Parker Solar Probe analysis across the Alfvénic transition:
velocity shear, magnetic deflection, and switchback formation
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Close to the Sun, NASA’s Parker Solar Probe (PSP) traverses the sub-Alfvénic solar wind, a
magnetically controlled plasma (ionized gas) environment. Farther from the Sun, the magnetic field
amplitude and plasma density weaken enough to establish a super-Alfvénic environment where
kinetic energy and turbulence become more prominent. Switchbacks (i.e. large directional deviations
in the magnetic field from its mean) are shown to occur almost exclusively in the super-Alfvénic
regime. In this study, we analyse magnetic fluctuations from PSP encounters 8 through 19 to study
their relationship to Alfvén Mach number (M,) and switchback parameter (2). We find that the
fluctuation of the magnetic field magnitude normalized to the mean magnetic field and of the radial
velocity normalized to local Alfvén speed increase with both Alfvén Mach number and switchback
parameter. However, there is distinct saturation in the increments of the normalized radial velocity
fluctuations in the Alfvén Mach number range of ~4-6. Results are interpreted in terms of the
Chandrasekhar criterion for Kelvin-Helmholtz activity. Overall, these findings are in agreement with
earlier studies suggesting switchback generation through non-linear shear flow dynamics.
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Figure 3. (Bottom)Magnetic switchback parameter (Z) shown as a func-
tion of Alfvén Mach number (M4 ). (Top) The cumulative fractional num-
ber of switchbacks below a given threshold on Alfvén Mach number
(Fsp).The preponderance of switchbacks are in the super-Alfvénic region.
For a similar analysis, see D. Payne et al. (2026).



