The temporal and spatial scales of density structures released in the slow solar wind during solar activity maximum
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In a recent study, we took advantage of a highly tilted coronal neutral sheet to show that density structures, extending radially over several solar radii (Rs), are released in the forming slow solar wind approximately 4-5 Rs above the solar surface (Sanchez-Diaz et al. 2017). We related the signatures of this formation process to intermittent magnetic reconnection occurring continuously above helmet streamers. We now exploit the heliospheric imagery from the Solar Terrestrial Relation Observatory (STEREO) to map the spatial and temporal distribution of the ejected structures. We demonstrate that streamers experience quasi-periodic bursts of activity with the simultaneous outpouring of small transients over a large range of latitudes in the corona. This cyclic activity leads to the emergence of well-defined and broad structures. Derivation of the trajectories and kinematic properties of the individual small transients that make up these large-scale structures confirms their association with the forming Slow Solar Wind (SSW). We find that these transients are released, on average, every 19.5 hours, simultaneously at all latitudes with a typical radial size of 12 Rs. Their spatial distribution, release rate and three-dimensional extent are used to estimate the contribution of this cyclic activity to the mass flux carried outward by the SSW. Our results suggest that, in interplanetary space, the global structure of the heliospheric current sheet is dominated by a succession of blobs and associated flux ropes. We demonstrated this with an example event using STEREO-A in-situ measurements.  2013 June 3, 2013 May 28 to June 06, 2013 July 08-10
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Measurements of solar wind speed in the solar corona, where it is primarily accelerated, have proven elusive.

One of the more successful attempts has been the tracking of outward-moving density inhomogeneities in whitelight

coronagraph images. These inhomogeneities, or “blobs,” have been treated as passive tracers of the ambient

solar wind. Here we report on the extension of these observations to lower altitudes using the STEREO COR1

coronagraph, and discuss the implications of these measurements for theories about the origin of these features.
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 The origin of the slow solar wind is still a topic of much debate. The continual emergence of small transient structures from helmet streamers is thought to constitute one of the main sources of the slow wind. Determining the height at which these transients are released is an important factor in determining the conditions under which the slow solar wind forms. To this end, we have carried out a multipoint analysis of small transient structures released from a north-south tilted helmet streamer into the slow solar wind over a broad range of position angles during Carrington Rotation 2137. Combining the remote-sensing observations taken by the Solar-TErrestrial RElations Observatory (STEREO) mission with coronagraphic observations from the Solar and Heliospheric Observatory (SoHO) spacecraft, we show that the release of such small transient structures (often called blobs), which subsequently move away from the Sun, is associated with the concomitant formation of transient structures collapsing back towards the Sun; the latter have been referred to by previous authors as raining inflows. This is the first direct association between outflowing blobs and raining inflows, which locates the formation of blobs above the helmet streamers and gives strong support that the blobs are released by magnetic reconnection.     2013 May 28 to June 06
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We performed a detailed analysis of 27 slow coronal mass ejections (CMEs) whose heights were measured in at least 30 coronagraphic images and were characterized by a high quality index (≥4). Our primary aim was to study the radial evolution of these CMEs and their properties in the range 2 – 30 solar radii. The instantaneous speeds of CMEs were calculated by using successive height – time data pairs. The obtained speed – distance profiles [v(R)] are fitted by a power law v = a(R −b)c. The power-law indices are found to be in the ranges a = 30 – 386, b = 1.95 – 3.92, and c = 0.03 – 0.79. The power-law exponent c is found to be larger for slower and narrower CMEs. With the exception of two events that had approximately constant velocity, all events were accelerating. The majority of accelerating events shows a v(R) profile very similar to the solar-wind profile deduced by Sheeley et al. (Astrophys. J. 484, 472, 1997). This indicates that the dynamics of most slow CMEs are dominated by the solar wind drag.
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The acceleration of the low-latitude solar wind, which comes from regions of the corona above large, closed magnetic loops, is a theoretical challenge. Until recently we have lacked direct measurements close to the Sun with which to constrain the theory. When a series of high-resolution coronagraph images is viewed in the form of a movie the continuous outflow of matter from the Sun is very obvious. We report here the results of a correlation analysis of the LASCO coronagraph images from the SOHO spacecraft which we have used to estimate the low-latitude solar wind speed from 3–27 R_. Acceleration occurs to the outer parts of this radial range, by which time the solar wind has approached its measured speed at 1AU, implying little acceleration beyond _30 R_. A very significant result is the detection of a component flowing out at speeds up to _1500 km s−1, which is energetically very important and possibly dominant.
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Time-lapse sequences of white-light images, obtained during sunspot minimum conditions in 1996 by

the Large Angle Spectrometric Coronagraph on the Solar and Heliospheric Observatory, give the impression

of a continuous outÑow of material in the streamer belt, as if we were observing Thomson scattering

from inhomogeneities in the solar wind. Pursuing this idea, we have tracked the birth and outÑow

of 50-100 of the most prominent moving coronal features and Ðnd that :

1. They originate about 3È4 from Sun center as radially elongated structures above the cusps of R_

helmet streamers. Their initial sizes are about 1 in the radial direction and 0.1 in the transverse R_ R_

direction.

2. They move radially outward, maintaining constant angular spans and increasing their lengths in

rough accord with their speeds, which typically double from 150 km s~1 near 5 to 300 km s~1 near R_

25 R_.

3. Their individual speed proÐles v(r) cluster around a nearly parabolic path characterized by a constant

acceleration of about 4 m s~2 through most of the 30 Ðeld of view. This proÐle is consistent R_

with an isothermal solar wind expansion at a temperature of about 1.1 MK and a sonic point near 5 R_.

Based on their relatively small initial sizes, low intensities, radial motions, slow but increasing speeds,

and location in the streamer belt, we conclude that these moving features are passively tracing the

outÑow of the slow solar wind.
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We present in this Letter the first coordinated radio occultation measurements and ultraviolet observations of the inner corona below 5.5Rs, obtained during the Galileo solar conjunction in 1997 January, to establish the origin of the slow solar wind. Limits on the flow speed are derived from the Doppler dimming of the resonantly scattered component of the oxygen 1032 and 1037.6 Å lines as measured with the ultraviolet coronagraph spectrometer (UVCS) on the Solar and Heliospheric Observatory (SOHO). White light images of the corona from the large-angle spectroscopic coronagraph (LASCO) on SOHO taken simultaneously are used to place the Doppler radio scintillation and ultraviolet measurements in the context of coronal structures. These combined observations provide the first direct confirmation of the view recently proposed by Woo & Martin that the slow solar wind is associated with the axes, also known as stalks, of streamers. Furthermore, the ultraviolet observations also show how the fast solar wind is ubiquitous in the inner corona and that a velocity shear between the fast and slow solar wind develops along the streamer stalks.
Solar Wind Acceleration in the Solar Corona
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The ratio of O VI 1037/1032 lines observed with the
Ultraviolet Coronagraph Spectrometer (UVCS) on-
board SOHO can be used as a diagnostics to deter.
ine the solar wind outflow velocity in the extended
corona. A study of the O VI ratio measured in the so-
lar corona between 1.5 and 3.5 R, performed on the
basis of observations obtained during the period Au-
gust 19~ September 1. 1096, shows that solar wind ac-
celeration is much more rapid at the poles than in the
mid-latitude and equatorial regions. At the poles the
level corresponding to a velocity of about 100 km s~
(line ratio 0.3) is reached at approximately 2.0 R
At lower latitudes the 100 km 5" level is approxi-
mately tracing the separation between polar coronal
holes, where the high-speed solar wind is expected
t0 originate and flow, and the streamer belt. The
100 km s~ level is running along the streamer bor-
ders: the acceleration of the solar wind is also high
in regions between streamers. In the central part of
streamers, the outflow velocity of the coronal plasma
remains below 100 km s~ at least within 3.8 R,
The regions at the North and South poles, character-
ized by a more rapid acceleration of the Solar wind,
also correspond to regions where the UVCS observes
enhanced O VI line broadenings, that is, an increase
in the width of the line-of-sight velocity distribution.
which is probably related to the mechanism of the so
lar wind acceleration. :
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FIRST RESULTS FROM SOHO
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The Ultraviolet Coronagraph Spectrometer (UVCS) on board SOHO performs

ultraviolet spectroscopy combined with plasma diagnostic analysis techniques to

obtain a detailed empirical description of the extended solar corona beyond 1:5 R_

where the primary solar wind acceleration takes place (Kohl et al., 1995). UVCS

has obtained the first ultraviolet images of the extended solar corona above two

solar radii from the center of the Sun. Antonucci et al. (1997), applying the Doppler

dimming technique (Beckers and Chipman, 1974) to UVCS measurements of the

O VI line pair at 1032/1037 Å, found evidence for solar wind acceleration in open

field line regions both at the pole and just outside equatorial streamers, with velocities

reaching 100 km s−1 at about 2 R_ in polar regions and within 2:2 − 2:6 R_

outside streamers. The RMS velocities derived from the line-of-sight velocity distribution

provide a clear signature for open field line regions. O VI 1032 Å line

profiles in coronal holes, and in general in closed field regions with open magnetic

field lines, are much broader than in closed field line regions. Line-of-sight velocities

in polar regions were found to be within 100–230 km s−1 between 1.5 and

2:6 R_, and within 100–140 km s−1 between 1.6 and 3:1 R_ outside the border

of a streamer (Antonucci et al., 1997). Closed field line regions inside streamers

have much reduced velocities (< 70 km s−1). These RMS velocities include

both thermal and non-thermal motions along the line-of-sight. These results there-
fore indicate that open magnetic field lines are the site of enhanced non-thermal

and/or thermal motions. The enhanced motions might be related to the presence of

Alfvén waves, detectable as non-thermal motions and/or their dissipation resulting

in thermal motions of the ions.
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The SOHOUltraviolet Coronagraph Spectrometer (UVCS/SOHO)is being used to observe

the extended solar corona from 1.25 to 10 R_ from Sun center. Initial observations of polar coronal

holes and equatorial streamers are described. The observations include measurements of spectral line

profiles for HI L_ and L_, OVI 1032 A° and 1037 A° , MgX 625 A° , FeXII 1242 A° and several others.

Intensities for Mg X 610 A° , Si XII 499 A° , and 520 A° , SX 1196 A° , and 22 others have been observed.

Preliminary results for derived H0, O5+, Mg9+, andFe11+ velocity distributions and initial indications

of outflow velocities for O5+ are described. In streamers, the H0 velocity distribution along the line of

sight (specified by the value at e_1, along the line of sight) decreases from a maximum value of about

180 km s_1 at 2 R_ to about 140 km s_1 at 8 R_. The value for O5+ increases with height reaching

a value of 150 km s_1 at 4.7 R_. In polar coronal holes, the O5+ velocity at e_1 is about equal to

that of H0 at 1.7 R_ and significantly larger at 2.1 R_. TheO5+ in both streamers and coronal holes

were found to have anisotropic velocity distributions with the smaller values in the radial direction.
