
A&A, 687, A190 (2024)
https://doi.org/10.1051/0004-6361/202449765
c© The Authors 2024

Astronomy
&Astrophysics

Numerous bidirectionally propagating plasma blobs near the
reconnection site of a solar eruption?

Zhenyong Hou1 , Hui Tian1 , Maria S. Madjarska2,3 , Hechao Chen4 , Tanmoy Samanta5 , Xianyong Bai6,7 ,
Zhentong Li8 , Yang Su8 , Wei Chen8 , and Yuanyong Deng6,7

1 School of Earth and Space Sciences, Peking University, Beijing 100871, PR China
e-mail: huitian@pku.edu.cn

2 Max Planck Institute for Solar System Research, Justus-von-Liebig-Weg 3, 37077 Göttingen, Germany
3 Space Research and Technology Institute, Bulgarian Academy of Sciences, Acad. Georgy Bonchev Str., Bl. 1, 1113 Sofia, Bulgaria
4 School of Physics and Astronomy, Yunnan University, Kunming 650050, PR China
5 Indian Institute of Astrophysics, Koramangala II Block, Bangalore 560034, India
6 National Astronomical Observatories, Chinese Academy of Sciences, Beijing 100011, PR China
7 School of Astronomy and Space Science, University of Chinese Academy of Sciences, Beijing 101408, PR China
8 Key Laboratory of Dark Matter and Space Astronomy, Purple Mountain Observatory, Chinese Academy of Sciences (CAS),

Nanjing 210023, PR China

Received 27 February 2024 / Accepted 27 April 2024

ABSTRACT

A current sheet is a common structure involved in solar eruptions. However, it is observed in a minority of the events, and the
physical properties of its fine structures during a solar eruption are rarely investigated. Here, we report an on-disk observation that
displays 108 compact, circular, or elliptic bright structures, presumably plasma blobs, propagating bidirectionally along a flare current
sheet during a period of ∼24 min. Using extreme ultraviolet images, we investigated the temporal variation of the blob number
around the flare’s peak time. The current sheet connects the flare loops and the erupting filament. The width, duration, projected
velocity, temperature, and density of these blobs are ∼1.7± 0.5 Mm, ∼79± 57 s, ∼191± 81 km s−1, ∼106.4±0.1 K, and ∼1010.1±0.3 cm−3,
respectively. The reconnection site rises with a velocity of ≤69 km s−1. The observational results suggest that plasmoid instability
plays an important role in the energy-release process of solar eruptions.
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1. Introduction

Magnetic reconnection is a fundamental process that is
involved in various solar activities (e.g., Dere et al. 1991;
Innes et al. 1997; Shibata et al. 2007; Tian et al. 2014a, 2018a,b;
Li et al. 2016a, 2018a; Xue et al. 2016; Shen et al. 2017;
Huang et al. 2019; Srivastava et al. 2019; Hou et al. 2021a,b;
Madjarska et al. 2022; Cheng et al. 2023; Wei et al. 2023).
When a large-scale solar eruption occurs, the closed mag-
netic field is severely stretched out by the ejected structure.
As a result, a current sheet generally forms; a current sheet
is a narrow region across which the magnetic field changes
rapidly (see Lin & Forbes 2000; Priest & Forbes 2002; Lin et al.
2003; Forbes et al. 2006). Magnetic reconnection can cause
the magnetic field reconfiguration and the release of mag-
netic energy stored in the system beforehand. Many obser-
vational features related to the reconnection process have
been observed (Lin et al. 2015), for instance, current sheets
(e.g., Ciaravella et al. 2002; Reeves & Golub 2011; Liu et al.
2013; Seaton et al. 2017; Warren et al. 2018; Chitta et al.
2021; Ding et al. 2024), inflows (e.g., Yokoyama et al. 2001;
Lin et al. 2005; Narukage & Shibata 2006; Li & Zhang 2009;
Savage et al. 2012), sunward outflows (e.g., Tian et al. 2014b;

? Movie associated to Fig. 3 is available at https://www.aanda.
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Sun et al. 2015), anti-sunward outflows (e.g., Wang et al. 2007;
Chae et al. 2017), and bidirectional outflows (e.g., Savage et al.
2010; Su et al. 2013; Zhu et al. 2016; Yan et al. 2018). The
plasma that surrounds the current sheets can be heated to tem-
peratures of several or tens of millions of Kelvin (e.g., Su et al.
2013; Li et al. 2018b; Reva et al. 2023). The current sheets of
solar eruptions may also experience transverse oscillations (e.g.,
Li et al. 2016b; Wang et al. 2022).

Theoretical studies and magnetohydrodynamic simulations
have suggested that the onset of plasmoid instability plays a
crucial role in fast energy releasing in current sheets (e.g.,
Bhattacharjee et al. 2009; Karpen et al. 2012; Ni et al. 2015a;
Ye et al. 2019; Zhang et al. 2022). Plasma blobs (blob-like hot
plasma) are believed to be an observable proxy of the occur-
rence of plasmoid instability in current sheets of solar erup-
tions. However, imaging fine structures within the current
sheets of solar eruptions is very hard, especially using origi-
nal intensity images. White-light observations have shown some
anti-sunward-propagating blobs appearing along current sheets
(e.g., Ko et al. 2003; Lin et al. 2005; Liu et al. 2010; Song et al.
2012; Guo et al. 2013; Ling et al. 2014; Kwon et al. 2016;
Schanche et al. 2016; Webb & Vourlidas 2016; Lee et al. 2020).
The white-light blobs are usually far away from the reconnection
site and appear as diffuse structures with a width of ≥10 Mm in
current sheets behind coronal mass ejections (CMEs). After the
launch of the Solar Dynamics Observatory (SDO; Pesnell et al.
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2012), the extreme ultraviolet (EUV) images taken by the Atmo-
spheric Imaging Assembly (AIA; Lemen et al. 2012) revealed
sporadic small-scale plasma blobs propagating along current
sheets of solar eruptions (Takasao et al. 2012; Kumar & Cho
2013; Liu 2013; Zhu et al. 2016; Gou et al. 2019; Dai et al.
2018; Lu et al. 2022; Kumar et al. 2023). Kumar & Cho (2013)
reported the first simultaneous EUV and radio observations of
several bidirectionally moving plasma blobs in a solar flare.
Among recurring bidirectional outflows along the current sheet
associated with a C2.0 flare, Zhu et al. (2016) found only two
sunward-propagating plasma blobs. Gou et al. (2019) found that
anti-sunward-moving plasma blobs merged into a larger blob
that later evolved into a CME bubble. With the combination of
EUV and white-light observations, Patel et al. (2020) carried out
statistical research on the bidirectionally propagating blobs dur-
ing the post-impulsive phase of a long-duration solar eruption
(Yu et al. 2020). They identified only 20 sunward plasma blobs
and 16 anti-sunward ones in the enhanced EUV intensity images
during a period of ∼2 h. Recently, Kumar et al. (2023) reported
a series of bidirectionally propagating plasmoids continuously
released for about 30 min in a vertical flare current sheet behind
an erupting flux rope. However, characterizing the role of plas-
moid instability in the energy release of magnetic reconnection
of solar eruptions is still a challenge.

In this study, we analyzed multi-passband EUV images of a
current sheet during an eruptive solar flare. Around the flare peak
time, we identify more than 100 compact, bidirectionally prop-
agating plasma blobs along the current sheet; investigate their
physical properties; and track their subsequent temporal evolu-
tion. We describe the observations in Sect. 2, present the analysis
results in Sect. 3, and provide the discussion in Sect. 4. We sum-
marize our findings in Sect. 5.

2. Observations

On November 19, 2022, a solar eruption was simultaneously
detected by AIA on board SDO, the Solar Upper Transition
Region Imager (SUTRI, Bai et al. 2023; Wang et al. 2023) on
board the Space Advanced Technology demonstration satel-
lite (SATech-01), the Hard X-ray Imager (HXI, Su et al. 2019;
Zhang et al. 2019) on board the Advanced Space-Based Solar
Observatory (ASO-S, Gan et al. 2019, 2023), and the Geosta-
tionary Operational Environmental Satellite (GOES). We mainly
used the EUV images taken by AIA and SUTRI to analyze the
dynamics of the current sheet of the solar eruption. The AIA
EUV images with different response temperatures have a pixel
size of 0.6′′ and a cadence of 12 s. The SUTRI 465 Å images
capture the full-disk transition region at a temperature regime of
∼0.5 MK (Tian 2017) and have a pixel size of 1.2′′ and a cadence
of 30 s. The SUTRI 465 Å and AIA 304 Å images were aligned
using a linear Pearson correlation analysis. The AIA 1600 Å
passband with a pixel size of 0.6′′ and a cadence of 24 s was
also used to identify the flare ribbons of the solar eruption. For
the identification of an associated CME of the solar eruption, we
used the coronagraph images taken by the Large Angle Spectro-
scopic Coronagraph (Brueckner et al. 1995) on board the Solar
and Heliospheric Observatory (SOHO, Thompson et al. 1998).

For this study, we reconstructed an HXI image in the energy
range of 20−30 keV with a pixel size of 2′′ using an HXI Clean
algorithm and the subcollimator groups G3 to G10. The HXI
image provides a spatial resolution of ∼6.5′′. The data observed
48 h after the imaging time are taken as background. Only the
HXI 20−30 keV emission near 12:53 UT was reconstructed with

a 20-s integration time, while the rest of the data were not of reli-
able quality. The images between HXI and AIA were aligned by
using reference structures, such as flare ribbons and brightenings
above flare loops.

3. Results

3.1. Bidirectional flows along the current sheet

Figure 1 presents an overview of the solar eruption that appears
as a filament eruption in the EUV images taken by AIA and
SUTRI. An M1.6 flare was detected by GOES, as shown in
Fig. 1b. One hour later, an associated CME is visible in the
white-light coronagraph image, indicated by the black arrows in
Fig. 1c.

Around the peak time of this eruptive flare, from 12:49 UT
to 13:13 UT marked by the dashed lines in Fig. 1b, a sheet-like
structure with a projected length of ≤80 Mm appears in the EUV
images and connects the bright flare loops and the rising fila-
ment (Figs. 1a1–a4). During this time interval, we can also see
many bidirectionally propagating plasma blobs along this sheet-
like structure in the EUV passbands (see Sect. 3.2). This sheet-
like structure is likely consistent with a current sheet in the low
corona. The signature of this current sheet is prominently vis-
ible in AIA 304 Å (104.7 K), SUTRI 465 Å (105.7 K), and AIA
211 Å (106.3 K), indicating that the current sheet has a multi-
thermal structure. The AIA 211 Å images reveal the current sheet
very well, allowing us to investigate its dynamics and proper-
ties. The current sheet is weakly visible in the high-temperature
passbands, such as AIA 131 Å (105.6 K and 107.0 K) and 94 Å
(106.8 K), implying that the current sheet contains a small amount
of plasma at a high temperature.

Figure 2 shows the recurring, bidirectional plasma flows
along the current sheet around the peak time of the eruptive
flare in the EUV passbands of SUTRI and AIA. These flows
are the apparent motions of plasma blobs that are likely the
results of magnetic reconnection occurring within the current
sheet. From 12:52 UT to 13:01 UT, a group of coronal loops
is apparently moving toward the current sheet (see the associ-
ated animation of Fig. 3); this is indicated by a black arrow in
Fig. 2b. The approaching motion of the coronal loops toward the
current sheet may be a signature of inflows toward the reconnec-
tion site. Around 12:54 UT, several fibril-like structures begin to
split from the upper part of the current sheet, as indicated by the
red arrows in Fig. 2b. These fine structures involve many anti-
sunward flows, which may resemble coronal nanojets that are
characterized as transient, unidirectional jet-like features perpen-
dicular to the coronal loop (e.g., Chen et al. 2020; Antolin et al.
2021).

The HXI observation reveals two hard X-ray sources in the
HXI 20−30 keV range (cyan contour lines in Fig. 2b). In Fig. 2b,
we also plotted the AIA 1600 Å contours as the black lines to
show the flare ribbons and some sunward moving blobs as the
yellow dot-like symbols. The western HXI source appears to
cover the flare loops and the sunward outflow region within
the current sheet, indicating a possible Masuda-type coronal
source (e.g., Masuda et al. 1994) and a source in the reconnec-
tion outflow region, possibly produced by electrons confined in
the plasma blob (Kong et al. 2022). It may also indicate multiple
sources of energetic electrons in the loop top region due to the
interactions of plasma blobs with the flare termination shocks, as
simulated in Kong et al. (2020).

To quantitatively determine the properties of the flows, we
defined two cuts in Fig. 2a. Cut A–B is along the direction of the
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Fig. 1. Overview of solar eruption. (a1)–(a4): AIA 304 Å, SUTRI 465 Å, AIA 211 Å, and 94 Å images at ∼13:00:00 UT. In (a3), the blue, cyan,
and red arrows mark the flare loops, current sheet, and rising filament, respectively. (b): light curve of GOES X-ray flux at 1−8 Å. The vertical
dashed lines indicate the time interval when the current sheet is visible in the EUV images. (c): LASCO C2 difference image between 14:12 UT
and 14:00 UT showing the associated CME as marked by the black arrows. The black box indicates the field of view in (a1)–(a4), and the black
curve represents the solar limb.

motion of the coronal loops, and cut C–D is almost parallel to
the current sheet. Using these two cuts, we constructed the time-
distance diagrams for the images of AIA 304 Å, SUTRI 465 Å,
and AIA 211 Å passbands, as shown in Figs. 2c–d.

The time-distance diagram in Fig. 2c illustrates the tracks of
the moving coronal loops toward the current sheet. Two cyan
lines are used to mark the propagation tracks that may be the
apparent signature of the inflows toward the reconnection site.
The velocities of the loop motions can be determined by apply-
ing linear fits to the propagation tracks and are estimated to be
46−66 km s−1, with an average value of ∼56 km s−1.

Figure 2, panels d–f, displays the propagation of the bidi-
rectional flows, i.e., the sunward flows and anti-sunward ones. It
can be seen that the bidirectional flows are similar in AIA 304 Å,
SUTRI 465 Å, and AIA 211 Å. We further identified several bidi-
rectional propagation tracks to determine their velocities, as indi-
cated by the blue and red lines in Fig. 2f. By applying linear fits
to the propagation tracks, the average velocities of the sunward
and anti-sunward flows (i.e., outflow velocities) are estimated to
be −170 km s−1 and 204 km s−1, respectively. The reconnection
rate can be estimated as the velocity ratio of the inflows and the
outflows. Considering that we estimate the inflow only on one
side of the reconnection site, the inflow velocity is estimated at
28 km s−1. Therefore, the reconnection rate ranges from 0.14 to

0.16, which is consistent with the results inferred from off-limb
eruptive observations (e.g., Lin et al. 2005; Su et al. 2013) and
larger than other results inferred from on-disk coronal or chro-
mospheric observations (e.g., Chen et al. 2019; Yan et al. 2022).
The calculation of the reconnection rates could be affected by
the viewing angle (i.e., the projection effect). The reconnection
sites in Chen et al. (2019), Yan et al. (2022), and our study also
have different heights and extensions, which may affect the cal-
culation of the projected velocities of the inflows and outflows
to some extent.

Figure 2, panels d–f, also shows another remarkable propa-
gation track marked by the cyan line in Fig. 2f, representing the
rise of the reconnection site that separates the sunward and the
anti-sunward flows. As derived from a linear fit to the steepest
section of this track between the two plus symbols in Fig. 2f,
the rising velocity of the reconnection site is estimated to be
≤69 km s−1.

3.2. Bidirectionally propagating plasma blobs along the
current sheet

The occurrence of magnetic reconnection is strongly supported
by the visual evidence of fine structures in the current sheet,
e.g., bidirectionally propagating blobs away from the recon-
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Fig. 2. Plasma flows observed during solar eruption. (a) and (b): AIA 211 Å images at 12:49:45 UT and 12:57:57 UT, respectively. In (a), cut A–B
is used to construct the time-distance diagram in (c), while cut C–D is used to construct the time-distance diagrams in (d)–(f). In (b), the black
arrow indicates coronal loops that are observed continuously moving to the current sheet during the solar eruption, and the blue and red arrows
indicate the main current sheet and split ones, respectively. The black and cyan contours in (b) indicate the enhanced AIA 1600 Å emission and the
HXI 20−30 keV source near 12:53 UT, respectively. The yellow dot-like symbols represent some of the sunward-moving blobs. The cyan curves
in (c) indicate the motions of the coronal loops. In (f), the cyan curve marks the rising motion of the reconnection site, while the blue and red
lines indicate the bidirectional flows in the current sheet. The two black plus symbols mark the section of the curve that is used to calculate the
maximum velocity. The numbers in (c) and (f) represent the velocities of the flows in the unit of km s−1.

nection site in the EUV images. We manually identified 108
plasma blobs in the current sheet, i.e., 43 sunward blobs and
65 anti-sunward ones. Several examples are shown in Fig. 3a,
appearing as compact, circular, or elliptic bright structures. For
all identified plasma blobs, we refer to the associated anima-
tion of Fig. 3, in which the blobs are marked by the dot-like
symbols and located below the numbers (blue: sunward; green:
anti-sunward). We also applied the multiscale Gaussian normal-
ization (MGN) method (Morgan & Druckmüller 2014) to pro-
cess the AIA 211 Å images. The MGN method enhanced the
appearance of these plasma blobs in the processed AIA 211 Å
images (see the associated animation of Fig. 3). In the previous
studies, propagating plasma blobs have been detected in coronal
jets (e.g., Singh et al. 2012; Zhang & Ji 2014; Zhang et al. 2016;
Chen et al. 2022; Yang et al. 2024).

From the AIA 211 Å images, we measured some of the
physical parameters for these plasma blobs, i.e., the width,
duration, projected velocity, acceleration, emission-measure-
weighted temperature, and density. The parameter distributions
are shown in Figs. 3c–h. To estimate the width of a blob, we
took a cut across the blob (e.g., cut E–F in Fig. 3a). We then
plotted the intensity profile along the cut as the black line in
Fig. 3b. After applying a single Gaussian fit to the intensity pro-
file, we took the full width at half maximum (FWHM) as the
width of the blob. The duration of a blob is calculated as the

time difference between its first appearance and its disappear-
ance. Due to the dynamic evolution of the current sheet, the start
and end times of a blob may be not consistent with its iden-
tified appearance and disappearance times in the EUV images.
Thus, the obtained duration of a blob may be shorter than its
lifetime. The position of a blob is found to be the pixel with the
maximum intensity, which was used to calculate the propagation
velocity and acceleration of each blob. If a blob exists in more
than two AIA 211 Å frames, its acceleration can be calculated.
For the width, velocity, temperature, and density distributions,
all the values of each blob at different observing times were con-
sidered. On the other hand, there is only one duration and accel-
eration value for a propagating blob. To examine the tempera-
ture and density of the blobs, we also performed a differential
emission measure (DEM) analysis (Cheung et al. 2015; Su et al.
2018; Xue et al. 2020; Samanta et al. 2021) for the current-sheet
region. An example of a DEM distribution for one plasma blob
is shown in Fig. 3c.

In Figs. 3c–h, the black-filled histograms are plotted for all
the plasma blobs, while the blue and red ones are plotted for
the sunward- and anti-sunward-propagating blobs, respectively.
The blob widths are mostly in the range of 0.8−3.0 Mm, with an
average value of ∼1.7 Mm. The smallest blob width of 0.6 Mm,
which is close to the resolution limit of AIA, may be an indi-
cation that even smaller blobs exist but are unresolved in the
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Fig. 3. Plasma blobs identified in current sheet and their parameters. (a): AIA 211 Å image at 12:59:45 UT showing several plasma blobs. The
region of the inset in (a) is marked by the black box. The blue and black arrows in the inset indicate several plasma blobs. (b): normalized intensity
variation (black) along cut E–F shown in (a) and its Gaussian fit (red). (c): DEM distribution of the blob marked by the black arrow in (a). (d)–(i):
distributions of the plasma blob parameters. The black histogram is obtained from the total plasma blobs, while the blue and red ones are obtained
from the sunward- and anti-sunward-moving blobs, respectively. “M” and “SD” represent the average values and standard deviations, respectively.
An animation of the AIA 211 Å images and the ones processed by the MGN method are available online, showing the bidirectionally propagating
plasma blobs. It covers a duration of ∼24 min from 12:48:57 UT to 13:13:33 UT. In the left and middle panels of the animation, the dot-like
symbols mark the blob locations, while the blue and green numbers represent the sunward- and anti-sunward-moving blobs, respectively.

current sheet. The blob durations are shorter than 300 s, with
an average value of 73 s. Their projected velocities are in the
range of 50−550 km s−1, and the average value is ∼190 km s−1.
Most blobs have little acceleration during their propagation.
These plasma blobs have a temperature of 106.0–106.9 K, with
an average of 106.4 K. Taking the width of each blob individ-
ually as the line-of-sight (LOS) integration length, the elec-
tron density was estimated to be from 109.4 to 1011.6 cm−3. The
distributions reveal clear differences between the sunward and
anti-sunward blobs. Compared to the anti-sunward blobs, the
sunward ones experience a shorter propagating distance and a

denser environment, which may lead to duration and velocity
differences.

We also investigated the evolution of the blob parameters
shown in Figs. 4a–b. Figure 4a displays the variation of the blob
number with time. It can be seen that at least five blobs appear
in the current sheet from 12:53 UT to 13:08 UT around the flare
peak time. We also obtained the light curves of AIA 94 Å and
211 Å in the flare loop region just below the current sheet (see
the black contour in Fig. 4d) and showed them in Fig. 4c. The
blob number peaks about five minutes after the peak time of the
GOES X-ray flux and the AIA 94 Å light curve, and suddenly
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Fig. 4. Variations of parameters for
plasma blobs. (a): variation of blob num-
ber. The blue dashed lines represent the
four instances (t1, t2, t3, and t4) that are
used for the power-spectrum analysis in
Fig. 5. (b): variations of blob width (black
curve) and velocity (red curve). In (b),
the vertical gray and orange lines indi-
cate the standard errors. (c): normalized
intensity variations of GOES 1−8 Å and
AIA 94/211 Å in the region marked by
the black contour in (d). In (a) and (c),
the blue dashed lines marked by “t3”
also represent the peak instance of the
blob number. (d): AIA 211 Å image at
13:02:57 UT, showing a region (black
contour) near the bottom of the current
sheet.

decreases afterwards. However, the AIA 211 Å light curve peaks
close to the peak time of the blob number. Figure 4b displays
the temporal variations of the blob width and velocity. The blob
width seems to have little variation. On the other hand, the blob
velocity varies a lot and is up to 350 km s−1 at the early stage of
the eruption. The error bars are derived from the standard devia-
tions.

We also analyzed the EUV intensity variation along the cur-
rent sheet. Using a fast Fourier transform technique, we obtained
the one-dimensional spectrum distributions of the AIA 304 Å,
171 Å, 193 Å, and 211 Å intensity along the current sheet. The
spectrum distributions of AIA 211 Å and 171 Å, as shown in
Fig. 5, both show a power-law behavior and a decrease of the
fitting spectral index α with the increase of the blob number. The
spectral index α is fitted in the wavenumber range of 0.2−1.67,
i.e., the inverse of the blob width (0.6−5.0 Mm). This value of
α is similar to that reported by Cheng et al. (2018) for an off-
limb current sheet. Around 12:53:57 UT (t1, the early stage of
the current sheet), the spectrum distribution is steep with a spec-
tral index α of 1.56 (1.93) in AIA 211 Å (171 Å). This time
corresponds to the appearance of the plasma blobs. During
the evolution of the current sheet from 12:55:45 UT (t2) to
13:01:33 UT (t3), the spectrum distributions become flatter with
a spectral index α of 0.92−0.99 (1.11−1.21) in AIA 211 Å
(171 Å), corresponding to the growth and the maximum of the
blob number. After the peak instance of the blob number, the
spectral index α is steady around 1.0 (e.g., 0.99 (0.95) in AIA
211 Å (171 Å) at 13:03:09 UT (t4)) which is similar to that of

the AIA 171 Å synthetic intensity from a numerical model con-
ducted by Ye et al. (2020). The numerical studies of Ye et al.
(2019, 2020) also showed a decrease of the spectral index when
multiple small-scale structures appear in the current sheets. In
addition, the AIA 304 Å and 193 Å intensities along the current
sheet also reveal a power-law behavior (not shown here).

4. Discussion

Previous studies of current sheets during solar eruptions mostly
focus on limb observations in white-light and EUV pass-
bands (e.g., Reeves & Golub 2011; Savage et al. 2012; Liu 2013;
Yan et al. 2018; Cheng et al. 2018; Patel et al. 2020). Sporadic
plasma blobs have been found in the post-CME current sheets
(e.g., Ko et al. 2003; Lin et al. 2005; Liu et al. 2010; Song et al.
2012; Guo et al. 2013; Ling et al. 2014; Schanche et al. 2016;
Chae et al. 2017; Lee et al. 2020). Here, we report a case study
that reveals detailed evolution of many fine structures in the
current sheet around the peak of an eruptive flare. In the EUV
images, over about 24 min, at least 108 compact plasma blobs
propagate bidirectionally from the reconnection site, which rises
with a velocity of ≤69 km s−1. In addition, we investigated the
temporal variation of the blob number around the flare peak time,
which has not been provided by the previous studies.

In general, direct observation of fine structures in a current
sheet is very difficult due to the limited resolution of current
instruments. In this study, we have identified more than one hun-
dred compact plasma blobs with an average width of ∼1.7 Mm
in a current sheet of a solar eruption from EUV observations.

A190, page 6 of 9



Hou, Z., et al.: A&A, 687, A190 (2024)

(a1) AIA 211 Å 12:53:57 UT

680 700 720 740 760 780 800 820
X (arcsec)

220

240

260

280

300

320

340

360

Y
 (

ar
cs

ec
)

t1

(a2)                                      

  
1

10

100

S
pe

ct
ra

l P
ow

er

AIA 211       α ~ 1.56

(a3)                                      

1 10
L (Mm)

1

10

100

S
pe

ct
ra

l P
ow

er

AIA 171       α ~ 1.93

(b1) AIA 211 Å 12:55:45 UT

680 700 720 740 760 780 800 820
X (arcsec)

 

 

 

 

 

 

 

 t2

(b2)                                      

  
 

 

 

AIA 211       α ~ 0.99

(b3)                                      

1 10
L (Mm)

 

 

 

AIA 171       α ~ 1.21

(c1) AIA 211 Å 13:01:33 UT

680 700 720 740 760 780 800 820
X (arcsec)

 

 

 

 

 

 

 

 t3

(c2)                                      

  
 

 

 

AIA 211       α ~ 0.92

(c3)                                      

1 10
L (Mm)

 

 

 

AIA 171       α ~ 1.11

(d1) AIA 211 Å 13:03:09 UT

680 700 720 740 760 780 800 820
X (arcsec)

 

 

 

 

 

 

 

 t4

(d2)                                      

  
 

 

 

AIA 211       α ~ 0.99

(d3)                                      

1 10
L (Mm)

 

 

 

AIA 171       α ~ 0.95

Fig. 5. Power spectrum analysis for AIA 211 Å and 171 Å intensity along the current sheet. (a1)–(d1): AIA 211 Å images at t1, t2, t3, and t4.
(a2)–(d2): spectrum distributions of AIA 211 Å intensity along the long side of the blue regions in (a1)–(d1) in the spatial frequency domain.
(a3)–(d3): spectrum distributions of AIA 171 Å intensity along the long side of the blue regions in (a1)–(d1) in the spatial frequency domain. The
red lines represent a fitting power-law behavior in the spatial range of 0.6−5 Mm.

Previous AIA observations typically revealed only several plas-
moids or blobs in current sheets of solar eruptions (Zhu et al.
2016; Dai et al. 2018; Gou et al. 2019). Patel et al. (2020) iden-
tified 20 sunward and 16 anti-sunward plasmoids using the
enhanced AIA 131 Å images, but in about two hours during the
post-impulsive phase of the solar eruption. French et al. (2019)
also investigated the current sheet of this solar eruption using
spectropolarimetric data. They found that small-scale magnetic-
field structures on scales of ≤6 Mm could be created by plasmoid
formation during the reconnection process. These plasmoids are
more diffuse and larger than the blobs identified in our study.
With white-light observations, plasma blobs have also been iden-
tified in current sheets of solar eruptions (e.g., Guo et al. 2013;
Lee et al. 2020; Patel et al. 2020), which are far away from the
reconnection site as diffuse structures and two orders of magni-
tude larger than ours.

From the AIA 211 Å images, we measured the physical
parameters for the plasma blobs. The blob width is in the range
of 0.8−3.0 Mm, with an average value of 1.7 Mm, which are
similar to those reported by Dai et al. (2018) and Gou et al.
(2019) and smaller than those reported by Zhu et al. (2016) and
Patel et al. (2020). In contrast, from off-limb observations, the
widths of the current sheets of solar eruptions generally range

from 10 Mm to about 100 Mm at heights of 0.27−1.16 solar
radii from the solar surface (see Lin et al. 2015). The propagat-
ing velocity of the blobs is estimated to be 50−550 km s−1 with
an average value of 190 km s−1, which is consistent with that
from the EUV observations (Zhu et al. 2016; Patel et al. 2020).
In addition, the width of the plasma blobs identified in a current
sheet of solar eruption seems to follow a power-law distribution
(Guo et al. 2013; Patel et al. 2020) and has a correlation between
the width and velocity (Patel et al. 2020). For the blob width in
this study; however, we do not find a power-law distribution or a
correlation with other parameters, which might be due to the fact
that only small plasma blobs evolving for only several minutes
in the low corona are identified.

What roles the fine structures within a current sheet play
during the energy release process of solar eruptions is still an
open question. Numerical simulations of plasmoid instability
have attempted to investigate the fine structures inside current
sheets and their temporal behavior (e.g., Ni et al. 2015a; Ye et al.
2019). The observational features in this study appear to be con-
sistent with some results of the numerical models (Ye et al. 2019,
2020, 2021, 2023; Zhang et al. 2022). In the numerical studies
conducted by Ye et al. (2019, 2023), the sunward flows and the
anti-sunward ones only appear below and above the principal
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X-points, respectively. This agrees well with our observational
feature in the time-distance diagram and the animation. In addi-
tion, we found that the temporal variation of the blob number
is similar to that of the AIA 211 Å light curve obtained from
the flare loop region during the solar eruption. The result from
the power-spectrum analysis in our study shows a similarity to
that of the numerical studies by Ye et al. (2019, 2020). The blob
size is also similar to that in the numerical model conducted by
Zhang et al. (2022). Our observational results suggest that plas-
moid instability may play a key role in the energy-release pro-
cesses of this solar eruption.

The bidirectional flows or plasmoids have also been iden-
tified at one side of the principle X-point in other numerical
studies (e.g., Ni et al. 2015a,b). The discrepancy between our
observational and the latter numerical results might be explained
as follows. First, above the principal X-point, the rising current
sheet may compensate for possible sunward flows or blobs. Sec-
ond, the current sheet is a three-dimensional structure. The LOS
superposition effect and the projection effect may impact the
apparent motions of the outflows within the current sheet in the
plane of sky.

5. Summary

In this paper, we report an on-disk observation of numerous fine
structures in a current sheet around the peak time of an eruptive
flare. The current sheet appears in the low corona connecting the
flare loops and the rising filament, and it involves at least 108
compact plasma blobs propagating in both sunward and anti-
sunward directions near the reconnection site. The width, dura-
tion, projected velocity, temperature, and density of these blobs
are ∼1.7± 0.5 Mm, ∼79± 57 s, ∼191± 81 km s−1, ∼106.4±0.1 K,
and ∼1010.1±0.3 cm−3, respectively. Using the velocity ratio of
inflows and outflows associated with the reconnection process,
the reconnection rate is estimated to be 0.27−0.33. In the mean-
time, the reconnection site rises with a velocity of ≤69 km s−1.
We also analyzed the change of the blob number with time
during the flare peak time, which varies in a way similar to
that of the AIA 211 Å light curve obtained from the flare loop
region. These observational results suggest that plasmoid insta-
bility plays an important role in the energy release process of
solar eruptions.
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