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Abstract High-speed jet responses in the polar solar wind are enigmatic. Here we measure a jet response
that emanates from the southern polar coronal hole on 17 June 2011 at the extreme speed of over 1200 km/s.
This response was recorded from the Sun-Earth line in Solar Dynamics Observatory/Atmospheric Imaging
Assembly (SDO/AIA) and Large Angle and Spectrometric Coronagraph/C2 and both Solar TErrestrial RElations
Observatory Extreme Ultraviolet Imager and COR2 coronagraphs when the three spacecraft were situated ~90°
from one another. These certify the coronal 3-D location of the response that is associated with an existing solar
plume structure and show its high speed to distances of over 14 RS. This jetting is associated with magnetic flux
changes in the polar region as measured by the SDO/Helioseismic andMagnetic Imager instrumentation over a
period of several hours. The fastest coronal response observed can be tracked to a time near the period of
greatest flux changes and to the onset of the brightest flaring in AIA. This high-speed response can be tracked
directly as a small patch of outward moving brightness in coronal images as in Yu et al. (2014) where three
slower events were followed from the perspective of Earth. This accumulated jet response has the largest mass
and energy we have yet seen in 3-D reconstructions from Solar Mass Ejection Imager observations, and its
outward motion is certified for the first time using interplanetary scintillation observations. This jet response is
surrounded by similar high-speed patches, but these are smoothed out in Ulysses polar measurements, we
speculate about how these dynamic activities relate to solar wind acceleration.

1. Introduction

Solar wind observations of Ulysses [McComas et al., 1998a] show the polar regions to be uniform and
nonstructured during solar minimum [Phillips et al., 1994, 1995; McComas et al., 1998b, 2008]. This changes
near solar maximum, however, to include a complicated mixture of solar wind flows from various sources
[McComas et al., 2002]. In both cases, close to the solar surface, polar coronal regions contain rapidly varying
chromospheric and coronal structures, such as spicules, macrospicules, and jets, as does the rest of the Sun
[e.g., Shibata, 1982; Canfield et al., 1996; Shimojo et al., 1996; Wang et al., 1998; Shimojo and Shibata, 2000;
Cirtain et al., 2007; Raouafi et al., 2008; Nisticò et al., 2009; Liu et al., 2011; Tian et al., 2011; Yu et al., 2014].
Using Hinode X-ray Telescope (XRT) observations [Golub et al., 2007; Kosugi et al., 2007], Cirtain et al. [2007]
find two speeds for jet outflow components: one is slow, near the sound speed, and the faster speed is com-
parable to the low-corona Alfvén velocity. These two components are also mapped in Coronal Multichannel
Polarimeter (CoMP) [Tomczyk et al., 2008] polar coronal hole and closed-field observations near the solar sur-
face [Jiang et al., 2007; Tomczyk and McIntosh, 2009; Threlfall et al., 2013; Liu et al., 2014]. These high speeds are
generally not associated with a jetting response.

The relationship between EUV jets observed by the Solar TErrestrial RElations Observatory (STEREO) Sun-Earth
Connection Coronal and Heliospheric Investigation (SECCHI) Extreme Ultraviolet Imager (EUVI) [Howard et al.,
2008] andHinode polar X-ray jets has been studied by Raouafi et al. [2008]. They find that both types of jets have
similar characteristics. Additionally, they find that a haze of outward flowing plasma can follow them for up to
several hours. Wilhelm et al. [2011] review jet response observed by white light coronagraphs and associate
their outflowwith either the onsets or brightness enhancements of polar plumes.Wang et al. [1998] determine
that plume enhancements in white light associated with EUV flaring bright-point jets within coronal holes can
have speeds greater than 1000 km/s, as measured by the Large Angle Spectrometric COronagraph (LASCO) C2
coronagraph [Brueckner et al., 1995] on board the Solar and Heliospheric Observatory (SOHO). This indicates
that a flow of associated plasma material continues after the jet initiation and appearance of the bright point.
Jackson et al. [2014] also report that the bulk outward solar wind motion over the polar regions can vary by as
much as an order of magnitude, with the variation correlated to brightness.
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Observation of flaring X-ray bright points seen over the entire solar disk has a longer history [e.g., Vaiana et al.,
1970; Krieger et al., 1971], and X-ray jetting outflow is often associated with these bright points. When near the
solar polar regions, these usually are isolated temporally and spatially from other features. In any case this
outflow is usually attributed to magnetic reconnection between an existing ambient coronal magnetic field
and emergence of new bipolar fields at that location [e.g., Shibata et al., 1992; Canfield et al., 1996; Raouafi
et al., 2008; and also see the review by Schmieder et al., 2014]. Isobe et al. [2005] also found that given themag-
netic Rayleigh-Taylor instability, the resultant thin current sheets in the emerging magnetic fields may lead to
spatially intermittent reconnection. From XRT images, Savcheva et al. [2007] report 60 or more large jets per
day, and that these eject considerable mass into the corona. Recently, upon tracing high-speed polar jets
over a large spatial scale outward into the heliosphere from the perspective of Earth, Yu et al. [2014] show
that all solar jets combined contribute totals of ~3.2% of the solar wind mass and ~1.6% of its energy.
However, these densities and energies of the largest jets are generally 10 times larger than estimates for jets
observed in X-rays near the solar surface [Shibata et al., 1992; Shimojo and Shibata, 2000; Corti et al., 2007;
Glesener et al., 2012]. Prior to the Yu et al. [2014] analyses, the plasma measurements from jetting had not
previously incorporated observations in the interplanetary medium.

The present article continues this line of investigation but from the perspective views of three spacecraft situ-
ated ~90° from one another. Here we trace the response of a high-speed solar jet on 17 June 2011, the fastest
and largest we have observed to date, from above the south pole into the inner heliosphere and reconstruct
its three-dimensional (3-D) structure for the first time using interplanetary scintillation (IPS) and Solar Mass
Ejection Imager (SMEI) observations. Because we can view the jetting response and place it precisely in a
3-D context, we now know its exact speed and track into the heliosphere. Traced back to near the solar sur-
face, this allows further investigation of its relationship to the evolution of oppositely directed polar magnetic
field and changing EUVI and Atmospheric Imaging Assembly (AIA) brightness near the Sun. We also discuss
the presence of this very energetic response in the background solar wind and its relationship to other fast
structures observed near its polar location. Section 2 presents the data and describes the analysis that traces
this jet into the heliosphere. Section 3 presents the two-dimensional (2-D) correlation speed maps showing
this jet’s response and its relationship to the background solar wind. Section 4 discusses a possible mechan-
ism of this jetting activity and its continuing presence at large solar distances. We summarize in section 5.

2. The Large Jet on 17 June 2011

The Hinode Observing Proposal (HOP-187) collected data from spacecraft and ground-based instruments
to study polar jets and to trace their response into the heliosphere [Jackson et al., 2011b]. These observa-
tions utilize all of the spacecraft and ground-based information available during the HOP-187 periods on
17 June and 22 August 2011. XRT and the Atmospheric Imaging Assembly on board Solar Dynamics
Observatory (SDO/AIA) [Lemen et al., 2012] together observed the jet responses from the solar surface
to inner corona, SOHO/LASCO C2 [Brueckner et al., 1995] observed the outer corona with deep exposures
and much better temporal resolution, and STEREO/SECCHI COR2 [Howard et al., 2008] in turn provided
data from east and west of the Sun. Finally, data from the IPS system in Nagoya, Japan [Kojima and
Kakinuma, 1987; Tokumaru et al., 2011] and in Ooty, India [Manoharan, 2010] and from the SMEI [Eyles
et al., 2003; Jackson et al., 2004] enabled tracing the jets into the inner heliosphere. Combining all these
near-simultaneous observations, we have derived the 3-D configurations of the transient structures in the
solar polar regions.

One of the fastest jet responses we have found to date occurred in the southern polar region on 17 June 2011
andwas observed by AIA, LASCO C2, and STEREO COR2 coronagraphs. SDO/AIA was launched on 11 February
2010 to provide unprecedented views of the corona with fine temporal and spatial resolution in multiple
wavelengths, near simultaneously. The full-disk images have a cadence of 12 s and spatial resolution of
∼ 1.5 arc sec [see Lemen et al., 2012]. SOHO/LASCO and STEREO/COR2, launched in 1995 and 2006, respec-
tively, observe the outer corona with fields of view starting from ~2 RS. STEREO was designed to view the
3-D heliosphere using an unprecedented combination of imaging mounted on virtually identical spacecraft
flanking the Earth in its orbit [see Howard et al., 2008]. Figure 1a shows the observed jet response in AIA 304Å
at 2:55 UT. This activity lasted for about 90min (see Figure 10 in section 4 for a time series plot of AIA bright-
ness). Bright-point intensities in AIA at 304 Å began at 2:27 UT, reached a small first peak at 2:35 UT, and its
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maximum at 3:04 UT. The brightening process recurred several times and ended after 4:00 UT. Loop struc-
tures associated with the jetting appeared at 2:44 UT. Figures 1b and 1c show this response in C2 and
COR2-A coronagraphs. In C2 running-difference images (these images have an average base subtracted that
extends over about 6 h), the jet response shows as a bright enhancement propagating southwest along a
preexisting plume structure in the southern corona hole region at a fairly high speed. At a nearly simulta-
neous onset time, but 90° away from the Sun-Earth line, COR2-A observed this bright structure at greater
height propagating outward in the southeast direction at approximately the same speed.

This large jet response can easily be tracked directly in these C2 and COR2-A images. When tracing back at
constant speed, it has an onset on the solar surface at RS ≈1.0 within minutes of the brightest EUV jetting
in AIA. Figure 2 shows the outward track of the centroid of this jet response observed in coronagraph images.
The averaged radial extent of the outward moving structure is about 1.2 RS. These are determined by follow-
ing faint increased-brightness features that move consistently outward from one image to the next. The

Figure 1. The large jetting activity observed on 17 June 2011, by SDO/AIA and coronagraphs, shown here with coordinates
centered upon the Sun. (a) AIA at 304 Å. This clearly shows bright loop structures (white arrow) near the surface and
open structures extending to the outer corona. (b) C2 running difference image. (c) COR2-A smoothed background-
subtracted image. C2 and COR2-A images have a blue-colored band presenting speeds from a 2-D correlation using the
immediately following image [see Yu et al., 2014]. The blue image bar at the lower corner indicates the displayed range
of speeds. The white curly bracket marks the location of jet response. White concentric circles mark increments of 1 RS
from the Sun center.

Figure 2. (a) The 17 June plot of elongation versus time and (b) of RS solar distance with time of the centroid of the jet
response shown in Figure 1. The dashed line in Figure 2b is a least squares fit at the indicated speed. The circle marks
the onset (see first peak time of brightness in time series plot in Figure 10) of the jet response in AIA 304 Å. Triangles and
squares, respectively, mark observations from LASCO C2 and COR2-A. The radial extent of the outward moving structure is
indicated by vertical bars.
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determinations of the outward speed have errors of about 15%. When considering this structure in 3-D, we
correct its location in the plane of the sky (elongation versus time) to its out-of-the-sky-plane motion (height
versus time) using a triangulation method. The least squares fitted jet response true speed is greater than
1200 km/s and exhibits no apparent deceleration out to 14 RS.

Remotely sensed IPS and Thomson-scattering observations from SMEI have provided a primary source of data
to study the physics and global properties of heliospheric structures. These are relatively stable as streamer and
corotating interaction regions or are transient as coronal mass ejections (CMEs) and their interplanetary coun-
terparts (interplanetary coronal mass ejections). A 3-D time-dependent tomographic technique using these
remotely sensed data has been developed by Jackson et al. [2001, 2003, 2010, 2011a, and references therein]
to reconstruct a volumetric map of density and velocity nearly complete over the whole inner heliosphere with
a time cadence of half to 1 day. The tomographic technique employs multiple remotely sensed line-of-sight
data from a single observing location, i.e., Earth, and then iteratively fits a pure kinematic solar wind model
to these data to reconstruct the heliospheric structures as they propagate through the inner heliosphere to
Earth and beyond. Adding in situ measurements, when available, further enhances the remote sensing deter-
mination at Earth. This 3-D reconstruction process permits not only isolation of enhanced density structures
from the surrounding heliosphere but also determines their 3-D extent. These SMEI and IPS tomographic ana-
lyses also provide 2-D images of structures to quantitatively measure 3-D mass and energy of those features
that have been identified in the images. SMEI data have been processed to remove aurora, and high-energy
particle hits [Jackson et al., 2004, 2008; Hick et al., 2005, 2007; Mizuno et al., 2005] now at image resolutions of
1°. As in Yu et al. [2014] the resulting larger quantity and quality of data are used here for the high-resolution
tomographic measurements of volume, density, and energy of the jet response at different solar distances.

This tomography analysis follows the large response associated with AIA-observed jets, tracking them into
the SMEI field of view. Figure 3a is a 3-D structure, having a long-term 2week base removed, that has been
isolated from the rest nearby during this period. The jet response has a tube shape and a considerable radial
extent. In combination with Ooty IPS velocity observations, the tomographic analysis reconstructs this jet
response in a 3-D velocity volume. A 2-D meridional cut from the 3-D volume located at 85° west of the
Sun-Earth line (Figure 3b) shows this object at ~0.4 AUmoving outward at> 1000 km/s. The location and tim-
ing of the high-speed component observed in a combined SMEI and IPS 3-D reconstruction both agree well
with those extrapolated from C2 and COR2-A. Further analysis (as in Yu et al. [2014]) provides direct manip-
ulation of the volume, and of geometric objects imbedded within it, to separate selected volumetric material

Figure 3. Density and velocity plots. (a) Isolation of the jet-response density, from 3-D reconstruction of SMEI data, during
its outwardmotion. The jet is shown at a distance larger than 120 RS away from Sun center on 18 June 2011. An r�2 density
fall-off is removed from these volumes to present their values over solar distance with comparable volume and density
ranges. (b) An IPS meridional cut 3-D velocity presentation of the jet response at 16:00 UT on 17 June. The white arrow
points out this high-speed structure, observed at 85° west of the Sun-Earth line. More high-speed material propagates
ahead of this jet. The circle with cross marks the Earth, and the solid line shows Earth’s orbit projected on the plane of the
meridional cut.
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within a given 3-D contour interval and
determine its mass and energy. The result,
similar to those for CMEs [Jackson et al.,
2006, 2008] and jets [Yu et al., 2014], is
shown in Figure 4 where the jet response
is isolated by a 1AU normalized density con-
tour of 27Np/cm3 to separate it from con-
siderable background solar wind material.
Total mass of the isolated material within
this contour is 5 × 1014 g, and its outward
motion kinetic energy is 2.5 × 1030 erg.

3. Coronagraph
Speed Observations

Jackson and Hick [1996] and Jackson et al.
[1998] developed a 2-D cross-correlation-
analysis technique to measure coronal out-
flow, also called “optical flow” [see Horn
and Schunck, 1981], from consecutive coro-

nagraph images. This was subsequently modified to provide speeds of the coronal jetting response [Yu et al.,
2014] and solar wind acceleration [Jackson et al., 2014] using LASCO C2 and STEREO COR2-A data. It derives a
speed by selecting a coronagraph image correlation area strip of sky (first image) and then exploring over an
area of the following image (second image), limited by an outer boundary. After searching over the second
image, the chosen 2-D location of an earlier structurewithin the correlation box (the yellow square in Figure 5a)
is presumed to be the one having highest correlation with a small portion of the strip area in the first image.
The 2-D “plane of the sky” speed is the distance between the center of the first area and chosen second area
divided by the two-image time interval. By applying this process to each grid of distance and position angle
in the correlation area on the first coronagraph image, a “speed map” (Figure 5b) is constructed by assigning
the measured speed to the location in the first image.

Figure 4. The 3-D-reconstructed analysis of the 17 June jet response
observed at 04 UT the following day. The green area marks the
isolated volume propagating southwest with a speed higher than
1000 km/s. The determination of this volume element’s mass and
kinetic energy of outward motion is listed. The volume of this com-
ponent is ~0.001 AU3.

Figure 5. (a) LASCO C2 17 June 2011 background-subtracted image, with superposed blue-colored speed results at 4.4 RS
from the 2-D cross correlation with the next following image. Also shown is the size of the exploratory region (area here
bounded by the inner and outer curved lines and yellow radials) to be used in the following image, and the small yellow
square indicates the size of the correlation box (0.4 RS × 0.4 RS). (b) A speed map at different heights and position angles
derived by stepping the 0.2 RS correlation region outward. The constant-speed contours, starting from 400 km/s, refer to
400, 600, 800, 1000, and 1200 km/s. The speed response of this large jet is marked by the arrow and confirms that this
feature moves outward at over 1200 km/s. In each panel, the blue bar (lower right) indicates the displayed range of speeds.
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The coronagraph images used here are preprocessed by subtracting an average base that extends over
about 6 h, a time much longer than the C2 and COR2 image cadence. These images are also smoothed by
averaging over ~0.1 RS× 0.1 RS area. Experiments with several different grid sizes and correlation boxes for
the images, Jackson et al. [2014] found that a correlation box of ~0.4 RS×0.4 RS did not significantly alter
the results obtained. We also allowed different speed ranges, from 50 to 1200 km/s and from 50 to
2000 km/s, and minimum correlation requirements and found the locations of these high-speed patches
virtually stay the same.

Figure 6 shows speed maps obtained from 2-D correlations of this same 17 June 2011 high-speed response,
using data from LASCO C2 and STEREO COR2-A and COR2-B, which are ~90° apart from each other in ecliptic
longitude. All three speed maps show a jet response (white arrows in Figure 6) that propagates outward at
greater than 1200 km/s and is about 1.2 RS long and 3° wide. The COR2 speed maps also show irregular
patches of high and low speed coronal solar wind structures around the jet response, and this same general
solar wind character is seen in the C2 map. When Jackson et al. [2014] analyzed both C2 and COR2 corona-
graph image pairs having approximately the same start times in 2007, they found a surprising result that
polar coronal hole outflows consist of intermittent slow and fast patches of material. Measurements of the

mean speed as a function of height for these pat-
chy structures show an average outward accelera-
tion. This acceleration is similar to that obtained for
solar wind mass flux determinations of outflow in
large polar coronal hole regions [Munro and
Jackson, 1977; Kohl et al., 1998]. Jackson et al.
[2014] also found that there is a positive correla-
tion of speed of a coronal patch and its brightness
for either C2 or COR2-A in the northern polar
region. This conclusion of a high positive correla-
tion of patch speed and brightness holds true here
for C2 coronagraphs (Figure 7), and with lower
positive correlation for COR2-A and COR2-B during
this period. Thus, the present study for 17 June
2011 as in Yu et al. [2014] also substantiates the
idea that the high-speed regions are generally
associated with higher brightness patches in
the coronagraphs.

4. Discussion

We have here traced the large jet that occurred on
17 June 2011 in the southern corona hole region,
from the solar surface into the interplanetary

Figure 6. Three 2-D correlation speed maps showing the same jet response observed at ~90° longitude apart. All three
speed maps show highly variable solar wind structures with slow and fast patches of material.

Figure 7. Correlation of coronal-speed patches with their
brightnesses in C2 images. The correlation is calculated for
the southern polar region, within 3.0 to 5.2 RS in height, and
160° to 200° in position angle. The associated uncertainty in
speed is ~200 km/s.
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medium. This jet response can be tracked in both C2 and COR2 coronagraph images directly and exhibits a
fairly high speed. The C2 jet response was observed as a bright enhancement propagating southwest along a
preexisting plume structure. This bright enhancement was a short-lived patch of high-speed structure clearly
seen in LASCO C2 and STEREO COR2-A and COR2-B speed maps, where C2 and COR2 were ~90° apart from
each other in ecliptic longitude. Looking closer to the surface of the Sun (Figure 8), SDO/AIA and STEREO/EUVI
also show the solar jet and nearby approximately vertical flux tube structures [Tsuneta et al., 2008]. The jet
response moves away from the Sun nonradially relative to its solar surface location. In EUVI-B, only the
ejectedmaterial is visible. On the opposite side of the Sun, in EUVI-A images, both the bright point at the foot-
point region on the surface and the outward ejected material are observed, and together these form an Eiffel
Tower shape [Nisticò et al., 2009]. This event is also visible in AIA at 171 Å and 193 Å wavelengths (Figures 8d
and 8e). Loop structures and bright points are observed more clearly in AIA images at almost the same time
with higher temporal and spatial resolution in multiple wavelengths. The EUVI images confirm that the jet is
located and ejected toward the southwest, as seen from Earth, and in the earthward direction.

Figure 9 presents a sequence of AIA images which clearly show a temporal shift of bright points, loop loca-
tions, and jet positions. Such a location shift and changes of structure during the whole period of jetting activ-
ity suggest an evolution of the magnetic configuration. Magnetic reconfiguration can occur due to magnetic
reconnection at different locations on the solar surface [Shibata et al., 1992; Yokoyama and Shibata, 1996;
Shimojo et al., 1996; Moreno-Insertis et al., 2008; Shimojo and Tsuneta, 2009; Filippov et al., 2009; Pariat et al.,
2009]. A photospheric sheared flow-induced Kevin-Helmholtz instability [Karpen et al., 1993] may alter the
velocity field pattern, which would be reflected in the magnetic field. Magnetic field polarity inversions can

Figure 8. The jet response observed in EUVI-A, EUVI-B, and AIA images. (a) EUVI-B 304 Å, (b) EUVI-A 304 Å, (c) AIA 304 Å, (d)
AIA 171 Å, and (e) AIA 193 Å. These images clearly show the jet location and nearby vertically oriented flux tube structures.
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be driven by radial velocity field structures [Landi et al., 2006] or by eruption of macrospicule-size magnetic
loops [Yamauchi et al., 2004]. All these or perhaps even more complicated combinations have effects on the
magnetic reconfigurations. Similar to the results shown in Nisticò et al. [2009, 2010], the jet footpoints
typically appear as low-coronal bright points or loops, and these two features sometimes seem to coexist.
In this event, although the jet structure appears similar in the SECCHI-A and SECCHI-B images 180° from
one another, the AIA images show how these features can change in appearance with different wavebands,
as well as from a different perspective.

Solar coronal jetting activity is generally attributed to magnetic reconnection between an existing ambient
coronal magnetic field and emergence of new bipolar fields at that location [Shibata et al., 1992; Canfield
et al., 1996; Raouafi et al., 2008; and also see the review by Schmieder et al., 2014]. A recent observation also
suggests that the eruption of minifilaments can be the driver of X-ray jets in the polar coronal hole regions
[Sterling et al., 2015]. Tsuneta et al. [2008] describe flux tubes that are vertically oriented, like the ones shown
in Figure 8, that have a maximum solar surface average field strength of 1.5 kG. Calling these “kilogauss
patches,” they note that these all have the same sign as the polar magnetic field in any given polar region.
Shimojo and Tsuneta [2009] speculate that the extensions of these flux tubes into interplanetary space may
serve as a guiding field for jet response, coronal plume outflow, and fast solar wind. The Helioseismic and
Magnetic Imager (HMI) on board SDO [Scherrer et al., 2012] provides full-disk high-resolution magnetic field
data during this time. These line-of-sight magnetograms show apparent changes in negativemagnetic flux in
the southern coronal pole positive field at the same location as the EUV jet as denoted by the white box in

Figure 9. The jet response in a sequence of AIA 304 Å images. During this interval, the jet footpoint changes from bright
points to loops and the loops also change direction from northwest-southeast (02:31 UT) to east-west (02:44 UT). During
the whole jetting activity period, the jet shape also changes from one type to another, illustrating the dynamic change of
magnetic configuration throughout. The white cross provides a fixed reference point.
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Figure 10. Negative magnetic field flux started to emerge from the limb of the southern pole at ~1 UT and
faded away at ~4 UT. At the same time, the intensity in AIA 304Å started to increase significantly at 2:25
UT, close to the onset of bright points at the jetting activity footpoints. Note that the AIA brightness counts
reach the first peak at ~2:47 UT (green arrow) after the emerging flux begun to diminish. The magnetic field
measurement has a large uncertainty near the solar limb due to the slanting perspective. Even so, temporal
variations of magnetic flux and AIA brightness in Figure 10 qualitatively confirm a scenario in which the
magnetic field emergence is followed by a magnetic field cancelation that could be associated with a jet
ejection. [Heyvaerts et al., 1977; Shibata et al., 1992; Yokoyama and Shibata, 1995; Canfield et al., 1996; Jiang
et al., 2007; Moreno-Insertis et al., 2008; Raouafi et al., 2008; Yang et al., 2011; Huang et al., 2012; Schmieder
et al., 2013; Raouafi and Stenborg, 2014].

The jet response directly tracked by eye in coronagraph images has an onset time close to the beginning of
the bright point activity in EUV image. The jet was tracked as a bright enhancement propagating at speeds of
over 1200 km/s which has a direct correspondence in the speedmaps obtained from 2-D correlation analyses
between successive images. The speed maps also show that the high-speed regions are those of brighter
patches and thus of higher density. We thus feel these results that show small bright enhancements in C2,
COR2-A, and COR2-B observations 90° in longitude apart have the most likely explanation not as wave phe-
nomena but of actual material flow in the corona. Isolation of this accumulated jet response in SMEI 3-D
reconstruction analysis contains the most mass and has the fastest speeds we have analyzed so far. Yu
et al. [2014] study the September 2007 solar jet responses in Hinode X-ray images as well as LASCO and
STEREO coronagraphs. By assuming the amount of mass in a jet response is related to the jet fall-off in bright-
ness with number, they found that solar jets provide only ~3.2% of the total solar wind mass. As in this earlier
result, the estimated mass of the present jet is about 10 times larger than the on the solar surface values of
the largest jets in previous work [Shibata et al., 1992; Shimojo and Shibata, 2000; Corti et al., 2007; Glesener
et al., 2012]. However, we can see from Figure 10 that the duration of increase in AIA total intensity of this
continuously jetting activity is about 90min (red curve), which intensifies significantly only after themagnetic
flux has begun to diminish. Within this 90min period, there are successive amounts of outflowing material
viewed in the AIA images, and in the coronagraphs, of which only the largest of these enhancements has

Figure 10. (top row) A sequence of SDO/HMI line-of-sight magnetograms shows apparent changes in opposite polarity
flux (negative field) into the southern coronal pole field at the same location as the EUV jet. (bottom) The temporal
evolution of the component of magnetic field along the line of sight (with |B|los> 20 G) and AIA 304 Å brightness counts at
the jetting activity area (within the white box). The green arrow marks the time that AIA brightness counts reach to their
first peak after the emerging flux began to diminish.
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been carefully documented (in Figures 1, 2, 5, and 6). This is consistent withWang et al. [1998] showing that a
sustained associated high-speed plasma material flow follows the jet initiation and bright point occurrence.
This also agrees with Raouafi et al. [2008] who describe a haze that follows jets for durations of minutes up to
several hours indicating plasma outward flow over the interval. At larger distances from the Sun, Neugebauer
[2012] suggests that large polar X-ray jets can initiate or enhance plumes that result in the Ulysses-observed
microstream peaks in the solar wind. Thus, we think that the density enhancements in the lower corona (as
shown in AIA EUV and coronagraphs) appear to be segmented tracers of a more sustained flow of material
which forms what we see in the SMEI heliospheric analyses, as a large elongated density enhancement. In
other words, the high-speed dense structure isolated in the SMEI and IPS 3-D reconstructions is most likely
a result of the accumulation of the coronal jet responses in the heliosphere over the time of the
flux emergence/cancelation.

Because the corona above the polar region is filled with many of these features, observed as segmented
high-speed regions associated at the same locations with brighter plasma patches [Jackson et al., 2014],
we do not feel that this coronal structure is limited to jetting regions as a one-to-one response to the jetting
brightness. The jetting makes these features visible in a dramatic way, but the ubiquitious polar presence of
these segmented high-speed coronal patches indicates a more general feature of the solar wind which con-
sists of regions of segmented high-speed plasma flow superimposed upon an otherwise slower background.
This high-speed flow, as Tsuneta et al. [2008] speculate, is almost certainly associated more with the strong
magnetic field regions (kilogauss patches) present over the whole polar region on the solar surface than
the jetting itself.

Still to be determined is how energy is imparted to these high-speed patches of coronal material, as well as
details of how they finally dissipate into the solar wind at large distances from the Sun. If the jet brightness
does not indicate the amount of energy imparted to the coronal high-speed patches, over the polar region,
then another source of energy beyond jetting must be found for these ubiquitious coronal features. Here the
polar observations from CoMP [Tomczyk et al., 2007; Tomczyk and McIntosh, 2009; Threlfall et al., 2013; Liu
et al., 2014] come to mind that show apparent high-speed enhancements which they assume are associated
with an Alfvén flux in polar coronal regions. How this high-speed magnetic change imparts energy to pro-
duce the localized high-speed flow in patches seen in the corona must still be worked out, but some of the
more popular processes include Alfvén flux heating [Hollweg, 1981, 1982, 1992; Hollweg et al., 1982; Tomczyk
et al., 2007; Tomczyk and McIntosh, 2009; McIntosh and De Pontieu, 2012; De Moortel et al., 2014] and/or
the production of shocks that drive outward small coronal regions [e.g., Lee and Wu, 2000]. Once these
high-speed coronal patches are formed they must dissipate over solar distances after imparting their
energy to the solar wind. This must happen before 1 AU so that the solar wind observed in coronal hole
regions, and especially in Ulysses observations of polar regions during its times of solar minimum pas-
sage [Phillips et al., 1995; McComas et al., 2000, 2008], become the more uniform and less dynamic speed
structure observed.

5. Summary

We have tracked a large jet response, which took place on 17 June 2011, in the SDO/AIA observations,
through the sky covered by LASCO C2 and STEREO COR2-A and COR2-B coronagraphs, and into the IPS
and SMEI fields of view. The coronagraph response directly measured by C2 and COR2-A, when traced back
with constant speed to the solar surface, shows a close association to the AIA-observed EUV jet peak
brightness onset time. In the speedmaps obtained from 2-D correlations, the polar solar wind, especially near
the solar surface, shows an extremely dynamic character. Both fast and slow solar wind structures in close
proximity can be seen in near-simultaneous images from C2 and in both COR2-A and COR2-B. This same
high-speed slightly enhanced material observed 90° in longitude from each other indicates that the jet
response is from material flow. A jet response propagating outward at a fairly high speed is also observed
in 3-D reconstructions from SMEI and IPS data with the proper timing and at the appropriate 3-D location
indicated by the lower corona observations. From a sequence of AIA images and HMI line-of-sight magneto-
grams, we find that the jet features evolve throughout the evolution of an emergedmagnetic field. Therefore,
we conclude that the large jetting activity studied here would be associated with an emergence of opposite
polarity flux into the southern coronal pole field followed by the cancelation with the surrounding field. The
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high-speed dense structure isolated in the SMEI and IPS 3-D reconstructions is most likely a result of the accu-
mulation of the coronal jet responses in the heliosphere over the time of the flux emergence/cancelation.

Although the feature tracked shows one incidence of high-speedmaterial associated with the jetting activity,
this high-speed coronal patch is by nomeans unique to this coronal jetting event or even a single time within
the period of this jet. These features serve as indicators of the background corona brightness enhancements
and indicate an ubiquitous presence in polar coronal regions at perhaps as much as a 100-fold mass and
energy value greater than the coronal response itself. This is most likely an indication of the primary mechan-
ism of solar wind acceleration that includes the dissipation of these high-speed, brighter (and thus more
dense) solar wind patches.
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