
A&A, 708, A217 (2026)
https://doi.org/10.1051/0004-6361/202659292
c© The Authors 2026

Astronomy
&Astrophysics

Statistics of blob properties in two types of coronal streamers
Haiyi Li1, Zhenghua Huang2,3,? , Maria S. Madjarska4,5 , Youqian Qi1, Hui Fu1 ,

Ming Xiong 6, and Lidong Xia1

1 Shandong Key Laboratory of Space Environment and Exploration Technology, Institute of Space Sciences, School of Space Science
and Technology, Shandong University, Shandong, China

2 Institute of Science and Technology for Deep Space Exploration, Suzhou Campus, Nanjing University, Suzhou 215163, China
3 State Key Laboratory of Lunar and Planetary Sciences, Macau University of Science and Technology, Macau, China
4 Max Planck Institute for Solar System Research, Justus-von-Liebig-Weg 3, 37077 Göttingen, Germany
5 Space Research and Technology Institute, Bulgarian Academy of Sciences, Acad. G. Bonchev Str., Bl. 1, 1113 Sofia, Bulgaria
6 State Key Laboratory of Solar Activity and Space Weather, National Space Science Center, Chinese Academy of Sciences,

Beijing 100049, China,

Received 3 February 2026 / Accepted 27 February 2026

ABSTRACT

Context. Previous studies have shown that a streamer blob might originate in the lower corona and thus be affected by activity in that
region. While the base of one streamer might differ from that of another, it can be cataloged into two distinct types: active region
streamers (ARSs) that have active regions at their base, and quiet equatorial streamers (QESs) that do not have an active region
underneath. The difference between the blob properties in ARSs and those in QESs remains unknown.
Aims. We compare the properties of propagating blobs in ARSs and QESs.
Methods. By analyzing the whole-year observations from SOHO/LASCO/C2 in 2018, we carried out a statistical analysis of the
properties of propagating blobs in ARSs and QESs.
Results. We found that the properties of streamer blobs are very different from one blob to another. The occurrence rate of blobs
in ARSs is about twice as high as that in QESs. On average, the ARS blobs have significantly higher initial velocities and slightly
higher accelerations, but slightly lower heights of first appearance than the QES blobs. There is a weak positive correlation between
the initial velocities and heights of first appearance in the two groups of streamer blobs. The correlation between the accelerations and
heights of first appearance in ARS blobs is negative, while that in QES blobs is positive.
Conclusions. Our results provide statistical evidence that a higher degree of activity at the coronal base of a streamer can cause more
dynamic blobs higher up, and that it affects the structures of the solar wind originating in the region.
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1. Introduction

Coronal streamers are large-scale helmet structures with ray
features extending into the interplanetary space for many solar
radii (e.g. Saito & Tandberg-Hanssen 1973; Ambrož et al. 2009;
Pasachoff et al. 2011, 2015; Boe et al. 2020; Liang et al. 2023).
They are persistent in the solar corona at anytime during the
solar minimum or maximum (Spadaro et al. 2007; Ventura et al.
2005; Cécere et al. 2025). They are thought to be conse-
quences of the complex interaction between the ambient solar
wind and large-scale solar magnetic fields involving current
sheets (Wang & Sheeley 1992; Koutchmy & Livshits 1992).

Notably, the element abundance in streamer legs was found
to be consistent with the abundances of the slow solar wind
(Geiss et al. 1995), further reinforcing the hypothesis of a
close connection between streamers and slow solar wind (e.g.,
Gosling et al. 1981). Such a connection has recently been con-
firmed by observations of the Solar Orbiter/Metis corona-
graph that were studied by Antonucci et al. (2023). The authors
found that the slow solar wind is distributed along the cen-
ter of the coronal streamer current sheet, exhibiting the low-
est velocity, but the highest acceleration rate. Quantitatively, the
solar wind velocity along the center of the coronal streamer
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was approximately 115–117 km s−1 at 4.0 R�, and increased to
150–190 km s−1 at 6.8 R�. Additionally, the variability in the
slow solar wind abundances has been attributed to differences
between individual streamers.

A supplementary contribution to the streamer-derived slow
solar wind comes from blobs, which are transient structures
that form at the cusps of helmet streamers (Sheeley et al.
1997; Wang et al. 1998; Song et al. 2009; Sheeley et al. 2009;
Song et al. 2012; Lyu et al. 2023). Blobs are now understood
to be flux ropes, forming when outward-expanding helmet
streamer loops reconnect and/or pinch off (e.g. Wang et al. 2000;
Chen et al. 2009; Sheeley et al. 2009; Lynch 2020; Réville et al.
2022). Early works by Sheeley et al. (1997) characterized small-
scale blob-like features, noting their relatively small initial
size, low intensity, radial motion, slowly increasing speed,
and location within the streamer belt. It was concluded that
these features can passively trace the slow solar wind outflow.
Later, Sheeley & Rouillard (2010) established a clear correla-
tion between coronal observations of small-scale solar wind tran-
sient structures and their in situ detections near 1 au, providing
deeper insights into the evolution of such transient structures in
the heliosphere. Lyu et al. (2025) extended this work by trac-
ing streamer blobs from several solar radii to the heliosphere
using the Solar Terrestrial Relations Observatory (STEREO)
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observations. They confirmed that the characteristics of the
observed in situ properties (e.g., plasma density, temperature,
and sheared magnetic polarity) and the surrounding plasma flow
are fully consistent with the properties of the source regions of
streamer blobs.

Based on special coordinated observations from the C2
coronagraph of the Large Angle and Spectrometric Corona-
graph (LASCO/C2, Brueckner et al. 1995) on board the Solar
and Heliospheric Observatory (SOHO, Domingo et al. 1995),
the Solar Ultraviolet Imager (SUVI, Seaton & Darnel 2018;
Vasudevan et al. 2019) on board the Geostationary Operational
Environmental Satellite 17 (GOES-17) spacecraft and the Atmo-
spheric Imaging Assembly (AIA, Lemen et al. 2012) on board
the Solar Dynamics Observatory (SDO, Pesnell et al. 2012),
Li et al. (2024) recently studied the origin of a streamer blob.
They found that the streamer blob was formed by the gradual
merging of three bright clumps initiated from the lower corona at
about 1.8 R�, which was driven by the expansion of the loop sys-
tem at the base. Their study indicates that the activity in the coro-
nal base of a streamer might strongly affect the properties of the
blobs formed above. The study of Alzate et al. (2024) confirms
that, within the simple magnetic environment of solar minimum,
small-scale disturbances originate in the low corona (∼1.6 R�)
and evolve along nonradial paths into two distinct classes of
outflows with different velocities. On the other hand, there are
two types of streamers grouped based on the activity at their
bases: active region streamers (ARSs), and quiescent equatorial
streamers (QESs). An ARS lies above active regions, while a
QES has no underlying active regions, but prominences are usu-
ally present (e.g. Raymond et al. 1997, 1998; Uzzo et al. 2003).
Raymond et al. (1997) found that the chemical abundance and
The first ionization potential (FIP) effects in these two types of
streamers can be significantly different. The electron density in
an ARS is higher than that in a QES (Bemporad et al. 2003). By
contrast, the temperature of an ARS is normally lower than that
of a QES (Parenti et al. 2003). It remains an unanswered ques-
tion whether the activity at the base of a streamer affects the
properties of blobs produced therein. To answer this question,
we carried out a statistical analysis of the properties of blobs
(including height of first appearance, velocity, and acceleration)
originating in these two different types of streamers (ARS and
QES). The rest of the paper is organized as follows: the data
and method are described in Sect. 2; the results are reported in
Sect. 3, and the discussion and conclusions are given in Sect. 4.

2. Observations and method

The data analyzed here were taken by LASCO/C2, which is an
externally occulted white-light coronal imager designed with a
near 360◦ field of view (FOV) with the inner boundary at 2.2 R�
and the outer boundary at 6.5 R� (Vásquez et al. 2025). The
images have a pixel size of 11.4′′ and a cadence of 45 s.

Data collected throughout 2018 were used for the study.
They cover the solar minimum, which helps us to avoid poten-
tial effects from large-scale eruptions, such as coronal mass ejec-
tions. The data were calibrated by standard procedures provided
by the instrument team, along with the solarsoft package, and
the time-independent emission from the F corona was removed
by subtracting a monthly averaged background.

To identify bright streamers and distinguish the conditions at
their bases, we combined AIA 171 Å images, the coronal field
extrapolations based on potential field source surface (PFSS),
and Carrington-format LASCO/C2 maps. In Fig. 1 we show an
example of the classification principle. A streamer was identi-

fied and followed in the LASCO/C2 images (Fig. 1A), and the
PFSS model was used to confirm that it is a helmet streamer and
not a pseudo-streamer (Fig. 1B). The lifetime of the streamer
was determined from the Carrington-format LASCO/C2 maps
(Fig. 1C). We then used images of the lower corona taken with
the AIA 171 Å filter over the lifetime of the streamer to deter-
mine its category. When the base of a streamer had no active
region during its full lifetime, it was considered a QES (see an
example in the left panel of Fig. 2). When an active region was
found in the base, it was considered an ARS (see an example in
the right panel of Fig. 2).

In the LASCO/C2 observations taken throughout 2018, we
followed 35 helmet streamers in total, including 17 ARSs and
18 QESs, and we searched for propagating blobs throughout
their lifetimes. Running-difference images based on LASCO/C2
observations were produced in order to highlight the faint mov-
ing blobs in the streamers, from which we were able to derive
their properties. In 17 ARSs, 112 blobs were found, and in
18 QESs, 55 blobs were found. The occurrence rate of blobs
in ARSs is about twice that in QESs, but the selection effect
that some blobs are too faint to be found has to be taken into
account, especially in QESs. In Fig. 3 we show an example of
the analysis of a streamer blob. Each streamer blob was identi-
fied from the time series of the LASCO/C2 running-difference
images (Fig. 3(a)). Along its propagation trajectory, the height–
time (H–T) map was produced (Fig. 3(b)), from which its prop-
agation can be tracked by the pair of dark and bright stripes (see
the red triangles in Fig. 3(b)) and its heights as a function of time
can be obtained (Fig. 3(c)). We then fit its variation of heights
versus time by a quadratic function (Sheeley et al. 1997), from
which we obtained its height and velocity at the time that it was
first observed in LASCO C2 (namely, height of first appearance
and initial velocity, respectively) and its acceleration in the FOV.
The same procedure was applied to each streamer blob, and the
aforementioned properties were analyzed statistically.

3. Results

3.1. Height of first appearance

We defined the initial position of a tracked blob as the height
of first appearance within the LASCO C2 field of view, from
which the blob starts to show as a continuous track in the
time-height map. It is important to note that due to the occult-
ing disk (<2.2 R�) and signal-to-noise ratio (S/N) limitations,
the exact physical reconnection site (i.e., the pinch-off point
(Wang & Hess 2018)) is often unresolved. In all events, only
nine of the ARS blobs and four of the QES blobs (7.8% of
the total number of samples) show signatures of pinch-off in the
observations. In nine ARS blobs, the pinch-off locations are in
the range of 2.8∼3.8 R�, compared to 2.6∼4.0 R� in four QES
blobs. This indicates that the pinch-off process might take place
at locations higher than 2.0 R� but the probability is low.

In Fig. 4 we show the statistical results of the height of
first appearance of the blobs in ARSs (left panel) and QESs
(right panel). All the studied streamer blobs first appear at
heights ranging from 2.2 R� to 5.1 R�. With more samples, the
statistical results here further expand on the previous findings
of Sheeley et al. (1997), who found that streamer blobs origi-
nate at about 3–4 R�. On average, the heights of first appear-
ance of blobs in ARSs are 3.3± 0.7 R�, and those in QESs
are 3.4± 0.8 R�. Compared to ARS blobs, the distribution of
QES blobs is flatter, and its peak is less significant. This result
shows that there is no significant difference in the heights of first
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Fig. 1. Example of the streamer classification.
Panel A shows a composite image combining
LASCO/C2 and AIA 171 Å images on 17 May
2018, from which the evolution in these obser-
vations allows us to determine whether there an
active region exists at the streamer base. The
streamer shown at the east limb (left side of the
image) is an example of an ARS located above
the active region of NOAA 12711 (as seen in
the AIA 171 Å image). Panel B shows the PFSS
model closest in time to the same day, which
helps us to confirm that the streamer is a hel-
met streamer. Panel C is the Carrington map
of solar rotation 2204, which is used to deter-
mine the time range of this helmet streamer
(10–19 May 2018 for this case).

Fig. 2. LASCO/C2 and AIA 171 Å composite images of a QES (left panel) and an ARS (right panel). In the left panel, the QES is visible at the
west limb, where no active region is visible at its base throughout its lifetime (see the AIA 171 Å observations). In the right panel, the ARS is
visible at the east limb, with an active region (NOAA 12706) at its base. All times denoted in the figures refer to universal time (UT).

appearance between ARS and QES blobs. We would like to note
that these numbers might be affected by a visibility effect due to
the instrument sensitivity.

3.2. Initial velocities and accelerations

The distributions of initial velocities of blobs in the two types of
streamers are shown in Fig. 5. The distribution of ARS blobs

peaks at about 75 km s−1, while that of QES blobs peaks at
about 25 km s−1. The average initial velocity of blobs in ARSs is
approximately 114.29 km s−1, and it is higher than 61.11 km s−1

in QESs. The blob distribution in ARSs is wider than that in
the QESs, with standard deviations of 63.11 km s−1 in ARSs and
40.53 km s−1 in QESs. About 50% of the blobs in ARSs com-
pared with about 16% of blobs in QESs have initial velocities
higher than 100 km s−1, which is a typical coronal sound speed
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Fig. 3. Example showing how we obtained the parameters of a streamer blob. Panel (a) shows a running-difference image of LASCO/C2, where
the dark blue line marks the propagating path of a streamer blob. Panel (b) is a time-distance diagram obtained along the dark blue line marked in
panel (a) based on the running-difference images. The propagation of the blob is shown as the dark feature and the bright one above, marked by
red triangles. Based on the trajectory of the blob shown in panel (b), a fitting curve was obtained using the quadratic fitting method, as shown in
panel (c).

Fig. 4. Statistical results of the heights of
first appearance of ARS (left panel) and
QES blobs (right panel). The average and
the standard deviation of the distributions
are denoted a and s, respectively.

around these heights (Suess 1988). In both groups of blobs, just
a few might exceed the local coronal Alfvén speed (more than
200 km s−1 see Suess 1988).

The distributions of the blob accelerations are shown in
Fig. 6. While the blobs propagate outward, most of them accel-
erate, as shown in the LASCO/C2 FOV. Only 15 out of 112 ARS
blobs and 8 out of 55 QES blobs decelerate. Clearly, the distribu-
tions of ARS and QES blobs peak at about 2.5 m s−2. On average,
the accelerations of ARS blobs are 5.71± 6.71 m s−2 and those of
QES blobs are 4.59± 5.20 m s−2. Although the average acceler-
ation of ARS blobs is greater than that of QES blobs, the two
distributions overlap widely.

In Fig. 7 we show the velocities as a function of height for
each blob in ARSs (left panel) and in QESs (right panel) based
on a second-order polynomial fit. The blob velocities in both
types of coronal streamers at any particular heights are generally
lower than the velocity predicted by the Parker model of the slow
solar wind (dashed cyan lines in Fig. 7). However, the scatter
plots of their velocities are tightly clustered around a parabolic
trajectory. This indicates that these features are passive tracers

carried by the slow solar wind and not actively driven eruptive
structures. This is consistent with previous studies (Sheeley et al.
1997).

3.3. Relation of the streamer blob properties

In Fig. 8 we show the scatter plots of initial velocities versus
heights of first appearance of the ARS blobs (left panel) and the
QES blobs (right panel). Although the distributions of the data
points seem to be random, an average variation based on bins of
0.4 R� shows a clear trend: the initial velocity of a blob tends
to be higher at higher locations. This is valid for both ARS and
QES blobs (see the black diamonds and the green fitting lines
in Figure 8). Again, we point out that this relation is an average
effect, and initial blob velocities at any particular height can span
a wide range.

In Fig. 9 we show the scatter plot of accelerations versus
heights of first appearance of the ARS blobs (left panel) and
the QES blobs (right panel). Similarly, the ranges of the spread
around any particular height are quite wide, especially in the case
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Fig. 5. Same as Fig. 4, but for initial veloc-
ities of the blobs in two distinct streamer
groups.

Fig. 6. Same as Fig. 4, but for accelerations
of the blobs in two distinct streamer groups.

Fig. 7. Velocity as a function of height
for 112 individual ARS blobs (left panel)
and for 55 QES blobs (right panel). Each
individual blob is traced by a solid circle
of the same color. The cyan lines repre-
sent the solar wind speeds given by the
Paker model (Parker 1958).

A217, page 5 of 7



Li, H., et al.: A&A, 708, A217 (2026)

Fig. 8. Scatter diagrams for initial veloc-
ities vs. heights of first appearance of the
ARS blobs (left panel) and of the QES
blobs (right panel). Each blue circle repre-
sents an individual blob. A black diamond
shows the average value obtained in a seg-
ment of 0.4 R� (marked by the dashed red
line), and the error bar in black denotes the
1σ error. The solid green line shows a lin-
ear fit to the segmented average values vs.
height, which gives y = 17.2x + 5.7 for the
left panel and y = 18.9x − 5.5 for the right
panel.

Fig. 9. Same as Fig. 8, but for the rela-
tion between accelerations and heights of
first appearance. The linear fits give y =
−1.3x + 9.5 and y = 2.9x − 4.9 for the left
and right panels, respectively.

of the ARS blobs. For ARS blobs, the bin averages show a weak
negative correlation between the accelerations and height of first
appearance (see the left panel of Fig. 9). In contrast, those for
QES blobs show a clear positive correlation (see the right panel
of Fig. 9).

4. Conclusions and discussion

Based on observations of LASCO/C2, we carried out a statistical
analysis of the height of first appearance, initial velocity, and
acceleration of plasma blobs in two distinct groups of coronal
streamers, those with an active region in the base (ARS blobs)
and those with quiet bases (QES blobs), in order to answer the
question of whether the activity at the base of a streamer affects
the properties of the blobs that originated above. The main
results are listed below.
(1) The occurrence rate of blobs in ARSs appears to be twice
that in QESs.
(2) The ARS blobs are more diverse than QES blobs.
(3) The heights of first appearance of ARS blobs are slightly
lower than but very similar to those of QES blobs. ARS blobs are
3.2± 0.7 R� and concentrated within the range of 2.2–4.0 R�,
in contrast to QES blobs at 3.4± 0.8 R�, whose distribution is
relatively flatter and dispersed.
(4) The initial velocities of ARS blobs are
114.29± 63.11 km s−1, which is much higher than the ini-
tial velocities of 61.11± 40.53 km s−1 for QES blobs.
(5) The initial velocities of about 50% of the ARS blobs and

of only about 16% of the QES blobs are higher than the local
sound speed, but very few blobs can exceed the local coronal
Alfvén speed.
(6) The accelerations of ARS blobs are 5.71± 6.71 m s−2, which
is similar to 4.59± 5.20 m s−2 for QES blobs.
(7) For both groups, the variation in the velocities as a function
of height of almost all the blobs can be well fit by second-order
polynomial functions, but they are normally slower than the
predictions of Parker’s solar wind model.
(8) For both groups, the correlations between the initial veloci-
ties and heights of first appearance are relatively weak.
(9) The accelerations and heights of first appearance in ARS
blobs are weakly negative-correlated, but a clear positive
correlation is present in QES blobs.

Previous studies have shown that various activities in the
lower corona might be the direct or indirect origin of the solar
wind in planetary space (Seaton et al. 2021; Chitta et al. 2023;
West et al. 2023). The origin of streamer blobs can also be driven
by activities from below (Lee et al. 2021; Li et al. 2024). While
Alzate et al. (2024) focused on a statistical study of transients
within a single streamer, we performed a statistics analysis of dif-
ferent streamer environments to show that the mechanisms for
producing these transients might vary depending on the envi-
ronment characteristics. The results we obtained confirm that
activities at the base of a streamer can significantly affect the prop-
erties of blobs that originate above it. The origin of a streamer
blob from interchange magnetic reconnection (Wang et al. 1998),
a pinching-off process (Higginson & Lynch 2018; Li et al. 2024),

A217, page 6 of 7



Li, H., et al.: A&A, 708, A217 (2026)

or a tearing-mode instability at loop tops (Karpen et al. 1998;
Einaudi et al. 1999) is thought to require a driver of loop expan-
sions from below. Therefore, ARS blobs are expected to start from
a lower height than QES blobs because loops in a single active
region are normally smaller and thus lower than those crossing
a quiet region and connecting two different active regions (Reale
2014). This might explain why the mean height of first appearance
of ARS blobs (3.2 R�) is lower than that of QES blobs (3.4 R�).
However, a visibility effect might also play a role. As deduced
by Wang & Hess (2018), the visibility of these newly formed flux
ropes depends on the amount of material they sweep up. Because
ARS streamers are subject to enhanced heating and are inherently
denser and brighter, the emerging blobs reach the observational
contrast threshold at lower altitudes. In contrast, in the more ten-
uous QES environment, blobs must typically propagate to greater
heights to accumulate sufficient material to become detectable
against the background. Thus, the lower first-appearance height in
ARS reflects their stronger underlying dynamics and not a lower
physical pinch-off site.

The initial velocity of a streamer blob is likely related to its
generation processes. The higher initial velocities in ARS blobs
suggest a more violent start than for QES blobs. This is rea-
sonable, since the active region beneath an ARS is much more
dynamic than thequiet regionbeneathaQES.Weakpositivecorre-
lationsbetweeninitialvelocitiesandheightsoffirstappearanceare
present in these blobs, and this is inconsistent with the variations
in Alfvén speeds in this region, which are expected to decrease
with increasing height (Warmuth & Mann 2005). This suggests
that the origin of these blobs is diverse, and magnetic reconnection
might not be the only mechanism. The acceleration of a streamer
blob is very similar to that of the ambient solar wind, indicating
that it is picked up by the ambient solar wind soon after its birth,
and thus becomes a source of micro-streams in the solar wind.

In these two groups of streamer blobs, the variation in accel-
erations as a function of height appears to be different from one
blob to the next. In ARS blobs, the negative correlation between
the accelerations and heights of first appearance might suggest a
strong effect from the magnetic field strength, which decreases
with height. The opposite correlation shown in QES blobs sug-
gests that the ambient solar wind might play a major role in
the acceleration. At higher altitudes, the difference between the
solar wind speed and the blobs is larger, potentially providing
greater acceleration. This might be a plausible explanation for
this result, but the reality might be much more complicated.

To summarize, we compared the properties of propagating
blobs in two different groups of streamers (ARS and QES) that
have different activities at their bases. Although in general, the
dynamics of a streamer blob can be different from one to another,
we provided statistical evidence that the activities at the base of
a streamer can affect the dynamics of a blob originating above.
Therefore, we infer that the dynamics in the lower corona might
be crucial in generating small-scale structures in the solar wind.
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