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ABSTRACT
The solar corona is highly structured by bunches of magnetic field lines forming either loops, or

twisted flux ropes representing prominences/filaments, or very dynamic structures such as jets. The aim of
this paper is to understand the interaction between filament channels and jets. We use high-resolution Hα
spectra obtained by the ground-based telescope Télescope Héliographique pour l’Etude du Magnétisme
et des Instabilités Solaires (THEMIS) in Canary Islands, and data from Helioseismic Magnetic Imager
(HMI) and Atmospheric Imaging Assembly (AIA) aboard the Solar Dynamics Observatory (SDO). In
this paper we present a multi-wavelength study of the interaction of filaments and jets. They both consist
of cool plasma embedded in magnetic structures. A jet is particularly well studied in all the AIA channels
with a flow reaching 100–180 km s−1. Its origin is linked to cancelling flux at the edge of the active
region. Large Dopplershifts in Hα are derived in a typical area for a short time (order of min). They
correspond to flows around 140 km s−1. In conclusion we conjecture that these flows correspond to some
interchange of magnetic field lines between the filament channel and the jets leading to cool plasmoid
ejections or reconnection jets perpendicularly to the jet trajectory.

Subject headings: magnetic reconnection, solar jet, solar filament

1. Introduction

The interaction of filaments and jets, which both are
cool plasma structures in the corona is rarely observed.
Many studies concern individually jets and filaments.

Solar jets are ubiquitous phenomena on the Sun, de-
fined as the beam-like plasma ejections along open or
slightly oblique magnetic field lines, from the lower-
to-upper solar atmosphere. Jets are source of sufficient
mass and energy input to the higher solar atmosphere,
and can be responsible for the heating of the solar
corona and acceleration of the solar wind (Raouafi
et al. 2016; Shen 2021; Schmieder et al. 2022). Jets
can occur in various regions of the Sun, like active re-
gions (ARs), coronal holes (CHs) and quiet Sun re-

gions, and are often associated with micro-flares and
coronal bright points (Schmieder et al. 2013; Shen
2021). Jets are frequently observed across a broad
range of wavelengths from optical range, called fre-
quently surges (Roy 1973; Schmieder et al. 1983), and
EUV jets (Schmieder et al. 1984) to X-ray jets ob-
served with the solar maximum mission (SMM) XRT
instrument (Schmieder et al. 1988, 1996b) and with
the Yohkoh mission (Shibata et al. 1992; Schmieder
et al. 1996a; Canfield et al. 1996) throughout the en-
tire solar cycle. Since these pioneer missions jets
have frequently been observed in Hα and Hβ (Liu
et al. 2022; Cai et al. 2024; Joshi et al. 2024a) using
high spatial resolution ground-based instruments like
Goode Solar Telescope (GST), Swedish Solar Tele-
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scope (SST), in UV with Transition Region and Coro-
nal Explorer (TRACE) (Alexander & Fletcher 1999)
and since 2010 with the Atmospheric Imaging Assem-
bly (AIA: Lemen et al. 2012) aboard the Solar Dy-
namics Observatory (SDO) (Sterling et al. 2015; Chan-
dra et al. 2015; Joshi et al. 2017, 2020a; Shen 2021;
Schmieder et al. 2022). Their measured height, width,
speed, and lifetime range from 1–50 × 104 km, 1–10
× 104 km, 100–500 km s−1, and seconds to some-
times an hour, respectively (Shimojo et al. 1996; Nis-
ticò et al. 2009; Paraschiv et al. 2015; Raouafi et al.
2016; Shen 2021).

Surges, often observed in Hα, are considered the
cooler counterparts of solar jets and frequently accom-
panied with hot jets (Roy 1973; Schmieder et al. 1983;
Canfield et al. 1996; Liu & Kurokawa 2004; Jiang
et al. 2007; Uddin et al. 2012; Chandra et al. 2015;
Nóbrega-Siverio et al. 2021). Depending on the wave-
lengths in which they are observed jets have been clas-
sified as X-ray jets, extreme ultraviolet (EUV) jets, and
Hα jets. Jets are classified as straight anemone jets
and two sided loop jets according to their morphol-
ogy (Shibata et al. 1994). Based on the Hinode X-ray
observations solar jets can be classified broadly into
two types namely: standard and blowout jets (Moore
et al. 2010; Sterling et al. 2022). Usually blowout
jets are eruptive jets and can be associated with mini-
filament eruptions and sometimes with coronal mass
ejections (CMEs) (Sterling et al. 2015; Chandra et al.
2017; Joshi et al. 2020b). On the other hand the stan-
dard jets are not associated with any kind of eruption.
Standard jets are characterized by a narrow spire and a
relatively dim base. In contrast, blowout jets initially
resemble standard jets with a narrow spire but differ by
having a large bright base. Subsequently, blowout jets
undergo violent flux rope eruption, leading to a signif-
icant broadening of the spire.

Magnetic reconnection is believed to trigger the on-
set of solar jets. The magnetic reconnection process in-
volves the reconfiguration of the magnetic field lines.
Three primary scenarios have been investigated for the
reconnection of magnetic field lines, which drives so-
lar jets: flux emergence, flux cancellation, and the loss
of equilibrium or instability onset (Schmieder et al.
2022).

In the flux emergence scenario, reconnection oc-
curs between the newly emerged magnetic flux from
beneath the photosphere and the ambient open mag-
netic field lines and triggers the jet (Nóbrega-Siverio
et al. 2017, 2021). The breakout model can trigger

the jets (Wyper et al. 2018, 2019). In the magnetic flux
cancellation scenario, jets can be triggered by the erup-
tion of small-scale filaments known as mini-filaments.
These mini-filaments erupt due to magnetic flux can-
cellation occurring near the magnetic neutral line and
beneath the mini-filament (Sterling et al. 2016; Pane-
sar et al. 2016b; Moore et al. 2022). Destabilization
and eruption of mini-filaments can trigger confined
plasma ejections (Poisson et al. 2020). In the instabil-
ity onset or loss of equilibrium scenario, jets are initi-
ated when non-potential, stressed closed magnetic flux
beneath the null point undergoes reconnection with
quasi-potential ambient flux exterior to the fan surface
(Joshi et al. 2024b). This reconnection process occurs
explosively once a critical threshold is reached, often
in response to quasi-static footpoint motions (Török
et al. 2009; Joshi et al. 2020a). Importantly, in this
scenario, the reconnection is spontaneously initiated
by internal rearrangements within the coronal field of
the closed flux system. There is typically no change
in the amount of unsigned vertical magnetic flux in or
near the jet source during this process.

Solar filaments, also called solar prominences when
viewed at the limb, are cool plasma structures em-
bedded in the hot, million degree corona. They are
also much denser by two orders of magnitude than
their environment and are supported by magnetic field
against gravity (Labrosse et al. 2010; Mackay et al.
2010). Filaments are observed directly as dark fea-
tures in chromospheric lines by their contrast with the
chromosphere emission. They are also visible as dark
features in the AIA filters at 171 Å, 193 Å and 211 Å
due to absorption of the EUV emission by the cool
plasma (Heinzel & Anzer 2001; Schmieder et al. 2004;
Labrosse et al. 2011). Filament channels lie between
positive and negative polarities. The filament threads
make a small angle (< 25◦) with the polarity inversion
line (PIL). The Hα filament is supported in the dips of
magnetic field lines (Aulanier & Demoulin 1998). The
magnetic field lines are forming flux rope or sheared
arcades (Aulanier et al. 2002; Guo et al. 2010). Both
contribute to represent the filament channel which is
well visible in EUV (Aulanier & Schmieder 2002).
The EUV filament, well visible in AIA 304 Å can be
broader than the Hα filament by a factor 5 (Heinzel &
Anzer 2001).

Magnetic reconnection is a frequent process due
to the bunches of magnetic field lines in the corona.
It is also one way to explain coronal heating, when
multiple brightenings are observed with Solar Orbiter
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Fig. 1.— Solar jet and filament observed in AIA 304 Å (panels a, e) and GONG Hα (panels b, f) on 2023 September
25. HMI magnetograms of NOAA AR 13435 (panels c, g). The red and blue contours in panels e-h are for negative
and positive polarities, respectively, with a level of ± 100 G. The sunspots observed in HMI continuum images are
shown in panels d, h. The white and green arrows show the positions of the filament and jet, respectively. The dashed
box in panel a shows the field of view of Figure 3. Panels a-d only differ from panels e-h by the presence of contours
showing polarities in the latter.

(Berghmans et al. 2021; Panesar et al. 2021; Zhukov
et al. 2021). Recently magnetic reconnection has been
evidenced by spectroscopy observations. Using IRIS
Mg II spectra, bilateral flows at the reconnection point
have been evidenced. This could initiate a jet in the
corona (Ruan et al. 2019; Joshi et al. 2020a) or heating
of jet threads (Cai et al. 2024) or developed mini-jets
in a braiding loop (Antolin et al. 2021). Such mini-
jets or jets of reconnection show flows in both direc-
tions. They concern a few pixels and last a short time
(< min). In the corona many magnetic structures are
present and can interact such as loops, jets, filaments.
Recent studies show that the interaction of jets and fila-
ments can lead to heating or oscillations in the filament
(Luna & Moreno-Insertis 2021; Joshi et al. 2023; Cai
et al. 2024; Luna et al. 2024).

In this paper, a multi-wavelength study of recurrent

jets observed with SDO/AIA, HMI, and ground-based
THEMIS instruments reveal their origin and their char-
acteristics (Section 2). We discuss the presence of a fil-
ament with a large EUV filament channel in the vicin-
ity of the jets (Section 3). The paper focuses on one of
the jets observed by THEMIS. The aim of the paper is
to localize the areas in the jet where high Dopplershift
velocities of cool plasma are detected in the Hα spec-
tra of THEMIS (Section 4). We interpret these fast
flows as a spectroscopic signature of the interchange
of magnetic field lines between the jet and the filament
leading to magnetic reconnection (Section 5).
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Fig. 2.— Evolution of the filament observed in absorption in AIA 211, 171 and 304 Å. Long threads are resolved.
They originate in the bright region and are very dynamic. The bright jet is observed parallel to the filament threads.
The white arrow in panels b and d points the dark thread in AIA 211 Å indicating absorption by filament threads. The
black arrow in panels c, g, k shows the brightening corresponding to the red and blue ovals in Figure 9. An animation
of this figure is available. The animation starts at 15:58 UT and ends at 16:16 UT. The real time duration of the
animation is 15 s.

2. Instruments, Data Sets, and Methods

2.1. Instruments

For this study we have used the data from the fol-
lowing instruments.

The Atmospheric Imaging Assembly (AIA: Lemen
et al. 2012) aboard the Solar Dynamics Observatory
(SDO, Pesnell et al. 2012) provides full disk images
of the Sun’s surface in several wavebands, offering
insights into different layers of the solar atmosphere.
These wavebands include seven EUV wavelengths:
94 Å (6 MK), 131 Å (10 MK), 171 Å (600,000 K),
193 Å (1 MK), 211 Å (2 MK), 304 Å (50,000 K),
and 335 Å (2.5 MK), two UV wavelengths, 1600 Å
(10,000 K) and 1700 Å (4500 K), and one white-light
wavelength: 4500 Å (6000 K). AIA observes with a

cadence of 12 s for EUV, 24 s for UV, and 3600 s
for white-light, all with a pixel size of 0.6′′. In this
work, we used AIA data specifically from the 171 Å,
193 Å, 211 Å, and 304 Å wavebands to analyze so-
lar jets across different layers of the Sun’s atmosphere.
The Helioseismic Magnetic Imager (HMI: Schou et al.
2012) aboard SDO observes the entire solar disk with
a pixel size and temporal resolutions of 0.5′′and 45 s
respectively, at 6173 Å. For the current study, we used
line-of-sight (LOS) magnetic field maps, and white-
light data from HMI to analyze the magnetic structure
and distribution of sunspots within the AR.

The Télescope Héliographique pour l’Etude du
Magnétisme et des Instabilités Solaires (THEMIS:
Mein & Rayrole 1985), features an helium filled
Cassegrain telescope equipped with a Ritchey-Chretien
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Fig. 3.— Evolution of the jet in different AIA wavebands. The panel a shows the intensity image of AIA 304 Å,
panels b–l show base difference images (base time: 15:45 UT) of AIA filters at 304 Å, 193 Å and 211 Å, respectively.
The arrows in panel c and h indicate the jet leading edge and deflected jet, respectively. An animation is attached with
this figure, which starts at 16:01 UT and ends at 16:34 UT. The real time duration of the animation is 28 s.

primary mirror of 92 cm diameter, installed on top
of a 22.5 m height observing tower. The front and
back parts of the telescope are closed by glass win-
dow plates, hence sealing the telescope to avoid tur-
bulence above the main mirror. A 9-meter diameter
dome shields the instrument from environmental el-
ements. The telescope is equipped with highly flex-
ible spectroscopic capabilities that enable simultane-
ous observation of several spectral ranges that can be
strategically distributed over a 2500 Å bandwidth at
observer’s choice. This unique capability is made pos-
sible using first a grating predisperser featuring three
interchangeable gratings, and then an echelle spectro-
graph. Spectra are acquired using either recent CMOS
cameras (2k × 2k) and/or three older EMCCD cam-
eras (512 × 512), with a maximum of five spectral
ranges allowed. The telescope offers simultaneous
high quality imaging along with the multi-line spec-
troscopy (MTR2) mode. For the current study we have
used the THEMIS Hα spectra obtained on the larger

cameras. The pixel resolution along the slit is 0.06′′.
The slit width is 0.5′′and the stepping is either 0.5′′or
1′′. The spectral dispersion is ∼ 3.076 mÅ per pixel.
The bandpass is 6.3 Å around 6563 Å. Exposure times
for Hα range from 0.05 to 0.2 s depending on tar-
gets and seeing conditions. The adaptive optics (AO)
(Tallon et al. 2022) was used and allows us to have
high-resolution data (except for prominences targets).
However, due to the relatively moderate seeing we
could not get long sequences of observations. We only
obtained a few frames from THEMIS with a step of 1′′

and an exposure time of 0.2 s allowing comparison to
space-borne observations and GONG.

The Global Oscillation Network Group (GONG:
Harvey et al. 1996) operates a network of six ground-
based observatories strategically located around the
world to provide continuous, high-resolution observa-
tions of the Sun. These observatories use Hα filter-
grams to capture full-disk images of the Sun with a
temporal and spatial resolution of 1 min and 2′′, re-
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Fig. 4.— Left panel: Small CH in the vicinity of the jet
observed in AIA 211 Å. Right panel: PFSS extrapola-
tion in the jet region. Long magnetic field lines orig-
inating from the East of AR 13435 are going to the
North, showing the path of the jet flow. The possible
jet flow path is shown with the red dashed line.

spectively. Here we have used GONG Hα data to ob-
serve the surges and filaments on the solar disk.

2.2. Methods of Analysis

We mainly used AIA 171, 193, 211, 304 Å im-
ages to observe the jet structures at chromospheric,
transition-region and coronal temperatures. All im-
ages from AIA and HMI are aligned at 15:45 UT us-
ing drot map in solar software to correct for the solar
differential rotation. For the coalignment of GONG
Hα data with SDO/AIA data, we have compared the
centroid of sunspots visible in the GONG Hα and
SDO/HMI continuum images at the same time (Figure
1 panels b and d). To study the jet evolution movies
with a cadence of 12 s are created.

For the spectroscopic analysis we analysed the
THEMIS Hα spectra using SSWIDL routines. We
plotted the spectra for each slit position and find the slit
positions corresponding to maximum plasma flows.
For these slit positions we plotted the spectral profiles
and found the Dopplershifts using the relation: veloc-
ity = ∆λ

λ c.

  

Fig. 5.— Time slice analysis of the jet at 16:14 UT.
Panel a: position of slit along the jet, panels b-d show
the time-distance diagrams along slit S1 and the com-
puted plane-of-sky speeds at different wavelengths.

3. Jet and Filament Characteristics

3.1. Overview

The NOAA AR 13435 located at N10W37 is a jet
productive AR on 2023 September 25. Between 00:00
UT to 23:59 UT, the AR produced around 24 multiple
jets in the same region, separated by 30 minutes to one
hour and with variable lengths (20–80 Mm) (Table 1).
The jet that is observed by THEMIS is the 16th jet (Jet
16) at 16:01 UT. The previous jet (Jet 15) occurs at
15:17 UT. Jet 16 is accompanied by a jet clearly visible
in all AIA wavelengths almost simultaneously around
16:01 UT.

Figure 1 shows the AIA 304 Å, GONG Hα images
of the jet called also surge (dark area), HMI magne-
togram and HMI continuum image of the AR in the
vicinity of a large filament. The surge is at the same
location as the 304 Å jet. The large filament observed
in Hα is also visible in AIA 211, 171, 304 Å as dark
elongated features indicated by white arrow in panels
b and d of Figure 2. This is due to the similarity of the
optical thickness of Hα and the absorption of the EUV
continuum near 193 Å by the cool material (Heinzel &
Anzer 2001; Schmieder et al. 2004).

The evolution of the jet in AIA 304 Å, 193 Å, and
211 Å base-difference images from 16:05 UT to 16:20
UT is displayed in Figure 3. The filament does not
evolve over time so we do not see it in the difference
images. Some very fine structures appear in the north
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Table 1: Jets observed on 2023 September 25 from NOAA AR 13435.

Jets Onset time Location Max length Jets Onset time Location Max length
(UT) (arcsec) (Mm) (UT) (arcsec) (Mm)

Jet 1 00:35 (450,49) 53 Jet 13 13:45 (449,61) 22
Jet 2 00:56 (448,45) 39 Jet 14 14:00 (454,68) 57
Jet 3 01:28 (447,48) 51 Jet 15 15:17 (453, 66) 25
Jet 4 02:01 (477,71) 22 Jet 16 16:01 (450,62) 73
Jet 5 02:47 (447,44) 60 Jet 17 16:48 (449,63) 23
Jet 6 03:02 (446,39) 33 Jet 18 17:48 (450,63) 20
Jet 7 04:33 (459,66) 28 Jet 19 18:12 (450,63) 64
Jet 8 09:28 (454,68) 29 Jet 20 19:19 (450,64) 76
Jet 9 10:32 (457,67) 62 Jet 21 19:35 (450,62) 23
Jet 10 11:00 (450,65) 19 Jet 22 21:42 (444,61) 45
Jet 11 12:12 (448,61) 21 Jet 23 22:02 (448,67) 27
Jet 12 12:30 (451,65) 66 Jet 24 23:32 (445,62) 33

  

Fig. 6.— Time slice analysis of the jet at 16:17 UT.
Panel a: position of slit along the jet, panels b-d show
the time-distance diagram along slit S2 and the com-
puted plane-of-sky speeds at different wavelengths.

part of the jet which could belong to associated surge,
well visible in Hα (Figure 1). The direction of jet ejec-
tion is towards the North-East direction, parallel to the
filament axis. The maximum projected length attained
by the jet in AIA 304, 193 and 211 Å is almost the
same, about 80 Mm. After reaching the maximum
length at ∼ 16:13 UT, the jet is deflected towards the
North direction. This deflection is visible more clearly
in AIA 193 and 211 Å base difference images. The
angle of deflection is nearly equal to 90o. After the
deflection, the jet can be visible up to 16:20 UT and

the length traveled by jet after the deflection is ∼ 58
Mm. We noticed that the CH structure is visible in the
East-South of the AR. The location of CH along with
the jet is depicted in Figure 4. For a better view of the
jet evolution, we refer to the accompanying movie. To
explain the deflection of the jet, we explore the mag-
netic connectivity of the AR using PFSS extrapolation
technique. The result of this extrapolation is shown in
Figure 4. From the extrapolation, we find the turning
of the magnetic field lines from the location of the jet
deflection, which provides a clear path for the jet ejec-
tion. Upon examination of all the jets, we find that jets
attaining heights greater than 33 Mm show clear de-
flection, while other jets do not show such deflection.
This may be due to the lower height, as these jets could
not be deflected by the nearby CH.

3.2. Dynamics of the Jet

We use the time-distance technique to analyse the
jet observed in all the AIA channels. The plane-of-
sky speeds of the jet in various AIA wavelengths are
determined by the slope of the brightening in the time-
distance diagram for both the initial and the deflected
directions of the jet. In the time-distance method,
an artificial slit is fitted along the jet ejection direc-
tion. Along the slit S1, the jet ejection shows multiple
strands/threads with different speeds ranging from 93–
158, 126–173 and 82–182 km s−1 in AIA 304, 193,
211 Å, respectively. Higher speeds are found at the
top of the jet. The time-distance plots in various AIA
wavelengths along with the slit position, are presented
in Figure 5.
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Fig. 7.— Magnetic field evolution of NOAA AR
13435. Panel a shows an HMI magnetogram image
on 2023 September 25 at 16:12 UT. The green, violet
contours correspond to the jet observed in AIA 304 Å,
GONG Hα respectively. The evolution of the mag-
netic field with the enlarged view of blue box drawn
in panel a is shown in panels b-g. The red crosses in
panel f show the location of flux cancellation, corre-
sponding to the jet base. An animation of this figure
is attached. The animation starts on September 22 at
23:59 UT and ends on September 25 at 20:57 UT. The
real time duration of the animation is 3 min 50 s.

Further, we have also computed the plane-of-sky
speed of the jet after the deflection with the same pro-
cedure mentioned above along the slit S2. The jet’s
speed after the deflection range from 103–176, 150–
182, 138–190 km s−1 in AIA 304, 193, 211 Å, respec-
tively. The time-distance plots along the deflected jet
direction in different AIA wavelengths are illustrated
in Figure 6. Here again the ejection shows multiple
ejections. Such a multiple ejection is also reported in
previous observations defined as threads (Schmieder
et al. 2013). The speeds of the hot jets have been
reported by several authors (for example: Schmieder
et al. 2013; Panesar et al. 2016a; Zhang et al. 2023).
Their computed values range from 100 to 300 km s−1,
consistent with our results.

Fig. 8.— Filament channel and jet observed in AIA
304 Å and GONG Hα on 2023 September 25 before
the jet (panels a and c) and during its maximum exten-
sion (panels b and e, f), respectively. The white con-
tour represents the filament channel observed in AIA
304 Å. The white arrow in panels e and f indicates
the cool jet (surge). An animation of this figure which
starts at 15:59 UT and ends at 16:34 UT is available.
The real time duration of the animation is 6 s.

3.3. Magnetic Field Evolution of the AR

To understand the magnetic causes of the jet, the
line-of-sight photospheric magnetic field observed by
HMI is analysed. The photospheric magnetic field
of the AR on 2023 September 25 is shown in Fig-
ure 7a. Further, the evolution of the magnetic field
during September 22–25 around the jet location is dis-
played in panels b-g. The magnetic polarities in the
AR consist of a strong leading positive polarity and
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(b) THEMIS 6560.9 Å 
      (pixel=542) 

(c) THEMIS 6562.8 Å
      (pixel=1160) 

(d) THEMIS 6564.3 Å
      (pixel=1650) 

B

R

B

R

Fig. 9.— Panel a displays the GONG Hα image
at 16:14 UT, overlaid with the THEMIS image de-
rived from the Hα spectra highlighted in yellow, and
jet contours in AIA 304 Å and GONG Hα shown
in green and violet, respectively. Panel b exhibits
the THEMIS image corresponding to the wavelength
6560.9 Å (blue wing). Panel c presents the Hα cen-
ter image at 6562.8 Å. Panel d illustrates the THEMIS
image at the wavelength 6564.3 Å (red wing).

a following dispersed negative polarity. On Septem-
ber 22, we observe the positive polarity surrounded by
negative polarity on its north side. The contours of
the jet and some brightening visible in AIA 304 Å are
overlaid in panel a of the figure. On September 23–24,
we observe the emergence of positive and negative po-
larities around the location of the jet origin. Together
with the emergence, we also observe that the positive
and negative polarities converged and cancelled each
other along the PIL between positive and negative po-
larities during September 24–25. The leading spot is
surrounded by a moat region with moving magnetic
features (MMF) which cancel with part of the nega-
tive following polarity (see the HMI movie). The jet
occurs at the null region between positive and negative
polarities. Magnetic flux cancellation at the edge of the
AR-positive polarity triggers the jet. This is a common
mechanism to trigger jets in ARs (Mulay et al. 2016;
Panesar et al. 2016a; Poisson et al. 2020).

Fig. 10.— THEMIS Hα spectra (top) and profiles
(bottom) observed at 16:13 UT for slit 50 (left) and
70 (right). The black line corresponds to the reference
profile and the blue and red lines to blue and red shifted
profiles, respectively. The vertical yellow lines are at
the Hα line center and at the maximum shift in the blue
and red wings.

3.4. Filament Channel

GONG Hα images are used to study the chromo-
spheric features (filament and surge) associated with
the jet. We observed a filament with a wide structure
and many unresolved threads near the jet region in the
GONG Hα images before the jet occurrence (Figure
1). By analysing the GONG images we observed a
thin surge accompanying the jet nearly overlying some
filament threads around 16:13 UT. It is difficult to dis-
tinguish both. However, in the GONG movie between
blurred images there are sharp images showing a jet
crossing a filament thread with a bright point. The es-
timated speed is high (∼ 100–150 km s−1) but uncer-
tain. In AIA 304 Å we observe a large filament channel
covering the Hα filament and the small threads (Figure
8).

Using GONG images we were able to locate the
position of the filament in THEMIS images by over-
lying THEMIS images over GONG images. Figure 9
panel a displays the GONG image overlaid with the
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Fig. 11.— THEMIS Hα spectra (top) and profiles
(bottom) observed at 16:14 UT for slit 50 (left) and
70 (right). The black line corresponds to the reference
profile and the blue and red lines to blue and red shifted
profiles, respectively. The vertical yellow lines are at
the Hα line center and at the maximum shift in the blue
and red wings.

THEMIS image. THEMIS observed this field of view
over a too short period of time which did not enable us
to see the evolution of the jet and compute its speed.
The GONG movie has a spatial resolution that is too
low to allow us to distinguish a surge from the fila-
ment threads. There is no visible difference in the Hα
GONG images before and during the jet. It is only
thanks to the movie that we can detect the presence of
a cool jet (Figure 8 c - f).

4. THEMIS Spectroscopy

THEMIS images are reconstructed from the Hα
spectra obtained with a slit which scans a small portion
of the sun (80′′ × 108′′). In the Hα maps of THEMIS
the presence of the filament and threads is indicated
as the minimum of counts at the center of Hα (Fig-
ure 9). We have 80 spectra obtained in 16 s with a
spatial resolution along the slit of 0.06′′. Looking sys-
tematically at all the spectra we discovered that a few
of them present extended wings in the blue and in the
red in specific pixels at two times (16:13 UT and 16:14

Fig. 12.— Panel a: Cuts along the slit for position 50
at 16:13 UT in the Hα line center (black curve) and
in the blue wing at Hα – 2 Å (Pixel 500). Panel b:
Cuts along the slit for position 70 in the Hα line center
(black curve) and in the blue wing (blue curve) at Hα –
0.8 Å (Pixel 900) and in the red wing (red curve) at Hα
+ 0.9 Å (Pixel 1450). The dips in the black, blue and
red profiles show the locations of the filament, and of
the fast flows in the blue and red wings, respectively.

UT).
THEMIS maps obtained in the far wings of Hα are

used to identify the locations of fast plasma flows. We
obtained images for Hα center (6562.8 Å), for the blue
wing at Hα – 1.9 Å (6560.9 Å) and at Hα + 1.5 Å in
the red wing (6564.3 Å). THEMIS maps for three dif-
ferent wavelengths are presented in Figure 9 panels b,
c, d. In the far wings of Hα, dark areas appear in spe-
cific pixels indicating regions with fast flows. We have
analysed the Hα spectra presenting rapid flows, prin-
cipally spectra 50 and 70 in the scan of 16:13 UT and
in the scan of 16:14 UT. The spectra and profiles of
THEMIS Hα (6562.8 Å) are shown in Figure 10 and
11 observed at 16:13 and 16:14 UT, respectively. In
these specific spectra the Dopplershifts are very large.
In the blue area (spectra 50) the blueshift velocity can
reach 140 km s−1. In the red area (spectra 70) we ob-
served bilateral flows (± 80 km s−1). The cuts along
the slit for positions 50 and 70 are shown in Figure 12.
The section of the filament is large and covers the fila-
ment channel for position 70 (around 300 pixels = 18′′
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Filament

Jet

Reconnection jet 

(a)

(b)

(c)

Fig. 13.— Sketch of the interchange of magnetic field
lines between the filament and the jet. Panel a: the blue
lines show the filament field lines and the red lines rep-
resent the field lines of the jet and its direction. Panel
b: reconnection between the blue and red lines creating
a reconnection jet (dark red arrows in opposite direc-
tions). Panel c: the reconnected magnetic field lines,
blue and red, corresponding to the field lines of the fil-
ament and jet respectively.

). The large flow areas are narrower (a few arcsec). To
detect them we need spectroscopic data with high spa-
tial resolution. It is a combination of different effects
which allow us to detect such high flows which could
have been blurred without the adapative optics and the
pixel resolution.

5. Discussion and Conclusion

We report on the morphology of jets occurring in
the NOAA AR 13435 consisting of a leading spot in
a decaying phase, and a large extended filament an-
chored in the region. The region is also close to a
CH. The recurrence of the jets is explained by the con-
tinuous emergence of moving magnetic features and
cancelling flux. The deflection of the jets is due to
the presence of the CH. The length of the jets are be-
tween 20 to 80 Mm going from West to East. There are
multiple strands with increasing plane-of-sky speeds
as they reach the open field and are deflected towards
the North. The filament visible in Hα is surrounded
by a larger channel observed in AIA 304 Å with also

a deflected corridor. The recurrent jets are overlaid on
the filament channel due to the perspective effect, and
it is difficult to distinguish the cool plasma jet (surge)
accompanying the EUV jet from the threads of the fil-
ament.

The more surprising observations come from the
THEMIS spectra of one of the jet series, which in-
dicate strong bilateral flows and strong blueshift in
a small area. We propose the following scenario to
explain bilateral flows of ± 80 km s−1 and the high
speed velocity (140 km s−1). By considering that the
jet structure and the filament channel have nearly the
same magnetic direction West to East and overlay in
some sense, interchange of magnetic field lines is pos-
sible with magnetic reconnection between the mag-
netic field lines of the jet and the filament channel. In
Figure 13 we propose a sketch, with a reconnection
jet. Blueshift and redshift along the jet could corre-
spond to a kind of twist of the jet. However, at the lo-
cation of the bilateral flows, a brightening in Hα is ob-
served, indicating some heating which could be due to
magnetic reconnection. It corresponds to brightenings
identified in AIA 171, 211, and 304 Å pointed by black
arrows in Figure 2. The blueshifted material could be
ejected plasmoid during the reconnection. This sce-
nario is similar to the nanojets observed in loop mag-
netic field lines by Antolin et al. 2021 (Figure 15 in the
supplement).

To conclude, we present joint observations using
high spatial resolution Hα spectra obtained by the
ground-based telescope THEMIS in Canary Islands,
together with HMI and AIA data from the Solar Dy-
namic Observatory to study the interaction between a
filament channel and recurring jets. These observa-
tions suggest the presence of magnetic field lines in-
terchange between the filament channel and the jets,
leading to cool plasmoid-ejections or reconnection jets
with high speed flows perpendicularly to the jet trajec-
tory.
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