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            Abstract
The prediction of a supersonic solar wind1 was first confirmed by spacecraft near Earth2,3 and later by spacecraft at heliocentric distances as small as 62 solar radii4. These missions showed that plasma accelerates as it emerges from the corona, aided by unidentified processes that transport energy outwards from the Sun before depositing it in the wind. Alfvénic fluctuations are a promising candidate for such a process because they are seen in the corona and solar wind and contain considerable energy5,6,7. Magnetic tension forces the corona to co-rotate with the Sun, but any residual rotation far from the Sun reported until now has been much smaller than the amplitude of waves and deflections from interacting wind streams8. Here we report observations of solar-wind plasma at heliocentric distances of about 35 solar radii9,10,11, well within the distance at which stream interactions become important. We find that Alfvén waves organize into structured velocity spikes with duration of up to minutes, which are associated with propagating S-like bends in the magnetic-field lines. We detect an increasing rotational component to the flow velocity of the solar wind around the Sun, peaking at 35 to 50 kilometres per second—considerably above the amplitude of the waves. These flows exceed classical velocity predictions of a few kilometres per second, challenging models of circulation in the corona and calling into question our understanding of how stars lose angular momentum and spin down as they age12,13,14.
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                    Fig. 1: Overview of the first encounter of PSP with the Sun.


Fig. 2: Solar-wind fluctuations near the closest approach.


Fig. 3: A closer look at a velocity spike.


Fig. 4: Large circulation of solar wind observed near the Sun.
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Extended data figures and tables

Extended Data Fig. 1 Overview of the second PSP encounter with the Sun.
The figure is in the same format as Fig. 1. Spikes in the velocity are again seen to be coincident with the magnetic-field reversals, but the jump in the speed is smaller, probably because the Alfvén speed was lower in E2 than E1. The density at perihelion is substantially lower.


Extended Data Fig. 2 Schematic of an S-shaped magnetic structure creating a field reversal, heat-flux reversal and a spike in velocity.
This figure illustrates the possible geometry of an S-shaped propagating Alfvénic disturbance (grey box) and how it would appear to the spacecraft (black square) as it flew through the spike on the green trajectory. The pink lines with arrows indicate the configuration of the magnetic field, with all field lines ultimately pointing back to the Sun. Arrows at each black square indicate the vector velocity (blue), electron strahl (orange) and magnetic field (red) seen by the spacecraft. If this was a purely Alfvénic structure, then the spike would move away from the Sun in an antiparallel direction to B at the local Alfvén speed, CA. In the frame of the spike, the shape of the structure would be static, with plasma flowing in along field lines on the upper left and through the spike and emerging at the lower right, always flowing at CA. In the frame of the spacecraft, the constant flow along field lines in the propagating spike frame would translate into a radial increase of V by CA when B is perpendicular to the R direction, and a maximum jump of 2CA when B is completely inverted. Because the heat flux flows away from the Sun along magnetic field lines, it would rotate so as to always be antiparallel to B and appear locally to be flowing back to the Sun at the centre of this disturbance.
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