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NASA’s Parker Solar Probe is currently making a series of close 

encounters with the Sun. Initial observations from the spacecraft have 

improved our understanding of both the Sun and its environment. See 

p.223, p.228, p.232 & p.237 

 
Although the Sun is quite near to us compared to other stars, it has always kept intriguing and 

fundamental scientific secrets from us. For instance, we still don’t know how the solar corona – the 

Sun’s outermost atmosphere – maintains temperatures in excess of one million kelvin, whereas the 

visible surface has temperatures of just less than 6,000 K (ref. 1). The corona produces the solar 

wind, an outflow of plasma particles (free ions and electrons) that expands into the space between 

the planets. In 2018, NASA launched the Parker Solar Probe2 (PSP) with the aim of identifying the 

mechanisms behind the heating of the corona and the acceleration of the solar wind. Four papers in 

Nature3–6 report the first results from PSP. 

The measurements from the PSP were taken when the spacecraft was as close as 24 million 

kilometres to the Sun (for comparison, the average distance between Mercury and the Sun is about 

58 million kilometres). They show that the solar wind near the Sun is much more structured and 

dynamic than it is at Earth (Fig. 1). Bale et al.3 present measurements of the direction and strength 

of the Sun’s magnetic field, which is dragged out into space by the solar wind. The authors find 

rapid reversals in the direction of the field that last for only minutes. Although some similar 

magnetic structures have been seen before7, the large amplitude and the high occurrence rate of 

these reversals are surprising. In fact, the nature of these structures remains unknown. 

 Bale and colleagues also report that the PSP’s sensors detected fluctuations in the local 

electric and magnetic fields in the solar wind that are larger than those detected near Earth. These 

fluctuations can be generated by turbulence in the solar wind or by plasma instabilities that are 

driven by ions or electrons. The presence of such fluctuations suggests that plasma instabilities have 

a much larger effect on the dynamics and energetics of the solar wind than previously expected. 

Kasper et al.4 present observations of the plasma ions and electrons. They find that the 

reversals in the Sun’s magnetic field are often associated with localized enhancements in the radial 

component of the plasma velocity (the velocity in the direction away from the Sun’s centre). The 

authors use the extremely clear signal of the strahl — a collimated and fast beam of electrons that 

stream along the magnetic field — to study the field’s geometry and configuration. This method 
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leads Kasper and colleagues to interpret the magnetic-field reversals as travelling S-shaped bends in 

the field lines coming from the Sun. 

These authors also report a surprisingly large azimuthal component of the plasma velocity 

(the velocity perpendicular to the radial direction). This component results from the force with 

which the Sun’s rotation slingshots plasma out of the corona when it is released from the coronal 

magnetic field — much like a spinning hammer-thrower slingshots the hammer when releasing it 

from their hands. However, the reason for the large observed value of the azimuthal velocity is 

currently uncertain. 

McComas et al.5 study detections of energetic ions and electrons, some of which are 

observed more often in the region just outside the corona than they are near Earth. These particles 

are accelerated by flares (eruptions of radiation) in the corona or by shock waves associated with 

coronal mass ejections (eruptions of plasma), which travel through interplanetary space. The 

authors identify particles corresponding to both types of source region. 

Because energetic particles travel along the Sun’s magnetic field, the difference in the time 

at which fast and slow particles arrive at the PSP can be used to estimate the path length of their 

trajectory along the field. McComas and colleagues find that this path length is longer than 

expected, which suggests that the magnetic field has a more complicated geometry than assumed. 

This finding could be accounted for by the S-shaped magnetic-field reversals. 

The imaging instrument on board the PSP makes remote observations of light scattered by 

electrons and dust near the Sun. Howard et al.6 report that the intensity of the dust-scattered light 

decreases with distance from the Sun in almost the same way as it does as observed from Earth. 

However, the authors find some preliminary evidence for the existence of a hypothesized dust-free 

zone8 near the Sun that has not been detected before. The detailed images from the PSP also show 

spatial variations in the solar wind that are consistent with variations in the Sun’s magnetic field on 

its surface, and reveal small blobs of plasma that are ejected from the Sun and form part of the 

young solar wind. 

These four papers show that, by going into an unexplored region of the Solar System, the 

PSP has already made great discoveries. In the near future, it will be important to combine all the 

available sources of information to develop a deeper understanding of the physics of the Sun and 

the solar wind. For instance, researchers should combine the measurements of the electric and 

magnetic fields with detailed observations of the plasma particles to determine how fields and 

plasmas interact and drive instabilities9. They must also study the large azimuthal flow velocity 

further to confirm whether it is a persistent feature or just a one-time exception during these initial 

PSP measurements. 

The use of magnetic-field models will enable scientists to learn more about the path of 

energetic particles between the Sun and the PSP, and in turn about space weather — the effects of 

the Sun and the solar wind on Earth and human technology. These energetic-particle studies must 

also be linked with remote observations of the Sun’s surface and the corona. Examining the 

potential presence of the dust-free zone near the Sun must be another short-term goal, but might 

have to wait for closer approaches of the PSP to the Sun in the future. 

It is expected that PSP data will guide our understanding of the Sun and the solar wind for 

many years. New models and theories will be motivated by the spacecraft’s discoveries, and this 

knowledge will be transferable to other stars and astrophysical plasmas throughout the Universe. 

After all, the Sun is the only star that we can study up close using spacecraft. The orbit of the PSP 

will bring the spacecraft even closer to the Sun in the coming years, to just over 6 million 

kilometres from the surface2. During this time, the Sun will transition into a more active phase of its 

11-year cycle, so we can expect even more-exciting results soon. 

In 2020, the European Space Agency will launch the Solar Orbiter mission10. Although this 

spacecraft will not go quite as close to the Sun as will the PSP, its more extensive suite of scientific 



instruments will be used in combination with the PSP to reveal key information about the Sun. For 

example, Solar Orbiter will measure the elemental composition and charge states of ions and will 

take photographs of the Sun in different wavelengths of light. These joint measurements will 

certainly close some of the remaining gaps in our knowledge of the Sun and the solar wind. For 

now, however, the Sun has proven again that it still holds more secrets for us to discover. 

 

Daniel Verscharen is at the Mullard Space Science Laboratory, University College 
London, Dorking RH5 6NT, UK. 
e-mail: d.verscharen@ucl.ac.uk 
 

1. Aschwanden, M. Physics of the Solar Corona: An Introduction with Problems and 
Solutions (Springer, 2005). 
2. Fox, N. J. et al. Space Sci. Rev. 204, 7-48 (2016). 
3. Bale, S. D. et al. Nature 576, 237-242 (2019). 
4. Kasper, J. C. et al. Nature 576, 228-231 (2019). 
5. McComas, D. J. et al. Nature 576, 223-227 (2019). 
6. Howard, R. A. et al. Nature 576, 232-236 (2019). 
7. Horbury, T. S. et al. Mon. Not. R. Astron. Soc. 478, 1980-1986 (2018). 
8. Lamy, P. L. Astron. Astrophys. 33, 191-194 (1974). 
9. Marsch, E. Living Rev. Solar Phys. 3, 1 (2006). 
10. Müller, D., Marsden, R. G., St. Cyr, O. C. & Gilbert, H. R. Solar Phys. 285, 25–70 
(2013). 
 
This article was published online on 4 December 2019. 
 

 
Figure 1 | The near-Sun environment. The Sun’s outermost atmosphere generates an outflow of 

plasma particles (ions and electrons) called the solar wind. ‘Strahl’ electrons and energetic particles 

in the wind stream along the Sun’s magnetic-field lines. Four papers3–6 report observations from the 

Parker Solar Probe (PSP), which is currently in orbit around the Sun. The PSP data suggest that the 

field lines contain S-shaped bends and that the Sun releases blobs of plasma that form part of the 

young solar wind. The ultraviolet-light image of the Sun was taken by NASA’s Solar Dynamics 

Observatory on the day that the PSP made its first close encounter with the Sun. Credit: NASA / 

SDO / AIA, EVE, and HMI science teams. 
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