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ABSTRACT

Solar icroflarés are ubiquitous in the solar corona. vet FHCEIIININEINCCIaNSISICHaIaIsabject

BOGHEGIENEPa:. Using high-resolution coronal observations from the Solar Orbiter’s Extreme Ultra-
violet Imager (EUI), we identified about a dozen distinct moving plasma structures (hereafter, “ tiny
ejections”) originating from the centers of three homologous microflares out of four successive events.
These tiny ejections propagate roughly perpendicular to the flaring loops. They often originate as
dot-like structures with a length scale of approximately 10% km. While these initial dot-like shapes are
observable in EUTI images, they remain undetectable in the images captured by the Atmospheric Imag-
ing Assembly onboard the Solar Dynamics Observatory. As they propagate, these dot-like structures
consistently evolve into loop-like formations. possibly due to the heating of the surrounding magnetic

fickl. Rother than being generated by a series of flux rope eruptions, the tiny ejections appeat o result
from small-angle magnetic reconnections within a bipolar fiel (. 1. [lié Hiictofates Associated Witk
these ejections may be driven by magnetic reconnection within braided fields, a process similar to the
proposed nanoflare mechanism and distinct from the standard large-scale flare 1l
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1. INTRODUCTION

Microflares are localised, small-scale energy release phenomenon on the Sun induced by magnetic reconnection (e.g.,J.
Qiu et al. 2004; Z. Ning 2008; D. B. Jess et al. 2010; L. Glesener et al. 2017), usually manifesting as brightening of
extreme ultraviolet (EUV)(e.g.,P. F. Chen et al. 1999; J. W. Brosius & G. D. Holman 2009; F. Chen & M. D. Ding
2010), soft X-ray (SXR)(e.g.,Y. H. Tang et al. 2000; T. Shimizu et al. 2002; R. Kano et al. 2010) and hard X-ray
(HXR)(e.g.,J. Qiu et al. 2004; Z. Ning 2008; J. W. Brosius & G. D. Holman 2009) radiation enhancement. In the
GOES classification, they are usually classified as A-Class and B-Class events, with some events exceeding the GOES
sensitivity limits. They originate as transient, localised thermal plasmas in the chromospheric environment at an
altitude of approximately 2-10 Mm above the solar photosphere, i.e., they typically occur in the chromosphere and
the lower corona and persist for a duration of 3-10 minutes, releasing magnetic energy within a range of 1026-10%° erg
(Z. F. Li et al. 2022).
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It is well known that the energy distribution from microflares to major flares obeys a power-law (M. J. Aschwanden
& C. E. Parnell 2002). Although the energies released during the eruption of microflares are small, they are much
more numerous compared to the major flares. This may indicate that the total energy deposited into the corona by
these small-scale flares is even higher than that of the large-scale flares, and thus is also suspected to be a possible
cause of coronal heating. However, this conclusion remains controversial because whether microflares contribute to
coronal heating depends on whether their power-law slope is greater or less than 2. If the power-law slope is above
2, small-scale flares could indeed contribute significantly to coronal heating (H. S. Hudson 1991a; M. J. Aschwanden
2022).

The consistency of physical processes and energy properties between microflares and larger flares remains an open
question. While A. R. Inglis & S. Christe (2014) suggested that microflare thermal energy might originate from
mechanisms other than the standard chromospheric evaporation model (e.g., direct heating, accelerated protons,
plasma waves, or direct current fields), several observations point towards a more unified picture. The presence of
the Neupert effect (H. S. Hudson 1991b), where the time derivative of soft X-ray (SXR) emission mirrors the hard
X-ray (HXR) light curve in microflares (J. Saqri et al. 2022), coupled with a similarity in the ratio of non-thermal to
thermal energy between microflares and large flares (L. Glesener et al. 2020), strongly suggests a significant role for
chromospheric evaporation in microflares. This accumulating evidence points to consistency between microflare and
large flare energy release mechanisms, warranting further investigation into the underlying physical processes.

A large number of studies of microflares have shown that microflares are multi-scaled self-similarity to major flares
(U. Feldman et al. 1996; S. Christe et al. 2008; I. G. Hannah et al. 2011). F. Jiang et al. (2015) suggests that
the reconnection between the newly emerged magnetic field and the pre-existing magnetic field leads to microflares.
Recently, Z. F. Li et al. (2022) found that microflares can also result from tether cutting (as shown in J. Q. Sun et al.
2015) or fan-spine reconnection.

Microflares are often accompanied by jets (K. Shibata et al. 1992; C. Chifor et al. 2008; M. Shimojo et al. 1996;
Y. Shen 2021; A. F. Battaglia et al. 2023). The term “jet” typically refers to collimated, bundle-like jet plasma
streams that follow straight or slightly oblique magnetic field lines (N. E. Raouafi et al. 2016). R. L. Moore et al.
(2010) distinguished between two categories of jets: standard jets and blowout jets based on their different physical
properties. Standard jets conform to the emerging flux interchange reconnection model (J. Heyvaerts et al. 1977; K.
Shibata et al. 1989, 1992; T. Yokoyama & K. Shibata 1996). In contrast, blowout jets possess sufficient free energy to
drive the jet eruption due to the high degree of shear and twist in the magnetic field of the arch core.

The jets that are perpendicular to the coronal structures were reported by H. Chen et al. (2017), who found that the
so-called subjets, accompanied by solar tornadoes, are much smaller than typical jets and may result from magnetic
reconnection that occur in coronal loops (E. N. Parker 1988; P. K. Browning et al. 2008), which differ from the physical
processes associated with usual jets. P. Antolin et al. (2021) reported smaller-scale jet structures that are transverse to
the coronal loops, which they termed nanojets due to the accompanying energy release being at the level of nanoflares.
Nanojets may be ubiquitous (P. Antolin et al. 2021; P. Pagano et al. 2021; A. R. C. Sukarmadji et al. 2022; R. Patel
& V. Pant 2022) and are considered to result from magnetic reconnection among the braiding field within the coronal
loops, significantly contributing to coronal heating. However, few studies have hypothesized or provided evidence that
such a driving mechanism triggers larger energy-level eruption activities.

Recently, by the utilisation of high spatial and high cadence resolution time series observations from the Extreme
Ultraviolet Imager (EUT; P. Rochus et al. 2020) on board the Solar Orbiter (SO; D. Miiller et al. 2020) has facilitated
significant advancements in the field of solar physics, particularly in the study of small-scale transient phenomena.
One such phenomenon, observed in the quiet corona by the EUI, is the small-scale transient brightening driven by
magnetic reconnection, which has been termed a ’campfire’ (D. Berghmans et al. 2021). Furthermore, Z. Hou et al.
(2021) defined a specific subset of campfires, known as coronal microjets. The triggering mechanism of these coronal
microjets is consistent with the characteristics observed in classical jets during interchange reconnection events (W.
Wang et al. 2016). Observations from the EUT also reveal that the coronal magnetic field undergoes complex braiding
and untangling activities, manifesting as nanoflares that release heat into the corona (L. P. Chitta et al. 2022).

In this letter, we used observations from SO/EUI near its fourth perihelion to investigate microflares accompanied
by a series of moving plasma structures that are perpendicular to the flaring loops. We refer to these moving plasma
structures associated with microflare as tiny ejections. These findings support the idea that magnetic reconnection
within the braiding field could contribute to energy release at the microflare level. We provide an overview of the
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data in Section 2. Section 3 presents the observations of the events. In Section 4, we discuss our findings and draw
conclusions.

2. OBSERVATION AND DATA ANALYSIS

We utilized 174 A imaging data of the quiet region of the Sun near the center of the disk, taken by EUI/HRIgyy
on the Solar Orbiter (SO) between 00:38 and 00:58 UT on 2022 March 8. The specific location of the event is at
latitude-longitude coordinates (15.7°, —14.9°), with the SO positioned approximately 0.48 au from the Sun. The
EUI/HRIgyy plate scale is 0.492”, with a temporal cadence of 5 seconds (D. Berghmans et al. 2023). During these
observations, one pixel corresponded to a distance of about 172 kilometers on the Sun. Additionally, we employed data
from the Atmospheric Imaging Assembly (AIA; J. R. Lemen et al. 2012) on board the Solar Dynamics Observatory
(SDO; W. D. Pesnell et al. 2012) to obtain full-disk images with a temporal cadence of 12 seconds and a pixel size
of 0.6”. In this case, one pixel corresponds to a projection distance of approximately 400 km on the solar disk. The
separation between SO and SDO in heliographic longitude is about 30°. In order to avoid confusion in subsequent
analysis, the time of the EUI images was adjusted to that at 1 au, due to the discrepancy in the heliocentric distance
of SO and SDO.

3. OBSERVATIONS OF MICROFLARES IN CORONAL MAGNETIC FIELD STRUCTURES
3.1. Tiny ejections link to microflares

The flares on the quiet Sun on 2022 March 8, were observed by both SDO/AIA and SO/EUIL The initial flare is
referred to as Flare 1, followed by three larger microflares designated as Flare 2, Flare 3, and Flare 4, as illustrated
in Figure 1. A comparison of EUV observations and SDO/HMI data shows that the flares were located within a
dipole magnetic field. Observations from SO/EUI show that Flares 1, 2, and 3 were accompanied by a sequence of
moving plasmas originating from the flare’s center. Initially, the moving plasma often appeared as dot-like structure,
but invariably evolved loop-like eventually (see the animation in Figure 1 for details). We designate these ejections
accompanying the microflares as tiny ejections. In contrast, Flare 4 did not exhibit any discernible tiny ejection.

During Flares 1 and 2, the flaring loops appeared to intersect with each other while roughly aligning along the north-
south direction, as indicated by the dashed lines overlaid in Figure 2(a). Figure 2 illustrates eleven tiny ejections,
labeled E1-E11, which originated approximately from the crossing points of the initial flaring loops. These ejections
propagated predominantly westward with a slight southward component.

A time-slice is used to track the tiny ejections along the orange dashed line shown in Figure 2(a). The tiny ejections
appear as oblique bright bands in the slice plots, with the oblique lines marking the tiny ejections (E1-E11). The
measurement of the slopes of these labeled bands indicates the velocity of the tiny ejections in the plane of the sky
ranges from 150 to 340 km s~!. Furthermore, the slices reveal that most tiny ejections have lifetimes of about 20
seconds. In the slice plots, unmarked oblique bands can also be detected during Flares 1 to 3, suggesting the possibility
of additional ejections. However, these oblique bands are not observed after Flare 3, consistent with the absence of
obvious tiny ejections during Flare 4.

As demonstrated in Figures 3(a)-3(d), ejections E1, E4, E7 and E9 are initially appeared in very close proximity to
the flare region. In the base-difference EUI images (shown on right side of Figure 3 (a)-(d)), they are first observed as
dot-like structures with length scales ranging from about 3 to 7 pixels, corresponding to 600 to 1200 km. Over time,
all of these ejections gradually extended and expanded, eventually evolving into loop-like ones. In contrast, for some
ejections, such as E6 and E10, even in the base-difference or high-pass filtering EUI images (right side of Figures 3(e)
and 3(f)), the ejections were not detected as dot-like structures. Instead, they appeared as loop-like formations from
the initial observation. Moreover, it is worth noting that these loops exhibit nearly the same alignment as those that
evolved from dot-like structures. All of them are approximately parallel to the flaring loops and perpendicular to the
polarity inversion line (PIL) of the dipolar region.

Interestingly, the high-pass filtering EUI image in Figure 3(f) reveals a dot-like structure nearby the flaring region at
00:51:15 UT, as indicated by the blue arrows. However, This structure is not associated with the E10 ejection shown
in the same figure. After just 5 seconds, it evolved into another distinct loop-like structure in front of the E10 ejection.
This observation is consistent with the previous description of the slice analysis and potentially indicates the presence
of some smaller, additional tiny ejections.

The observed dot-like structures exhibit a length range of approximately 1.2”, which corresponds to about 900 km,
and is close to the spatial resolution limit of SDO/ATA. This resolution limit explains why these structures cannot be
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detected in ATA images during the initial formation phase. Even as most tiny ejections evolved into loop structures,
their morphological signatures in AIA observations (including E3, E6-E11) were only weakly detected. This limited
detection capability prevented AIA from resolving the complete evolutionary sequence from initial dot-like features to
fully developed loops. As evidenced in Figure 3(g), ejection E7 was clearly captured in EUT and manifested only as
faint peripheral loops in AIA images during the flare event.

Flare 4 began at 00:55:21 UT and lasted for 6 minutes. Unlike the first three flares, no tiny ejection was observed
during this flare. Instead, EUI/HRIgyy 174 A images showed that Flare 4 coincided with the formation of a faint,
larger-scale transient coronal loop. The loop’s southern footpoint was located northwest of the microflare (see red
arrows in Figure 1(h)).

Figure 4(c) illustrates the temporal evolution of HMI magnetograms, focusing on the dipolar field associated with
solar flares. The red, violet, and black curves represent the temporal profiles of positive, negative, and unsigned
magnetic fluxes, respectively, from 00:00:00 UT to an hour later. Throughout this interval, the magnetic flux remained
relatively stable, with no significant changes observed. Consequently, there was no evidence of substantial magnetic
emergence or cancellation. It is possible that smaller-scale magnetic activities are occurring, the detection of which is
currently limited by the spatial resolution and sensitivity thresholds of the HMI instrument. However, as indicated
in Figure 4(a), the photosphere showed distinct horizontal motion. The velocity field, representing the apparent
horizontal movement of magnetic field line footpoints, was derived using the Differential Affine Velocity Estimator
(DAVE) method (P. W. Schuck 2006) applied to HMI magnetograms.

Figure 4(d) illustrates the temporal evolution of helicity flux and accumulated helicity flux. The dominant helicity
flux was negative, resulting in a significant negative accumulated helicity flux observed before and during the flares.
The helicity flux was quantified using the helicity flux density Gp (E. Pariat et al. 2005; J. Chae 2007), calculated from
HMI magnetograms in conjunction with the velocity field derived from the DAVE method.

3.2. Temperature, Energy, and Flow Evolution

To determine the microflare plasma temperature distribution and energy release, we performed a differential emission
measure (DEM) analysis of ATA EUV images using an IDL implementation of the inversion algorithm developed by
J. Plowman & A. Caspi (2020). The analysis utilized six aligned ATIA EUV channels (94, 131, 171, 193, 211, and 335
A). Figure 5 ((a)-(d)) shows a region of the ATA 171 A image with intensities above 200 DN, observed at four different
times and labeled 1-4, respectively, encompassing the flares under study. The corresponding DEM distributions at
each flare’s peak time are displayed in the right panels of Figure 5. Table 1 lists the peak DEM temperatures for each
flare. Except for Flare 1, Flares 2—4 exhibited peak DEM temperatures at their peak times that exceeded the peak
temperature of 20-minute average DEM.

The peak temperature of the DEM for Flare 1 is lower than the background peak temperature primarily because the
eruption caused a radiative enhancement in low-temperature bands, such as the 171 A images, but the region failed to
be heated to higher temperatures. Another possibility is that high-temperature bands, like ATA 94 A, did not respond
to the weak heating signal, as Flare 1 is one or two order of magnitude weaker than the other flares, as shown below.

Based on the results of the DEM, we estimated the thermal energy released by each flare using the algorithm
proposed by M. J. Aschwanden et al. (2015). The results are shown in Table 1. Flare 1 released approximately 1027
erg of thermal energy, an order of magnitude less than Flare 2 and two orders of magnitude less than the 1029 erg
observed in Flares 3 and 4. The maximum energy release of the Flares 3 and 4, is also four orders of magnitude smaller
than that of the major flares, placing them all in the category of microflares.

We also analyzed the flux evolution in each channels of the AIA to gain further insight into the plasma activity
and heating mechanisms of the event. As shown in Figure 1(i), the microflare flux profile reveals four main phases of
energy release at 131 A, 171 A, and 193 A channels. The major peaks in the AIA 131 A and 193 A channels appear
to be synchronized, while the relative lag of the 171 A peak reflects the cooling process of the plasma during the
microflare’s evolution, further supporting the reconnection heating model (N. M. Viall & J. A. Klimchuk 2011, 2012).
A larger GOES flare occurred during the periods of Flares 1 and 2, but its timing is inconsistent with the ATA flux
profile, suggesting it is not directly related. Similarly, the peak time of the second flare detected by GOES does not
correspond closely to flare 4 either. Therefore, it should be directed towards the other flares located outside the red
box shown in Figure 1(a).



4. DISCUSSION AND CONCLUSIONS

In this letter, we study four successive microflares located in a dipolar field, occurring on 2022 March 8, from
00:42 to 01:02 UT. These microflares occurred at approximately the same location and the previous three microflares
were accompanied by multiple tiny ejections. Eleven tiny ejections, clearly visible in EUI/HRI images (but less so
in SDO/AIA), were analyzed. These ejections were consistently ejected from the microflare centers and propagated
perpendicularly to the flaring loops. Initially, the ejections exhibited dot-like morphologies, often evolving into loop-like
structures.

Eruptive EUV loops are often considered to trace eruptive magnetic flux ropes (J. Zhang et al. 2012; X. Cheng et al.
2010; H. Chen et al. 2024; L. Li et al. 2024). As observed by H. Wang et al. (1999), a microflare was accompanied
by a coronal loop eruption from a highly sheared magnetic field, with the loop orientated parallel to the magnetic
neutral line. However, our observations present several inconsistencies with this interpretation. Firstly, the occurrence
of about a dozen homologous loop eruptions during our event, within a period of about 10 minutes, might suggest the
presence of multiple magnetic flux ropes in the dipolar region. The frequency and rapidity of the observed ejections
are unusual for typical loop eruptions. Secondly, the loops in our study, regardless of whether they evolved from
dot-like structures or not, are consistently observed to be perpendicular to the PIL of the dipolar region. If these loops
originated from flux ropes aligned along the PIL, they would have needed to rotate by 90° upon becoming visible.
Such phenomena do not appear to be common in current observations.

Similar to the nanojets reported by P. Antolin et al. (2021), the tiny ejections in our observations are expelled
perpendicular to the coronal loops. This similarity suggests that these ejections may result from magnetic reconnection
involving small-angle misalignments of magnetic field lines in braided magnetic fields. However, unlike nanojets, which
typically appear as collimated plasma ejections, the tiny ejections in our observations initially manifest as dot-like
structures. As they propagate perpendicular to the flaring loops, they travel across the surrounding magnetic fields
that are nearly parallel to the flaring loops. Consequently, they inevitably interact with and heat the ambient magnetic
field, leading to their evolution from a dot-like shape into a loop-like structure. This transformation provides a plausible
explanation for the loop-like eruptions observed in the later stages of the tiny ejections.

The flaring loops crossing with each other were clearly observed during Flare 1 and at the onset of Flare 2. The
presence of the crossing coronal loops is often considered evidence of the braided magnetic field in the solar corona
(J. W. Cirtain et al. 2013; L. P. Chitta et al. 2022; Y. Bi et al. 2023). However, the braiding of a magnetic field typically
implies field lines that are closely entangled, with the formation of current sheets between the loop components of
the braid. These loops could be rooted in distant magnetic polarities and may cross “by chance” from the specific
observational perspective, potentially remaining far from each other in reality. As noted by D. I. Pontin et al. (2017),
the braiding magnetic reconnection can only occur when the magnetic loops interact with each other. However, the
observed loop structures in this study provide crucial clues about the reconnection sites. The continual tiny ejections
were observed to originate at the crossing points of the flaring loops, strongly suggesting that magnetic reconnection
may be occurring in this region, where the magnetic field would be significantly misaligned. Nevertheless, it’s essential
to note that the magnetic fields participating in the reconnection process are not necessarily precisely outlined by the
visible crossing loops. The actual magnetic field dynamics may be more complex than what can be directly observed
in the EUV images.

The preceding reconnections among the braiding magnetic field may facilitate further braiding reconnection events,
potentially triggering subsequent flares (Z. Svestka 1976; E. N. Parker 1988; J. Reid et al. 2018; G. Cozzo et al. 2024).
The observed sequence of flares in our study, occurring in rapid succession, aligns with this theoretical framework,
although a causal relationship between individual flares cannot be definitively established based on the available data.

We also investigated the horizontally moving plasma flow associated with the dipolar regions where the microflares
occurred. The organized horizontal motion of magnetic flux in the photosphere, particularly shearing and rotating
motions, can inject magnetic helicity into the corona by twisting the coronal field (P. Démoulin & M. A. Berger 2003;
Y. Liu & P. W. Schuck 2012; Y. Bi et al. 2015). Continuous negative helicity flux was observed around the studied
region approximately one hour before the microflares. Such helicity accumulation is expected to drive progressive
twisting of the coronal dipole field. In fact, a slightly twisted dipole magnetic field may favour the creation of such
small-angle magnetic reconnections.

During Flare 4, however, no similar tiny ejections were observed. Instead, the microflare accompanied the brightening
of a large-scale loop with one footpoint rooted in the dipolar fields. Therefore, it seems that the flare was produced
by magnetic reconnection between the dipolar field and the surrounding field. As discussed earlier, the dipolar field
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was twisted to some extent, and a series of small-angle reconnections may have occurred within it during previous
three microflares. According to simulations by A. W. Hood et al. (2016), some twisted magnetic field lines remain
after a series of reconnections within the braided field. Additionally, the reconnection of braided structures can lead
to the expansion of non-potential magnetic structures (J. Reid et al. 2018). Therefore, the expansion of non-potential
magnetic structures could trigger interactions between the non-potential field and the surrounding field. This scenario
may be similar to that observed in usual jets or blowout jets.

Our study reveals some physical processes that are different from previous microflare models. The main results and
summaries are as follows.

1 The first three successive microflares, out of the four observed, were accompanied by small-scale moving plasma
structures, which we termed as tiny ejections. They are generated near the center of the flaring loops.

2 These tiny ejections propagated approximately perpendicular to the initial flaring loops. Initially, they often
appeared as dot-like structures, but consistently evolved into loop-like shapes over time.

3 We propose that these tiny ejections result from magnetic reconnection caused by the small-angle misalignment
of braided magnetic field lines. This proposal mechanism may be responsible for triggering the microflares
associated with the tiny ejections.

A question that extends from this paper is how frequently small-angle reconnections within braided magnetic fields
lead to microflare eruptions and whether the type of magnetic reconnection implied by the tiny ejections could drive
larger flare eruptions.
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Figure 1. (a)-(d) and (h) Snapshots of four microflares (Flare 1, Flare 2, Flare 3 and Flare 4) taken in EUI/HRIgyv 174
A images. (e)-(g) SDO/ATA 171 A images corresponding in time and space to panels (a), (b) and (c), respectively. The red
arrow in panel (h) indicates the transient brightening loop anchored around Flare 4. The contours of SDO/HMI magnetogram
are superimposed on panels (e)-(h), with blue and red contours indicating negative and positive polarities, respectively. (i)
Normalized flux profiles of the three SDO/AIA EUV channels with in the red box in panel (a). The time series starts at
00:41:56 UT. The black curve represents the GOES X-ray flux. The black arrows indicate the times of the 11 tiny ejections,
while red dashed vertical lines represent the peak times of the four flares. An animation of panels (a) and (e) is available,
including HMI magnetogram and high-pass filtered EUI 174 A images. It covers 21 minutes of observations beginning at
00:42:21 UT on 2022 March 8. The video duration is 9 seconds.
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Figure 2. (a) Snapshots of 11 tiny ejections (E1-E11, as marked by red arrows) captured in EUI/HRIgyv 174 A images.
Black dashed lines indicate the crossing flaring loops. (b) Time-distance plots taken along the orange dashed| lines plotted on

panel (a). White dashed lines represent the peak times of the first three flares,respectively. The plane-of-sky velocities of tiny
ejections E1-E11, appearing as inclined bright bands on panel (b), is measured as approximately 232, 154, 229, 216, 221, 339,

248, 261, 317, 226, and 211km s~ !, respectively.
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Figure 3. (a)-(f) The EUI/HRIpyv 174 A images displaying the detailed evolution of several tiny ejections. Red arrows
mark tiny ejections, while black circles indicate the initial dot-like structure of tiny ejections. (g) SDO/AIA 171 A images
corresponding to the time and location of panel (c¢). In each panel, the left four images are raw, while the right four images
show their base difference version (a, b, ¢, d, and g) or high-pass filtered version (e, f).
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Figure 4. (a) The average SDO/HMI magnetogram from 00:00 UT to 00:43:45 UT within the red box in Figure 1(e). The
orange arrow indicate the average horizontal velocity field traced from the SDO/HMI magnetograms. (b) The sum of the helicity
flux from 00:00 UT to 01:00 UT within region in panel (a). (c¢) The evolution of HMI magnetograms covering the dipolar field
associated with solar flares. The red, violet, and black curves represent the temporal profiles of positive, negative, and unsigned
magnetic fluxes, respectively, from 00:00:00 UT to an hour later. The unsigned flux is defined as the summation of positive flux
and the absolute value of negative flux. (d) The temporal profile of helicity flux and the accumulated helicity flux. The black
and red curves represent the accumulated helicity flux and the helicity flux, respectively, from 00:00:00 UT to one hour later.
The black arrows in panels (c) and (d) indicate the times of the 11 tiny ejections.

Table 1. Peak temperature and heat release

Flare Peak Time Tp1 Tpo Ein
(UT) (MK) (MK) (erg)
Flare 1 00:44:10 1.8 1.6 7.5 x 10%7
Flare 2 00:47:58 1.8 2.0 7.6 x 10%8
Flare 3 00:53:10 1.8 2.0 1.96 x 10%°
Flare 4 00:59:10 1.8 2.5 1.25 x 10%°

NOTE—T'p1 is the background peak temperature and Tp2 is the

event peak temperature.
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Figure 5. (a)-(d) SDO/AIA 171 A images at peak times of Flare 1, Flare 2 , Flare 3 , and Flare 4 , with the regions outlined
(1-4). (e)-(h) Profiles of the average DEM temperature within the numbered contours shown on the left panels (a)-(d)

. The yellow curves represent the mean values over a 20-minute period , while the black curve shows the values at peak time of
each flare.
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