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ABSTRACT

Context. Magnetic reconnection in the solar atmosphere drives energetic phenomena such as Ellerman bombs, UV bursts, and surges.
Aims. Our aim is to employ high-resolution observations to advance understanding of such phenomena and their connection between
each other.

Methods. We used coordinated observations from the Swedish 1-m Solar Telescope (SST), the Interface Region Imaging Spectrograph
(IRIS), the Solar Dynamics Observatory (SDO), and the Hinode/X-ray Telescope (XRT) to analyze an active region with strong and
repeated magnetic flux emergence. This region displayed long duration UV burst activity, occurrence of multiple Ellerman bombs,
and recurrent ejection of surges.

Results. Chromospheric imaging in the Hae and HB lines show the presence of a dome-like structure that overarched the region where
magnetic flux was emerging into the photosphere. The curved chromospheric fibrils were closely associated with bright and similarly
curved extensions from a UV burst in the IRIS 1400 A channel. We observed an episode of formation of a bright sheet along the
curved fibrils in HB that subsequently fragmented into plasmoid-like blobs with peak emission at a Doppler offset of +43 km s7!.
IRIS Si1v lines in the same region show complex and non-Gaussian line profiles that display asymmetric extensions to high Doppler
offsets. Some profiles have clear components with Doppler offsets in excess of 150 km s~! on both sides of the nominal line center.
The optically thin SDO/AIA channels, including 94 A, show intermittent and repeated occurrences of the burst. Emission measure
and filter ratio analysis indicate that the burst is multi-thermal and can attain temperatures beyond 1 MK. AIA and Hinode/XRT
observations reveal a localized EUV and soft-X-ray counterpart of the burst/dome system, supporting the presence of intrinsically
multithermal plasma that reaches coronal, and likely multi-MK, temperatures.

Conclusions. Our observations resolved aspects of the interaction between emerging magnetic field and the overlying pre-existing
fields. To fully trace the rise of magnetic fields through the atmosphere, and characterise its various forms of associated energy release

processes, a continued coordinated effort of acquisition of diagnostics across a wide range of wavelengths is required.
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1. Introduction

Magnetic reconnection has been linked to many energetic phe-
nomena in the solar atmosphere. It is the driver behind solar
flares and coronal mass ejections (Pontin & Priest 2022; Janvier
et al. 2015; Chen 2011) on larger scales, as well as Ellerman
bombs (EBs; Ellerman 1917; Georgoulis et al. 2002), UV bursts
(Peter et al. 2014; Young et al. 2018), surges (e.g., Nishizuka
et al. 2008; Moreno-Insertis & Galsgaard 2013; Nébrega-Siverio
et al. 2016), and spicules (Tsiropoula et al. 2012; Moore et al.
2011; Ding et al. 2011; Samanta et al. 2019; Sand et al. 2025,
2026) on smaller scales. Ellerman bombs, UV bursts, and surges
often occur in connection with strong magnetic flux emergence
episodes (e.g., Guglielmino et al. 2010; Kontogiannis et al.
2020).

Recently, N6brega-Siverio et al. (2024, hereafter DNS24)
presented coordinated observations that clearly demonstrate how
an episode of photospheric flux emergence at granular scales was
followed by an EB, a UV burst, and a surge. The emergence of

the magnetic dipole was associated with the appearance of a dark
bubble observed in the Can K blue wing. This can be explained
as a cold dome that results from adiabatic cooling from the ex-
panding magnetised plasma as it rises through the atmosphere
(see also Ortiz et al. 2014; de la Cruz Rodriguez et al. 2015a; Or-
tiz et al. 2016). More than 10 min after the first appearance of the
emerging dipole, an EB occurred where a freshly emerged posi-
tive polarity patch appeared to collide with pre-existing negative
polarity magnetic fields. The EB was identified as strong wing
emission in the Ha and Can K lines. Another 10 min or so later,
a UV burst emerged in this region as strong and rapidly vary-
ing emission in the IRIS 1400 A channel. Simultaneously with
the UV burst, a surge of cold chromospheric plasma was ejected
which reached a maximum extension in the Ho and Cau K wing
images of 8”.

These energetic events in the lower atmosphere result from
magnetic reconnection from the interaction between the emerg-
ing magnetic field and pre-existing fields. This leads to signif-
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icant heating of the local plasma: the observation of UV-burst
emission in Si1v lines and other transition region lines suggest
temperatures on the order of 100,000 K. Moreover, the UV burst
observed by DNS24 exhibited a weak EUV counterpart in the
SDO/AIA coronal channels suggesting temperatures of around
1 MK. These are remarkably high temperatures for the relatively
high density region of the upper chromosphere and transition re-
gion.

The emergence of magnetic flux and its interaction with pre-
existing flux leads to formation of current sheets where recon-
nection can occur, for example along the boundary of the dome
structure surrounding the emerging bubble. From theoretical and
numerical studies, it is known that current sheets can break-up
due to the tearing-mode instability and form plasmoids. The di-
rect detection of plasmoids as magnetic islands in the solar at-
mosphere is beyond the reach of modern observational capabili-
ties but there have been reports of the observation of highly dy-
namic small-scale blobs in UV bursts, EBs, and flaring regions
that can be interpreted to result from plasmoid formation (see,
e.g., Rouppe van der Voort et al. 2017; Diaz Baso et al. 2021;
Rouppe van der Voort et al. 2023; Cheng et al. 2024; Leenaarts
et al. 2025). The observation of triangular-shaped Sitv 1394 A
and 1403 A line profiles and peculiar profiles with several peaks
in UV bursts have also been interpreted as a result of plasmoid
formation (Innes et al. 2015; Guo et al. 2020).

DNS24 observed a rather isolated event of small-scale flux
emergence in an ephemeral region. Here we expand on this work
by analysing coordinated observations of an active region with
strong and repeated magnetic flux emergence. This region dis-
played long duration UV burst activity, occurrence of multiple
EBs, and recurrent ejection of surges. The IRIS spectrograph slit
covered significant part of the UV burst activity which provides
a wide variety of complex Si1v spectral profiles.

2. Observations

We used coordinated observations from the Swedish 1-m So-
lar Telescope (SST, Scharmer et al. 2003), the Interface Region
Imaging Spectrograph (IRIS, De Pontieu et al. 2014), and the
Solar Dynamics Observatory (SDO, Pesnell et al. 2012) obtained
on 27 July 2023 of active region AR13380 at heliocentric coor-
dinates (x,y) = (—348"”,-237") and observing angle u = 0.9.
This dataset was acquired as part of a multi-season effort to ac-
quire coordinated observations with SST and IRIS (see Rouppe
van der Voort et al. 2020).

IRIS observed between 07:29 and 12:00 UT and was run-
ning a medium dense 16-step raster program (observing iden-
tifier OBSID3620506835) with the spectrograph slit covering a
5”"x60"” area. The exposure time was 4 s and the raster cadence
83 s. Detailed spectral profiles were acquired in several spec-
tral windows, including the Sitv lines at 1394 A and 1403 A
(spectral sampling 52 mA) and the Mg h and k lines (spectral
sampling 25 mA). The slit-jaw imager (SJI) was recording im-
ages in the 1400 A passband, dominated by the transition region
Si1v lines, the 2796 A passband, centred on the chromospheric
Mg k line core, and the 2832 A passband, in the Mg h wing
and showing the photosphere. The cadence of the SJI images was
20 s. The spatial sampling of both the SJI images and the spectra
was 077166.

SST observed for 65 min starting from 08:30 UT. We used
the CRISP instrument (Scharmer et al. 2008) to acquire spec-
tra in the Ha, Fe1 6173 /OX, and the Can 8542 A lines at a ca-
dence of 37 s. The Ha line was sampled at 33 positions between
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+2 A with steps of 0.1 A between 1.5 A. The Fe1 6173 A and
Camn 8542 A lines were observed in spectropolarimetric mode,
Fe1 6173 A at 13 line positions between +0.32 A with 0.04 A
steps in the central part of the line and a continuum position at
+0.68 A. The Can 8542 A line was sampled at 15 line positions
between +1.0 A with 0.07 A steps in the central part of the line.
We acquired a total of 106 time steps with spectral (polarimet-
ric) scans in all three lines. The CRISP FOV was circular with a
diameter of about 87" and the pixel scale was 077044 pixel~'. We
used the CHROMIS instrument to first acquire spectra in the HS
line, from 08:30 to 09:05 UT, and then in the Cam H 3968 A line,
from 09:06 to 09:36 UT. The Hp line was sampled at 29 line po-
sitions between +2.7 A with 0.1 A steps in the central part of the
line and at a cadence of 11 s. The Can H line was sampled at 44
line positions between —2.21 and +2.34 A at a cadence of 17 s.
The step size was 0.065 A in the line core region and the region
covering the He line at 3970 A. The CHROMIS FOV was rectan-
gular with sides 72""x48" and the pixel scale was 07038 pixel ..
The CRISP and CHROMIS data were processed following the
standard SST data reduction pipeline (de la Cruz Rodriguez et al.
2015b; Lofdahl et al. 2021) which includes Multi-Object Multi-
Frame Blind Deconvolution (MOMFBD, Van Noort et al. 2005)
image restoration. High data quality was achieved with the aid of
the SST adaptive optics system (Scharmer et al. 2024). We per-
formed Milne-Eddington inversions of the Fer 6173 A Stokes
data following the methods developed by de la Cruz Rodriguez
(2019). We measured a noise level in By gg of about 8 G in a
relatively quiet region in the FOV. The SST data are available
through the Stockholm SST archive'.

SDO began observing around 08:06 UT after emerging from
Earth’s shadow. The eclipse had some impact on the observa-
tions: the first HMI data were not in focus, and the AIA instru-
ment went through a calibration procedure between 08:56 and
09:02 UT. We aligned the SDO data to the SST observations fol-
lowing the procedure developed by Rob Rutten® (see Sect. 3 of
Rutten 2020, for a short discussion). To study the context and
long term evolution of the active region, we made extensive use
of the JHelioviewer (Miiller et al. 2017) tool to explore the SDO
data.

Hinode/XRT (Golub et al. 2007) observed the active region
during the IRIS observing sequence. We used XRT images in the
Al-poly and Be-thin filters to assess the soft X-ray response of
the burst/dome system. The XRT observations used in this work
were obtained after the SST coordination window but while the
long-lived UV burst was still active in IRIS/SJT 1400 A. The
XRT data were analyzed and co-aligned with the SDO/AIA ob-
servations on a common helioprojective grid for the aperture-
based comparison described in Sect. 3 and Appendix D. We used
the SunPy (The SunPy Community et al. 2020) and XRTPy (Ve-
lasquez et al. 2024) packages for the corresponding data analy-
sis.

For the alignment between IRIS and SST, we cross-
correlated the photospheric IRIS SJI 2832 A with CRISP wide-
band data. For analysis of the spectral data from the raster, we
downscaled the SST spectral profiles to match the IRIS spa-
tial sampling and produce level 3 data cubes (for a detailed de-
scription, see Rouppe van der Voort et al. 2020). These level 3
data cubes can be effectively explored with the CRISPEX data
browser tool in IDL (Vissers & Rouppe van der Voort 2012) and

' https://dubshen.astro.su.se/sst_archive/
2 https://robrutten.nl/rridl/00-README/sdo-manual.
html
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Fig. 1: Overview of active region AR13380 observed on 27 July 2023. Panel a) shows a cutout of AIA 1600 A; panel b) shows an
Ha narrowband image at —45 km s™'; panel c) shows a SJI 1400 Si1v image; panel d) shows the magnetic field strength along the
line of sight By og at the photosphere; panel e) shows an Ha line core image; panel f) shows a cutout of AIA 193 A. Panel c) has
a different image scale than the other panels, the vertical dashed line marks the position of the IRIS spectrograph slit, and the two
vertical dotted lines indicate the area covered by the spectrograph raster. The white or red square indicates the FOV of Figs. 2 and
4. An animation of the figure is available in the online material. In this animation, the AIA 1600 Aand 193 A panels are affected by

calibration procedures during the time interval 08:57 - 09:02.

are available in the IRIS database through the public web portal
at LMSAL®.

For analysis of the dynamical evolution in the imaging data,
we upscaled the SJI images to match the SST spatial sampling
(see Bose et al. 2021b; Thoen Faber et al. 2025).

3. Methods

To characterise the IRIS Sitv spectral profiles, we produced
maps of different quantities: peak intensity, Doppler offset of the
peak with respect to the nominal line core position, and full-
width at half-maximum (FWHM) of the profile. We also fitted
single Gaussian profiles to the spectral profiles. Of particular in-
terest are the maps of the y? goodness of fit values to locate non-
Gaussian profiles that are for example highly asymmetric or have
multiple peaks. These profiles have high y? values. As a measure
of asymmetry, we calculated the red-blue asymmetry following
De Pontieu et al. (2009). We first fitted a single Gaussian to the
line profile, and determined the line centroid of the Gaussian fit.
The R-B asymmetry was then calculated by summing over the
50-80 km s™! offset range (Nébrega-Siverio et al. 2017).

The Sitv 1394 A line is the strongest of the resonance dou-
blet with an oscillator strength that is double of the 1403 A

3 https://iris.lmsal.com/search/

line. For complex and multiple-peaked spectral profiles associ-
ated with UV bursts, it is beneficial to compare the two spec-
tral profiles and consider weak spectral blends from neutral and
singly ionised species (Peter et al. 2014). For the Sitv 1394 A
line we consider the line blends of Nim 1393.33 A (Doppler oft-
set =92 km s™!) and Fen 1392.816 A (=203 km s™!). For the
Sitv 1403 A line, we consider St 1401.515 A (=269 km s71).

We further applied the k-means clustering technique to get
an overview of the different extreme spectral profiles in the area
of the UV burst. Details of this analysis are provided in Ap-
pendix A.

We performed a differential emission measure (DEM) anal-
ysis using the Plowman & Caspi (2020) approach to check how
much emission associated with the burst stems from plasma at
>1 MK. This code solves for the DEM inversion scheme us-
ing the L? norm (Tikhonov regularisation), which constrains the
merit function, aiding its convergence and discarding any phys-
ically meaningless solutions (refer to Eq. 14 of Plowman &
Caspi 2020). We used the default 31 temperature bin setup from
log T[K] = 5.5 to log T[K] = 7 in steps of 0.05 in log space for
the inversion scheme.

Furthermore, we also use the popular filter-ratio method
(Narukage et al. 2011) with SDO/AIA data to estimate the coro-
nal temperatures associated with the burst. This technique serves
as a consistency check on temperatures estimated from the DEM
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analysis. The filter-ratio method relies on the near-linear rela-
tionship between the ratio of the set of chosen filters of opti-
cally thin temperature diagnostics, allowing a unique determi-
nation of temperature for each pixel. The caveat, however, is
the assumption that the coronal plasma is isothermal. Here we
use the ratios of the AIA 171 and 131, and 131 and 94 filters
to determine the temperature within log T[K] € [5.5,6] and
log T[K] € [6.75,7.1], respectively. The derived ratios and a
brief discussion of the technique can be found in Fig. C.1 and
appendix C. Testa & Reale (2020) used the 131 and 94 filter-
ratio to determine the temperatures associated with microflares,
and more recently, Bose et al. (2025) used the 171 and 131 fil-
ters to determine the lower (transition region) temperature cutoff
associated with spicules/network jets.

To further constrain the coronal contribution of the
burst/dome system, we compared the AIA 94 A emission with
co-spatial Hinode/XRT Al-poly and Be-thin emission. The ATA
and XRT data were co-aligned and resampled to a common
helioprojective grid, and the comparison was performed over
a common aperture enclosing the compact burst core and the
adjacent dome signature. Following the approach described in
Appendix D, we converted the AIA 94 A count rate into an
isothermal emission measure for a grid of a given set of temper-
atures using the AIA 94 A temperature response function, and
then folded this emission measure through the XRT temperature
response functions to predict the aperture-integrated XRT sig-
nal. The lowest temperature at which the predicted XRT Al-poly
flux matches the observed flux provides a conservative lower-
temperature consistency constraint. Because the burst/dome sys-
tem is spatially structured and the XRT filters do not yield a si-
multaneous single-isothermal solution, this comparison is inter-
preted as evidence for multithermal coronal-temperature plasma
rather than as a unique temperature measurement. This ap-
proach is similar to the analysis used by Bose et al. (2025) us-
ing AIA/IRIS to determine the million-K temperature associated
with spicules.

4. Results
4.1. Overview of energetic events in the observed region

An overview of the observed active region is presented in Fig. 1.
The active region has a large positive polarity trailing spot. The
region of interest with EB, UV burst, and surge activity is lo-
cated in the leading plage region that is dominated by negative
polarity magnetic field. The activity occurred in the area where a
large positive polarity patch is surrounded by the negative polar-
ity plage (see Fig. 1d). This positive polarity patch is the result of
continuous flux emergence and its first appearance started 5.5 h
earlier at about 03:15 UT. The UV burst is prominently visible
with strong emission in the SJT 1400 A image and as a strong
brightening in the AIA 1600 A image. The He images show the
surge: in the Ha core image in panel e), it has an extension of
about 27", in the blue wing image in panel b), the extension is
about 6”. In the AIA 193 A image, bright emission from the UV
burst is visible adjacent to the dark surge. In the associated ani-
mation, the UV burst is not always visible in AIA 193 A asitis
sometimes obscured by dense surge material.

Figure 2 presents the different structures in more detail in
different diagnostics and at different times in the observed time
sequence. The complex structure of the emerging dipole sur-
rounded by different pre-existing negative polarity patches of
the leading plage is shown in the Bros map in panel d). The
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region exhibits strong EB activity: red circles in the HS wing
image in panel e) mark locations with strong enhanced wing in-
tensity where the spectral profiles display the characteristic EB
moustache-like profile. The dark curved fibrils in the HS (panel
a) and Ha (panel ¢) wing images indicate the presence of a dome
structure. The visibility of curved fibrils that outline the dome in
these chromospheric diagnostics indicate the presence of dense
plasma which constitute colder parts of the dome boundary. The
SJI 1400 A image shows the UV burst and a bright curved ex-
tension that closely follows the geometry outlined by the chro-
mospheric fibrils in the He and HB wings. This extension in SJI
1400 A originates from higher temperature plasma in the dome
boundary. The UV burst is also visible in the AIA 193 A im-
age, as well as a vague extension that seems to outline the dome
structure in similar way as in SJI 1400 A, but much weaker. The
surge that is labelled in the Ha wing image is also visible in ATA
193 A.

The animation that is associated with Fig. 2 shows the tem-
poral evolution of four diagnostics: By ps, AIA 193 A, Ha blue
wing, and SJI 1400 A. The time sequence of By s shows a con-
tinuous and complex emergence of magnetic flux. It is possible
to distinguish at least three distinct flux emergence episodes. In
the time sequence of Ha blue wing, flux emergence episodes are
associated with rapid motion of photospheric bright points and
EB activity in the form of highly variable and intense brighten-
ings in and around some of the bright points. The —1 A offset
(Doppler offset —45 km s~!) is around the peak of the typical
EB spectral profile. Details of the highly variable EB activity is
partly hidden in the animation due to saturation from a relatively
low value of the upper intensity threshold. The dome structure as
outlined by curved chromospheric fibril-like structures is clearly
visible in the Ha wing time sequence. This also appears to be
the base from where surge activity is launched. Many separate
threads that appear to be part of the surge activity have their
lower end at the curved dome structure. In the SJT 1400 A time
sequence, it appears that the bright UV burst is the source of
a continuous ejection of curved jet-like extensions. These ex-
tensions follow the same curvature as the dome-like boundary
in Ha blue wing. Some of these curved extensions can also be
identified in AIA 193 A. In this diagnostic, the surge seems to
obscure the UV burst for most of the time and the curved exten-
sions appear to be ejected from beneath the surge. The clearest
view on the UV burst is between about 09:04 and 09:19 UT.

4.2. UV burst

The UV burst was already active at the beginning of the IRIS
observations (07:29) and showed clear bursty behaviour in SJI
1400 A before it turned quiet at about 11:05 (see the light curve
in Fig. B.1). Around this time, the newly emerged positive patch
near the UV burst had disappeared, after cancelling against the
dominant negative polarity magnetic field in the surroundings,
and flux emergence in the HMI observations appears to have
ceased. This gives a lifetime of the UV burst of at least 3 h and
35 min, which means that this UV burst has a relatively long life-
time compared to what is found in the literature (cf. Young et al.
2018). Most likely, the lifetime of the UV burst was much longer
since there was already strong brightening in AIA 1600 A from
the start of the flux emergence at about 03:15 UT, and a clear
brightening in AIA coronal channels shortly after. Throughout
the lifetime of the UV burst, there are regular periods when the
UV burst is not visible in the SDO coronal channels, which ap-
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Fig. 2: Zoom-in on the region with magnetic flux emergence, EBs, a dome structure, a UV burst, and the base of a surge, at different
times of the observed time sequence. Panel a) shows the dome structure and parts of the surge in HS blue wing; panel b) shows the
UV burst and the hot part of the dome in SJI 1400; panel c) shows the bottom part of a surge in Ha blue wing; panel d) shows an
emerging dipole in a By os map; panel e) shows EBs in HB red wing, red circles mark regions with enhanced HS wing emission;
panel e) shows the UV burst in AIA 193 A the bright emission from the UV burst is visible next to the dark surge. An animation
that shows the temporal evolution of By gs, AIA 193 A, Ha blue wing, and SJI 1400 A is available in the online material.

pears to be due to obscuration by overlying material from the
surge activity. The UV burst was not completely covered by the
IRIS raster (see Fig. 1c and associated animation) so a full study
of the spatial distribution and temporal evolution of spectral pro-
files in the UV burst itself is not possible. However, the jet-like
extensions emerging from the UV burst are fully covered by the
raster. The jet-like extensions reach up to 4’/7 in length, while
the UV burst itself spans roughly 1”x22 at its largest.

Figure 3 shows raster maps of different derived quantities
from the Sitv 1394 A line from a time when there was a strong
jet-like extension. The maps of peak intensity (/) and line
width (AAdpwum) show the presence of strong and broad Sirv
profiles. The high y? values for these profiles indicate that these
profiles are highly non-Gaussian. The Doppler diagnostic maps
indicate the complexity of these profiles: the R-B asymmetry and
peak shift maps show red and blue patterns that are quite differ-
ent in the area of the UV burst and the extension. The edge of
the UV burst around (—328",—-227") has strongly blue-shifted
main peaks of about —50 km s~! while the asymmetry in the
wings is skewed towards the red. The extension has strongly
red-shifted peaks of more than +40 km s~! with wings that have
blue-ward asymmetry. The spectral profiles in the jet-like ex-
tension are similar to UV burst profiles: they are strong, broad,
non-Gaussian, and have Fe 11 and Ni i1 absorption blends.

4.3. Signatures of plasmoids along the dome boundary

The animation associated with Fig. 4 shows that the area of the
dome boundary is outlined by curved dark fibrils at the begin-
ning of the HB observations from 08:30:56. Then, 23 s later at
08:31:19, a slightly bright blob appears in the H3 dome bound-
ary, as indicated with a white arrow in Fig. 4d. It is located
along a very thin curved dark fibril that stretches from about
(x,y) = (—328",-226") to about (—329”,-232"). The bright
blob brightens in the HS wing and moves about 0”5 upwards
along the dome boundary from 08:31:19 to 08:31:52 UT (see
the animation associated to Fig. 4). From the next time step
at 08:32:04, the blob expands and becomes a bright elongated
structure along the curved dome boundary. It reaches maximum
extension at 08:32:26 before breaking up into three to four frag-
ments in the next time step (see Fig. 4b), where the clearest blob
measures about 0”72x0/4. At this point in time, the HS line pro-
files in the fragmented brightening possesses strong emission in
the red wing, while the blue wing remains unaffected, as shown
in the upper right panel of Fig. 4. The Hf peak brightening is at
about +43 km s~! Doppler offset. We observed a similar bright-
ening in the wing of Ha. The location of these brightenings is
in the middle of a granule in the HB wideband images (Fig. 4a).
This implies that the brightenings in HS (and Ha) wing images
should not be interpreted as photospheric magnetic bright points.
It strongly suggests that these bright features are located high
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Fig. 3: IRIS raster maps of derived quantities of the Sitv 1394 A
line. From left to right is shown: red-blue asymmetry, Doppler
shift of the peak of the profile relative to the peak of average
quiet profile (in km s~!), peak intensity in counts s~', FWHM in
km s~!, and y? values of single Gaussian fits. The raster maps
consist of 16 slit positions recorded by moving the slit from left
to right in about 83 s. An animation of this figure is available in
the online material. This is the first time step in the coordinated
time series with SST at raster time 08:31:28 UT. For some pix-
els, the measurements are affected by noise spikes which can be
attributed to the South Atlantic Anomaly.

above the photosphere, at chromospheric heights. Some bright
remnants appear to be visible until 08:33:11 UT, a little more
than 30 s after the fragmentation of the elongated brightening.

During the time of observation of bright blobs and their rapid
evolution in HB, the SJT 1400 A images show strong brightening
of the curved extension (Fig. 4d). The Si1v profiles in Fig. 4f are
from about the same location as the HpB profile above but 37 s
earlier. The two Si1v profiles are complex with very strong main
peaks that are blue-shifted by about —25 km s~!. Comparison of
the two profiles enables more robust identification of features as
possible separate components and avoid ambiguity due to dif-
ferent weak line blends: the red wing is dominated by a compo-
nent at about +100 km s~!, there seems to be a component near
0km s~!, and in the far blue wing there is at least one component
that is Doppler shifted to more than —220 km s~!. The intensity
ratio of the two lines is close to 2.

Raster maps and more Sitv spectral profiles are shown in
Fig. 5. The raster maps are constructed at different Doppler
offsets and are all extracted from the same raster scan with
an average time stamp of 08:31:28. The raster maps have a
blobby appearance and are dominated by single bright pixels
or small groups of bright pixels. The raster maps on the left at
—230 km s~! and stronger blue-shifts are dominated by two pix-
els, and the spectral profiles of one of them are shown at the
top right. These Si1v profiles are compatible with a =252 km s~!
Doppler shifted component that has an intensity ratio of about
2 for the two lines. This can be interpreted as resulting from
a small, unresolved feature moving at extreme velocity, like a
plasmoid. This profile also has a component in the red wing.
The pixel two positions up, for which the spectral profiles are
shown in the middle row at right, was recorded at the same time
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at the same slit position. This profile has an even more pro-
nounced component at +88 km s~!. In the raster maps around
this Doppler shift in the third column, there is no clearly isolated
pixel at this location, possibly due to neighbouring pixels with
higher intensity. For example the nearby bright pixel for which
the spectral profiles are shown in the bottom row: it was recorded
5 s earlier and has an extremely bright peak at +55 km s~!, with
more than 200 counts s™' in Sitv 1394 A, and has strong asym-
metry towards the red extending beyond +285 km s~!.

The raster sequence in Fig. 6 shows more instances of small
groups of pixels with spectral profiles that feature additional
peaks or strong asymmetries. At 08:32:51 UT, two pixels neigh-
bouring the one shown in the top row of Fig. 5, exhibit clear sec-
ondary high-velocity components in both Si1v lines: one pixel
shows an isolated peak at —306 km s~! and another a strong peak
at +274 km s~!, indicative of distinct plasmoid ejections.

At later times, the same region continues to show multi-
component profiles. At 08:35:37 UT, the Si1tv spectra display
a strong additional component at —219 km s~!, together with
an additional weaker component at +164 km s~! alongside the
main peak. Subsequent rasters reveal progressively weaker high-
velocity components, with only faint secondary peaks remaining
at velocities of approximately —153 and +120 km s~

All of the plasmoid-like features, with spatial widths of
073-077 (24 raster pixels), reside within the same area of the
dome boundary over 7 min, with secondary peaks appearing in
rasters separated by either one (83 s) or two (166 s) scan in-
tervals, suggesting a physical recurrence timescale of at least
~80 s. The speed of the additional peaks decreases from between
250-300 km s~! to between 120-150 km s~! during this period,
while the combined intensity of the blueshifted and redshifted
secondary peaks decreases by a factor of ~10, as is shown in the
inset plot in the bottom right panel of Fig. 6. Similar evolutions
in both intensity and velocity are observed in raster maps asso-
ciated with other peaks in the SJI 1400 A light curve (Fig. B.1),
most clearly for the peak around 08:10 UT, when raster maps
reveal a clear, jet-like current sheet.

4.4. Coronal response of the UV burst

As in DNS24, the UV burst also shows an intermittent signature
in the optically thin SDO/AIA channels at multiple stages of its
lifetime. In the present event, however, the coronal response is
stronger, and both the burst and the adjacent dome structure can
be identified more clearly in AIA 193 A (Fig. 2) and in the other
coronal channels shown in the top row of Fig. 7. A zoomed com-
parison of the burst-centered region in Fig. 8 further shows that
the burst appears as a compact bright core, while a curved ex-
tended signature rooted at the burst can be traced along the dome
interface. This extension is most clearly visible in AIA 131 A,
and can also be followed in AIA 171, 193, and 211 A, whereas
the AIA 94 A emission is more compact and concentrated closer
to the burst core, and the AIA 335 A response is weaker and
more diffuse. Both XRT filters in Fig. 8 also show a clear local-
ized enhancement at the same burst/dome location, confirming
that the event produces a measurable soft X-ray response.

The EM maps at ~1 MK, ~2.8 MK, and ~10 MK in the bot-
tom row of Fig. 7 show high emission measure associated with
the burst, and signatures that are morphologically somewhat dis-
tinct from each other. Such differences imply that the the EUV
burst is multi-thermal with temperatures possibly reaching more
than a million K. The animation associated with the figure shows
the rather intermittent nature of the burst’s dynamics and evolu-
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Fig. 4: Multi-wavelength overview of a possible reconnecting current sheet and plasmoid ejection related to a UV burst. Panel a)
shows an HB wideband image, serving as a photospheric continuum reference. Panel b) shows an HS line wing image at Al =
+43 km s~!, at the time with the brightest plasmoid-like blob which is marked with a plus sign. This plus sign (also in panel a)
marks the pixel position of the HB spectrum displayed in panel c). This panel c) shows the HB spectrum with the strongest peak
related to the fragmentation of the current sheet. The blue dashed line represents a reference spectrum, i.e. the average spectrum
over space and time. The dashed black line indicates the wavelength position of the HS line wing image. Panel d) shows an H line
wing image with a white arrow pointing at the first brightening of the thin, curved structure related to the UV burst. Panel e) shows
a SJI 1400 image revealing a narrow, elongated bright structure interpreted as a reconnecting current sheet; the plus sign indicates
the pixel position of the Sitv 1394 A and 1403 A spectra displayed in panel f). This panel f) shows the Si1v spectral profiles,
displaying multiple-peaked profiles in both spectra. The pixel index coordinates for spectral profiles is (¢, x,y) = (44, 13,336). The
vertical lines mark the nominal wavelength positions of weak neutral and singly ionised line blends. The blue dashed spectral profile
represents a reference spectrum, i.e. the average spectrum over space and time. The peak position of this reference profile serves as
Doppler offset reference (A1 = 0 km s™!). An animation showing the evolution of H wideband and HB wing is available in the

online material.

tion. Figure 9 shows the temperature of the EUV burst derived
using the filter-ratio method described in Sect. 3. It complements
the DEM analysis above as it shows plasma associated with the
burst sampling log T[K] ~ 6 (top row) and log T[K] = 7 (bot-
tom row). Interestingly, the figure and its associated animation
suggest that the “hot” (log T[K] =~ 7) response is mainly linked
to the extended dome structure immediately below the “warm”
(log T[K] ~ 6) burst.

Although filter ratios provide a useful and independent con-
sistency check, they do not in general remove the ambiguities
inherent in DEM inversions based on the AIA EUV channels,
whose temperature responses are broad and multi-thermal. A
more technical assessment of the XRT constraint, including the
common AIA/XRT field of view and the lower-temperature cut-
off inferred from the combined AIA and XRT response, is pre-
sented in Appendix D. Taken together, the DEM, filter-ratio, and
XRT diagnostics support the conclusion that the coronal signa-

ture is genuine and that the burst/dome system is intrinsically
multithermal. We refer the reader to Sect. 5.4 for further discus-
sion.

5. Discussion

We present coordinated observations of an active region that con-
tains an area with repeated episodes of magnetic flux emergence
in the leading plage region. HMI observations show that the pro-
cess of flux emergence started 5.5 h earlier, and AIA imaging
show repeated surge activity in this area. There was also long
duration (>3.5 h) UV burst activity that was already occurring
at the start of the IRIS FUV imaging observations. The UV
burst activity ceased at the time when the flux emergence had
stopped and the emerged strong positive polarity patch had dis-
appeared as a result of flux cancellation against the dominant
surrounding negative polarity magnetic field. Chromospheric HB
and He imaging show the presence of curved fibrils that outline

Article number, page 7 of 19


http://tsih3.uio.no/lapalma/subl/mosand_uvb/mosand_uvb_fig04.mp4

A&A proofs: manuscript no. mosand_uvb

330 330 330 -400 —200 0 200 400
! i 1[08:31:59
225 ; |1 |a8,13,335)[ 20
= ! o
[0} ] ]
8 ! !
s i !
< 230 |
i i 1 [08:31:59
225 L | |ea13,337)[ 200
o I T
() 1 1 1
9 I AR
g oali
k) A
> -230 TSI\
ANV
225
o)
(7]
9
g
k)
= 230

-330
X [arcsec] X [arcsec] X [arcsec]

-330 -330 -400 =200 O 200 400

M [km s~1]

Fig. 5: Signatures of plasmoids in IRIS Sitv 1394 A and 1403 A
observations. Each row shows simultaneous raster images (three
left panels) at different wavelength positions and the correspond-
ing spectral profiles (right panel) extracted from the pixel lo-
cation marked with the plus sign. Each panel is scaled inde-
pendently. The blue profile is Sitv 1394 A, the red profile
Si1v 1403 A. The vertical black dashed lines in the spectral im-
ages indicate the wavelength positions of the rasters displayed
in each column, following the same order from left to right. The
vertical, coloured, dotted lines mark the nominal wavelengths
of the weak line blends; see Fig. 4. The average time of the
raster images is indicated in the third column, and the timestamp
and the pixel index coordinates (¢, x, y) of the spectral profiles is
shown at the rightmost panel.

a persistent dome-like structure that overarched the region where
magnetic flux was emerging into the photosphere. At times,
the curved chromospheric fibrils were associated with bright,
aligned, and similarly curved extensions from a UV burst in the
IRIS 1400 A channel. These curved structures emerging from
the UV burst can also at times be discerned as weak emissions
in coronal AIA channels. We observed an episode of the forma-
tion of a bright sheet along the curved fibrils in the HS wing that
subsequently fragmented into plasmoid-like blobs. Si1v spectral
lines from the same region show complex and non-Gaussian line
profiles that display asymmetric extensions to high Doppler off-
sets, and sometimes have clear components at Doppler offsets at
both sides of the nominal line center wavelength. The UV burst
itself is at times visible as a compact bright feature in the AIA
channels, including AIA 94 A. A detailed analysis of the emis-
sion in different ATA channels suggests plasma in the UV burst
can reach a temperature above 1 MK.
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Fig. 6: Evolution of plasmoid-like features in Siiv over six
IRIS raster time steps (8 min). The left- and right-most columns
show spectral profiles from small bright features in the blue and
red wings, respectively (marked with the vertical dashed black
lines). Raster maps of these features in the wings are shown
in the middle panels with crosses marking the location of the
profiles. Each map is scaled individually. The time stamp of the
spectral profiles is given at the top of each profile panel, as well
as the pixel index coordinates (t, x,y). The time stamp in the
raster map panels is the average time of each raster. In the right
profile panel in the bottom row, the inset shows the average peak
values of the selected features in the blue and red wings over the
six time steps in counts s~! for both Siv lines, the x-axis is in
raster time steps (83 s).
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The FOV of the zoom-in region is marked in Fig. D.1.

5.1. Flux emergence

The region of interest exhibited emergence of magnetic flux in
HMI magnetograms over many hours and this resulted, by the
time of the start of the coordinated SST and IRIS observations, in
a configuration of a large positive polarity magnetic field patch
almost completely surrounded by the dominant negative polar-
ity magnetic fields of the leading plage. While the general pat-
tern of magnetic flux emergence could be clearly observed by
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lar evolution of 9 min is available in the online material.

HMI, the higher resolution SST magnetograms revealed finer
details of the emerging process. At least three distinct dipole
emergence episodes happening in close vicinity can be distin-
guished in the 65 min SST time sequence. The repeated emer-
gence within a confined area points to a preferred site for flux ap-
pearance, likely associated with a persistent subsurface magnetic
structure. Numerical simulations show that buoyant magnetic
flux systems rising through the convection zone often emerge in
a fragmented and episodic manner due to their interaction with
convective flows (e.g., Archontis et al. 2004; Cheung et al. 2007,
Martinez-Sykora et al. 2008; Tortosa-Andreu & Moreno-Insertis
2009; Ndébrega-Siverio et al. 2016). This suggests that the ob-
served events may correspond to successive portions of the same
magnetic system reaching the photosphere at different times.

In the observations of DNS24, the more than ten times bet-
ter resolution of SST allowed the clear identification of the
flux emergence episode, while in the HMI magnetograms this
episode was indiscernible. In the observations we present here,
the recognition of the distinct episodic character of the flux emer-
gence in the CRISP magnetograms, may be connected to the
bursty nature with recurrent intensity peaks in the UV burst light
curve. The UV burst is caused by magnetic reconnection follow-
ing the interaction between the newly emerged magnetic field
rising from below and the overlying magnetic canopy. A scenario
of episodic flux emergence with periods of enhanced rising flux
rather than continuous smooth emergence would result in longer
term variations in the UV burst light curve on top of short-term
variability inherit to the reconnection process. DNS24 observed
a 24 min time difference between the first appearance of the
emerging dipole and the onset of the UV burst. This was an iso-
lated flux emergence episode in an ephemeral region so that the
connection with the following steps in the chain of events (EB,
UV burst, and surge ejection) was clear. It is more challenging
to make a direct connection between individual flux emergence
episodes and large amplitude variations in the UV burst light
curve in the complex active region we study here. It is clear,
however, that this UV burst exhibits episodes of enhanced inten-
sity level after an increase of more than a factor 2 over a few
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minutes, on top of variations on the order of <0.5 (see the light
curve in Fig. B.1).

5.2. Overarching dome structure

The Ha and Hp spectral imaging show the presence of thin
curved fibrils. After exploring carefully different wavelengths
positions of these lines, we do not find specific evidence for a
coherent cool small-scale filament-like structure that forms, be-
comes unstable, and erupts as a distinct body. In this case, the
thin curved fibrils outline a dome structure overarching the re-
gion with flux emergence. The observed surge activity appears to
be launched from the dome boundary as the threads that are part
of the larger surge structures have their lower end at the curved
fibrils. The formation of such dome structure results from ex-
panding magnetized bubbles as the freshly emerging fields rise
through the atmosphere.

To further support this observation, we employ the radiative
magnetohydrodynamic (rMHD) simulation by Nébrega-Siverio
et al. (2017, 2018) carried out with the Bifrost code (Gudiksen
et al. 2011). The setup corresponds to a 2.5D flux-emergence
experiment in which magnetic flux leads to the formation of a hot
coronal jet accompanied by a cool surge (a setup inspired from
the seminal papers by Yokoyama & Shibata 1995, 1996, but with
a more realistic treatment of the thermodynamics and radiation).
Apart from helping to investigate the transition-region emission
associated with surges observed with IRIS, this model has also
been used to explain plasmoid signatures in chromospheric and
transition region lines (Rouppe van der Voort et al. 2017). In the
present work, the simulation serves a complementary purpose:
it helps to clarify why the upper boundary of the emerged dome
can be detected in Ha and HB, even though the simulation is not
intended to reproduce the exact magnetic layout, viewing angle,
or full complexity of the observed event.

During flux emergence, the apex of the rising magnetic dome
typically retains higher plasma densities than the more evacuated
interior. This fact has been also reported in earlier, more ideal-
ized flux-emergence simulations (e.g., Magara 2001; Isobe et al.
2005, 2006; Moreno-Insertis & Galsgaard 2013) and it naturally
arises from the expansion dynamics of the emerging structure.

The magnetic tension of newly reconnected field lines
ejected upward counteracts plasma drainage during the dome
expansion. As a result, a thin layer of dense and cool chromo-
spheric material remains suspended at the top of the emerged
dome, without having crossed the main reconnection site and
thus preserving chromospheric conditions. Even such a narrow
layer is sufficient to produce detectable absorption in Ha and
Hp, making it distinguishable from the more rarefied interior of
the dome.

Figure 10 illustrates this behaviour. A hot coronal jet with
an inverted-Y or “Eiffel tower” morphology is clearly visible.
The green arrow in the central column marks the upper bound-
ary of the emerged dome, where a thin, filamentary structure can
be seen, closely resembling the fine and curved fibril-like fea-
ture identified in the observations. The cold and dense filamen-
tary structure is on the inside of a very thin ~ 103 K transition
region and a hot region with coronal temperatures (> 10° K).
In this region, the simulation reproduces a configuration analo-
gous to the observed cold and hot dome components. The hot
dome components correspond to the bright UV burst extensions
in IRIS 1400 A and Sitv lines, and the weak emission features
in the coronal AIA channels. The blue arrow in the right column
indicates the cool surge ejected alongside the jet, in qualitative
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Fig. 10: Snapshots from a 2.5D Bifrost simulation of flux emergence in the solar atmosphere. The top row shows temperature, the
bottom row density. The snapshots show the presence of a magnetic dome that formed after the rise of the emerging flux through the
atmosphere. The newly emerged magnetic flux interacts with pre-existing field, producing a cool dense component near the upper
boundary of the emerged dome, hotter plasma in close proximity to that boundary, and associated surge and coronal jet material.
The green arrows in the central column mark the upper boundary of the emerged dome where there is both hot plasma and dense
cold plasma in close vicinity. The blue arrows in the right column mark the cold surge.

agreement with the observed morphology in the chromospheric
lines.

5.3. Plasmoid formation

The bright extensions emerging from the UV burst may appear
as jet ejections when inspected only in the SJI 1400 A time
sequence. However, analysis of the Siiv spectral line profiles
shows that these extensions do not harbour simple plasma out-
flows that one might associate with jets. Raster maps of this re-
gion show both red- and blue-shifts of the main peak, and the line
asymmetry measurements are at times showing Doppler asym-
metry in opposite direction to the main peak offset. Most impor-
tantly, the spectral profiles in the bright dome area are complex,
non-Gaussian, and sometimes exhibit clear multiple components
at high Doppler offset.

Rather than a jet ejection, it is more plausible that these
bright extensions are part of a reconnecting current sheet. At the
location of a bright extension in SJI 1400, we observe along the
curved fibril in HB, first the formation of a small bright blob,
that moves and expands, then forming an extended bright sheet
before breaking up into smaller fragments. The whole sequence
lasted just below 2 min, including the fading of the last blob. In
the brightest blob fragment, the HB line profile shows a strong
emission enhancement with a peak at about +43 km s~'. This se-
quence of events follows the theoretical picture of tearing-mode
instability in an elongated current sheet that breaks-up into plas-
moids.

Further evidence for the formation of plasmoids comes from
the Si1v profiles. The profiles we observed here are similar to UV
burst profiles that were compared to simulations of plasmoid-
mediated magnetic reconnection (Innes et al. 2015; Rouppe van
der Voort et al. 2017; Guo et al. 2020). Apart from exam-
ples of asymmetric profiles with extensions in the wings be-
yond Doppler offsets of +150 km s~!, we also find profiles with

clear components in, for example, the blue wing at Doppler off-
sets =306 and —252 km s!, and in the red wing at +88 and
+274 km s~!. The intensity ratio of the two Si1v lines for these
components is close to 2, which strongly suggest that they origi-
nate from small, optically thin, structures moving at extreme ve-
locity along the line of sight. The raster maps at different Doppler
offsets also show small bright features of only a few spatial pix-
els wide.

The observed quasi-periodic recurrence of plasmoid produc-
tion, with separations of 83—166 s, is consistent with theoreti-
cal predictions of ~1-2 min timescales for plasmoid-mediated
reconnection in UV bursts (Peter et al. 2019). Our 83 s raster
cadence provides a lower limit on the true plasmoid formation
timescale; faster recurrence would remain undetected.

The systematic decrease in both intensity (by a factor of
~10) and velocity (from 250-300 km s~! to 130-150 km s~!)
over 7 min indicates progressive depletion of available magnetic
energy. This behaviour is consistent with episodic flux emer-
gence providing finite energy for reconnection with the over-
lying canopy. Each emergence episode yields magnetic energy
that is progressively exhausted through plasmoid production, as
reflected in the rise and decline of UV burst intensity in the
SII 1400 A light curve (Fig. B.1). This mechanism appears to
sustain reconnection throughout the 3 h and 35 min duration of
the UV burst.

5.4. (E)UV burst

The DEM analysis of the burst reveals strong emission at temper-
atures up to log 7 [K] = 6.9. Although the presence of >1 MK
plasma in UV bursts remains debated (e.g., Peter et al. 2014;
Kleint & Panos 2022), >1 MK signatures are frequently reported
in association with UV bursts in both coronal imaging (e.g.,
Guglielmino et al. 2018; Nébrega-Siverio et al. 2024) and spec-
troscopic (Guglielmino et al. 2019) observations. In the present
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event, the evidence for a coronal counterpart is particularly com-
pelling: the burst is clearly detected in AIA 94 and 131 A, and it
is also visible in both XRT filters, Al-poly and Be-thin (albeit at a
different time but is a part of the same burst/dome system). Taken
together, these diagnostics strongly support the conclusion that
at least part of the burst/dome system is heated to coronal tem-
peratures. MHD simulations (e.g., Hansteen et al. 2017, 2019)
suggest that burst-associated current sheets can extend over sev-
eral chromospheric scale heights and intermittently heat plasma
to >1 MK and can therefore have enough emission to appear in
the relatively hotter AIA channels.

A key practical limitation, however, is that DEM inversions
based on AIA data alone can overestimate the amount of high-
temperature plasma (log 7 [K] > 6.4) by at least a factor of
three (Athiray & Winebarger 2024). Although electron tempera-
tures inferred from filter ratios are broadly consistent with the
DEM results, supporting a multithermal nature of the (E)UV
burst, both diagnostics have well-known limitations (Plowman
& Caspi 2020; Narukage et al. 2011), including contamination
from cooler ions in the ATA/EUV channel response functions.
For this reason, the coordinated AIA/XRT comparison presented
in Appendix D provides a more direct constraint on the thermal
nature of the burst. Unlike the AIA-only DEM and filter-ratio
analysis, it compares the burst in a common AIA/XRT field of
view and uses the different AIA and XRT temperature responses
to test whether the ATA 94 A signal can be explained mainly by
lower-temperature plasma. If too much of the AIA burst emis-
sion is assigned to low temperatures, the predicted XRT Al-poly
flux exceeds the observed value, thereby placing a meaningful
lower limit on the emitting plasma. At the same time, the lack of
a simultaneous single-isothermal solution for Be-thin indicates
that the burst/dome system is not well described by a single tem-
perature component. Taken together, these results strengthen the
interpretation that the event is intrinsically multithermal, with
the strongest heating concentrated near the compact burst core
and additional coronal-temperature plasma extending along the
dome interface.

5.5. Concluding remarks

The observations we present here and in DNS24 result from a
multi-year coordinated effort targeting flux emergence regions to
study the interaction of the rising magnetized plasma with pre-
existing magnetic fields and the associated energetic phenom-
ena. Achieving full coverage of the whole region of interest and
complete evolution with all instruments is not trivial. For exam-
ple, the region with the UV burst in DNS24 was not covered
by the IRIS spectrograph slit. The IRIS raster was better posi-
tioned for the observations we present here but still only partly
covered the UV burst itself. The pointing of telescopes in space
typically require planning time lines of more than one day which
makes covering targets of about 10" size and that evolve on time
scales of hours challenging. Another major limiting factor is at-
mospheric seeing affecting the ground-based observations. The
acquisition of > 1 h high quality data with SST happens only a
few times per observing season.

DNS24 analysed an isolated small-scale flux-emergence
episode in an ephemeral region. The emergence was followed
by an EB, an ~18 min duration UV burst, and a surge. Here
we analyse the evolution of longer duration flux emergence in
a large active region. During the time of the SST observations,
the process of flux emergence was resolved in distinct episodes
of emergence of dipoles in close proximity. It was associated
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with high EB activity with occurrence of multiple isolated and
clusters of EBs. The UV burst activity was of remarkably long
duration and there was continuous surge activity. The presence
of plasmoid-like blobs in UV bursts have been reported before
(Rouppe van der Voort et al. 2017). Here we report evidence
of plasmoid formation further away from the UV burst, in the
current sheet at the dome boundary which forms the interface
between the emerging new flux and the overlying pre-existing
flux.

In contrast to earlier reports of weak EUV counterparts, the
event shows an intermittent but distinct response in optically thin
AIA coronal channels including 94 A. DEM and filter-ratio di-
agnostics indicate a multithermal nature with plasma reaching at
least >1 MK, with the hottest signatures preferentially associ-
ated with the extended dome boundary rather than the compact
burst core. However, the estimation of temperatures from the
SDO/AIA channels remain ambiguous due to presence of “cool”
contaminants in the channels’ temperature response. To resolve
this issue, future observations with the upcoming Multi-slit So-
lar Explorer (MUSE, De Pontieu et al. 2020) will be needed in
coordination with SST and IRIS. MUSE’s high-cadence multi-
slit sub-arcsecond coronal imaging spectroscopy will be ideally
suited to quantify how frequently UV-burst/surge systems pro-
duce coronal-temperature plasma and to resolve the associated
reconnection outflows and heating on their intrinsic timescales.
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Appendix A: Categorising Si v spectral profiles

To obtain a comprehensive overview of the different spectral profiles in the UV burst and hot dome, we used SciPy’s (Virtanen et al.
2020) version of the k-means machine learning technique on the IRIS Siiv raster data. The k-means algorithm separates m data
points with n features into k clusters, by minimising the Euclidean distance between each feature point of the data points and the
cluster centroids (Lloyd 1982; Forgy 1965; MacQueen 1967). In our case, m is the number of pixels in the region of the UV burst,
while 7 is the number of wavelength points along the Si1v 1394 A spectral line.

The k-means algorithm has been used comprehensively in solar physics for classification of different profiles, e.g., UV bursts
(Kleint & Panos 2022), microflares and flares (Testa et al. 2023; Thoen Faber et al. 2026), surges (N6brega-Siverio et al. 2021),
spicules (Bose et al. 2019, 2021a,b), and Stokes profiles (Moe et al. 2023). It has further been used for automated feature detection
of for example quiet Sun Ellerman bombs (Joshi et al. 2020; Joshi & Rouppe van der Voort 2022; Bhatnagar et al. 2024; Sand et al.
2025). Our motivation for classifying the profiles is to facilitate the identification of peculiar triangular-shaped and/or multi-peak
profiles that are associated with UV bursts. To make sure the training set was not dominated by the quiet background, and since the
emission strength of the profiles related to the UV burst is much stronger than the surroundings, we only chose pixels related to the
area of the UV burst, plus an extra 10 pixels above and below the event as a margin of error. We further restricted the time window
for the analysis to the period that was observed with SST.

Besides limiting the region where the training pixels were chosen from, we also made two prior criteria for including pixels in
the training set. One criterion was on the strength of the line: if a profile had emission strength below 25 counts s~!, we did not
include it in the training set unless it was above a certain threshold in full width at half maximum (FWHM). We included a pixel
that did not meet the first criterion in the training set if the FWHM was greater than 69 km s~!. After defining our training set, we
used k = 99 clusters for training the model.

After training our model, we appended the background profile, i.e., the average profile of all pixels in the dataset, excluding
when IRIS data was heavily affected by cosmic ray hits during passage through the South Atlantic Anomaly, to the final k-means
model with 100 clusters. This last profile we added to ensure that the quieter spectral profiles did not get picked up by the cluster
centres involving the weaker profiles. Figure A.1 shows all the cluster representative profiles ordered by peak intensity. It presents
the wide variety in complex profiles related to the UV burst.
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Fig. A.1: Representative profiles for all 100 clusters in the k-means clustering. The cluster panels are organised in order of peak
intensity, starting from the top left (cluster numbers from the internal numbering are given in the top left panel corners). The average
quiet reference profile is shown as the dashed line. The number of profiles »n in each cluster is given in the top right of each panel.
The data points of all profiles in each cluster are shown as coloured density distributions: red (blue) for representative profiles that
are asymmetric towards long (short) wavelengths, green for symmetric profiles. The asymmetry is calculated by considering the
profile integration longward and shortward from the profile peak. The total number of profiles is N = 74480.
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Appendix B: IRIS SJI 1400 A UV burst light curve

The light curve of the UV burst presented in Fig. B.1 was constructed by averaging over a small square centred on the UV burst.
The light curve clearly shows that the UV burst was active when IRIS began observing at 07:30 UT and remained active until it
went quiet at ~11:05 UT, as marked by the dashed black line, yielding a minimum lifetime of 3 h and 35 min. The repeated peaks
are consistent with recurrent energy release from episodic magnetic flux emergence, as discussed in Sects. 4.2 and 5.1.

304

25 A

201

counts s™1
-
w

10 A

]
=
0
)

SST start

o
c
(7]
=
7]
£
=]
a2
>
=]

Ao

07;30

0930 1000  10:30  11:00  11:30

Time UT (2023-07-27)

08;00 08:30 09:‘00

12:00

Fig. B.1: Light curve of the UV burst in IRIS SJT 1400 A, measured as the average signal over an area of 4770x4"0 centred on the
UV burst. Measurements during the times IRIS passed through the South Atlantic Anomaly (SAA) are strongly affected by noise
and are not included, these periods are marked with vertical dotted lines. Vertical dashed lines mark the start and end times of the
IRIS and SST observations, the start of the SDO observations, and the end of the UV burst.

Appendix C: SDO/AIA filter ratios’ dependence on temperature
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Fig. C.1: Ratios of the temperature response of the SDO/AIA 131 and 94 passbands between log T[K] € [6.75,7.1] (left panel), and
171 and 131 passbands between log T[K] € [5.5, 6] (right panel).

The filter-ratio technique relies on the fact that, under the optically thin and (nearly) isothermal assumption, the ratio of observed
intensities in two AIA EUV channels can be mapped to an effective plasma temperature through the corresponding temperature re-
sponse functions (Narukage et al. 2011). Figure C.1 shows the ratios of the AIA temperature responses, R31/94(T) = Ky31(T)/Koa(T)
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and Ry71/131(T") = Ki171(T)/K131(T), over the temperature ranges relevant to our analysis. The 131/94 curve exhibits a monotonic
branch over log T[K] =~ 6.8-7.1, enabling a single-valued inversion from the measured 1,3, /o4 ratio to an effective temperature
in the hot regime, whereas 171/131 provides sensitivity to “cooler” coronal plasma around log T[K] = 5.6-6.0. We include these
curves to document the temperature dependence and to justify the choice of ratio-temperature mapping interval used in the main
text.

For the present work we take the response function from Solarsoft IDL, obtained with the command aia_get_response.pro
with the chiantifix and eve keywords. The ‘chiantifix’ keyword applies an empirical correction to the AIA 94, and AIA 131,
channels to account for emission not included in CHIANTI (Aschwanden & Boerner 2011)*, while the ‘eve’ keyword provides
good agreement with the Extreme Ultraviolet Variability Experiment (EVE) of SDO. The code calculates the response functions
using version 10.1 of the CHIANTI atomic database (Dere et al. 1997; Landi et al. 2012; Del Zanna et al. 2021).

Appendix D: XRT Constraints on the Coronal Contribution of the UV Burst
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Fig. D.1: Co-aligned AIA and Hinode/XRT views of the active region at 2023-07-27 10:10:54 UT, ordered approximately by
increasing sensitivity to hotter plasma from left to right and top to bottom. The panels show AIA 171, 193, 211, and 335 A in
the top row, and AIA 94 and 131 A, followed by XRT Al_poly and Be_thin, in the bottom row. The white rectangle marks the
common burst+dome field of view used for the aperture-based AIA—XRT comparison. The compact EUV burst is most clearly seen
in AIA 94 and 131 A, while associated emission is also detected in the XRT filters, supporting the presence of plasma at coronal to
multi-MK temperatures within the same localized structure.

To further assess whether the burst-associated signal seen in the AIA coronal channels represents genuine coronal plasma, we
compared the event with coordinated Hinode/XRT observations. Figure D.1 shows the larger common AIA/XRT context of the
active region, while Fig. D.2a isolates the common field of view used for the burst-centered comparison. The XRT signal is co-
spatial with the compact burst environment, supporting the interpretation that at least part of the burst/dome system likely reaches
coronal temperatures.

Appendix D.1: Lower temperature cut-off from the AIA 94 A and XRT observations

To estimate a conservative lower temperature threshold for the burst-associated dome, we compared the observed XRT signal with
the XRT flux predicted from the co-spatial AIA 94 A emission under an isothermal assumption (as in Bose et al. 2025). The analysis
was carried out on the common AIA-XRT field of view enclosing the burst core and the underlying dome, after co-alignment of the
datasets onto the same helioprojective grid (Fig. D.1).

For each trial temperature 7, we estimated the isothermal emission measure from the ATA 94 A intensity according to

ISXC

X,
EM(x,y; ) = -

—_— D.1
Roy(T) ©-1)

exXcC

where I5,°(x,y) is the background-subtracted AIA 94 A count rate at pixel (x,y) and Ro4(T) is the AIA 94 A temperature response
function. In the absence of background subtraction, Igic reduces to the observed count rate Io4, in which case the inferred temperature
should be regarded as an upper-limit consistency check on the total line-of-sight emission rather than on the burst excess alone.

4 https://soho.nascom.nasa. gov/solarsoft/sdo/aia/response/chiantifix_notes.txt
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Fig. D.2: ATA/XRT setup used to constrain the lower-temperature cutoff of the burst-associated coronal emission. Panel (a) shows the
common burst+dome field of view used for the aperture-based comparison between the co-aligned AIA 94 A and XRT emission.
Panel (b) shows the temperature response functions of the relevant AIA and XRT filters, whose different sensitivities make the
combined AIA/XRT comparison more constraining than the AIA-only DEM and filter-ratio diagnostics.

The corresponding XRT count rate expected from the same isothermal plasma is then

. ICXC(x’ y)
S (x,y; T) = EM(x,y; T) Rxgr(T) = ~o——= Rxgr(T), (D.2)
Roy(T)

where Rxrr(T) is the temperature response of the relevant XRT filter. Since the burst and dome are not strictly co-spatial at the pixel
level in AIA and XRT, we did not rely on a pixel-by-pixel equality test. Instead, we integrated the predicted and observed signals
over the common aperture Q (as in Fig. D.2a) enclosing the burst+dome structure:

ICXC(x’ y)
pred _ 94
Fypr(T) = (X%;Q [—R94(T) Rxrr(T)|, (D.3)

and compared this quantity with the observed aperture-integrated XRT flux

Fle= > (). (D.4)
(x,y)EQ

The variation of the predicted and the observed XRT Al-poly aperture-integrated flux is shown in Fig. D.3. The lower temperature
cut-off was defined as the lowest temperature at which the predicted XRT flux equals the observed one,

Fiar(Tnin) = Fiiar. (D.5)

In practice, the predicted Al_poly curve shows a shallow minimum, so that two intersections with the observed Al_poly flux may
occur. In that case, we adopt the lower-temperature intersection as a conservative lower-limit estimate. This procedure does not
yield a unique isothermal temperature, but rather the minimum temperature for which the AIA 94 A emission can account for the
observed XRT flux.

Applying this method to the common burst+dome aperture, we find that the AIA 94 A-XRT Al_poly comparison is consistent
with plasma in the multi-MK regime, with the lower intersection occurring near log T = 6.8. The XRT Be_thin filter, however, does
not yield a simultaneous intersection, indicating that the structure is not described by a single self-consistent two-filter isothermal
solution. We therefore interpret the value derived from Al_poly as a lower-limit or consistency constraint, rather than as a unique
temperature determination.
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Predicted vs. Observed XRT Al-Poly
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Fig. D.3: Aperture-integrated XRT Al_poly flux predicted from the AIA 94 A emission under an isothermal assumption, shown as
a function of temperature for the common burst+dome aperture. The solid curve gives the predicted XRT Al_poly flux obtained
by converting the AIA 94 A intensity into an isothermal emission measure and folding it through the XRT Al_poly temperature
response, while the dashed horizontal line indicates the observed aperture-integrated XRT Al_poly flux. The lower intersection
between the predicted and observed curves defines the conservative lower temperature cut-off, which in this case occurs near

logT ~ 6.8, indicating plasma in the multi-MK regime. The inset shows the AIA 94 A and XRT Al_poly temperature response
functions over the relevant temperature range.
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