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Abstract

Using high-temporal-resolution and high-spatial-resolution observational data
from the Solar Dynamics Observatory (SDO), we conducted a detailed analysis
of a set of recurrent bidirectional jet events occurring in the same source region.
The results show that the generation of these jets is closely related to the inter-
action between two small-scale, adjacent filaments and to magnetic reconnection
in the jet source region. Observations reveal that the neighboring ends of the
two filaments are rooted in opposite magnetic polarities within the source region.
As the filaments gradually approached each other, distinct brightening patches
appeared in their interaction region. Subsequently, a pair of hot plasma jets
moved in opposite directions along the two filamentary structures, exhibiting
typical characteristics of bidirectional jets. A comprehensive analysis indicates
that the observed bidirectional jet events show clear recurrent behavior, and
that their formation mechanism is consistent with the recently proposed mag-
netic reconnection model between adjacent filaments. This mechanism differs
from the conventional scenario in which bidirectional jets are mainly triggered
by magnetic reconnection between a newly emerging bipolar magnetic field and
an overlying horizontal magnetic field.

Full Text
doi: 10.15940/j.cnki.0001-5245.2026.04.009

Recurrent Bidirectional Jets Triggered by Mag-
netic Reconnection Between Adjacent Filaments”

Meng Ni!  Liang Hongfei'!  Zhou Xinping?*

(1 School of Physics and Electronic Information, Yunnan Normal University,
Kunming 650500)
(2 School of Physics and Electronic Engineering, Sichuan Normal University,
Chengdu 610066)

Abstract Using high-temporal-resolution and high-spatial-resolution observa-
tional data from the Solar Dynamics Observatory (SDO), we conducted a de-
tailed analysis of a group of recurrent bidirectional jet events occurring in the
same source region. The results show that the generation of these jets is closely
related to the interaction between two small-scale adjacent filaments and to the
magnetic-reconnection process in the jet source region. Observations indicate
that the adjacent ends of these two filaments were rooted in opposite magnetic
polarities within the source region. As the filaments gradually approached each
other, a distinct brightening patch appeared in their interaction region. Sub-
sequently, a pair of high-temperature plasma jets moved in opposite directions
along the two filamentary structures, exhibiting typical bidirectional-jet char-
acteristics. The combined analysis shows that the observed bidirectional jet
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events have evident recurrent properties, and that their formation mechanism
is consistent with the recently proposed model of magnetic reconnection be-
tween adjacent filaments. This mechanism differs from the traditional scenario
in which bidirectional jets are thought to be triggered mainly by magnetic re-
connection between a newly emerging bipolar magnetic field and an overlying
horizontal magnetic field.

Keywords Sun: jets, Sun: filaments, Sun: corona, magnetic reconnection,
plasmas

Chinese Library Classification No.: P182; Document Code: A

1 Introduction

Solar jets are a type of transient and collimated plasma flow. They were first
discovered through observations in the Ha band in the 1940s, and at that time
were called Ha surges. With the development of observing techniques, jets are
no longer limited to the Ha band, but have also been widely observed in multiple
wavebands such as the extreme ultraviolet (EUV) and X-rays. The spatial scales
of solar jets vary over a wide range, from small nanometer-scale jets to large-
scale jets that can extend over several solar radii. They usually occur between
the chromosphere and the corona of the solar atmospherel!-4. Jet phenomena
are widely distributed on the solar surface; they can appear not only in active
regions®% and quiet-Sun regions!”, but also in coronal holes.

With the continuous upgrading of observing instruments, solar jets have been
detected by a variety of instruments in different wavebands. From the X-ray
jets observed by the Soft X-ray Telescope (SXT) carried on the Yohkoh satel-
litel®9! to the coronal jets observed in the EUV band in 1995 by the Solar
and Heliospheric Observatory (SOHO)[ % 10-13] ' myltiwavelength observations
of jets have gradually enriched people’ s understanding of their physical prop-
erties. Based on these observations, researchers have obtained various key
physical parameters of jets, all of which show relatively large ranges of vari-
ation. The heights of jets are about 1 x 10* — 50 x 10* km, their widths are
1 x 10* — 10 x 10* km, their speeds cover the range 10 — 1000 km - s, and their
lifetimes range from several minutes to nearly 1 h{14-18,

The measurement of these parameters provides important observational evi-
dence for a deeper understanding of the formation mechanisms and evolutionary
processes of coronal jets. Solar jets are dynamical processes in which plasma
is ejected in a beam-like form along magnetic field lines. These continuously
upward-directed plasma ejections can provide mass and energy flux for the up-
per solar atmosphere, and may have effects on coronal heating and solar
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make important contributions during the wind-acceleration process|[ 1]["19-
722]. Liu et al.[723], based on Ha spectral-line observations, analyzed jet ac-
tivities related to newly emerging magnetic flux regions, and pointed out that
the emergence and disappearance of magnetic flux are important physical mech-
anisms that trigger jets. It is generally believed in the community that the
formation of solar jets mainly originates from the magnetic-reconnection pro-
cess between newly emerging magnetic flux and the surrounding background
magnetic field.

At present, studies of solar jets have covered many aspects, including jet classifi-
cation, dynamic characteristics, triggering mechanisms, and their roles in solar
physical processes. According to differences in jet morphology, they can usu-
ally be divided into anemone jets and two-sided jets["24-"26]. Among them,
anemone jets generally exhibit an inverted “Y” -shaped structure and are so
named because their morphology resembles a sea anemone. Such jets usually
consist of a bright base and a spire, and often occur in emerging flux regions
(Emerging Flux Region, EFR) or active regions (Active Region, AR) in coronal
holes. The magnetic-field structure of such jets is manifested as magnetic-field
lines connecting the bipolar magnetic field within the active region and the
surrounding unipolar magnetic field, with magnetic loops distributed radially.
In contrast, jets accompanying emerging flux regions or active regions in quiet
regions mostly appear as two-sided loop-like structures. Yokoyama et al.["24]
proposed that the formation of jets originates from magnetic reconnection be-
tween a pre-existing coronal magnetic field and a newly emerging magnetic field:
when the coronal magnetic field is approximately horizontal, two-sided jets are
prone to form; whereas under a vertical or inclined magnetic-field background,
anemone jets are more readily produced.

With increasing observations and analyses of two-sided jets, new triggering
mechanisms for jets have also been proposed. Tian et al.["25] used joint ob-
servational data from the New Vacuum Solar Telescope (NVST) and the Solar
Dynamics Observatory (SDO) on 2014 April 16 to carry out a detailed study
of two two-sided jet events. The results showed that these jets originated from
the magnetic-reconnection process between neighboring dark fibrils. This forma-
tion mechanism differs significantly from the previously more generally accepted
model—namely, that two-sided loop-like jets are produced by magnetic reconnec-
tion between newly emerging bipolar magnetic fields and overlying horizontal
coronal loops[~24,726].

Based on SDO multi-band observational data, this paper investigates recurrent
two-sided jet events occurring in the same source region. The results show that
the formation mechanism of this type of jet is consistent with the “magnetic re-
connection between neighboring dark fibrils” model proposed by Tian et al.["25].
Further analysis indicates that, when multiple neighboring dark-fibril structures
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exist in the source region and the system is in an unstable evolutionary phase,
their mutual interaction is more favorable for triggering magnetic reconnection
and thereby producing two-sided jets. This result provides new observational
evidence for understanding the repeated triggering and energy-release processes
of two-sided jets, and provides a reference for exploring the physical connections
among solar eruptive activities at different scales. The structure of this paper
is arranged as follows: Section 2 introduces the observational instruments used
and data sources; Section 3 describes the analysis methods and main results;
Section 4 summarizes and discusses the conclusions of the study.

2 Observations

On 2013 November 30, a group of two-sided jet events that repeatedly occurred
in the same source region was observed in solar active region 11908. To analyze
the evolutionary process of these jets, this paper uses extreme-ultraviolet (EUV)
observational data from the Atmospheric Imaging Assembly (AIA) aboard the
Solar Dynamics Observatory (SDO). Four EUV passbands of ATA were mainly
used: 304 A, 171 A, 193 A, and 131 A. The spatial resolution of AIA is 0.6”,
and the temporal resolution is 12 s. To study the evolution characteristics of
the magnetic field in the jet source region, line-of-sight magnetograms from the
Helioseismic and Magnetic Imager (HMI) aboard SDO were also used, with a
temporal resolution of 45 s.

3 Observational Results

This paper studies two-sided jet events that repeatedly occurred in the same
source region in solar active region 11908 on 2013 November 30. Figure 1 shows
observational images of the jet source region before the occurrence of the jets.
The article analyzes the magnetic-field structure of the jet source region, in
which the footpoint locations of two dark fibrils are indicated by contours in
green (positive polarity) and red (negative polarity), respectively (the contour
levels are (£)4, (£)5, and (£)10). It can be seen that the western dark fibril is
rooted in the positive-polarity region (as indicated by the arrow P1 in Figure
1(a)), whereas the eastern dark fibril is rooted in the negative-polarity region
(as indicated by the arrow N1 in Figure 1(a)). The overall jet source region
presents a bipolar magnetic-field structure composed of positive and negative
polarities (as shown in Figure 1(a)). Other panels show the same spatial region
and are used to compare the characteristics in different passbands.

Figure 2 shows the detailed evolutionary process of the first jet observed in three
SDO/AIA passbands, 304 A, 171 A, and 131 A. From left to right, the panels
show the pre-eruption phase, the pre-eruptive stage (columns 2-3), the eruption
onset, and the mid-eruption evolution. Observations show that, before the jet
occurred, the dark fibrils in the source region consisted of two thin, thread-like
structures that were separated from each other but spatially adjacent (see the
black dashed lines in Figure 2(b1)). Combined with Figure 1, it can be seen

chinarxiv.org/items/chinaxiv-202608.00139 Machine Translation


https://chinarxiv.org/items/chinaxiv-202608.00139

Fig. 1

Figure 1: Fig. 1

that the two dark fibrils are rooted in positive and negative magnetic-polarity
regions, respectively.

At 21:38:43 UT, the neighboring dark fibrils gradually approached each other
due to perturbations, and in their convergence region (black [[unclear: sentence
continues on next pagel]).

A pronounced brightening appeared in the region indicated by the colored rect-
angular box. This indicates that, when two filament threads rooted in oppo-
site polarities approached each other, magnetic reconnection may have been
triggered, leading to rapid heating and brightening in the local region. Subse-
quently, jets formed along the filament path toward both sides. At 21:40:31
UT, plasma ejected in the directions of T1 and T2 could be observed (see Fig.
2(a4)), showing typical bidirectional-ejection characteristics.

Fig. 1 An overview of the region prior to the jet occurrence. Panels (a)-(d)
show images in the ATA 171 A, 131 A, 193 A, and 304 A channels, respectively,
overlaid with contours of the line-of-sight magnetic field observed by SDO/HMI
at 21:35:40 UT (Universal Time). The green and red contours represent the
positive and negative polarities of the HMI line-of-sight magnetic field, respec-
tively. In panel (a), arrows P1 and P2 indicate positive-polarity regions, while
arrows N1 and N2 mark negative-polarity regions.

After the first jet eruption, three more morphologically similar bidirectional jet
events occurred successively in this source region, at 22:05 UT, 22:28 UT, and
22:55 UT, respectively. Figure 3 shows the evolutionary process of the four jets
(J1, J2, J3, and J4) that occurred continuously from 21:39 UT to 22:58 UT.
All four jets originated from the same location and appeared as bidirectional
structures ejected in opposite directions along the filament-intersection region,
exhibiting typical bidirectional-jet characteristics.

Figure 3 presents AIA 304 A images before and after the jet eruptions. From
the positions indicated by the arrows in Fig. 3(al), (a3), (ab), and (a7), it can
be seen that, before the jets occurred, distinct localized brightenings appeared
in the source region. This may be direct evidence of magnetic reconnection
between filament threads. After the brightening appeared in the source region,
plasma ejection in opposite directions along the filament-head direction could be
observed (see Fig. 3(a2)). The dashed lines in Fig. 3(a4) schematically indicate
the spatial morphology of the fine structures in the source region after the jet
occurred.

To further investigate the dynamical characteristics of the observed recurrent
bidirectional jets, time-distance diagrams were constructed in this work based
on ATA 304 A images. These slices were selected along the dashed-line positions
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shown in Fig. 2(ab), in order to trace the ejection paths of the plasma in the four
jet events. As shown in Fig. 4, the plasma propagated in opposite directions,
displaying typical bidirectional-motion characteristics.

[Figure 2 image: detailed evolution of the first jet in ATIA 304 A, 171 A, and 131
A channels, with panels al-a5, b1-b5, and cl-c5.]

Fig. 2 The detailed evolution of the first jet. Panels (al)-(a5), (b1)-(b5),
and (c1)-(c5) show time-sequence images in the ATA 304 A, 171 A, and 131
A channels, respectively. In panel (a4), T1 and T2 mark the two propagation
directions of the jet, and the dashed line in panel (a5) indicates the slice position
used to produce the time-distance plot in Figure 4. The black rectangular boxes
in panels (a2), (b2), and (c2) outline the initial brightening region of the first
jet.

[Figure 3 image: evolution of four recurrent bidirectional jets J1-J4 in ATA 304
images, panels al-a8.]

Fig. 3 Evolution of the four jets. Panels (al)-(a8) AIA 304 A images showing
the evolution of the recurrent bidirectional jets J1-J4. The white arrows in pan-
els (al), (a3), (ab), and (a7) indicate the pronounced brightenings that appear
at the onset of each jet. The arrow in panel (a2) marks the ejection direction of
the jet, while the dashed curve in panel (a4) outlines the filamentary structure
after the second jet.

By linearly fitting the slopes along the jet fronts, the ejection velocities of the
four jets along the eastern and western sides were estimated: for J1, approxi-
mately 26 km +s~! and 40 km -s™!, respectively; for J2, 32 km -s~ ! and 45
km -s7!; for J3, 37 km -s7! and 47 km -s!; and for J4, 34 km -s~! and
62 km -s~!. The velocity range of the four jets is 26-62 km -s~!, which lies
within the typical velocity range of solar coronal jets. Each jet

the duration of the event was about 3-5 min, and the total duration of the four
jets was about 1.5 h.

Fig. 4 Time-distance diagrams derived from the ATA 304 A images, showing
the eruption process of the recurrent bidirectional jets. The trajectories of the
plasma moving in opposite directions and their corresponding velocities are
indicated in the figure.

Fig. 4 Time-distance diagrams derived from the ATA 304 A images, showing
the eruption process of the recurrent bidirectional jets. The trajectories of the
plasma moving in opposite directions and their corresponding velocities are
indicated in the figure.

4 Results and Discussion

Using the high-temporal- and high-spatial-resolution observations from SDO,
this paper has examined in detail the generation and evolution of recurrent bidi-
rectional jets caused by magnetic reconnection between adjacent dark threads.
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The observational results show that four consecutive bidirectional jet events all
originated from the same source region and were closely related to two adjacent
dark threads. In the first jet, the eruption speeds of the plasma to the west and
east were about 26 km -s~! and 40 km - s~!, respectively; in the second jet, the
speeds were about 32 km -s~! and 45 km - s, respectively; in the third jet, the
speeds were about 37 km - s~ and 47 km - s~!, respectively; and in the fourth
jet, the speeds were about 34 km+s~! and 62 km -s™!, respectively. These speed
ranges are consistent with previous observational results for jets.

From Fig. 2, the formation and evolutionary details of the jets can be clearly
seen. Before the jets occurred, there were two dark threads that were close to
each other but still separated (see the two dashed lines in Fig. 2(bl)). Com-
bined with Fig. 1, it can be seen that the footpoints of these two dark threads
were anchored in the positive- and negative-polarity magnetic-field regions, re-
spectively. By 21:38 UT, the gap between the dark threads had disappeared;
the two dark threads came into contact, and a distinct localized brightening
appeared in the source region. Some high-temperature plasma was ejected from
the self-brightening region and flowed in opposite directions along the paths
of the dark threads, exhibiting typical bidirectional-jet characteristics [27-29].
Consistent with previous studies [25,27-29], this phenomenon indicates that
magnetic reconnection occurred between the dark threads. Because the dark
threads were rooted in magnetic-field regions of different polarities, their mu-
tual approach and contact provided the conditions for magnetic reconnection;
the energy released by the reconnection heated the plasma and caused it to erupt
in opposite directions along the threads, thereby forming bidirectional jets.

In this observation, a total of four recurrent bidirectional jet events were identi-
fied within the same source region. As shown in Fig. 3, all four jets originated
from the same magnetic activity region and erupted in opposite directions along
the dark-thread junction region. The first contact of adjacent dark threads
formed the first pair of bidirectional jets; subsequently, new dark threads formed
again and, after approaching and contacting each other once more, triggered
subsequent jets. This process occurred repeatedly within the same magnetic
structure and is consistent with existing observational results [25,27,30], fur-
ther confirming that bidirectional jets tend to recur near the same neutral line.
Taken together, the observational results suggest that the multiple bidirectional
jet events studied in this paper are all closely related to the magnetic reconnec-
tion process between adjacent dark threads, and that their formation mechanism
is consistent with the model proposed by Tian et al. [25].

Compared with flares or coronal mass ejections (CMEs), jet phenomena are
less prominent, but with improvements in observational-instrument performance
and the enrichment of observational methods, their importance in solar atmo-
spheric dynamics has become increasingly evident, and they have become one of
the research hotspots. At present, studies of bidirectional jets remain relatively
limited, which is closely related to the difficulty of identifying them observation-
ally. Yokoyama et al. [24] pointed out that bidirectional jets do not necessarily
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appear as typical jet forms, but may only appear as transient loop-like brighten-
ings [31-32]. Zheng et al. [30] argued that bidirectional jets may be as common
as anemone jets, and that their “rarity” mainly arises from the difficulty of effec-
tively identifying them under low-resolution observing conditions. At present,
there are only a small number of observational reports on bidirectional jets
[11,25,27,30]. Among them, Alexander et al. [11] first reported bidirectional
jets using data from the Transition Region and Coronal Explorer (TRACE)
and Yohkoh; Jiang et al. [27] analyzed recurrent bidirectional jets and consid-
ered them to originate from the magnetic reconnection process between a newly
emerging bipolar magnetic field and the overlying coronal magnetic field; Zheng
et al. [30], in 2018, proposed a case of bidirectional jets associated with erupting
plasma and twisted overlying magnetic fields, and argued that the jets were
triggered by magnetic reconnection between overlying horizontal field lines and
a loop-like structure. The results of the present study support the “formation of
bidirectional jets through magnetic reconnection between adjacent dark threads”
model proposed by Tian et al. [25]. This differs from the traditional model for
coronal jets: the traditional model holds that jets are triggered by magnetic
reconnection between a newly emerging bipolar magnetic field and the overly-
ing coronal background field, whereas the results of this study show that some
bidirectional jets do not depend on the emergence of new magnetic flux, but are
instead triggered by magnetic reconnection between adjacent dark threads. Jets
in the traditional model mainly occur in newly emerging magnetic-flux regions,
whereas the newly proposed model is more likely to occur in--

In the interaction process within an already existing magnetic structure, the jet
event in this study did not show obvious new magnetic-flux emergence charac-
teristics; instead, it manifested as the gradual approach of adjacent dark lanes
accompanied by localized brightening, subsequently triggering a two-sided jet.
This is more consistent with the scenario of the magnetic-reconnection model
for adjacent dark lanes. This research result further broadens the understand-
ing of the diversity of triggering mechanisms for two-sided jets and provides
important observational evidence for subsequent systematic statistical analyses
and numerical-simulation studies.
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ment Threads
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Abstract  The observations from the Solar Dynamics Observatory (SDO),
characterized by high temporal and spatial resolution, were used to perform a
detailed analysis of a series of recurrent bidirectional jet events originating from
the same source region. The results show that the jet was closely associated
with the interaction between two small-scale, adjacent dark filaments and the
magnetic reconnection occurring in the jet source region. The observations re-
veal that the neighboring ends of the two filaments were rooted in magnetic
polarities of opposite signs within the source region. As the filaments gradually
approached each other, a pronounced brightening patch appeared in their inter-
action region. Subsequently, a pair of hot plasma jets propagated in opposite
directions along the two filamentary structures, exhibiting typical bidirectional
jet characteristics. Combined analyses indicate that the formation mechanism of
the observed bidirectional jet is consistent with the recently proposed model in
which magnetic reconnection between adjacent filaments plays a key role. This
mechanism differs from the traditional scenario, where bidirectional jets are
mainly triggered by reconnection between an emerging dipole and the overlying
horizontal magnetic field.

Key words Sun: jets, Sun: filaments, Sun: corona, magnetic reconnection,
plasmas
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