector while the magnetic field magnitude remains approximately conserved. First extensively observed
by Parker Solar Probe (Bale et al., 2019) and later by Solar Orbiter, switchbacks are now recognized as a ubiquitous feature of the near-Sun heliosphere. They display self-similar structures over a broad range of timescales, down to ion gyro-periods (Dudok de Wit et al.,
2020), and are frequently organized into extended switchback patches.

The origin of these structures remains debated. One leading mechanism is interchange magnetic reconnection in the low corona (Fisk Kasper, 2020), which may inject Alfvénic perturbations that subsequently evolve into switchbacks in the expanding solar wind (Gannouni
et al., 2023; Touresse et al., 2024). Such processes could leave observable signatures in ion populations, particularly in the composition and thermodynamic properties of alpha particles.

Recent observations suggest that switchback patches may be associated with localized enhancements of alpha particle abundance (Bale et al., 2023), potentially reflecting distinct coronal source regions or plasma release processes. Investigating the plasma composition
within and around switchback patches therefore provides an important constraint on their formation and propagation mechanisms.
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the background solar wind orientation. 604
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Figure 4. Spatial analysis for E5 (a) || B]| and By plotted as a function of the angular displacement s. From Fargette et al., 2021 because the algorithm was unable to correctly determine the separation between proton and alpha populations in
energy phase space. Our method remains able to isolate both populations even in highly mixed distributions, enabling
Then the deflection signal is filtered using partial inverse Fourier transforms to separate large-scale structures from small-scale a more complete and physically consistent characterization of the plasma.
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enhanced power over a broad range of scales are identified as switchback patches (super-granules scales). This approach Velocirap Python Library
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lll. Study of the radial evolution of the correlation
We have identified use this methodology on a catalog of switchback patches identified across different radial distances. For detailled information on this project go see Nais Fargette’s poster:
"Velocirap, a python library for advanced analysis of ion velocity
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Figure 5. Representation of the radial distribution of the patches from our catalog from both Parker Solar Probe (in red) and Solar Orbiter (in blue) Further improve the robustness of the algorithm in difficult and highly mixed cases, and develop a full 2D fitting approach to

better resolve complex ion populations in (E, 8) phase space.
Coloured intervals indicate the heliocentric distances where switchback patches have been identified and will be analyzed,
providing a broad radial sampling of the young solar wind.

To complete this study with Solar Orbiter we need an accurate computation of protons and alpha moments Use our methods and newly derived ion moments to extend existing radial evolution studies of alpha abundance and differ-
ential streaming to Solar Orbiter observations.
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