17th European Solar Physics
Meeting ESPM-17

Report of Contributions

POSTER SESSION 2
TOPICS 4, 5, 6

Wednesd 11, 10:30-11:30
Thursday 12, 10:25-11:25

15:50-16:50
Friday 13, 10:35-11:35

https://indico.ict.inaf.it/e/espm-17



suonoauuod osdydsonay-iejos ayl pue Jayyeam aoseds :9 oidoj

suoo3fa ssew Jeu0109 pue sale)) ‘eseajal AZ1aua ajeoas-n ;7 o1dog

[\ i A1 D

1leH ouloL ve £ Z E 1leH aplwelld

8¢ LT
I R . ——

oL sl \._l allifor s BRo vANz
A lﬂ

€L

5 - -
1=

Z UOISS9G 191S0d



Poster session 2 (September 11-13)

Topic 4: Multi-scale energy release, flares and coronal mass ejections
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Investigating the effect of statistically-averaged helicity condensation

296 |Jonah Klowss on ambient increase in the Solar Open Flux 16 A
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Contribution ID: 7 Type: Poster

Towards Realistic Solar Flare Models

Solar flares are complex multiscale phenomena that demand modeling strategies capable of pre-
cisely capturing processes at both the microscale and macroscale. At the microscale, kinetic models
such as the Particle-In-Cell (PIC) method are crucial for an accurate depiction of physical phe-
nomena, especially particle acceleration near reconnection sites. However, the extensive compu-
tational demands of full-scale PIC simulations necessitate a more practical approach. A hybrid
system is employed wherein Magneto Hydrodynamics (MHD) governs the large-scale dynamics,
while PIC is strategically applied to model the critical reconnection processes.

We have developed a PIC solver and integrated it within the DISPATCH framework. DISPATCH
organizes the simulation domain into smaller, manageable ‘patches’. Each patch operates semi-
autonomously, updating based on local conditions, thereby enabling simulation across diverse
time and spatial scales. This modular approach not only achieves near-perfect strong and weak
scaling but also enables dynamic solver switching, a critical feature for efficiently addressing the
vast scale discrepancies characteristic of solar flare phenomena.

Here, we show the initial validation results of our explicit PIC solver, along with our ongoing
efforts towards its integration with MHD. We will underscore the significant advancements in
our hybrid modeling approach, demonstrating its potential to enhance our understanding and
simulation capabilities of solar flares.

Primary author: HAAHR, Michael (University of Oslo - Institute of Theoretical Astrophysics)
Co-authors: Prof. GUDIKSEN, Boris V. (University of Oslo - Institute of Theoretical Astrophysics); NORD-

LUND, Ake (University of Copenhagen)

Session Classification: Coffee break and poster session 2

Track Classification: Multi-scale energy release, flares and coronal mass ejections
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Dimming Inferred Estimation of CME Direction -
DIRECD

Coronal mass ejections (CMEs) are powerful solar events involving the expulsion of plasma and
magnetic fields, significantly impacting Space Weather. Traditional coronagraphs face challenges
in accurately measuring the early evolution of Earth-directed CMEs due to projection effects. Coro-
nal dimmings, characterized by localized reductions in extreme-ultraviolet (EUV) and soft X-ray
emissions, serve as crucial indicators of CMEs in the low corona. These dimmings arise from
mass loss and expansion during the eruption. This study introduces DIRECD (Dimming InfeRred
Estimate of CME Direction), a new method to estimate initial CME propagation direction based
on dimming expansion. The approach uses 3D CME simulations with a geometric cone model,
exploring parameters like width, height, source location, and deviation from the radial direction.
The primary direction of dimming expansion is identified, and an inverse problem is solved to
reconstruct a series of CME cones at different heights, widths, and deviations. The 3D CME di-
rection is determined by comparing the CME projections onto the solar sphere with the dimming
geometry. Validated through case studies on October 1, 2011, and September 6, 2011, the DIRECD
method reveals the initial propagation directions of CMEs which are close to that derived from
the 3D tie-pointing of the CME bubble observed in EUV (lower corona) and from the GCS 3D
modeling of the white-light CME (higher corona). Additionally, these findings are consistent with
the multi-viewpoint coronagraph observations of the CMEs from both SOHO and STEREO. The
research highlights the potential of coronal dimming data for early estimation of CME direction.

Primary authors: JAIN, Shantanu (Skolkovo Institute of Science and Technology); Dr PODLAD-
CHIKOVA, Tatiana (Skolkovo Institute of Science and Technology); CHIKUNOVA, Galina (Skolkovo
Institute of Science and Technology); DISSAUER, Karin (NorthWest Research Associates, Boulder CO,
USA); VERONIG, Astrid (University of Graz)

Session Classification: Coffee break and poster session 2

Track Classification: Multi-scale energy release, flares and coronal mass ejections
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Magnetic field extrapolation using analytical 3D
MHS equilibrium solutions

With current observational methods it is not possible to directly measure the magnetic field in
the solar corona with great accuracy. Therefore, coronal magnetic field models have to rely on ex-
trapolation methods using photospheric magnetograms as boundary conditions. In recent years,
due to the increased resolution of observations and the need to resolve non-force-free lower re-
gions of the solar atmosphere, there have been increased efforts to use magnetohydrostatic (MHS)
field models instead of force-free extrapolation methods. Although numerical methods to calcu-
late MHS solutions can deal with non-linear problems and hence provide more accurate models,
analytical three-dimensional MHS equilibria can also be used as a numerically relatively “cheap”
complementary method [T. Wiegelmann et al.(2015), T. Wiegelmann et al.(2017)]. We present an
extrapolation method based on a family of analytical MHS equilibria that allows for a transition
from a non-force-free region to a force-free region [T. Neukirch and T. Wiegelmann (2019)]. In a
subset of cases, asymptotic solutions can be used to make the method numerically more efficient.
We shall present some examples of applications of the method.

Primary authors: NADOL, Lilli (University of St Andrews); Prof. NEUKIRCH, Thomas (University
of St Andrews)

Session Classification: Coffee break and poster session 2

Track Classification: Diagnostic tools and numerical methods in solar physics
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Wide-Field EUV Image Campaigns with GOES Solar
UltraViolet Imager

Traditional approaches to tracking solar outflows for space weather forecasting rely primarily on
coronagraph images, which generally observe the solar corona above a minimum height of about
2.5 solar radii. Extreme ultraviolet (EUV) imagers have been widely used to characterize features
on the solar disk, but their limited fields of view have prevented their use for tracking outflows
through the inner and middle coronae. A series of off-point campaigns with the GOES 16-18
Solar Ultraviolet Imager (SUVI) between 2018 and 2024 have provided an opportunity to assess
the value of extended EUV images for space weather forecasting applications. These new results
demonstrate that wide FOV EUV images are useful for characterizing the early onset of eruptive
events and tracking smaller outflow into the solar wind. Because CMEs generally experience the
bulk of their acceleration below the height of white light coronagraphic observations, these images
provide information about the origins of these events that has not been traditionally available.
Together with coronagraphic measurements, EUV images enable connecting CMEs back to their
source regions. Of note are the two campaigns in 2021 and 2024 that were conducted to coordinate
with the Solar Orbiter and Parker Solar Probe perihelion observations. The April 2024 campaign
provided a trove of valuable data due to the active Sun. The upcoming campaign on GOES-19 has
the added benefit of a Compact Coronagraph sharing the same Sun-pointing platform with SUVL
Here, we present these new SUVI observations and discuss their potential use in space weather
operations.

Primary author: TADIKONDA, Sivakumara (Science Systems and Applications, Inc)

Co-authors: Mr KRIMCHANSKY, Alexander; Dr BETHGE, Christian (NCEI); Dr SEATON, Daniel
B.; Mrs DAHYA, Melissa; Mr MCKIM, Stephen A.

Session Classification: Coffee break and poster session 2
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Machine learning time series causal effect analysis of
the interplanetary magnetic field’s Bz component
and geomagnetic Ap on cardiovascular health event
frequency

Associations between space weather and events on Earth, e.g., geomagnetic perturbations affect-
ing power grids, are well-known. Effects on human health and physiology are less well investi-
gated, and current evidence, suggesting, e.g., less frequent cardiovascular events during phases
of high geomagnetic disturbance, builds on small patient cohorts and a wide array of statistical
tests. Recently, the availability of large space weather time series along with huge epidemiologic
observational databases facilitates evidence synthesis by employing advanced machine learning
approaches to uncover associations between both.

The objective is to investigate potential causal effects of the solar wind’s southward IMF compo-
nent and strong geomagnetic disturbance on cardiovascular health, in particular on cardiac arrest
events as a hard endpoint.

Time series of the IMF’s Bz component (Wind satellite, L1) and Ap from the year 2015 were merged
with emergency service use time data from the U.S. for cardiac arrest events. A causal impact anal-
ysis using counterfactual reasoning was performed to test for causal effects of the March 15 CME
and the subsequent St. Patrick’s day G4 level geomagnetic superstorm, for a 14-day period after
the CME.

Statistically significant, negative causal impact on cardiac arrest event frequency in the U.S. are
identified for the southward (Bz) IMF component (-7% [-12%, -5%], p=0.001) and Ap (-9% [-10%,
-4%], p=0.001).

Results show a significant impact of IMF and geomagnetic disturbance on cardiac arrest frequency
in the U.S., potentially due to alterations in the activation of the autonomous nervous system. More

research is necessary to uncover mechanistic models.
Primary author: MARSCHOLLEK, Michael (Hannover Medical School, TU Braunschweig)

Session Classification: Coffee break and poster session 2

Track Classification: Space weather and the solar-heliospheric connections
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Spectral Irradiance Variability in Lyman-alpha
Emission During Solar Flares

The ultraviolet Lyman-alpha line of neutral hydrogen is the brightest emission line in the quies-
cent solar spectrum and is a significant radiator of flare energy. The study of spectrally resolved
Lyman-alpha flare observations may provide a valuable diagnostic of where flare heating occurs
in the solar atmosphere. Despite this potential diagnostic use, most contemporary flare observa-
tions in Lyman-alpha are not spectrally resolved. SORCE/SOLSTICE provided flux and wavelength
calibrated spectral irradiance measurements of the Lyman-alpha line between 2003 and 2013. A
number of these scans coincided with the impulsive phase of major solar flares, several of which
were also simultaneously observed by RHESSI. This study focused on two flares of class M5.3
and M8.3, both observed by SOLSTICE and RHESSI. We compared the spectral response of the
Lyman-alpha line to the properties of non-thermal electrons driving the line’s enhancement. The
respective flares had electron beam spectral indices of 3.38 and 7.76, with greater enhancement of
the Lyman-alpha line wings relative to the line core for the former flare. Our findings illustrate
a positive correlation between electron beam hardness and relative enhancement of the Lyman-
alpha line wings compared to its core for flares of similar GOES magnitude. These comparisons
of Lyman-alpha spectral emission and electron beam spectral index may help guide and interpret
radiative hydrodynamic flare simulations such as RADYN. This research may serve as a baseline
study for the advent of spectral Lyman-alpha flare observations anticipated from new instruments
coming online during Solar Cycle 25, including Solar-C/EUVST and SNIFS.

Primary author: MAJURY, Luke (Queen’s University Belfast)

Co-authors: Dr BUTLER, Elizabeth; Mr GREATOREX, Harry (Queen’s University Belfast); Dr
MILLIGAN, Ryan (Queen’s University Belfast)

Session Classification: Coffee break and poster session 2

Track Classification: Multi-scale energy release, flares and coronal mass ejections
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Insights into the Rotation and Eruption of Magnetic

Flux Ropes Influenced by External Toroidal Magnetic
Fields

We perform a data-constrained simulation with the zero-beta assumption to study the mechanisms
of rotation and failed eruption of a filament in active region 11474 on 2012 May 5. Our simulation
reproduces most observational features very well, e.g., the large-angle rotation, the confined erup-
tion and flare ribbons. We discover two flux ropes in the sigmoid system, an upper flux rope
(MFR1) and a lower flux rope (MFR2) grows by tether-cutting reconnection during the eruption,
which correspond to the filament and hot channel in observations, respectively. Both flux ropes
undergo confined eruptions. The rotation of MFR1 is related to the shear-field component along
the axis. The toroidal field tension force and the non-axisymmetry forces confine the eruption of
MFR1. We also suggest that the mutual interaction between MFR1 and MFR2 contributes to the
large-angle rotation and the eruption failure.

Then, we perform three-dimensional magnetohrdronamic simulations to model the eruption of
magnetic flux ropes in the magnetic configuration with and without external toroidal magnetic
fields, to examine the mechanisms by which the toroidal magnetic field facilitates flux-rope ro-
tation, and in exploring potential alternative rotation mechanisms beyond the effects of sheared
fields and kink instability. The behavior of flux ropes in two simulations exhibits significant con-
trasts. We indicate that toroidal fields facilitate the flux-rope rotation by promoting the release
of the initial twist and amplifying the lateral Lorentz force exerted on the flux rope. In addition,
slipping magnetic reconnection between flux-rope field lines and sheared-arcade field lines can
also contribute to the rotation.

Primary author: ZHANG, Xiaomeng

Session Classification: Coffee break and poster session 2

Track Classification: Space weather and the solar-heliospheric connections
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Exploring EUV coronal diagnostics: the Hanle effect
of Ne VII1 770 A

The Hanle effect refers to the modification of degree of linear polarization and rotation of the plane
of polarization of the scattered radiation in the presence of an external magnetic field. In a recent
publication, we reported spectral lines in the extreme-ultraviolet (EUV) range that exhibit sensitiv-
ity to the unsaturated Hanle effect and are, therefore, inherently sensitive to the vector magnetic
field in the solar corona. In our current research, we focus on modeling one such EUV line - Ne
VIII 770 A - and compute the polarization signals induced by resonance scattering. We interpret
the modifications in these signals due to collisions and magnetic fields through the Hanle effect.
By employing 3D magneto-hydrodynamic models (PSIMAS), we synthesize the polarization maps
both on the solar disk and off the limb. The polarization degree (defined as L1= sqrt(Q"2+U"2)/1)
and the rotation angle of the plane of polarization (defined as Az= (1/2) arctan(UQ)) are simulated
through the entire solar cycle 24. By FORWARD modeling the polarization of Ne VIII 770 A, we
have explored its potential as a polarimetric diagnostic for the weak coronal magnetic field. Our
study demonstrates that this EUV line can be a useful complement to coronal field diagnostics in
the FUV, such as O VI 1032 A and H 1 1216 A, and off-limb spectropolarimetric measurements
in the visible and infrared wavelengths, such as those obtained with the Visible Emission Line
Coronagraph (VELC), the Upgraded Coronal Multi-Channel Polarimeter (UCoMP) and the Daniel
K. Inouye Solar Telescope (DKIST).

Primary author: KHAN, Raveena (Indian Institute of Astrophysics, Bengaluru)
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Deceleration of CMEs between Mercury and Earth
tested by EUHFORIA/ICARUS MHD simulations

Coronal Mass Ejections (CMEs) are the main drivers of the disturbances in interplanetary space.
Then, understanding CMEs is crucial for advancing space weather studies. Assessing the numerical
heliospheric model capabilities is crucial, as understanding the nature and extent of the limitations
can be used for improving space weather predictions. In a statistics study it was shown that among
28 cases observed by the two spacecraft located near Mercury (MESSENGER) and Earth (ACE), 22
cases show a deceleration of 160 km/s. We test this result by considering two cases using the
advanced 3D MHD heliospheric modeling tool Icarus recently developed at CmPA, KU Leuven.
Icarus applies the radial grid stretching and adaptive mesh refinement to the computational do-
main to obtain fast simulations. The source regions for the CMEs were identified, and the CME
parameters were calculated and optimized. The results were compared to insitu measurements.
The first CME case erupted on SOL2013-07-09T15:24. The modeled time series were in good agree-
ment with the observations both at MESSENGER and ACE. The second CME case, starting on
SOL2014-02-16T10:24 was more complicated, three CME interactions have to be taken into ac-
count. The CME-CME interactions were modeled in the Icarus simulations, which reconstructed
the observed time series much better than considering only one CME. The deceleration of the
CMEs observed between Mercury and Earth and attributed to the accumulation of the solar wind
plasma upstream of the ICME was not retrieved in the simulations. The modeled time-series and
observations are compared for both CME events.

Primary author: SCHMIEDER, Brigitte (Observatoire de Paris)
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Sun-as-a-star Analysis of Simulated Solar Flares

Context. Stellar flares has an impact on habitable planets. To study the flares by observations
with no spatial resolution, Sun-as-a-star analyses are developed. With the data of Sun-as-a-star
observations, a simulation of solar flares is required to provide a systemic clue to the Sun-as-a-star
study.

Aims. We aim to develop a model of solar flares and study the relationship between the Sun-as-a-
star spectrum with the flare class and location.

Methods. Using 1D radiative hydrodynamics flare model and multi-thread flare assumption, we
obtain the spectrum of a typical flare with an enhancement of chromospheric lines.

Results. The preflare-subtracted spectrum of Ha shows an enhanced and shifted component,
highly depending on the flare class and location. The velocity sign is well measured by the bi-
sector method. The spectrum of a limb flare tends to be wider and shows a central reversal profile.
In particular, we propose two quantities to diagnose the class and location of the stellar flares.
Besides, caution must be taken when calculating the radiation energy, since the conversion coeffi-
cient from observed flux to energy is dependent on the flare location.

Primary author: YU, Haocheng
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Model of the Si IV emission at the loop footpoints
heated by an electron beam

We model Si IV emission originating at footpoints of loops heated by an electron beam. Time
dependent plasma parameters (temperature, density, non-Maxwellian beam electron distribution
function...) in the transition region are modeled using radiation-hydrodynamical simulations via
the FLARIX code for a wide range of the beam parameters. The ionization stages of Si are shown
to be out of ionization equilibrium, and also dependent on the electron beam parameters. The Si
IV intensities and their evolution are then modelled using a 16-level ion model. The results are
compared with SiIV emission observed by IRIS.
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Co-authors: Dr KASPAROVA, Jana (Astronomical Institute of the Czech Academy of Sciences); Dr
DUDIK, Jaroslav (Astronomical Institute of the Czech Academy of Sciences)

Session Classification: Coffee break and poster session 2

Track Classification: Multi-scale energy release, flares and coronal mass ejections

September 2, 2024 Page 11



17th European So ... / Report of Contributions Multi-Ionization and Suppression ...

Contribution ID: 36 Type: Poster

Multi-lonization and Suppression of Dielectronic
Recombination for the ionization equilibria of
kappa-distributions

Kappa-distributions are particle distributions with a Maxwellian core and high-energy tail. They
have strong theoretical support and can originate in the in the solar corona and transition region
as a result of heating processes. Distributions with high-energy tail influence individual ioniza-
tion, recombination and collisional excitation rates what affects the ionization equilibrium, popu-
lations of the energy levels and finally the line intensities. Now we included to our calculations
of the ionization equilibria for the kappa-distributions also the multi-Ionization and suppression
of dielectronic recombination. We have showed that the effect of multi-ionization increases with
the importance of the high-energy tail of distribution. Reversely, the effect of the suppression
of dielectronic recombination on the ionization equilibria decreases with increasing number of
high-energy particles. This new ionization equilibria were added into the latest version of KAPPA
package (software and database, http://kappa.asu.cas.cz/), what allows us to calculate synthetic
spectra and propose diagnostics for kappa-distributions.
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Deep Learning study into sunspot evolution for use
in flare forecasting

Solar flares are large eruptions of electromagnetic radiation from the Sun which can affect the
Earth’s atmosphere and the radio communications. Since the delay between the flare event and
their near-Earth effects is only 8 minutes, it is essential we can forecast these events in advance.
This work aims to train a Deep Learning model to predict flares within a forecasting window.
We use images obtained from the Solar Dynamics Observatory (SDO) Space weather HMI Active
Region Patch (SHARPs) specifically the radial component of the magnetic field. By using the whole
active region image observations as input we want to improve our understanding of the physics
leading up to flares and thus also improve our ability to forecast them. We looked at magnetogram
images between 2016-2023 with cadence of 24 hours and the corresponding GOES X-ray flux in the
next 24 hours to create the image and flare-outcome label pairs. Filtering was performed to limit
our set to single NOAA number HARP regions within £75° longitude. With HARP separated data
sets for training and testing our model we implemented a Convolutional Neural Network for the
binary classification of flare events with GOES X-ray flare class above C1. We present our initial
results of applying the data to the CNN and highlight some of the problems we encountered in the
data preparation.
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Global Coronal Plasma Diagnostics Based on
Multislit Extreme-ultraviolet Spectroscopy

Full-disk spectroscopic observations of the solar corona are highly desired to forecast solar erup-
tions and their impact on planets and to uncover the origin of solar wind. In this paper, we intro-
duce a new multislit design (five slits) to obtain extreme-ultraviolet (EUV) spectra simultaneously.
The selected spectrometer wavelength range (184-197 A) contains several bright EUV lines that
can be used for spectral diagnostics. The multislit approach offers an unprecedented way to effi-
ciently obtain the global spectral data but the ambiguity from different slits should be resolved.
Using a numerical simulation of the global corona, we primarily concentrate on the optimization
of the disambiguation process, with the objective of extracting decomposed spectral information
of six primary lines. This subsequently facilitates a comprehensive series of plasma diagnostics,
including density (Fe XII 195.12/186.89 A), Doppler velocity (Fe XIT 193.51 A), line width (Fe XII
193.51 A), and temperature diagnostics (Fe VIII 185.21 A, Fe X 184.54 A, Fe X1 188.22 A, and Fe XII
193.51 A). We find a good agreement between the forward modeling parameters and the inverted
results at the initial eruption stage of a coronal mass ejection, indicating the robustness of the
decomposition method and its immense potential for global monitoring of the solar corona.
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Spectroflat: A generic spectrum and flat-field
calibration library for spectro-polarimetric data

Flat fielding spectro-polarimetric data with one spatial and one spectral dimension is inherently
difficult and therefore its potential is often not fully exploited. Flat fielding approaches for spec-
trographs are rarely described in detail, approaches for polarimeters have not been described at all
so far. Moreover, the tools needed to calibrate data of a similar type are usually re-invented per
instrument.

We present an instrument independent approach for diffraction-grating-based, long-slit spectro-
graphs combined with temporally modulated polarimetry from high-resolution solar telescopes.
It allows for flat-field calibration data to be obtained during regular flat fielding procedures in the
observational configuration of the instrument.

We have created robust python libraries that can be plugged into existing pipelines or used stan-
dalone.

The libraries perform a field-dependent many-line smile correction, extract flat field maps for slit
and sensor dust features, and can provide wavelength calibration based on selected solar atlases.

After calibration, the photon noise level can be closely attained in Stokes Our method derives in
robust and precise spectropolarimetric inversion results.

Our correction works across the full spectral range. The algorithm was tested for different wave-
length regimes with emission (EUV range) or absorption (near-UV, VIS, IR range) spectra, on data
acquired with ground-based, balloon-borne, and space-based instruments.

Our tools extends flat-field techniques to modern instruments with large imaging sensors, covering
many spectral lines simultaneously, and with polarimetric capabilities, where methods described
so far are not adequate.

We invite the solar community to use our library in their instrument pipelines and contribute to
its joint development.
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Surface Flux Transport Modelling using Physics
Informed Neural Networks.

The evolution of the solar magnetic field is the key factor governing space weather drivers. Accu-
rate forecasting of space weather requires precise modelling of the magnetic field’s evolution on the
solar surface using methods like Surface flux transport (SFT). Conventionally used SFT modelling
techniques involve grid-based numerical schemes, making them computationally expensive. In
this presentation, we present a novel, mesh-independent machine learning-based approach using
Physics-Informed Neural Networks (PINNs) to simulate the temporal evolution of Bipolar Mag-
netic Regions (BMRs) on the solar photosphere. We compare the PINNs-based model with the
state of the art numerical model using the Runge-Kutta Implicit-Explicit (RK-IMEX) scheme for
both 1D and 2D SFT equations. We find PINNS to be more accurate with better flux conservation
than conventional schemes. We further validate the applicability of PINNs with real data by com-
paring the magnetic flux results from PINNs with observations from SOHO/MDI. The ability of
PINNS to solve advection-diffusion equations make it an efficient and accurate technique to simu-
late magnetograms. These simulations may serve as input boundary conditions for space weather
forecasting tools to predict solar wind plasma parameters at the L1 point.
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Bridging the gap between ab initio MHD modelling
and avalanche models of solar flares

Solar flares have long puzzled physicists due to their complex and multiscale nature and signifi-
cant impact on Earth. The prediction of solar flares is challenging because the underlying physical
processes are not yet fully understood and cannot yet be observationally resolved. Recent ad-
vances have been made using powerful numerical tools such as magnetohydrodynamic (MHD)
simulations, though these models are still too computationally prohibitive for real-time predic-
tion. Alternatively, less computationally intensive models, such as avalanche models, have shown
promise for real-time solar flare prediction by effectively reproducing solar statistics, such as the
distribution of events described by power-laws. However, these cellular automata models suffer
from ambiguous physical interpretations.

To bridge the gap between MHD simulations, avalanche models, and real-time forecasting, we in-
vestigate the conditions under which cutting-edge MHD simulations can replicate the power-law
statistics observed in both the sun and avalanche models. We assess these conditions for simple
twisted flaring loops with the PLUTO code and in realistic simulations of the turbulent chromo-
sphere and corona with the Bifrost code. Additionally, we evaluate the validity of the assumptions
inherent in avalanche models by verifying if these assumptions are coherent with energy release
patterns observed in MHD simulations. Our study aims to provide a solid physical foundation for
avalanche models using MHD simulations, thereby providing a robust simplified model for flares
that can be used in a variety of applications, such as meteo forecasting, generating synthetic data

or studying active regions.
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Direct Estimates of the Wilson Depression with
Stereoscopic Observations of SO/PHI and SDO/HMI

We present a method for a direct measurement of the height variations in the solar photosphere
based on stereoscopy. Our method calculates differences in altitude of the solar surface by shifting
and correlating two images, mapped from the same surface feature observed from two different
vantage points. We apply this method to simultaneous continuum intensity observations from
Solar Orbiter’s Polarimetric and Helioseismic Imager (SO/PHI) and Solar Dynamic Observatory’
s Helioseismic Magnetic Imager (SDO/HMI) to estimate the Wilson depression of sunspots. We
present a description of the calibration and rectification of the observational data and an overview
of the correlation method. This stereoscopic method allows for the first time to directly compute
height variations on the solar surface. We present the results of the analysis, which yield a Wilson
depression of roughly 800 km for the observed sunspot. Finally, we discuss the effect that different
parameters, especially the resolution of the data have on the results; and the possible extension of
this method’s applications.
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A multi-wavelength investigation into the
photospheric effects of a solar flare on 1 July 2012
using Swedish Solar Telescope observations

The solar flare event of 1 July 2012 13:08 UTC was observed in both the Ho 6563 A and Fe I 6302
A lines by the CRisp Imaging SpectroPolarimeter (CRISP) instrument at the Swedish 1-m Solar
Telescope (SST), providing information about the connectivity and dynamics of the photosphere,
chromosphere and corona. This study focuses on the changes in the sheared photospheric flow
pre and post flare. Two pores and several bright points inside the flow pattern in the photosphere
are tracked using the Local Correlation Tracking software package YAFTA. The border between
two counter flows and the location of a polarity inversion line are identified, while the distance
between two pores over time is monitored for the changes in properties of the magnetic field
such as polarity, field strength and magnetic energy. The velocity flow vectors show the degree
of shearing before and after the solar flare and the Poynting flux quantifies the magnetic energy
evolution before and after the flare ribbon formation in the chromosphere. The SST results are
combined with results from the Solar Dynamics Observatory (SDO), the Geostationary Orbital
Environmental Satellite (GOES) and the FERMI Gamma-Ray Space Telescope providing a multi-
wavelength evolution of this event in coronal plasma. The results indicate that the flare is driven
by sudden changes in the magnetic field forced in the flows of the photosphere, resulting in the
coupling of mass and energy between the layers.
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Fast Downflows Observed during a Polar Crown
Filament Eruption

Solar filaments can undergo eruptions and result in the formation of coronal mass ejections (CMEs),
which could significantly impact planetary space environments. Observations of eruptions involv-
ing polar crown filaments, situated in the polar regions of the Sun, are limited due to their re-
markable stability. In this study, we report a polar crown filament eruption, characterized by fast
downflows below the filament. The downflows appear instantly after the onset of the filament
eruption and persist for approximately 2 hours, exhibiting plane-of-sky (POS) velocities ranging
between 92 and 144 km/s. They originate from the leading edge of the filament and no prominent
acceleration is observed. Intriguingly, these downflows appear at two distinct sites, symmetrically
positioned at the outer sides of the opposite ends of the conjugate flare ribbons. Based on the
observations, we propose that the filament might be supported by a magnetic flux rope (MFR),
and these downflows possibly occur along the legs of the MFR. The downflows likely result from
continuous reconnections between the MFR and the overlying magnetic field structures. We also
observed horizontal drifting of the locations of downflows, which might correspond to the MFR’s
footpoint drifting. This type of downflows can potentially be utilized to track the footpoints of
MFRs during eruptions.
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Localising QPPs in HXR, microwave and Lya
emissions of an X6.4 flare

We report the simultaneous observations of quasi-periodic pulsations
(QPPs) in wavelengths of hard X-ray (HXR), microwave, Ly,

and ultraviolet (UV) emissions during the impulsive phase of an X6.4
flare on 2024 February 22 (SOL2024-02-22T22:08). The X6.4 flare
shows three repetitive and successive pulsations in HXR and
microwave wavebands, and they have an extremely-large modulation
depth. The onset of flare QPPs is almost simultaneous with the start
of magnetic cancellation between positive and negative fields. The
wavelet power spectra suggest the presence of double periods, which
are centered at ~200 s and ~95 s, respectively. The

long-period QPP can also be detected in Ly and UV wavebands

at the flare area, and it could be observed in the adjacent sunspot.
Our observations indicate that the flare QPPs are most likely
triggered by accelerated electrons that are associated with periodic
magnetic reconnections. The long period at ~200 s is probably
modulated by the slow magnetoacoustic wave originating from the
neighboring sunspot, while the short period at ~95 s could be
regarded as its second harmonic mode.
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Kink-and-Disconnection Failed Eruption in 3D

We report the first stereoscopic observations of HXR emission sources registered by STIX onboard
Solar Orbiter and HXI on ASO-S. This is a case study of a two-stage failed eruption. First, it was
slowed down due to a helical kink. However, the legs of the kinked structure started to reconnect
and the second stage of eruption started. This eruption failed a few minutes later due to reconnec-
tion below the magnetic flux rope and confinement by overlying magnetic fields. We identified
three X-ray sources located in the corona which are related to the reconnection sites and the mag-
netic cloud confined by overlying fields. Combining stereoscopic X-ray observations from STIX
and HXI (31.5 degrees vantage point separation) with Differential Emission Measure (DEM) maps
based on SDO/AIA observations we were able to locate X-ray source sites in the corona in the
3D space. The unveiled real geometry allowed us to estimate de-projected values of velocity and
acceleration/deceleration which are extremely high. Moreover, real locations of HXR sources are
not fully consistent with a standard solar flare scenario.
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Investigating the effect of thermal collisional plasma

and turbulent acceleration in a simulated coronal
acceleration region on heliospheric electron spectra

Non-thermal particle acceleration in the solar corona is evident from both remote hard X-ray (HXR)
sources in the chromosphere and direct in-situ detection in the heliosphere. Correlation of spectral
indices between remote and in-situ energy spectra presents the possibility of a common source
acceleration region within the corona, however the properties and location of this region are not
well constrained. To investigate this we perform a parameter study for both the properties of the
ambient plasma of a simulated acceleration region and the turbulent acceleration profile acting
on an initially isotropic thermal electron population. These electrons are propagated out to 1.0
AU with their energy spectra compared between extremes of the tested parameters. We present
results of this parameter search and discuss the relative sensitivity of spectral indices across the
heliosphere subject to variation in individual plasma properties and turbulent acceleration profiles
consistent with a hot, over-dense source region in the lower corona. We also discuss the suitability
of the heliospheric spectral index in constraining the properties of an acceleration region and
compare the simulated in-situ energy spectra to that of a simulated chromospheric HXR spectra
produced with the same properties.
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Forward and MHD modeling of nanojets driven by
magnetic reconnection during MHD avalanches

Magnetic reconnection is a leading candidate for the heating of the non-flaring solar corona. Specif-
ically, heating might stem from numerous, localized and impulsive episodes of magnetic energy
release. Though potentially intense, those fleeting “Nanoflares”are generally difficult to observe
in the corona as the highly efficient thermal conduction and the low emission measure wash out
their signatures. The newly discovered phenomenon of fast and swift “Nanojets” has been taken as
a direct observational signature of magnetic reconnection as it overcomes the general difficulties
in observing nanoflares.

We performed full 3D MHD simulations of interacting and twisted coronal loop strands. In our
model the magnetized atmosphere is stratified from the high-beta chromosphere to the corona
through the narrow transition region. Photospheric rotation motions stress the flux tubes until
they become kink-unstable and determine an avalanche of reconnection episodes. Misaligned
magnetic field lines rupture and reconnect, inducing the formation, fragmentation, and dissipation
of current sheets akin to a nanoflare storm.

In this work we address the nanojets which develop from these reconnection episodes, at Parker
energies (about 1e24 erg) and typical speeds of few 100 km/s, and we investigate their possible
detection, in particular in the EUV band with the Atmospheric Image Assembly (AIA/SDO) and
the opportunities that spectra and images from the forthcoming MUItislit Solar Explorer (MUSE)
will open up. We also perform a statistical analysis of their occurrence and of their correlation with
relevant physical ambient parameters, such as the magnetic field, to constrain the best conditions
for detection.
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Horseshoe CME model in EUHFORIA for
geo-effectiveness predictions

Coronal mass ejections (CMEs) are giant expulsions of magnetized plasma from the Sun that man-
ifest flux rope structures. Flux rope CME models such as the spheromak model with spherical ge-
ometry and the ‘Flux Rope in 3D’(FRi3D) model with a global twisted magnetic flux tube geometry
are already widely used in studying CME evolution and propagation in the heliosphere within the
EUropean Heliosphere FORecasting Information Asset (EUHFORIA). Although the more realistic
flux rope geometry of FRi3D is a significant upgrade over the spheromak model, its complex geo-
metrical transformations are a drawback for fast and stable simulations. In this study, we discuss
an optimal setup with a geometry more realistic than the spherical plasma blob while the simula-
tions fast and robust enough for operational forecasting setup. This ‘Horseshoe’CME model, based
on the modified Miller-Turner topology, has been implemented in EUHFORIA and is a modifica-
tion of the full torus model introduced by Linan et al. (2024). The geometrical implementation of
the Horseshoe model is missing the back part of the torus which makes it a more realistic flux rope
structure with two legs. In this work, we highlight the methods towards the numerical stability
of CME leg disconnection. To make the simulations realistic, we constrain its geometric and mag-
netic field parameters from observations. We also present the validation of the Horseshoe model
with observed CME events and demonstrate how different methods of constraining magnetic field
parameters like flux and twist affect the space weather predictions at Earth.
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White-light Emission in the F-CHROMA Grid

Context. Much of a solar flare’s energy is thought to be released in the continuum. The optical
continuum (“white-light”) is of special interest due to the ability of observing it from the ground.
Aims. We aim to investigate the prevalence of white-light emissions in solar flares, what influences
them, and what causes them to begin with. We furthermore seek to understand the response of
the atmosphere to a flare.

Methods. We utilize the F-CHROMA grid of flare simulations created using the radiative hydro-
dynamics code RADYN. We probe the spectral index, total energy and low-energy cutoff to draw
conclusions about their relationships to white-light emissions. Furthermore, we calculate the 4170
A continuum emissions, the Balmer and Paschen ratio. Finally, we analyse two particular cases.
Results. 13 of the 83 flares included in the FF-CHROMA grid show white-light emissions relative to
the pre-flare level that exceed 0.5%. The total energy (or maximum beam flux) seems to be the main
factor for deciding whether white-light emissions will be detectable. There is a linear relationship
between the Balmer/Paschen ratio and the relative continuum enhancement. Both case studies
show the creation of multiple blobs (both hot and cool), as well as H-ionization and subsequent
recombination as the most likely reason for Balmer/Paschen continuum emissions.

Conclusions. The parameters of an electron beam impacting the solar atmosphere play a big role
in determining several characteristics, such as the white-light emissions and Balmer ratio. White-
light emission in the Balmer/Paschen continuum likely result from optically thin hydrogen recom-
bination radiation.
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Inference of atomic line parameters from quiet-sun
observations at 1.56 microns

Many spectral lines used for solar observations have poorly determined atomic parameters, such
as the transition probability or the central wavelength. Using poor atomic line parameters in spec-
tropolarimetric inversions produces erroneous results for inferred atmospheric parameters. There-
fore, we applied a newly developed coupled inversion method to infer the transition probability
and wavelength of lines at 1.56 pm from quiet-sun disc-center spectropolarimetric observations
taken with the GRIS instrument mounted at the 1.5-meter GREGOR solar telescope. The coupled
inversion method relies on the self-consistent inference of the atmospheric and atomic parameters
by imposing a spatial coupling in the latter. The retrieved line parameters agree well with previous
determinations, in which line parameters were allowed to vary between pixels. However, these
modest differences in the atomic line parameters show measurable offsets in atmospheric param-
eters, mainly in the temperature and line of sight velocity. The retrieved atomic parameters are
contrasted against different node placements of the atmospheric parameters. We also considered
the variation in the retrieved atomic parameters by inverting different patches from the observed
field of view to test the robustness of the coupled method.
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Spectral diagnostics of the solar corona

In most cases, the best spectral diagnostics to measure electron densities / temperatures, chemical
composition and non-equilibrium effects in coronal plasma have not been explored at all or only
partially (with e.g. little spatial/temporal information).

A few examples, from the X-rays to the infrared are provided, with suggestions for future instru-
ments.

New EUV diagnostics for the outer corona, related to resonance photoexcitation effects are pre-
sented, together with new programs and atomic data made available to the community via CHIANTI-
VIP, a new member of the CHIANTI family.

New atomic data, line identifications and models for X-ray satellite lines of Fe XVII are also pre-
sented. They appear to resolve long-standing problems in some of the strongest X-ray lines. A few
problems were known but others were only recently highlighted by the first solar X-ray spectral
imaging obtained by the MaGIXS sounding rocket, which indicated a factor of two missing flux

around the resonance line.
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On the detection of solar flares in a Sun-as-a-star
setting

Sun-as-a-star (SAAS) observations provide a valuable link between resolved solar observations
and disk-integrated stellar observations, as it gives a unique insight into how well-defined solar
activity affects the average spectrum. This activity can affect the integrated spectrum in complex
ways, and therefore the values of for example reference spectra and exoplanet characterizations.
It is therefore important to understand the magnitude and timescale of these variations. We aim
to contribute to this field by focusing on the most rapidly changing type of activity: solar flares.
We present the first SAAS detection of solar flares with TNG/HARPS, and discuss its effects on
the integrated spectrum. When combined with observations made with SST/CRISP&CHROMIS
and SDO/AIA, we are able to point to several evolutionary features of the flares in the HARPS
data, as well as discuss their imprints on activity indices and RV measurements. Additionally, we
expand this work by converting several other SST flare observations into simulated SAAS observa-
tions using the Numerical-Sun-as-a-Star Integrator (NESSI). This allows us to show the wide range
of spectral imprints that flares can leave on the integrated spectrum based on their morphology,
location, and size.
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Forecasting the propagation and evolution of CMEs

using the space weather simulation chain:
COCONUT + EUHFORIA

EUHFORIA is a space weather forecasting tool used to predict the geo-effectiveness of coronal mass
ejection (CME) impacts. In this 3D MHD simulation, magnetic structures evolve in the heliosphere
after being injected into the domain at 0.1 AU. The accuracy of EUHFORIA’s predictions strongly
depends on the coronal model used to initiate the solar wind and the properties of the CME model
inserted to model real events. However, by inserting the CME at 0.1 AU, EUHFORIA does not
account for the interaction of the CME with the solar wind near the corona.

These interactions, crucial for accurately assessing the magnetic and thermodynamic properties
of the CME, can be studied using another simulation—a global MHD coronal model named CO-
CONUT. COCONUT can track the evolution of flux rope models from the solar surface to 0.1 AU
within a realistic description of the solar wind derived from observed magnetograms.

I will present how COCONUT can be coupled with EUHFORIA to dynamically track the propaga-
tion of a CME from the Sun to Earth. For this purpose, the outer boundary of COCONUT serves
as the inner boundary for EUHFORIA. We tested the coupling through a series of joint runs. In
all runs, the magnetic structure of the CME model used in COCONUT (either the Titov-Démoulin
flux rope model or the RBSL model) successfully transfers from the coronal to the heliospheric
model. The same applies to plasma properties. For example, the sheath that formed in COCONUT
ahead of the CME continues to develop in EUHFORIA.
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Fast Magnetic Reconnection Excites a Global Blast
Wave in the Solar Corona

Magnetic reconnection is the key mechanism for various explosive phenomena in astrophysical
plasmas, such as jets, flares, and coronal mass ejections (CMEs), yet many details remain elusive.
An important piece of the puzzle is whether shock waves, a major particle accelerator in the uni-
verse, can be excited directly through flaring reconnections rather than driven by the jet/CME
piston. Here, by investigating an isolated episode of fast magnetic reconnection leading up to a
global blast wave, we give a definite answer. The reconnection occurs at the apex of a magnetic
flux rope (MFR) when it rises obliquely from a behind-the-limb active region toward a coronal
streamer visible to the Earth; the MFR disappears with its flux being shed by the reconnection.
Both the angle of a V-pattern extending outward from the reconnection site and the MFR’s speed
relative to the background Alfven speed indicate a reconnection rate as fast as 0.2. The driven na-
ture of the reconnection is manifested in the velocity profile of the MFR emulating the lightcurves
of the impulsive hard X-ray (HXR) and microwave emission. An extreme-ultraviolet front expands
centering on the reconnection site immediately after the HXR peak. The shock wave nature of the
front is unambiguous as it propagates through a prominence embedded in the streamer, produc-
ing a y-ray burst and a metric type I burst. These observations reveal that magnetic reconnection
directs a significant fraction of magnetic free energy into exciting the blast wave, comparable to
the energy into accelerating electrons.
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Observations of photospheric signatures for
pre-eruptive coronal structures

The buildup of the pre-eruptive coronal structure and the eruption onset mechanism are the two
most critical yet poorly understood problems. Coronal structures like sigmoids and filaments have
been identified as pre-eruptive structures; their associated pre-flare motions as well as pre-flare
brightenings have been identified as precursor signatures, yet none of these definitively leads to
eruptions, and the cause and effect is always questionable. Most importantly, the associated photo-
spheric magnetic field dynamics are elusive. Here we report the development of pre-flare ribbons
of electric currents associated with the buildup of a pre-eruptive structure observed as a bundle of
hot low-lying coronal loops collectively taking a sigmoidal shape. Two ribbons of strong vertical
electric currents at two sides of the major polarity inversion line (PIL) of the host active region are
observed several hours ahead of the appearance of the pre-eruptive structure. More impressively,
the buildup of the pre-eruptive structure in the corona is simultaneous with the gradual exten-
sion of current ribbons in the photosphere. It is reminiscent of the current-carrying magnetic flux
rope (MFR). Continuous brightening were observed along the MFR in the corona when the exten-
sion of current ribbon ended in the photosphere, implying the onset of magnetic reconnection. The
brightening lasted for 4 hours until the MFR erupted. Quantitative measurements indicate that the
MFR’s feet, which were well identified by conjugate dimmings occurred during the eruption, pos-
sess significant non-neutralized current. Our observations provide a new definitive photospheric

signature for the buildup of pre-eruptive structures and imminent eruptions.
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The Rapid Filament Restructuring in AR 12975 on 28
March 2022 and its Connection to the Subsequent
Eruption

We analyzed a rapid filament restructuring during a confined C2 flare that led to an eruptive M4
flare 1.5 h later. During the C2 flare, the filament’s southern half disappeared, and the remaining
plasma flowed into a new, longer channel, similar to an EUV hot channel seen during the flare.

We took advantage of the quasi-quadrature position (84°) between SDO and Solar Orbiter, during its
first science perihelion, by combining close-up (0.33 AU) and side-on observations from the Solar
Orbiter/STIX and EUI instruments with on-disk observations from SDO/AIA and HM]J, along with
nonlinear force-free field extrapolations.

Our results suggest that loop-loop reconnection occurred in an essentially vertical current sheet
at a polarity inversion line below the breakup region and involved field lines surrounding the
filament channel. This scenario is supported by concentrated currents and free magnetic energy
built up by antiparallel flows. It can explain the extended flare loop arcade, the EUV hot channel,
and the filament restructuring as the reconnection progressed to involve the filament itself.

In addition, it provides a general mechanism for the formation of the long filament channel via
tether cutting, which was active throughout the filament’s continuous rise phase, beginning at least
30 min before the C2 flare and continuing until the eruption. These results demonstrate how rapid
changes in a filament’s topology can be driven by a confined flare due to loop-loop reconnection
(Type I confined flare), and how this can contribute to a prolonged tether-cutting process leading
to a full eruption.
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Potential Predictions of Magnetic Flux Rope
Eruptions

Magnetic flux rope eruptions are one of the primary mechanisms behind large coronal mass ejec-
tions. Flux ropes are twisted bundles of magnetic flux in the lower solar corona, which can store
vast amounts of magnetic energy and remain in quasi-equilibrium for some time. If the conditions
are correct, these ropes can violently erupt —but it is also equally possible for them to diffuse away
into insignificance. The mechanisms behind such instabilities have been studied extensively for
decades, but any definitive method of predicting the timing or magnitude of future eruptions has so
far eluded us. In a slightly unusual approach, we have attempted to determine several scalar quan-
tities measured from the magnetic field which could theoretically be used to predict an imminent
eruption. With a large parameter study in 2.5D, we have used both MHD and magnetofrictional
models to study thousands of flux rope eruptions, and in these simple cases we have found several
such diagnostics which can predict imminent eruptions with up to around 90% certainty, provid-
ing the magnetic field is accurately reconstructed. We then consider the potential extension of this
approach to full 3D models, and the possibilities of combining it with real-time photospheric mag-
netogram data to theoretically make useful predictions of eruptions and (by extension) potentially
problematic space weather events.
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Chromospheric Fe I lines in the NUV solar spectrum

The near-ultraviolet (NUV) part of the solar spectrum contains a dense haze of spectral lines. Some
of the Fe I lines in this region show very broad profiles typical of chromospheric lines which con-
trast the well-studied photospheric Fe I lines in the visible part of the spectrum. The diagnostic
potential of these spectral lines is largely unexplored due to a lack of high-resolution observa-
tions. With the SUNRISE III balloon-borne observatory we may for the first time have full spectro-
polarimetric data at high spatial resolution of this region, and ground-based observatories can also
observe the broad Fe I lines around 400 nm. The goal of this work is to investigate and discuss the
formation properties of the spectral lines and their suitability for interpreting observations. First,
an initial investigation into the formation of a selection of lines was conducted in the FAL one-
dimensional semi-empirical solar atmosphere models using the non-LTE radiative transfer code
RH. In agreement with earlier works on the Fe I spectrum, we find that the lines are largely af-
fected by over-ionization in the wings, and by scattering in the line cores. The line cores form well
into the chromosphere in the tested atmosphere models except the colder FALX model where the
line cores form in the temperature minimum. The next step is to investigate the formation of these
lines in the dynamic atmosphere of a 3D radiation-MHD model, made with the chromospheric

extension of MURaM, and preliminary results from this will be presented.
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Locating sites of magnetic energy release in the
2022-10-02 X-class flare

Solar flares are driven by the release of free magnetic energy and are often associated with restruc-
turization of the magnetic field topology. Observations of the evolving magnetic field in the flaring
volume are limited to only one case, the X8.2 limb flare on 2017-09-10, where a coherent decay of
the magnetic field in the corona was detected cospatial with efficient particle acceleration site at
a cusp region. It remains unclear if this phenomenon is typical or exceptional. Here, we report
another strong solar flare observed on the solar disk, whose microwave data permit mapping the
magnetic field over the flaring source and tracking the magnetic field evolution over the course of
the flare. This is done by model spectral fitting of the microwave imaging spectroscopy data ob-
tained with NJIT’s Expanded Owens Valley Array (EOVSA). The EOVSA images employed in this
study were synthesized with overlapping 4 s time intervals and 2 s cadence at many frequencies
between 2.5 and 18 GHz during the rise, peak, and early decay phases of the flare. The plasma
parameters derived from this fitting display magnetic field decay in the loop top with the decay
rate up to 10 G/s and in other locations.
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Jacobian-Free Newton-Krylov method for multilevel
NLTE radiative transfer problems

The calculation of the emerging radiation from a model atmosphere requires knowledge of the
emissivity and absorption

coeflicients, which are proportional to the atomic level population densities of the levels involved
in each transition. Due to the

intricate interdependency of the radiation field and the physical state of the atoms, iterative meth-
ods are required in order to calculate

the atomic level population densities. A variety of different methods have been proposed to solve
this problem, which is known as the

Non-Local Thermodynamical Equilibrium (NLTE) problem.

In this study we have developed a Jacobian-Free Newton-Krylov method (JFNK) to solve multi-
level NLTE radiative transfer problems. Using the Rybicki & Hummer (1992) method as a refer-
ence, our results show that our JENK solver can achieve up to a factor two speed up when using
local approximate operators / preconditioner, while also achieving a lower residual error in the
statistical equilibrium equations. Another advantage of this method is that the addition of charge
conservation and partial redistribution effects should be straight forward.

Our method can help accelerating the calculation of the emerging spectra from numerical models
and also the reconstruction of chromospheric datasets through NLTE inversions.
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Monitoring of the solar atmosphere through radio
imaging in the 18-100 GHz band: recent results and
future challenges

In the frame of single-dish radio monitoring of the solar atmosphere with INAF radio telescopes we
are developing and exploiting innovative single-dish radio imaging techniques at high-frequencies
up to 100 GHz. Since 2018, we have been monitoring the solar atmosphere in the 18-26 GHz
frequency range providing weekly images, in perspective covering the entire current solar cycle
(SunDish project). We present an overview of the early scientific results and scientific challenges
also in view of the new instrumentation available up to 100 GHz.

In particular, a new solar imaging system at high frequency was recently approved as a permanent
observatory in Antarctica (Solaris project). It combines the implementation of dedicated and inter-
changeable high-frequency receivers on existing small single-dish radio telescope systems (2.6m
class) available in our laboratories, on the Alps and in polar regions. Operations in Antarctica
will offer unique observing conditions (very low sky opacity and long Solar exposures for nearly
20h/day) and unprecedented Solar monitoring in radio W-band (70-120 GHz). This opens for the
continuous monitoring of the chromosphere and the identification and spectral analysis of Active
Regions before, after and during the occurrence of Solar flares.

The Solaris observatory will be the only Solar facility offering continuous monitoring at 100 GHz,
and it will be able to collect and disseminate data in synergy with the existing national and inter-
national network of Space Weather facilities.
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Simulating fast on-the-fly scans of the solar disk
with the Atacama Large Aperture Submillimeter

Telescope (AtLAST)

The Atacama Large Aperture Submillimeter Telescope (AtLAST), a proposed 50m single-dish mil-
limetre telescope, could lead to new discoveries in the field of solar millimetre astronomy. With
AtLAST’s proposed frequency range from ~30 GHz to 1 THz, it would observe the solar contin-
uum radiation originating in the chromosphere. However, the chromosphere’s highly dynamic
nature prohibits meaningful observations to have long integration and scan times, which could
be remedied by utilising fast on the-fly scanning techniques. Such techniques are already used by
facilities such as the Atacama Large Millimeter/submillimeter Array (ALMA), completing a scan of
the full solar disk in ~ 10 minutes. A sufficiently large multi-pixel detector at AtLAST could reduce
the required scan time considerably, ideally to second time scales. By utilising the maria code, a
powerful general-purpose telescope simulator, we thoroughly explore how different instrumental
properties, scanning strategies and detector counts affect the full-disk observations. A technically
feasible multi-chroic instrument was simulated, with properties in line with current expectations
for a 1st generation instrument. Such an instrument would allow for instantaneous coverage of
large regions on the Sun, even at the higher frequencies considered. Because of the large instan-
taneously covered region, it is found to be possible to also scan the full disk on very short time
scales, on second time scales for an instrument going up to 700 GHz. This would allow us to mon-
itor the active chromosphere on a global scale at an unprecedentedly high cadence, going beyond
the capabilities of current facilities in the (sub-)millimetre regime.
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Key Roles of External and Internal Reconnection in
Small-Scale Solar Events

Small-scale solar events, such as microflares and mini-filament eruptions, are prevalent in the so-
lar atmosphere. However, their eruption mechanisms are still not understood thoroughly. With a
combination of 174 A images of high spatio-temporal resolution taken by the Extreme Ultraviolet
Imager on board Solar Orbiter and images of the Atmospheric Imaging Assembly on board Solar
Dynamics Observatory, we investigate in detail an erupting mini-filament over a weak magnetic
field region. The eruption exhibited two separating bright ribbons and small-scale blobs of 1-2 Mm,
suggesting a sequence of internal followed by external reconnection, which transfers magnetic flux
to the ambient corona. Additionally, magnetohydrodynamic simulations reveal that magnetic re-
connection plays a crucial role in heating localized chromospheric plasma to coronal temperatures,
leading to microflares. The magnetic topology analysis discloses that the reconnection region is
located near quasi-separators where both current density and squashing factors are maximal with
the specific topology varying from a tether-cutting to fan-spine-like structure. High-resolution
magnetograms from the Polarimetric and Helioseismic Imager support MHD simulations suggest-
ing that external reconnection generates jets and transfers mass and magnetic twist to the corona.
These findings highlight the critical roles of internal and external reconnection in driving small-
scale solar events. External reconnection, in particular, transfers mass to the corona, potentially
contributing to the solar wind.
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A Strong-flare Prediction Model Developed Using a
Machine-learning Algorithm Based on the Video
Data Sets of the Solar Magnetic Field of Active
Regions

It is well accepted that the physical properties obtained from the solar magnetic field observations
of active regions (ARs) are related to solar eruptions. These properties consist of temporal features
that might reflect the evolution process of ARs, and spatial features that might reflect the graphic
properties of ARs. In this study, we generated video data sets with timescales of 1 day and image
data sets of the SHARP radial magnetic field of the ARs from 2010 May to 2020 December. For the
ARs that evolved from “quiet” to “active” and erupted the first strong flares in 4 days, we extract
and investigate both the temporal and spatial features of ARs from videos, aiming to capture the
evolution properties of their magnetic field structures during their transition process from “quiet”
(non-strong flaring) to “active” (strong flaring). We then conduct a comparative analysis of the
model performance by video input and single-image input, as well as of the effect of the model
performance variation with the prediction window up to 3 days. We find that for those ARs that
erupted the first strong flares in 4 days, the temporal features that reflect their evolution from
“quiet” to “active” before the first strong flares can be recognized and extracted from the video
data sets by our network. These features turn out to be important predictors that can effectively
improve strong-flare prediction, especially by reducing the false alarms in a nearly 2 day prediction
window.

Primary author: WANG, Jingjing

Session Classification: Coffee break and poster session 2

Track Classification: Space weather and the solar-heliospheric connections

September 2, 2024 Page 41



17th European So ... / Report of Contributions Waves reflection linked with FIP bias

Contribution ID: 110 Type: Poster

Waves reflection linked with FIP bias

The chemical properties of the solar plasma remain unchanged as it travels unadulterated along
open fields from the chromosphere/corona into the heliosphere and can be used as a tracer for the
sources of the solar wind.

The solar corona should have the same chemical composition as the solar photosphere. However,
It has been found that in the corona, some solar regions exhibit a different chemical composition
compared to the lower atmosphere, known as the FIP effect.

For the first time, using spectropolarimetric data from the chromosphere we were able to detect
wave reflection, linked with a strong coronal FIP bias, as predicted by the theory.

Unveiling solar wave characteristics from polarimetric measurements still represents a challenge.
This detection has been accomplished using phase lag analysis on ground-based chromospheric
Stokes V parameters. Using the same theoretical model proposed in 2004 and modified over these
20 years, we found good agreement with the observed results.

Primary author: MURABITO, Mariarita (Istituto Nazionale di Astrofisica (INAF))

Co-authors: LONG, David M. (School of Physical Sciences, Dublin City University, Glasnevin Cam-
pus, Dublin D09V209, Ireland); BAKER, Deborah (UCL/MSSL); STANGALINI, Marco (ASI Agenzia
Spaziale Italiana); LAMING, Martin J (NRL)

Session Classification: Coffee break and poster session 2

Track Classification: Energy and mass transfer throughout the solar atmosphere and struc-
tures within

September 2, 2024 Page 42



17th European So ... / Report of Contributions Solar Orbiter: Science highlights a....

Contribution ID: 111 Type: Poster

Solar Orbiter: Science highlights and mission status

This contribution will review recent science highlights of the ESA/NASA Solar Orbiter mission,
with a focus on high-resolution observations of the mission’s remote-sensing instruments. Solar
Orbiter’s science return is significantly enhanced by coordinated observations with other space
missions, including Parker Solar Probe, SDO, SOHO, STEREO, Hinode and IRIS, as well as new
ground-based telescopes like DKIST. This talk with present examples of such collaborative efforts
as well as outline future opportunities. Starting in February 2025, Solar Orbiter’s highly elliptical
orbit will get progressively more inclined to the ecliptic plane, which will enable the first detailed
observations of the Sun’s unexplored polar regions. In addition to summarising the observing
plans for the first half of 2025, I will describe opportunities for involvement of the entire science
community
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Satellite Orbital Decay and Solar Wind Interactions:
A Data Driven Case Study of May 2024 Space
Weather Events

In May 2024, a G5-class geomagnetic storm, the most intense since the Halloween solar storms of
2003, hit Earth. Over a dozen X-class flares were observed by GOES, and several Coronal Mass
Ejections were launched towards Earth. These events caused significant disturbances in the Earth’
s upper atmosphere, impacting satellite orbits and causing auroras to be visible at mid-latitudes
globally. Our goal is to assess the critical impact of Space Weather on the decay of Earth-orbiting
satellites at different altitudes.

We make use of semi-major axis data from a precise orbit determination method and publicly
available two-line-element data, to which we apply a robust time series decomposition method
iteratively to remove the most significant periodicity in the data. We compute the orbital decay
using this processed data, given the absence of accelerometer data, and analyze the correlation
between orbital decay and solar wind parameters, solar activity proxies, and geomagnetic indices,
accounting for the solar wind propagation time to the orbits.

For the first half of May, we observe a 15-hour delay between solar wind measurements and their
effect on the orbits, and strong associations between orbital decay and several parameters. Conse-
quently, we model orbital decay as a function of solar wind inputs and identify flow speed, electric
field, proton densities, and magnetic field strength in the Z direction as the most impactful features.
Despite challenges posed by satellite maneuvers and varying wind propagation times, we hypoth-
esize that combining real-time orbital decay with these parameters could facilitate predicting its
evolution.
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Modeling of non-radially propagating CMEs and
forecasting their arrival time at Earth

We present the study of several halo CMEs that propagated non-radially and as a result, they im-
pacted Earth as flank-encounters. We utilized the default-setup of EUHFORIA and the Cone model
for the CMEs, in order to model the selected events. For the modeling input parameters we used
a) the DONKI database and b) the GCS technique (Thernisien et. al 2006, 2009) for reconstructing
the CMEs. Our study aims to better understand the importance of the direction of propagation in
the input parameters of the Cone model and improve the modeled arrival time at Earth. We se-
lected events that had strong non-radial velocity components so that we could see how important
are the effects of the low coronal CME deflections for the final direction of propagation and the
forecasting of the CME arrival at Earth.

Our results show that, when we use the input parameters from the GCS fitting, up to the height
of 12 Solar radii, the modeled arrival time is very close to the observed one, with their difference
being up to around 2 hours. On the contrary, when the DONKI data are used, the modeled arrival
time is much further (=10h) from the observed one. This is because at the height of the GCS fittings,
the CMEs have experienced all the low corona deflections and they have taken their final direction
of propagation.

We used two other methods, the type II radio bursts and the 2D-speed obtained from the corona-

graph white light images to compare our modeling results.
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On the Origin of the sudden Heliospheric Open
Magnetic Flux Enhancement during the 2014 Pole
Reversal

Coronal holes are known to be the main source of open magnetic flux (OMF) in the heliosphere.
However, there’s a notable difference between OMF measured in-situ and the flux estimated from
solar observations. This study looks at OMF changes and their link to solar coronal holes and ac-
tive regions, focusing on a significant OMF increase in September-October 2014.

Firstly, we establish a correlation between the noteworthy OMF increase and the modeled mag-
netic field on the Sun utilizing the Potential Field Source Surface (PFSS) model. Additionally, we
invcestigate the correlation between the OMF and the open flux derived from solar coronal holes
and while the OMF evolution is linked to the evolution of the coronal hole open flux, there is no
significant correlation with the evolution of the coronal hole area. Furthermore, the temporal in-
crease in OMF aligns well with the disappearance of the residual magnetic field at the southern
pole, which resulted from poleward flux circulations induced by the decay of multiple active re-
gions in the southern hemisphere several months earlier.

Additionally, the OMF jump coincided with the emergence of the largest active region of solar cy-
cle 24 in October 2014. This study provides insights into this sudden rise in OMF during this period,
enhancing our understanding of Sun-Earth dynamics and helping with space weather prediction
and magnetospheric research.
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The September 5, 2022, coronal mass ejection
characterized by remote observations, numerical
simulations, and in situ measurements

Open problems in solar and heliospheric physics are (i) how charged particles are accelerated up
to high energies and (ii) how they are transported in the inner heliosphere. Among candidates for
particle acceleration there are shocks driven by coronal mass ejections (CMEs). We started a new
research project (*) whose main methods are remote observations, numerical simulations, and in
situ measurements. Here, we show the results of applying these approaches to the fast CME event
of September 5, 2022, which was measured in situ by Parker Solar Probe (PSP) and Solar Orbiter,
and observed remotely by Stereo-A, SOHO and PSP.

We carry out the reconstruction of the CME by using SOHO/LASCO, STEREO-A/COR2, and PSP/WISPR
data. The obtained CME parameters are used as an input for the RIMAP simulation, which also
uses the in-situ solar wind data to describe more accurately the initial interplanetary conditions.
Then we analyze the in-situ Solar Orbiter measurements to check the results of the RIMAP simu-
lation and to study the CME-driven shock properties, the level of magnetic turbulence around the
shock and energetic particle acceleration due to the shock. As preliminary results, we find that the
energetic particles differential flux at Solar Orbiter has a spectral index harder than that predicted

by diffusive shock acceleration for the measured compression ratio. The possible reasons for such

a discrepancy are discussed.

(*) Project “Heliospheric shocks and space weather: from multispacecraft observations to numeri-
cal modeling”, funded by the Italian MUR within Next Generation EU.
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First detection of small-scale helical flows in the
void of a Coronal Mass Ejection with high-cadence

coronagraphic images acquired by the Metis
coronagraph on-board Solar Orbiter

On March 26, 2022 the ESA Solar Orbiter mission observed the early evolution of a Coronal Mass
Ejection (CME). On that day the spacecraft was at a heliocentric distance of 0.32 AU, and a longitude
separation from Earth of 74.5 degrees. The CME source region shows no pre-existing filament or
flux-rope. The event was first observed in the inner corona by the EUI telescope, showing the
initial propagation of the flux-rope in the EUV. Higher up, the event was observed by Metis with
the Visible Light channel with an unprecedented time cadence of 20 sec, and a spatial resolution
of 20” corresponding to about 4600 km per bin. The sequence of total brightness images shows for
the first time small-scale flows going on inside the expanding flux-rope surrounded by multiple
nested arch-shaped features. These plasma motions, not observed by EUI could be connected with
the unknown forces accelerating the eruption. Running difference images built with the cadence
offered by previous coronagraphs show the well-known three-part structure of this event, but the
real identification of these different classical CME parts is less evident in the high-cadence Metis
images. Hence, these observations provide new insight into what is normally identified as the
global structure of CMEs.
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Observations and Numerical Simulations of the
Effects of the Gamma Ray Burst 221009A on the

Lower lonosphere

In this contribution we investigated the impact of a powerful gamma ray burst (GRB) that
occurred on October 9 2022, on the Earth’s environment using a very low frequency
receiver (VLF) to probe the lower ionospheric region (the D region). In addition to the
VLF data analysis, we employed numerical simulation through the Long Wavelength
Propagation Capability code (LWPC) to derive the increase in the D-region electron
density. Our results revealed discernible perturbations in amplitude and phase across all
transmitter paths (NAA, DHO, ICV, and NSC) to the Algiers receiver persisting for 40
minutes. At the maximum of the signal perturbation, the LWPC simulation results showed
a decrease in the mean new reference height h'from 74 km to 65.71 km, along with an
increase in the sharpness factor $ from 0.3 km-1 to 0.4875 km-1. Under these new
conditions, the electron density increased from its ambient value (216.10 cm-3 to 33.7 103
cm-3
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Mediterranean D-region ionosphere response to
solar flares events

Solar flares significantly ionize the neutral atmosphere, leading to increases in the electron density
of the ionosphere. This ionospheric disruption impacts the Earth-Ionosphere waveguide, affecting
electromagnetic signal propagation between transmitters and receivers. Such ionization-induced
perturbations can be observed as fluctuations in the signal amplitude and phase, and thus can be
used to estimate the changes in electron density. In this study, we examine the response of the D-
region of the lower ionosphere to solar flares by analyzing the Very Low Frequency (VLF) signals
emitted by two separate transmitters in the Mediterranean Sea. By combining signal analysis with
the Long Wave Propagation Capability (LWPC) code, we simulated the resulting signal perturba-
tion parameters (amplitude and phase) and obtained an increase in electron density. This approach
offers insights into the complex interactions between the solar flares and the ionospheric, which
is important for communication and navigation systems.
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Magnetic Rayleigh-Taylor instability in Solar
Atmosphere: Downward Magnetic Flux Transport

This work dealt with the numerical simulation of the magnetic Rayleigh Taylor instability (IMRT)
in a magnetic tube suspended in the chromosphere/photosphere conditions. We solved the com-
pressible nonlinear MHD equations using the 2.5D open-source MPI-AMRVAC numerical code.
Therefore we were interested in studying the effect of the horizontal magnetic tension on the de-
velopment of the IMRT and trying to determine its characteristics. Our results showed that the
horizontal magnetic component Bx plays an important role in the development of the IMRT where
for higher Bx the number of mushrooms and bubbles decreased and the heat exchange between
fluids above the magnetic tube tend to reducing. Moreover, we note that the second horizontal
magnetic component Bz we found that this later fellows the displacement of the mushroom to-
ward the photosphere as a frozen field and thus accumulate at the crest of the mushroom. This
leads to the increase of the Bz intensity and thus to favorize the buoyancy. As a result of the buoy-
ancy, a coalescence of two mushrooms was observed leading to the formation of a plasmoid with
lighter-hot plasma bubbles conditions inside a heavy-colder mushroom and transported toward
the photosphere. We also observed that the time variation of the mushroom length contains two
phases (slow and fast) and that the time separating the two phases increases when Bx intensity be-
comes higher. With the process of the IMRT, we were able to explain the rainfall of the prominence
plasma material toward the photosphere and reconnection to the surface magnetic field.
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Realistic Simulations of Real Active regions

We present a method and application of data-driven simulations with the MURaM radiative MHD
code. Combined with a bottom boundary driver that reproduces the evolution of observed mag-
netic field, the sophisticated energy equation accounts for thermal conduction along magnetic
fields, optically-thin radiative loss, and heating of coronal plasma by viscous and resistive dissipa-
tion, which allows for a more realistic presentation of observational features of solar active regions
and eruptions. To validate the method, the photospheric data from Cheung et al. (2019) are used to
drive a series of numerical experiments. The data-driven simulation reproduces the accumulation
of free magnetic energy over the course of flux emergence in the ground truth with an error of 3\%.
The onset time is approximately 8\,min delayed compared to the ground truth. The data-driven
simulation resembles key eruption-related emission features and plasma dynamics of the ground
truth flare over a wide temperature. We conduct simulations of eruptive and non-eruptive emerg-
ing active regions. The model captures growth of magnetic energy in AR11158 for several days
prior to a major flux rope eruption that occurs near the real time of the X2.2 class flare.
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Exploring the variable spectra and magnetic fields of
the Active Regions in the chromosphere through
high-frequency radio imaging: gyro-resonance
emission and flare forecasting

High-frequency radio observations with large single-dish radio telescopes of the INAF network,
in the context of the SunDish project, provided ~450 solar images since 2018, useful to monitor
the vertical structure and physical conditions of the solar chromosphere both for quiet and active
regions, during their evolution at different phases of the solar cycle.

Solar radio mapping in K-band (18-26 GHz) can probe the chromospheric magnetic field of the Ac-
tive Regions through the detection of gyro-resonance spectral components related to flare events.
Enhanced magnetic fields (up 1500-2000 Gauss) determine a spectral flattening (a<1.5) in the Ac-
tive Regions compared to pure free-free emission (x~1.9) due to the addition of a steeper gyro-
resonance component also associated to circular polarization up to ~40%.

When this sporadic anomalous Active Region spectrum is detected, the probability of a strong flare
occurrence within 1-2 days is >80%, further rising at >90% also requiring that AR brightness tem-
perature exceeds ~50% the quiet Sun level. We present several examples of 18-26 GHz radio images
showing peculiar Active Region spectral and polarization configurations anticipating or following
flare events, and through correlation statistics analysis, we discuss the sensitivity and robustness
of this flare forecast method and the perspective of coupling it with other multi-messenger Space
Weather proxies.
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Mysterious heating source inside an erupting

prominence as observed by Solar Orbiter/Metis and
ASO-S/SDI instruments

A prominence eruption associated with a limb CME was observed on April 12, 2023 by the multi-
channel Metis Coronagraph on board the Solar Orbiter mission. The prominence, seen in the
Metis UV Lyman-alpha images as a very bright and elongated arch propagating southward, is
instead much weaker in Metis visible light (VL) images. In our work, we studied the 3D position
of the prominence to understand the reason for such a significant difference between these two
channels. By considering the different processes responsible for the emissions, we obtained the
time evolution of the electron density and the temperature of two prominence portions from VL
and UV images, respectively. The derived thermodynamic evolution suggests the existence of
unknown physical processes providing additional heating source during the plasma expansion.
The Lyman-alpha Solar Telescope (LST) on-board the Advanced Space-based Solar Observatory
(ASO-S) mission also observed this eruption along the Earth-Sun view. The solar disk imager (SDI)
on board the LST observed the prominence lifting from the south-west solar limb, with the south
leg fixed onto the Sun as the prominence expand. The SDI Carrington map in Lyman-alpha line
was applied to constrain the radiative component of the Lyman-alpha emission.
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Statistical study of NUV continuum enhancement in
Solar flares

So-called White Light Flares (WLFs) show enhancements in the visible spectrum with respect to
the solar black-body curve. The Interface Region Imaging Spectrograph (IRIS) has found enhance-
ments in the NUV spectral region, indicating an enhanced Balmer continuum. Statistical studies
using imaging instruments have shown such enhancements to occur commonly, but what causes
these enhancements is still a matter of debate, despite significant efforts in the field. It is believed
that these enhancements are either a result of the electron beams or of the “backwarming process,
which transfers energy into the lower layers of the solar atmosphere. Although simulations of in-
dividual flare events may offer a valuable understanding of particle energy and penetration depth,
the examination of numerous flares can provide better constraints and probe the energy transfer
process.

We perform a statistical study using IRIS NUV spectral data to classify the occurrence of Balmer
continuum enhancements. We use Gaussian process regression (GPR) to detect continuum inten-
sities that are more than 4 sigma above the mean level. These “outliers” are then marked as NUV
continuum enhancements. Our findings indicate that most of the enhanced pixels are located on
the flare ribbon. Higher energy flares exhibit greater enhancement and a larger enhancement area.
Our next step will be to simulate the NUV spectra of flares using the RH code (Uitenbroek 2001)
and to provide constraints on the energy transport mechanism for WLFs.
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Metis Observations of Geoeffective Solar Events

The Metis Coronagraph onboard the Solar Orbiter (SolO) mission is a powerful

instrument capable of observing the solar corona simultaneously in the Visible (VL) broad-band
light (580-640 nm) and in the Ultraviolet (UV) narrow spectral range centered on the Lyman a
line of Hydrogen at 121.6 nm. This multiwavelength approach allows a comprehensive analysis of
various eruptive solar events.

Metis can image the solar corona with very high spatial (down to 4000 km) and temporal resolu-
tion( = 1s) while at its closest approach to the Sun (i.e at 0.28 AU), the field of view ranges from 1.7
to 3 solar radii. The instrument can measure in that critical region of the corona plasma properties
(temperature, energy budget, density distributions, etc.), as well as kinematic states (speed, accel-
eration, geometry,etc) of solar eruptive events, thus, playing a major role in studying how these
form and evolve.

The Metis team is compiling a database of solar eruptive events observed with the Metis Coro-
nagraph. Many of these events may have been geoeffective, i.e. potentially linked to the space
weather phenomena. We plan to provide an overview of this subset of the Metis catalogue, high-
lighting selected geoeffective events.
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Beam-driven evaporation in 2.5D flare simulations
with an asymmetric magnetic field configuration

The standard flare model is in generally depicted and studied in 2D simulations with an anti-
symmetrical magnetic field configuration, symmetrical in magnitude, either side of the polarity
inversion line. However, flare observations confirm that most flare have a significantly asymmet-
rical values of the magnetic field strength.

Here we present the first multi-dimensional magnetohydrodynamic flare simulation featuring
evaporation driven by energetic electron beams in an asymmetrical magnetic field configuration.
The simulation conditions that we use are known to rely significantly on those beams of electrons
to drive the evaporated plasma upwards from the lower atmosphere (Druett et al. 2023). We study
the impact of an asymmetrical configuration on the evolution and geometry of the flare-loop sys-
tem as well as the impacts on the beam-driven evaporation using the MPI-AMRVAC model.
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Analysis of solar eruptive events captured by Solar
Orbiter during the Eruption Watch” coordination
campaigns.

Solar Orbiter’s observations, during Remote Science Windows, a period of ~30 days happening
twice per year, are organized into Solar Orbiter Observing Plans (SOOPs). Each SOOP consists of
a coordinated set of operations involving multiple instruments to address mission objectives. The
Eruption Watch SOOP is a high-resolution plan designed to capture eruptive events, engaging all
remote sensing and in-situ instruments.

This presentation focuses on analyzing eruptive events observed during two specific Eruption
Watch campaigns in April and October 2023. We have selected events captured by the PHI, EUI,
Metis, and SolOHI instruments to study their physical and dynamic properties from the photo-
sphere to the extended corona.

Finally, using observations starting from 2022, we conducted a statistical analysis of the observed

erupting events.
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A New Method for Finding SEP Event Onset Times
and Evaluating Their Uncertainty:
Poisson-CUSUM-Bootstrap Hybrid Method

Solar energetic particles (SEPs) are highly energetic charged particles that have their origin of ac-
celeration in strong space-weather driving phenomena that the Sun produces, e.g., solar flares and
coronal mass ejections. These particles pose a radiation hazard to both technological equipment
and living organisms in space, which is why the nature of these events is an important subject of
study in the modern age where space technology is being applied more and more every day.

The onset time of an SEP event at varying energies is a key piece of information in relating the
in-situ particle measurements to the remote-sensing observations of solar eruptions. Accurate
knowledge of the onset time is an indispensable requirement for identifying the acceleration mech-
anisms and the source of the energetic particles. What traditional methods lack, however, is the
assessment of the uncertainty related to the onset time.

Our method employs a unique combination of a statistical quality control scheme, Poisson-CUSUM,
coupled with statistical bootstrapping. By choosing random samples from the background inten-
sity preceding an SEP event and varying the integration time of the data, the method is able to
produce a set of distributions of possible onset times. From this set of distributions we extract the
most probable onset time and uncertainty intervals relating to this set of distributions.
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Slowly Positively Drifting Bursts generated by
Large-Scale Magnetic Reconnection

Solar flares are accompanied by many types of radio bursts. In decimetric range the most frequent
types are type Il and IV (continua) bursts. The slowly positively drifting bursts (SPDBs) we study
are rarely observed in decimetric radio emission of solar flares. To understand with what flare
process this kind of radio burst is associated and how these bursts can be generated, we studied
the radio observations at 800-5000 MHz range together with SDO/AIA imaging observations of the
SPDB-rich C8.7 flare on May 10, 2014. (SOL2014-05-10T0702). We detected three groups of SPDBs
along with narrow-band type III bursts which temporarily coincided with large-scale magnetic
reconnection among the loops of a half dome magnetic configuration found within the active
region and a nearby rising sigmoid.
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Clustering of the Solar Wind at 1 AU: Reconnection
and the Ambient Solar Wind

Investigating the solar wind is important for our understanding of the dynamics of plasma in the
solar system environment. At 1 AU, where the solar wind interacts with the Earth’s magneto-
sphere, we can also identify different transient processes, such as Interplanetary Coronal Mass
Ejections (ICMEs) and Corotating Interaction Regions (CIRs), which may result in the occurrence
of magnetic reconnection.

In this work we use Self Organizing Maps (SOMs) 1, an unsupervised learning method which
achieves dimensionality reduction via neural networks, to transform the observed time series
of WIND spacecraft (proton density, proton temperature, solar wind speed and magnetic field
strength) into visual maps. We apply clustering techniques to the resulting maps to obtain a clas-
sification of the solar wind. Then, by using a reconnection exhausts catalogue from Eriksson et al.
2022 2 the occurrence of magnetic reconnection in the different clusters is examined.

1 T. Kohonen, ‘Self-organized formation of topologically correct feature maps’, Biol. Cybern., vol.
43, no. 1, pp. 59-69, Jan. 1982, doi: 10.1007/BF00337288.

2 S. Eriksson et al., ‘Characteristics of Multi-scale Current Sheets in the Solar Wind at 1 au Associ-
ated with Magnetic Reconnection and the Case for a Heliospheric Current Sheet Avalanche’, Ap],
vol. 933, no. 2, p. 181, Jul. 2022, doi: 10.3847/1538-4357/ac73f6.
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Signature of Self-organized Criticality in Flaring
Current Sheets

In solar flares, magnetic reconnection is key to restructuring the coronal magnetic fields and con-
verting magnetic free energy into other forms of energies. The footpoints of newly reconnected
magnetic flux tubes are mapped by chromospheric flare ribbons. The ribbons hence provide clues
for structures of, and reconnection processes in, the coronal current sheet, which are still poorly
understood. Here we adopt the UV (1600 A and 1700 A) filters of the Atmospheric Imaging As-
sembly (AIA) on-board the Solar Dynamics Observatory (SDO) to study the detailed evolution of
flare ribbons for a sample of 10 two-ribbon flares. We extract flare ribbons based on the variances
of ATA 1600/1700 filter ratio. We find that the frequency distribution for waiting times of the iden-
tified pixels on the flare ribbons is well described by a power law of index about 1.5, consistent
with the theoretical expectation of the self-organized criticality (SOC) model, but the frequency
distributions for flaring duration, peak intensity, area under the light curve, and magnetic field
strength of the identified pixels generally deviate from power laws as well as from the SOC expec-
tations. These results suggest that time-wise an avalanche process might be ongoing in the flaring
current sheet, but in other aspects, e.g., space- and energy-wise, this avalanche is likely modulated

by other physical processes.
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Flare accelerated electrons detected at anchor points
of erupting filaments

Stiefel et al. (2023) reported on a first observation in hard X-rays of nonthermal emission coming
from the anchor points of an erupting filament. We concluded that flare accelerated electrons must
have entered the flux rope and precipitated along the erupting filament into the chromosphere
producing Bremsstrahlung in the hard X-ray range.

The detection of such events is challenging for present day instrumentations due to limited dy-
namical range in imaging hard X-rays. Complementary diagnostics in microwaves are therefore
used to search for gyrosynchrotron emission from within the erupting filaments. Here we present
joint STIX and EOVSA observations of the SOL2023-12-31 X5-class flare.
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Investigating the band-splitting of a type Il solar
radio burst using LOFAR imaging and spectroscopy

Type 1I solar radio bursts are regarded as signatures of shock-accelerated electrons in the solar
corona. They show emission lanes drifting slowly from higher to lower frequencies at the funda-
mental and/or harmonic of the local plasma frequency. Occasionally, these lanes can be further
split into two components. This phenomenon is known as band-splitting, and its origin is still
under debate. In this study, we investigate the band-splitting of a type II radio burst with the
Low Frequency Array (LOFAR). The type II burst exhibits a fundamental and a harmonic emission
lane. Both lanes are further split into a higher-frequency and a lower-frequency band. The type II
burst is associated with a faint CME, and the occurrence of a type II burst and herringbone bursts
superimposed on the type II indicate the presence of a coronal shock wave accelerating electrons.
Using LOFAR’s spectro-polarimetric and imaging observations, we track the locations of the type
II radio sources across multiple frequencies. We find two distinct sources: one corresponding to
the higher-frequency component and the other corresponding to the lower-frequency component
of the split harmonic band. We also find no significant change in the degree of circular polarisa-
tion between the two bands. Our results suggest that the components of the split emission lane
originate in two close but distinct regions upstream of the shock.
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The Lyman Lines During Solar Flares: Solar
Orbiter/SPICE's first high-cadence flare observation

The SPICE instrument on board Solar Orbiter observes in the (extreme-)UV, including the Lyf and
Lyy lines. Forming in the upper chromosphere, they are very sensitive to energy input and the
ionisation stratification, offering important diagnostic information of solar flare energetics. We re-
port here on the first high-cadence (5s) flare observations from SPICE, presenting an overview of
the dataset, but focusing our analysis on the Lyman lines. This M-class flare was observed during
Solar Orbiter’s Major Flare Watch SOOP on 23rd March 2024 ~2348UT. We measure the Lyman
decrement (intensity ratio R = Lyf/Lyy) as a function of time in an isolated flare footpoint. R de-
creases impulsively, returning to pre-flare values rapidly, despite the fact that the intensity of each
of the Lyman lines (and other EUV spectral lines) returns to pre-flare over a longer duration. In a
nearby, weaker, flare ribbon the Lyman decrement shows no meaningful change in response to the
flare. A series of field-aligned radiation hydrodynamic simulations were performed, revealing that
in electron beam driven flares the synthetic Lyman decrement is very consistent with observations.
However, in a flare driven solely by thermal conduction, the Lyman decrement does not exhibit
the observed sharp decrease. We conclude that the very strong flare footprint was produced by
intense particle precipitation, whereas the weaker conjugate footpoint was more consistent with
flare energy transport dominated by thermal conduction. Future analysis will focus on other spec-
tra observed by SPICE, aiming to confirm this picture of differing dominance of energy transport
mechanisms.
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On the Application of Warm Target Model in
Investigating the Time Evolution of Solar Flares

Solar flares are intense localized eruption of electromagnetic radiation over a wide range of en-
ergies in the solar atmosphere. A primary characteristics of solar flares is the acceleration of
electrons to higher energies and X-Ray observation serves as the key diagnostic to study them in
details. In this study, we are investigating the time evolution of solar flares using the warm-target
model. This model better constrains the flare parameters, especially the lower energy cut-off of the
electron distribution, than the commonly used cold thick-target model. Here, we are using some
well-observed flares observed by the RHESSI and the Solar Orbiter (STIX instrument) spacecrafts.
Such observations provide us with an excellent opportunity to test the warm-target model in char-
acterizing the time evolution of solar flares. The time evolution of some of the key parameters,
e.g., the lower energy cut-off, the total power of non-thermal electrons, the rate of total injected
electrons, the excess emission measure from the accelerated electrons in the warm plasma, are
very crucial to characterize the acceleration mechanism of electrons in flares. We find an approx-
imate constancy of the lower energy cut-off along the evolution of the flare. Such behaviour also
plays a key role in the time evolution of the total non-thermal power of the electrons, and thus in
their energy contain. The outcomes of this study, therefore, help us better understand the overall

physics of the solar flares.
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Extreme-ultraviolet transient brightenings in the
quiet-Sun corona observed with Solar Orbiter/EUI

The extreme-ultraviolet (EUV) brightenings identified by Solar Orbiter (SolO), commonly known
as campfires, are the smallest detected, to date, transient brightenings or bursts observed in the
non-active regions of the lower solar corona. Our understanding about the role of campfires in the
coronal heating stands elusive due to the absence of extensive statistical studies. We perform sta-
tistical analysis of the campfires by using the highest possible resolution observations obtained by
the Extreme Ultraviolet Imager (EUI) onboard SolO. We use observations in the 17.4 nm passband
of the High Resolution EUV Imager (HRIEUV ) of EUI obtained during the closest perihelia of SolO
in the year of 2022 and 2023. SolO being at a distance 0.29 AU from the Sun, these observations
have exceptionally high pixel resolution of 105 km with the fast cadence of 3 s. We report the
detection of smallest campfires in the quiet-Sun. The detected campfires have sizes in the range
of 0.01 Mm? to 10 Mm?. Their lifetimes vary between 3 s and 1000 s. Their distribution of size
and lifetime shows the power-law behaviour. We estimate that about 10* campfires appear per
second on the whole Sun. Considering the HRIEUV bandpass that is most sensitive to the 1 MK
plasma, the increasingly high number of campfires at smaller spatial and temporal scales over the
quiet-Sun regions make them one of the contributors for the quiet-Sun coronal heating.
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Reconnection within the erupting flux rope during a
solar flare

We present indications of reconnection within the erupting flux rope which occurred during the
impulsive phase of the Apr 2, 2022 flare. Combining data from ground-based radiospectrome-
ters, EUV and X-ray data from different vantage points (STEREO, ATA/SDO, EUI/Solar Orbiter,
STIX/Solar Orbiter, Fermi), we show that rare and unique radio bursts in the GHz frequency range
are co-temporal with specific EUV structures. In addition, the X-ray sources are related to hot
EUV loops and footpoints that are all located near or inside the magnetic rope and the erupting

filament.
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Comparison of Methodologies to Estimate the Tilt
Angle in Solar Active Regions

Active regions (ARs) are the photospheric manifestation of the emergence of magnetic flux ropes
(FRs) formed within the solar interior. A key parameter of their evolution is the inclination of
the AR polarity axis with respect to the equatorial direction, known as the tilt angle, which is
fundamental in semi-empirical flux transport models proposed to explain the transference from
toroidal to poloidal solar field components. In this work, we review the estimation of the tilt angle
in a selection of around 120 bipolar ARs from Solar Cycle 23 using two methodologies. The first
method, which is commonly used, computes the magnetic baricenters of the polarities to define the
bipole axis. The second method employs an emerging FR model to fit magnetograms of emerging
ARs using Bayesian inference. The Bayesian method uses a twisted toroidal FR model to generate
synthetic line-of-sight (LOS) magnetograms, which are then compared with actual observations
of the evolution of the photospheric LOS magnetic field of emerging ARs. Model optimization
is done by sampling the posterior distribution of the parameters with the Markov Chain Monte
Carlo technique provided by the PyMCS5 library. In previous works, we found that this method
corrects for projection effects, such as magnetic tongues, providing a more accurate estimation
of the intrinsic inclination of the FRs during the early stages of AR emergence. In this work, we
perform a statistical analysis of the tilt dispersions obtained with each method.
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Understanding Precursors of Coronal Mass Ejections
and Flares

Coronal mass ejections (CMEs) and solar flares are the most energetic explosive phenomena in
our solar system and are able to release a large quantity of plasma and magnetic flux into the
interplanetary space, probably affecting the safety of human high-tech activities in the outer space.
To predict CME/flares caused space weather effects, we need to elucidate some fundamental but
still puzzled questions, one of which concerns how are CME/flares initiated. In this talk, I will
first present key observational characteristics before the main phase of CME/flares including the
slow-rise precursor and pre-flare activities. I then show a MHD model aiming to understand these
disclosed observational characteristics and propose a new CME/flare initiation paradigm.

Primary authors: XING, Chen (Nanjing University); AULANIER, Guillaume (Laboratoire de
Physique des Plasmas); DING, Mingde (Nanjing University); CHENG, Xin (Nanjing University)

Session Classification: Coffee break and poster session 2

Track Classification: Multi-scale energy release, flares and coronal mass ejections

September 2, 2024 Page 70



17th European So ... / Report of Contributions Solar radio flare observations with ...

Contribution ID: 179 Type: Poster

Solar radio flare observations with the Radio
Neutrino Observatory Greenland (RNO-G)

The Radio Neutrino Observatory Greenland (RNO-G) hunts for neutrinos at the highest energies in-
teracting in the deep glacial ice. Seven of its 35 stations (24 antennas/station) have been taking data
since 2022. RNO-G is sensitive in the 80-750 MHz region and records snapshots of time-domain
waveforms of with GSa/s sampling rate whenever signals above the thermal noise floor trigger a
station. RNO-G regularly observes solar flares coincidently with dedicated solar observing radio
instruments like Callisto and SWAVES, and with X-class GOES X-ray flares. Data is available in
full time- and frequency resolution for all flares. The recorded waveforms show significant impul-
sivity on O(10’s ns) timescales. While these pulses constitute a unique calibration source for the
absolute pointing of RNO-G, they also indicate small-scale emission in the sub-structure of radio
flares.

In this contribution we highlight the time-domain features seen in the solar flares observed with
RNO-G in order to promote the availability and potential usefulness of RNO-G data to the solar

physics community.
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EUI onboard Solar Orbiter: unique data for high
resolution, far corona and connection science

The Extreme Ultraviolet Imager (EUI) onboard Solar Orbiter is composed of three telescopes, the
Full Sun Imager (FSI), and two High Resolution Imagers observing in EUV (HRIEUV) and Lyman-
alpha (HRILYA). EUI observes the Sun from the smallest features at the base of the corona and in
the chromosphere up to the largest scales in the extended corona.

EUI observations are indispensable for heliospheric connection science as they provide essential
information about coronal source regions of eruptive events and solar wind. FSI reveals structure
and evolution of the corona to unprecedented distances from the Sun (transients being tracked up
to 6 solar radii).

EUT’s unparalleled spatial and temporal resolution at perihelion naturally leads to discovery of new
structures at previously inaccessible scales such as campfires, picojets, and the smallest decayless
kink waves observed to date.

This poster aims to show researchers the way to EUI observations and data analysis. The reader
is directed to the latest EUI Data Release, tools and overviews, and kindly invited to become part
of the EUI community, facilitated by EUI's open data policy and fast data availability. A partic-
ularly effective way to join the EUI community is the Guest Investigator Program of the Royal
Observatory of Belgium (ROB), which allows selected researchers to spend a few weeks with the
EUL PROBA2/SWAP or PROBA2/LYRA PI team in Brussels to obtain expert knowledge on the in-
strument, to participate in observation planning according to the needs of their proposal, and to
conduct their research in collaboration with ROB scientists.
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Coronal dimmings associated with the May 2024
flare/CME events from AR 13664

During the first half of May 2024, Active Region 13664 was the source of 11 X class flares, over
50 M class flares as well as numerous coronal mass ejections (CMEs). The high number of CMEs
launched in quick succession caused the largest geomagnetic storm since two decades. The most
distinct phenomena in the low corona associated with CMEs and strong flares are coronal dim-
mings, which are localized regions of transiently reduced emissions observed in extreme ultravi-
olet (EUV) and soft X-ray (SXR) wavelengths. As such, they are important diagnostics for CME
activity (in particular for Earth-directed CMEs) and provide insights on the accompanying physi-
cal processes in the low corona. In this contribution, we present a systematic study of the coronal
dimmings associated with the flares in AR13664 as observed by the AIA instrument onboard the
Solar Dynamics Observatory between the 3rd and 14th of May. We study the dimming parameters
(area, brightness, magnetic flux) and relate them with key characteristics of the observed CMEs.
We also attempt to understand the magnetic configuration involved in these eruptive events by
studying the anchor points of the coronal dimmings and the associated flare ribbons.

Primary author: RAZQUIN LIZARRAGA, Amaia (University of Graz)

Co-authors: VERONIG, Astrid (University of Graz); DISSAUER, Karin (NorthWest Research Asso-
ciates, Boulder CO, USA); Dr PODLADCHIKOVA, Tatiana (Skolkovo Institute of Science and Technol-
ogy); SHANTANU, Jain (Skolkovo Institute of Science and Technology); Dr CHIKUNOVA, Galina (Hvar
Observatory, University of Zagreb); THALMANN, Julia (University of Graz); DUMBOVIC, Mateja
(Hvar Obs.)

Session Classification: Coffee break and poster session 2

Track Classification: Multi-scale energy release, flares and coronal mass ejections

September 2, 2024 Page 74



17th European So ... / Report of Contributions Benchmarking Solar Simulations: ...

Contribution ID: 187 Type: Poster

Benchmarking Solar Simulations: An Analytical
Solution for Non-Linear Diffusivity

Numerical simulations have proven invaluable in understanding the physics of the Sun. With
increasing computing power available, we launch increasingly complicated multi-physics simula-
tions. Every single physics module requires validation and we must understand the role of each
of these physical processes. This work presents an analytical solution for non-linear diffusivity
in 1D, 2D, and 3D. We will use it to benchmark the Spitzer conductivity module in the single and
multi-fluid radiative MHD codes Bifrost and Ebysus. The solution is based on the self-similar solu-
tions by Pattle, 1959, which required the diffusing quantity to be zero beyond a finite radius. We
have surpassed this constraint, allowing for a small non-zero background value. This problem is
highly relevant in the Solar atmosphere, where energy released in nanoflares or originating in the
hot MK Corona diffuses to the much colder kK Photosphere. Beyond this use, the derivation and
argumentation are general and can be applied to other non-linear diffusion problems.
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Predicting Soft X-ray Emissions for Solar Flare
Forecasting Using a Self-Supervised CNN Trained on
Solar Dynamics Observatory Data

Predicting solar flares is crucial for communications and satellite operations. Previous Machine
Learning (ML) work focused on classifying flares with labels such as M and X, overlooking the
continuous nature of X-ray flux. Our approach uses Convolutional Neural Networks (CNNs) to
predict X-ray flux from Helioseismic and Magnetic Imager (HMI) and Extreme Ultraviolet (EUV)
images of the Sun, using a curated dataset from the Solar Dynamics Observatory (SDO). Inputs
represent different layers of the solar atmosphere: HMI magnetograms (photosphere) and AIA
wavelengths: 94 A (flaring regions), 171 A (quiet sun), 193 A (coronal structures), and 304 A ( chro-
mosphere). Data are processed to match SDO images and GOES X-ray fluxes. Limb-brightening
correction is applied to avoid biases. We compare full-disk images versus synoptic maps as CNN
inputs.

We utilise the Model Genesis self-supervised framework, originally developed for medical imaging.
It consists of an encoder-decoder architecture to reconstruct artificially deformed solar images by
transformations such as non-rigid deformations and pixel shuffling. The encoder part is attached
to our CNN and pre-trains it. This process facilitates extracting robust features for better perfor-
mance. Subsequently, we train to predict X-ray flux. We post-process outputs to associate X-ray
flux predictions with flare indices to compare our work with other classifications. We benchmark
this approach against state-of-the-art methods using True Skill Score (TSS) for categorical predic-
tions and Brier Skill Score (BSS) for probabilistic predictions. Future work includes eXplainable Al
(XAI) to identify which active regions and parts of the solar atmosphere contribute most to flare
predictions.
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Solar Flare Forecasting Utilizing Deep Survival
Analysis

Solar flares and accompanying coronal mass ejections are drivers of intense space weather, which
can have major impacts on e.g., satellite communication, navigation, and power-grid integrity. To
this day, precise predictions of solar flare events remain challenging, due to the complexity of the
underlying physical processes.

This study aims to improve solar flare forecasting through the application of survival analysis, a
method traditionally used in fields like medicine and economics to model the timing of events and
their related data features. In extension to previous studies, we aim to model not only the likeli-
hood of a flare happening within the next few days but also its timing.

We demonstrate the time-to-event prediction capabilities of deep survival neural networks based
on multivariate time series extracted from solar photospheric vector magnetograms in Spaceweather
HMI Active Region Patch (SHARP) series.

Preliminary results indicate that deep survival analysis provides a promising new avenue for more
precise event time predictions of solar flare outbursts. We found that including active regions that
produce multiple flares in both training and validation sets, while keeping the flares themselves
separated, yields highly accurate predictions with hour-level precision.
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Denoising Helioseismic Far-Side Images with Spatial
and Temporal filters

Helioseismology can detect active regions on the Sun’s far side days before they rotate to the
Earth’s side, using solar acoustic oscillations. These far-side maps provide an important input for
space weather models. Recent advances in theoretical and computational helioseismology have
improved far-side imaging, which enables high-confidence detection and daily tracking of medium-
size active regions. However, these images still suffer from substantial noise due to the stochastic
nature of the oscillations. In practice, temporal averaging and Gaussian smoothing have been
used to reduce the noise level. These approaches indeed improved the signal-to-noise ratio, yet,
the duration for temporal averaging and width for Gaussian filters are chosen based on experience,
which are far from optimal. Our study aims to denoise these images by implementing spatial and

temporal filters in spectral space to mitigate this noise.
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The use of artificial intelligence techniques in the
prediction of the solar activity cycle 25

Predicting future solar activity cycles is a complex task that requires the incorporation of machine
learning techniques. The aim of this study is to apply neural network techniques to the prediction
of the 25th period of the solar cycle series. We consider two methods for the prediction models,
namely the Nonlinear AutoRegressive eXogenous (NARX) and the Voting Regressor (VR) (with
combinations). The input data are the observed sunspot numbers (SSN) of the last four cycles. Sev-
eral models are constructed and their performance is evaluated using the following metrics: Root
Mean Square Error (RMSE), Pearson Correlation Coefficient (PCC) and Nash-Sutcliffe Efficiency
(NSE) evaluation metrics. The obtained results from the VR algorithm of the solar maximum activ-
ity of the 25th cyles is 119.19 < Ry,q0,vr < 126.27 which is expected to be in the period between
November - December 2024. The evaluation metrics obtained are 3.4 < RMSFEy g < 6.7, 0.997 <
rvr < 0.998 and 0.972 < NSEy g < 0.994. The results obtained from the NARX algorithm show
a maximum value of R0x Narx = 130.84, which is expected in April 2025. The evaluation met-
rics are RMSEnNarx = 7515, NSENarx = 0.972 and ry arx = 0.986. The results of these two
models are compared with the observations and used to predict the next solar cycles.
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Deep learning image burst stacking to reconstruct
high-resolution ground-based solar observations

To study and resolve small-scale features in the solar atmosphere, ever larger telescopes are built,
such as the European Solar Telescope (EST) or the Daniel K. Inouye Solar Telescope (DKIST). How-
ever, diffraction-limited observations are not feasible for large aperture telescopes because the
Earth’s turbulent atmosphere distorts the raw observations. Therefore, post-image reconstruction
techniques must be applied to obtain high resolution, high quality observations.

We provide an Al tool based on deep learning which is capable of translating a short exposure
image burst to a single high resolution high quality observation. The neural network we use was
developed by Jarolim et al. (2023) and is based on a Generative Adversarial Network (GAN) that
employs unpaired image-to-image translation. This allows translating a short exposure image
burst consisting of 100 images to a single high quality observation in real time. This approach can
outperform state-of-the-art methods such as speckle reconstruction and multi-frame blind decon-
volution (MFBD).

We applied the tool to observation from the 1.5 m GREGOR telescope. The results demonstrate that
our approach provides faster and more robust reconstructions by showing less artifacts compared
to the speckle reconstruction method. We explicitly show that our neural network approach uses
the information of 100 short exposure observations for the reconstruction.
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Ca ll K brightness as a function of magnetic field
strength and characteristics of the observations

Solar observations have often served as benchmarks of stellar conditions. A particularly illustra-
tive example of the above link is given by the observations in the Ca Il H and K lines at 396.847 nm
and 393.367 nm, respectively, which are the two deepest and broadest absorption lines in the visi-
ble spectrum of the Sun. Although widely observed over the years, several aspects of the emission
of these lines are however still not fully understood. This is the case of e.g. the exact relationship
between Ca I K emission and magnetic field strength. To the aim of reassessing this relationship,
we analysed state-of-the-art observations of the solar atmosphere obtained at the Swedish Solar
Telescope with the Crisp Imaging Spectropolarimeter and Chromospheric Imaging Spectrometer
instruments on regions characterized by a different ambient magnetic field. On these observations
we analyzed the dependence of the Ca II K line brightness on different surrounding conditions
of the solar atmosphere and characteristics of the observations, such as spectral bandwidth and
spatial scale. The results derived from our study are functional to e.g. high-precision transit pho-
tometry applied in exoplanets research, investigation of the solar-stellar connection, and accurate
reconstructions of the evolution of the solar magnetism over decadal and centennial time scales.
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Metis Solar Wind Speed Maps during the first half of
the 25th solar cycle: the role of the assumed electron
temperature radial profile

The derivation of the coronal proton bulk speed is one of the main goals of the Metis coronagraph
on board the Solar Orbiter S/C. Metis is capable of acquiring both visible-light (VL) broadband
(580-640 nm) polarized brightness (pB) images and ultraviolet (UV) HI Lyman-alpha (121.6 nm)
images simultaneously with high temporal (up to 1 s for the UV and 60 s for VL/pB) and spatial
(down to 4500 km/pixel) resolution. The proton outflow speed is derived from these data through
the Doppler-dimming diagnostics. Here solar wind speed maps are presented that are derived for
four Solar Orbiter Remote Sensing Windows. This outlines the evolution of the solar wind during
half of the 25th solar cycle (from the end 2021 to the end 2023). Different literature electron temper-
ature profiles are used as a parametric input for the Doppler-dimming diagnostics, thus deriving
the sensitivity of the Doppler-dimming diagnostics to the knowledge of the electron temperature
profile of the coronal plasma in different regions in the field of view (e.g. streamer, coronal holes).
For the first time, a novel dynamical (DYN) model from literature was used to better constrain
the electron temperature profile adopted in the Doppler-dimming diagnostics. Preliminary results
show the role played by the knowledge of the coronal electron temperature in the derivation of
the solar wind maps.
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Magnetic helicity and energy budgets of jet events
from an emerging solar active region

Using photospheric vector magnetograms obtained by the Helioseismic and Magnetic Imager on
board the Solar Dynamic Observatory (SDO) and a magnetic connectivity-based method, we com-
pute the magnetic helicity and free magnetic energy budgets of a simple bipolar solar active region
(AR) during its magnetic flux emergence phase which lasted ~47 hrs. The AR did not produce
any coronal mass ejections or flares with an X-ray class above C1.0 but it was the site of 60 jet
events during flux emergence. The helicity and free energy budgets of the AR were below estab-
lished eruption-related thresholds throughout the interval we studied. However, in addition to
their slowly-varying evolution, each of the time profiles of the helicity and free energy budgets
showed discrete localized peaks, eight of which occurring at times of jets emanating from the
AR. These jets featured larger base areas than other jets triggered in the AR. We estimated, for the
first time, the helicities and free magnetic energies associated with the jets; they vary in the ranges
(0.5—7.1) x 10*° Mx? and (1.1 —10.4) x 10% erg, respectively. The pertinent percentage changes
were significant and ranged from 13% to 76% for the normalized helicity and from 9% to 57% for
the normalized free energy. Our study indicates that occasionally jets may play a significant role
in the evolution and dynamics of emerging solar active regions by having a significant imprint in
the evolution of their helicity and free magnetic energy budgets.
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Radiative Magnetohydrodynamic Simulation of the
Confined Eruption of a Magnetic Flux Rope:
Unveiling the Driving and Constraining Forces

Flares and CMEs are different manifestations of the same energy release process, during which
flux ropes act as the key magnetic structure. However, due to the lack of in-situ observation, it is
still difficult to capture the dynamic evolution of flux rope in detail. Here, we analyze the forces
that control the dynamic evolution of a flux rope in a 3D RMHD simulation conducted with the
MURaM code, whose eruption gives rise to a C8.5 confined flare. The flux rope rises slowly with
an almost constant velocity of a few km/s in the early stage when the gravity and Lorentz force are
nearly counterbalanced. After it rises to the height where the decay index of the external poloidal
field satisfies the torus instability criterion, the significantly enhanced Lorentz force breaks the
force balance and drives the rapid acceleration of the flux rope. Fast magnetic reconnection is
immediately induced within the current sheet under the erupting flux rope, which provides strong
positive feedback to the eruption. The eruption is eventually confined due to the tension force
from the strong external toroidal field. Our result provides a detailed and comprehensive analysis
on the dynamic evolution of flux rope eruption, which suggests that the gravity of plasma plays an
important role in sustaining the quasi-static stage of the preeruptive flux rope, while the Lorentz
force, which is contributed from both the ideal MHD instability and magnetic reconnection, dom-
inates the evolution of flux rope during the eruption process.
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Physically-consistent Riemann solvers for accurate
and robust MHD modelling with low plasma beta

The solar atmosphere hosts various physical phenomena driven by strong magnetic fields, but ac-
curate and efficient MHD numerical modelling of such phenomena is challenging. Specifically,
high accuracy typically requires low numerical dissipation, which may come with high compu-
tational costs and is prone to numerical oscillations. Conversely, efficiency demands sufficient
robustness, which needs adequate numerical diffusion. These challenges must be addressed ad-
equately in MHD models, such as the newly developed fully-implicit MHD global solar coronal
model, COCONUT.

While COCONUT currently uses finite-volume discretisation and approximate Riemann solvers
that are well-established for MHD simulations, their robustness is often challenged under strong
magnetic fields or, more precisely, in low-beta plasma. One important reason is that magnetic en-
ergy becomes dominant compared to the much smaller thermal energy. Thus, even a small numer-
ical discrepancy in magnetic energy may lead to negative thermal energy, causing the positivity-
preservation problem, typically tackled by adding numerical diffusion. This issue, of course, also
exists in other plasma MHD simulations.

Without adding numerical diffusion, we ensure physical consistency in HLL-type Riemann solvers,
specifically the consistency between the numerically calculated magnetic field and magnetic en-
ergy, which is frequently broken in numerical solutions. The resulting Riemann solvers are more
robust than their widely used counterparts, yet with less diffusive effects observed in fully implicit
global coronal modelling. Additionally, we have discussed the positivity-preservation property of
the proposed Riemann solvers and explained the reason behind their improved robustness.
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CHIANTI version 11 - advanced ionization
equilibrium models: density and charge transfer

effects

CHIANTI is the most widely-used database in solar physics, and in some cases is the reference
dataset for other databases in astrophysics. We present here a significant update to the modelling.
CHIANTI has, up until now, used the coronal approximation to calculate ion balances. This is
only suitable in the more tenuous, high temperature solar corona. New effects have been added
to the models to make them more appropriate for the solar transition region, where densities are
higher and temperatures cooler. This includes density effects on ionisation and recombination
rates. Also, charge transfer, which occurs during collisions between atoms and ions, has been
included in CHIANTI for the first time. We present an example run of the new models by creating
a synthetic spectrum for an active region using differential emission measure modelling. Line
intensities are enhanced by factors of 2-5 in certain cases compared to the previous modelling.
We compare the results with observations from HRTS and find excellent agreement for transition
region lines. The results resolve some long-standing discrepancies in predicting emission for the
SiIV lines observed by IRIS, as well as for CIV and NV
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Observational discovery of slip-running
reconnection during a solar flare

Apparent slipping motions of reconnecting field lines are a prime signature of three-dimensional
magnetic reconnection, the process powering flares and eruptions. The existence of slipping mo-
tions in the super-Alfvénic regime is a key prediction of 3D magnetohydrodynamic extensions
to the standard flare model. Validating these predictions proved challenging as the detection of
slipping motions, typically of flare loops and flare kernels, has been limited by the time resolution
of space-borne solar imagery. We overcame this issue by utilizing high, 1.8 s cadence flare ob-
servations of a confined C4.2-class flare from 2022 September 25 of the Interface Region Imaging
Spectrograph (IRIS). Flare ribbon kernels, composing one of the ribbons captured in the 1330 A
filter of the IRIS Slit Jaw Imager, exhibited apparent slipping motions at speeds of thousands of
kilometers per second. These dynamics are consistent with the slip-running reconnection, align-
ing with model predictions. Signatures of kernel motions were further analyzed in observations
with varying spatial and temporal resolution. By utilizing a computer vision algorithm we found
that fast, super-Alfvénic dynamics can only be resolved in observations with a cadence of a few
seconds at most. Preliminary analysis of selected IRIS flare datasets with high (< 2s) time resolu-
tion strengthens these results, confirming that the rapid kernel slippage was not limited to a single

event.
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Partial eruptions by breakout reconnection

Knowing how much of a particular magnetic system will erupt is, naturally, fundamental to pre-
dicting a CME event and the hazard it presents. Usually, we speak about full eruptions when
most of the magnetic structure escapes from the Sun, producing a CME; and about failed/confined
eruptions, when the eruptive process, including flares and filament activation, is halted in the low
corona, with no magnetic structure escaping the Sun. However, there is a continuous transition
between both cases, depending on the portion of the stressed magnetic system that is expelled.
Commonly, these eruptions are denoted as partial filament eruptions and are the most frequently
observed.

In this work we present, for the first time, three events of partial filament eruptions that suffer the
splitting after the eruption started and produced a CME, instead of a jet outflow. The events were
simultaneously observed by STEREO-A, SDO, and Solar Orbiter. Taking advantage of the multiple
viewpoints we track the real three-dimentional evolution of different features and segments of
the filament material. We model the background coronal magnetic field, showing an interaction
between the filament and multipolar structures. We used the CORHEL-CME model to simulate
the event and provide an explanation of the physical process behind this kind of partial eruptions.
We conclude that the breakout reconnection within the null point of these structures allows the
stressed magnetic system to partially erupt and to reconnect with the background field in order to
produce a CME structure.
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The highest resolution full-disk magnetic field maps,
obtained with SO/PHI

The Polarimetric and Helioseismic Imager onboard the Solar Orbiter
spacecraft (SO/PHI) has the unique opportunity to scan the entire
solar disk within approximately 4 hours with its High Resolution
Telescope (HRT). Such a so-called “full-disk mosaic” was produced on
March 22, 2023 at a solar distance of 0.495 AU where the SO/PHI-HRT
platescale of 0.5” covered a distance of 179.5km on the Sun.

Connecting the 25 tiles of the full-disk mosaic provides a full-disk
magnetogram with a solar disk diameter of approximately 8000

pixels. In addition to the line-of-sight magnetogram we will present
full disk mosaics of the magnetic field inclination and azimuth,

i.e. the entire photospheric magnetic field vector. Beside the

magnetic field maps, we will also show mosaics of the Doppler velocity
and the continuum intensity in the 617 nm band.

Simultaneously with SO/PHI the Extreme Ultraviolet Imager (EUI)
onboard Solar recorded a full-disk mosaic in the 17.4 nm band. A
combination of the SO/PHI and EUI observations provide and unique data
product with with an unprecedented view of the Sun.
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The CAESAR project: Comprehensive spAce wEather
Studies for the ASPIS prototype Realization

This work presents the outcome of the CAESAR (Comprehensive spAce wEather Studies for the
ASPIS prototype Realization) project, which was supported by ASI and INAF from 21 December
2021 to 24 May 2024 (ASI-INAF n.2020-35-HH.0 agreement). CAESAR was devoted to study the
relevant aspects of Space Weather (SWE) science and realize the prototype of the scientific data
centre for Space Weather of the Italian Space Agency (ASI) called ASPIS (ASI SPace Weather In-
fraStructure). To this end, CAESAR gathered a great part of the SWE Italian community, bringing
together 10 Italian institutions as partners, and a total of 98 researchers.

CAESAR adopted an unprecedented, multidisciplinary, and integrated approach, encompassing
the whole chain of phenomena from the Sun to the Earth up to planetary environments.

The goals, organization, and final results are discussed.

A case study of a well-observed “target SWE event”, exhibiting extreme characteristics with re-
spect with the solar source, is presented in order to showcase the CAESAR approach. The causes
and evolution of the event are explored and the effects on technological systems are evaluated.
The main features of the implemented ASPIS prototype are shown. It is intended to unify multiple
SWE resources through a flexible and adaptable architecture and to integrate currently available
international SWE assets to foster scientific studies and advance forecasting capabilities.

Primary author: Dr LAURENZA ON BEHALF OF THE CAESAR TEAM, Monica
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Using Data-driven time-dependent
Magnetofrictional modeling to initiate
Magnetohydrodynamic simulations of coronal active
regions

The data-driven time-dependent magnetofrictional method (TMFM) has proven to be a powerful
tool for studying solar coronal eruptive events. Coupling data-driven TMFM with magnetohydro-
dynamic (MHD) simulations potentially provides a robust and efficient approach to study such
events in more detail.

As has been shown by a number of studies, TMFM is capable of incorporating observational data
directly. Additionally, it is significantly faster to compute compared to MHD, due to the simplifi-
cations of the model. The main aim of this work is to utilize the data-driven TMFM, initiated with
observational data, close to the time of the expected eruptive event, and transfer the magnetic field
evolved with TMFM to initiate an MHD simulation, providing a more realistic initial condition for
the MHD simulation. The goal is to leverage the lower computational cost of TMFM while simulat-
ing the fast and more dynamic evolution of eruptive events with the more complete MHD model.
As an example case for our approach, we simulated NOAA active region 12673, with the linked
data-driven TMFM and ideal zero-f MHD simulation. The main twisted flux system in our simula-
tion was rising during the MHD simulation, however, the final height of the flux system depended
on how close to eruption the transformation of the model from TMFM to MHD was performed.
Our simulations showed the primary factors in the eruptive event are the torus instability and
presence of the slip-running reconnection.

Primary authors: DAEI, Farhad (University of Helsinki); POMOELL, Jens (University of Helsinki); PRICE,
Daniel (University of Helsinki); Dr KUMARI, Anshu (NASA Goddard Space Flight Center); GOOD, Si-
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Association between a Failed Prominence Eruption
and the Drainage of Mass from Another Prominence

Sympathetic eruptions of solar prominences have been studied for decades, yet identifying their
causal relationships remains challenging. Here, we analyze a failed prominence eruption and sub-
sequent mass drainage from a neighboring prominence, and investigate their potential connec-
tions. Leveraging stereoscopic observations from instruments such as LST, CHASE, and EUI, we
observe that the southern prominence (PRO-S) erupts with untwisting motions, accompanied by
flare ribbons, and new connections form during the eruption. Notably, the northern prominence
(PRO-N) rises following PRO-S, and its upper section disappears due to catastrophic mass drainage
along an elongated structure. We propose that the eruption of PRO-S was initiated by the kink
instability and facilitated by flare reconnection. However, it ultimately failed to erupt due to re-
connection with surrounding magnetic fields. The elongated structure connecting PRO-N overlies
PRO-S, and PRO-N mass drainage is triggered by PRO-S failed eruption. This study highlights that
a prominence may terminate its life through catastrophic mass drainage, where the rising motion
and mass drainage reinforce each other, and the mass drainage can be initiated by an underlying

eruption.
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Understanding the magnetic field evolution of the 10
March 2022 Coronal Mass Ejection

Understanding the magnetic field evolution of Coronal Mass Ejections (CMEs) is crucial for space
weather research. We examined the 10 March 2022 CME, focusing on its magnetic field evolution
from the near-Sun space to L1. The Solar Orbiter’s in-situ measurements, 7.8 degrees east of the
Sun-Earth line at 0.43 AU, provided a unique vantage point, along with the WIND measurements
at L1.

We analysed the temporal evolution of the magnetic helicity budget of the source Active Region
(AR), NOAA AR 12962. By estimating the helicity budget of the pre- and post-eruption phase in
the AR, we estimated the helicity transported to the CME. Assuming a Lundquist flux-rope model
and geometrical parameters (length and radius of the flux rope) obtained through the Graduated
Cylindrical Shell (GCS) CME forward-modelling technique, we determined the CME magnetic field
at a GCS-fitted height of 0.03 AU to be 2067 + 405 nT.

Combining this estimated magnetic field with in-situ measurements at 0.43 AU and 0.99 AU, we
could fit the CME’s axial magnetic field decrease with heliocentric distance as a single power law
with index -1.23 + 0.18. Extending previous studies on inner-heliospheric intervals from 0.3 AU to
~1 AU, we refer to estimates from 0.03 AU to measurements at ~1 AU. Our findings suggest a less
steep decline in the magnetic field strength with distance compared to previous studies. However,
our results align with studies incorporating near-Sun magnetic field measurements, such as those
from the Parker Solar Probe mission.

Primary author: KOYA, SHIFANA (University of loaninna Greece &UMCS, Poland)
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Soft X-ray Solar Flare Spectroscopy: Synergistic
Observations from XSM and STIX

We present a detailed analysis of solar flares observed on 30 September 2022 using high-resolution
spectroscopic data from the X-ray Spectrometer (XSM) onboard Chandrayaan-2 and the Spectrom-
eter/Telescope for Imaging X-rays (STIX). By leveraging XSM’s broad-band spectral sensitivity and
STIX’s spectra in the softer energy range, we explore the intricate dynamics of solar flare emissions.

We conducted a comparative study of solar flares, focusing on key spectral features such as line
emissions and continua in the soft X-ray band. The synergy between XSM and STIX data enables
a comprehensive understanding of flare morphology and evolution.

Key findings include determinations of flare temperatures, emission measures, and elemental abun-
dances, providing valuable insights into theoretical models of physical processes crucial for solar

flares.
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Is the sub-flaring activity of a solar active region a
good whistleblower for impending eruption?

Our Sun is a dynamic star, home to a wide range of activities, from subtle, short-duration events to
large coronal mass ejections (CMEs) and strong flares. CMEs and flares can overlap; distinguish-
ing between “eruptive”and “confined”flare magnetic configurations is essential. Understanding
the intricacies of these solar eruptions and their connections to preceding activity is crucial in he-
liophysics research. Our goal is to determine whether the small-scale activity of an active region
(AR) contains information about its potential for eruptions and could provide insight into future
events. To achieve this, we monitor transient activity using data from the Atmospheric Imaging
Assembly (AIA) instrument onboard the Solar Dynamics Observatory (SDO). Our primary goal
is to discern disparities in AR transient brightenings of various magnitudes and understand their
relevance to eruptive configurations. By comparing the spatial distribution of detected transient
brightenings to the polarity inversion line (PIL) area derived from the SDO Helioseismic and Mag-
netic Imager (HMI) line-of-sight magnetograms, we observe significant differences between the
pre-eruptive and non-eruptive situations of our sample ARs. The temporal evolution of observa-
tions derived from the brightenings, such as their number detected through time, their associated
intensity and magnetic unsigned flux, shows significant differences in their order of magnitude
and behaviour, and by using multiple wavelengths, we also observe the evolution of the transient
activity through the Sun’s atmosphere. Over comparative analysis, we seek insights into the pre-
eruptive activity of ARs, which could contribute meaningfully to advancing solar event predictive
capabilities and our understanding of solar dynamics.
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Comparative analysis of the open and closed field
topologies reconstructed by different coronal models

When reconstructing the coronal magnetic field topology, which is an essential input to helio-
spheric space weather forecasting models, one can chose among many coronal models. These
range from simple empirical to state-of-the-art magnetohydrodynamic (MHD) models. In this
study we try to address how well coronal models agree well with each other regardless of their
complexity and simulation set up. In addition, we investigate for each model the sensitivity of the
simulation output with respect to variations of the initial set up. We considered four potential field
source surface (PFSS)-based models and one full MHD model, all of which were initiated with two
different types of HMI ADAPT magnetograms generated for three consecutive dates. One mag-
netogram included active regions added retrospectively while the other did not. All PFSS based
outputs were compared to the one generated by the MHD model. This analysis revealed that all
models considered here produce very comparable open and closed field topologies. Taking the
work one step further, we selected a coronal hole that was centered within the Earth’s field of
view, for the three dates studied, and compared its area with the simulated open field topology
associated with it. We found that they do not compare well. As a conclusion, despite not agreeing
well with observations, simulated topologies from different coronal models agree well with each
other.

This work is the result of collective research by members of the International Space Science In-
stitute (ISSI) team “Magnetic Open Flux And Solar Wind Structuring Of Interplanetary Space”.
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Flare Accelerated Electrons in Kappa-Distribution
from X-Ray Spectra with Warm-Target Model

Flare-accelerated energetic electrons play a critical role in the magnetic energy release and trans-
port during solar flares. X-ray diagnostics provide crucial insights into the acceleration and propa-
gation of energetic electrons. A deeper understanding of the dynamics of energetic electrons after
injection is required to improve the X-ray spectral analysis. Previous studies have shown that
the dynamics of accelerated electrons with a few thermal speeds are complex. To address this, a
model considering energy diffusion and thermalization effects has been developed to characterize
flare-accelerated electrons for hard X-ray spectral analysis. This warm-target model has demon-
strated how the low-energy cut-off, which can hardly constrained from the cold-target model, can
be determined. However, the power-law form may not be the most suitable

representation of injected electrons. The kappa distribution is proposed as a physical consequence
of electron acceleration and has exhibited successful application in RHESSI spectral analysis. In
this study, we employ the kappa distribution to represent the injected electrons in the warm-target
model to analyze well-observed RHESSI and STIX flares. We find that the kappa-form energetic
electrons require lower non-thermal energy to produce a similar photon spectrum compared to
the power-law form. Additionally, unlike the power-law distribution with a lower energy cut-off,
the kappa distribution extends to the entire energy range. The use of the kappa distribution en-
ables the determination of crucial electron properties such as electron number density and average

energy in the flare site, thereby offering further constraints on electron acceleration processes.
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Observations and modeling of solar flare energetic
electrons in hard X-ray, radio and in-situ near 1 AU

The behavior of energetic electrons from solar flares traveling through interplanetary space is
crucial for understanding space environment and its impact on Earth. This transport is effectively
influenced by the pitch-angle scattering due to the broad existence of interplanetary magnetic
turbulence. However, how does the strength of pitch-angle scattering change over the electron
energy and other parameters is still to be ascertained. In this work, we present the pitch-angle
scattering dependence on the traveling distance and the electron energy. We analyze 14 energetic
electron events that are detected in-situ by the Wind 3D Plasma and Energetic Particle instrument
and accompanied by coincident hard X-ray (HXR) emission and interplanetary type Ill radio bursts.
These events are with single short-duration electron injection as indicated by HXR light curves,
and the injection time is determined from HXR observations. We find that the arrival time of the
electrons in energy bands from 27 to 520 keV are delayed for around a thousand seconds with
respect to their free-flying time; and find the statistical energy dependence of the rise and decay
time of electron flux profiles. We numerically model the transport of electrons considering the
pitch-angle scattering and magnetic focusing. By conducting simulation experiments, we obtain
the scattering mean free path as well as its dependence on distance from the Sun and the electron
energy that best suits the observations.
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Disentangling coronal hard X-ray emission from the

total signal through stereoscopic observations with
Solar Orbiter/STIX and FERMI/GBM

In this work we take advantage of the unique orbit of the Solar Orbiter spacecraft which enables
us to study flares from multi-viewpoints away from the Sun-Earth line. A dataset of flares for
which the chromospheric footpoint emission is occulted from Solar Orbiter’s point of view and
the total flare emission is observed by Earth based observatories (i.e. Fermi/GBM) are identified.
This allows the study of coronal hard X-ray emission separately to the total integrated signal in
hard X-ray for a given flare. Coronal emission is typically much fainter and thus often challenging
to disentangle from the total integrated flux with current hard X-ray instrumentation, due to the
limited dynamic range of indirect imaging techniques. The study of the “above the loop-top”source
allows us to probe the physics of what is commonly thought to be the acceleration region in flares
and to advance our current understanding of particle acceleration. In this on-going investigation
the relative flux of non-thermal emission in the corona versus footpoint emission is quantified.
This constraint is important as it provides guidance for the required dynamic range of the next
generation of hard X-ray instruments. In addition, the time evolution of coronal and footpoint
emission is compared in order to investigate whether the purely coronal source shows the same
pulsations as the footpoint sources. This analysis will help us better understand quasi-periodic
pulsations in flare emission.

Primary authors: COLLIER, Hannah (Fachhochschule Nordwestschweiz, ETH Ziirich); KRUCKER,
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Session Classification: Coffee break and poster session 2

Track Classification: Multi-scale energy release, flares and coronal mass ejections

September 2, 2024 Page 99



17th European So ... / Report of Contributions Development of a solar/stellar ...

Contribution ID: 252 Type: Poster

Development of a solar/stellar wide-spectral
coverage polarimeter for investigating flare
energetics

The solar/stellar wide-spectral coverage polarimeter, SOWISP, is a dedicated instrument for in-
vestigating time-dependent energetics of solar flares. With four-state polarisation measurements
and a field-of-view the size of an average sunspot, the instrument, currently in the R&D phase,
will allow to probe changes in the magnetic structure with a spatial resolution of below 20 arcsec.
Unique among spectropolarimeters is its large spectral range in the visible regime, which includes
the Balmer and Paschen continua from 350 nm, as well as lines from the hydrogen Balmer series,
up to the chromospheric Ca II 854.2 nm line. Observations of both the continua and line spec-
tra over this range, with a targeted spectral resolving power of 30k at 600 nm, will elucidate the
heating and energy conversion mechanisms at different atmospheric heights in flares and allow to
discriminate between models.

The spatial and spectral resolution will be achieved through the use of an integral field unit and a
primary Echelle disperser, respectively. Designed for portability and through phased deployment,
the instrument also lends itself to the study of stellar magnetic field variations, particularly of
bright M dwarfs, by utilising our own 80 cm ZimMAIN telescope at our Zimmerwald Observatory,
or by bringing SOWISP as a visitor instrument to other telescopes worldwide.

This presentation will describe the science goals, design and ongoing development of SOWISP,
with emphasis on its unique and versatile spectropolarimetric capabilities for investigating the
underlying mechanisms behind both solar and stellar flares.
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Modelling of Coronal Mass Ejections Through the
Novel FRi3D Model and the Effect of Twist Parameter

Coronal Mass Ejections (CMEs) are large-scale eruptive events originating from the magnetically
complex regions of the Sun, and also the most energetic phenomenon in the heliosphere. Even
though CMEs have been largely studied in the last several decades, and despite significant advances
in our knowledge about them, a lot remains unknown about their internal structure, dynamics, and
how they link to their interplanetary counterparts. Determining CMEs configuration and topol-
ogy is also important for comprehending the amount of magnetic energy stored in the corona
prior to CME eruption. Observations indicate that the energy is stored as a highly sheared and/or
twisted magnetic field located above the polarity inversion line (van Ballegooijen et al., 2006). In
the present work, we analyse Earth-directed CMEs occurring in 2022, where the availability of
data from spacecraft in different viewpoints allows for a comprehensive analysis,insight into their
evolution and link with the interplanetary counterpart. For the modelling of the CMEs we used the
state-of-the-art 3D magnetohydrodynamic (MHD) heliospheric model EUHFORIA (EUropean He-
liospheric FORecasting Information Asset). We coupled EUHFORIA with the novel flux-rope CME
model FRi3D (Flux-Rope in 3D), which provides a rather realistic morphology of the CME struc-
ture. We study how the variation in the twist parameter impacts the predictability of kinematic
and magnetic properties of CMEs when using the FRi3D model.
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Parameters’ Maps Generated by Intensity of the
Lyman-beta and Lyman-gamma Lines from SPICE
Data and Non-LTE Modeling

An observation of a prominence on the solar limb took place on April 15, 2023, by several instru-
ments including the Spectral Imaging of the Coronal Environment (SPICE) and the Extreme Ultra-
violet Imager (EUI) on board Solar Orbiter. We aim to create parameter maps on the prominence
region, including temperature, pressure, and column mass, by studying the integrated intensity of
the Lyman-beta and Lyman-gamma lines from SPICE data.

After constraining the altitude and radial velocity in this event, we use a 1D non-LTE radiative
transfer code to generate 1000 random models and compute the Lyman-beta and Lyman-gamma
line profiles. The computed intensities are compared with observed integrated intensities from
SPICE. Then, we find models which simultaneously give a reasonable match with the observed in-
tensities in both the two lines. This enables us to generate models from pixels on the prominence
region and use this information to generate parameter maps. We will discuss the results obtained
and the potential for future research.
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The ASPIS prototype: the Database, the Web App,
and the Python Package

The prototype of the scientific data centre for Space Weather of the Italian Space Agency (ASI)
called ASPIS (ASI SPace Weather InfraStructure) has been recently developed and validated by the
CAESAR (Comprehensive Space Weather Studies for the ASPIS prototype Realization) project.
The ASPIS prototype unifies multiple Space Weather (SWE) resources (data and models) through
a flexible and adaptable architecture to allow scientists to perform studies across the SWE-related
fields, e.g., adopting an integrated approach, encompassing the whole chain of phenomena from
the Sun to the Earth up to planetary environments or parts of it.

This work presents the solutions adopted for the architecture and the functions defined on the pro-
totype to cope with the challenging requirements of searching heterogeneous datasets, as well as
the first results of creating the ASPIS prototype. The database handles the heterogeneity of meta-
data and data while storing and managing the interconnections of various space weather events.
The pilot database is complete, installed at ASI, and accessible through different user interfaces,
including a graphical web interface and an advanced Python module called ASPISpy, which have
been specifically developed to facilitate data discovery, access, and analysis.
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Solar wind modelling with EUHFORIA and the PSP
observations

The recently available observations of the solar wind by Parker Solar Probe (PSP) at close to the
Sun distances show large variations. Majority of attempts to model solar wind with EUHFORIA
(European heliospheric forecasting information asset, Pomoell & Poedts, 2018), along the PSP tra-
jectory, provided not very accurate modelling results. In attempt to understand the source of this
inaccuracy, we studied the solar wind observed during the first ten perihelion of PSP. Number
of intervals of enhanced solar wind velocity appearing simultaneously with the decrease of the
solar wind density was found, indicating that this solar wind is originating from the coronal holes.
Employing the magnetic connectivity tool (developed by ESA’s MADAWG group) we confirmed
the sources of that enhanced solar wind to be small coronal holes. In this study we present the
characteristics of the solar wind flows originating from such a small coronal holes and compare
them with characteristics of the fast solar wind originating from the large coronal holes, at close
to the Sun distances. We discuss on the possible reasons for the lack of the fast solar wind in the
PSP observations. In addition, we compare the characteristics of solar wind observed at close to

the Sun distances and at 1 au.
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Hard X-ray Flare observations by Solar Orbiter/STIX

The hard X-ray imaging spectrometer STIX onboard Solar Orbiter has been operating continuously
for 3.5 years recording over 50°000 solar flares. This poster will present science highlights including
results from the Solar Orbiter Flare Watch from Spring 2024.
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Atmospheric temperature and density stratification
for magneto-hydrodynamic models and
spectro-polarimetric inversions

Numerical models of the solar atmosphere are an important tool in solar physics. Both, models
and spectro-polarimetric inversion techniques require stratifications for the plasma temperature
and density. For the case of explicit numerical schemes with high-order derivatives we require
an isotropic diffusion equation for numerical stability. Otherwise, wiggles and inaccuracies can
occur at steep temperature gradients in the solar transition region. We test a wide parameter
range of the isotropic heat conduction to obtain realistic temperature gradients and feasible mod-
els. Our goal is to construct an atmospheric stratification that can serve as an initial condition for
multi-dimensional models, as well as a more realistic reference atmosphere for inversions. To com-
pensate for energy losses in the corona, we implement an artificial heating function that mimics
the expected heat input from the field-line braiding mechanism. We find that our heating function
maintains and stabilizes the obtained coronal temperature stratification. Unexpectedly, we find
that higher grid resolutions may need larger diffusivity, contrary to the common understanding
that high-resolution models are automatically more realistic and would need less diffusivity. The
reason is that smaller grid spacing may represent steeper temperature gradients in the transition
region, which has larger potential for numerical problems. We conclude that isotropic heat con-
duction is is required for explicit schemes with high-order numerical derivative. The Spitzer-type
heat conduction alone would not be sufficient to maintain numeric stability.
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The imaging evidence of low-energy cutoff and the
status of spectral cross-calibration of HXI

In this talk, I will show the method to confirm the existence of the nonthermal component down to
6.5 keV in the observed X-ray spectrum of a microflare first reported by Glesener et al., 2020. We
report the first imaging evidence for low-energy cutoff of energetic electrons in EM maps of >10
MK plasma, which first appeared as two coronal sources significantly above the chromospheric
footpoints. This study reveals the important role of electron thermalization and low-energy cut-
offs in the physical processes of microflares. The other topic is about the spectral cross-calibration
of HXI onboard ASO-S. Cross calibration of different X-ray instruments is essential for solar X-ray
joint studies and is particularly important for studies of X-ray directivity and 3-dimensional prop-
erties of HXR sources. I will present the preliminary results of the detector spectral calibrations of
ASO-S/HXI by investigating its three total flux detectors, and cross-calibrations using SolO/STIX,
Fermi/GBM, and Konus-Wind data. Although it is challenging to perform joint observation stud-
ies due to several factors, the close fit of the X-ray observations from different instruments still
indicates a favorable perspective for joint studies.
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Complex interactions of the shock wave and
ambient coronal structures

We present the study of the flare and coronal mass ejection (CME) event observed on 2 November
2021. The double-peak M1.7 GOES X-class flare originated from active region AR 12891 with has
beta configuration of its photospheric magnetic field. The CME propagated strongly southward
from the Sun-earth line. The CME-flare event was associated with a complex radio event consist-
ing of multiple lane type II radio burst, Type III radio bursts and a Type IV continuum emission.
The type II radio emission in the metric range shows two distinctive regimes indicating complex
interaction of the shock wave and the ambient coronal structures. The type III radio bursts start
mostly in the space-based observations suggesting the lack of the open field lines neighbouring
the source region of the CME in the low corona and possible association with the shock wave (so
called shock-associated type III bursts).

With the aim to understand complex relationship of the shock wave and its driver we combine
analysis of radio observations and modelling of the fast Halo CME (velocity of about 1500 km/s).
We employ direction finding technique for radio observations and the 3D MHD model EUHFORIA
(European Heliosheric FORecasting Information Asset) for modelling of the CME and background
solar wind.
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Radiometric cross-calibration of HRI/EUI on Solar
Orbiter and AIA/SDO

The extreme ultraviolet High-Resolution Imager (HRI) of the EUI telescope onboard Solar Orbiter
observes the solar corona in a ~5

mathringA passband near 174

mathringA with unprecedented high spatial resolution. We perform radiometric cross-calibration
of the HRI and the EUV channels of the Atmospheric Imaging Assembly (AIA) telescope of the SDO
in order to allow further mutual analysis of the observational data. We apply differential emission
measure analysis using quasi-simultaneous images in 7 spectral channels —HRI and 6 AIA —and
compare the real and the simulated images on the per-pixel basis across the mutual field-of-view.
The comparison suggests that the real HRI images have 60-80% larger signal than predicted by the
DEM analysis. While the DEM analysis is know to be error-prone, a reasonably good re-production
of the original images justifies the approach. However, the observed difference in real/simulated
signal suggests either AIA absolute calibration or EUI absolute calibration is off. We found also
that adding of the HRI signal to the AIA-based DEM inversion procedure brings information about
moderate ~1MK plasma. We discuss how the mutual observation can be used to better understand
the physics of individual events or structures.
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Cross-scale phase relationship of solar activity with
solar wind parameters: a Space Climate focus

Understanding the relationship between solar activity and solar wind is crucial for exploring the
interactions among different solar atmospheric layers and the dynamics within the heliosphere. In
this work, we used data from five solar cycles to examine the phase relationship between a proxy
of solar activity, namely the Ca II K index, and solar wind parameters at 1 AU, such as dynamic
pressure and speed. By taking advantage of a powerful tool, the Hilbert-Huang Transform, we
decomposed the signals into their intrinsic modes of oscillation and analyzed their phase differ-
ences. Despite preserving a certain degree of phase coherence, both solar wind parameters exhibit
delayed variations relative to the Ca II K index on space climate scales, showing an anti-phase
relationship until 1985, followed by quadrature phase differences. Additionally, we explored how
the relationship between the Ca II K index and solar wind parameters varies across different time
scales. Our results indicate the presence of a potential bifurcation in the phase-space of the CaIl K
index and solar wind speed (dynamic pressure), with the time scale acting as a bifurcation parame-
ter. This suggests that including longer time-scale components enhances the discernibility of their
connection. This discovery could be pivotal for understanding the complex interactions between
solar activity and solar wind, offering important implications for prediction and interpretation in
space climate studies.
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Ellerman Bomb detection in SST and SDO
observations with Deep Learning.

Small-scale magnetic reconnection events have a fundamental role in the dynamics and evolution
of active regions and flux emergence. To detect them, we can use Ellerman Bombs (EBs), events
found across the photosphere of emerging active regions produced by the reconnection of strong
field concentrations of opposite polarity. Their main characteristic is the enhancement of the
wings of the Ha line while the core remains in absorption. Ellerman Bombs detection has been
performed in many studies using high-spatial resolution ground-based telescopes, but limited to
short time series and small fields of view. To overcome this, we aim to detect EBs in data sets from
the Solar Dynamics Observatory (SDO), allowing for a broader study in both the temporal and
spatial domain. However, detecting EBs in SDO is challenging due to the lower spatial resolution
compared to high-spatial resolution observatories and the absence of Ha spectroscopy to identify
them. To address this problem, we first apply deep learning techniques to observations from the
Swedish 1-m Solar Telescope to automatically detect EBs using the Ho line. These detections are
then used to translate the observational signatures of EBs to the spectral passbands of the Atmo-
spheric Imaging Assembly (AIA) on board SDO. We do this by means of a neural network-based
segmentation process, which we use to find UV EBs signatures. This opens the way to study the re-
lation between small-scale magnetic reconnection events with active regions throughout all their
lifetime and across the solar disk.
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Magnetohydrodynamic drag simulations for a
coronal mass ejection

Interplanetary coronal mass ejections (ICMEs) are known to drive the most intense geomagnetic
storms. The fastest ICMEs can travel from the Sun to 1 AU in less than 24 hours. In order to
have fast and reliable time-of-arrival predictions, it is crucial to develop models that are both
physically accurate and computationally efficient. A paramount example is the drag-based model
(DBM), which describes an ICME as a rigid body subject to an aerodynamic drag exerted by the
background solar wind. However, as already hinted by early simulations, such a drag process
has a magnetohydrodynamic nature and the aerodynamic DBM might not be the most accurate
description. We present results of numerical experiments using high-resolution 2.5D MHD simu-
lations of an ICME moving in different solar wind environments, aimed at improving such model.
We focus on studying the resulting drag force both dynamically and parametrically. Thanks to a
semi-Lagrangian approach (Expanding Box Model) and its resulting high resolution, we are able
to include the effects of expansion, erosion (magnetic reconnection), and turbulence. We present
preliminary results on the ICME tracking, deceleration, and drag estimates, and discuss their im-
plications in the context of space weather.
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Energy diagnostics of flare-accelerated electron
beams with X-ray and Radio data from Solar Orbiter

Energetic electrons from solar flares can move downward to produce X-rays in the chromosphere
and upward to generate type III radio bursts in space. Previous studies found a good temporal
correlation but a weak intensity correlation between both emissions due to different emission
mechanisms. Theoretically, a link between the speed of outward electron beams (from radio) and
the energy density of downward electrons (from X-rays) has been predicted. The Solar Orbiter
mission, equipped with STIX and RPW instruments, allows for simultaneous X-ray and radio
observations to test this theory.

We present results from 36 flares observed by STIX (4-150 keV) and associated with type III radio
bursts detected by RPW (<10 MHz). Using X-ray spectroscopy, we obtained the electron spectral
index and electron number during the HXR peak to estimate power. We derived the Type III exciter
speed using the rise and peak times of the time profiles (V_front an V_peak, respectively) in the 0.4-
4 MHz range, finding a V_p/V_f ratio of 0.77 + 0.07, aligning with previous studies (@ 30-70 MHz,
0.8 £ 0.06) . We observed a correlation between electron power (E>25keV) and V_{f (cc=0.48), and a
weaker one with V_p (cc=0.3). The peak radio intensities correlate well with the electron spectral
index (CC=0.72). These findings suggest that while electron acceleration is temporally correlated,
the energy distribution of escaping and confined electrons may be influenced by the geometry of
the reconnecting magnetic field. As predicted by simulations, the radio intensity increases with
energy density in the accelerated beams.
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Solar observations with the Atacama Large Aperture
Submillimeter Telescope (AtLAST)

The Atacama Large Aperture Submillimeter Telescope (AtLAST) is a proposed single-dish
full-steerable 50m telescope that would be located at 5100m altitude in the Chilean Andes near
ALMA. Among alarge range of scientific topics, AtLAST would be able to observe the Sun, probing
the thermal and magnetic structure of the solar chromosphere, chromospheric heating, flares,
prominences, the solar activity cycle, and much more. A truly novel observational aspect would be
a fast-scanning mode to construct full-disk maps at multiple frequencies, resulting in high-cadence
sequences and daily maps, thus covering the large range of relevant timescales with the same
instrument, which would provide data complementary to observations at shorter wavelengths
with, e.g., the European Solar Telescope (EST). In addition, AtLAST observations of our host star
would have direct implications for stars and their impact on exoplanets in general.

Here we summarise the white paper on solar observations with AtLAST and highlight the need
for an instrument with a large number of detector elements covering a wide frequency range.
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Long-Period of Plasma and Magnetic-Helicity
Oscillation Prior to Three C-class Flares

The objective of this work is to identify various periods of magnetic helicity and detect the long-
periods plasma oscillations in an Active Region NOAA12353 prior to a series of C-class flares in
the lower solar atmosphere.

To analyse the magnetic helicity flux in the lower solar atmosphere, linear force-free field extrap-
olation was used to construct a model of the magnetic field structure of the active region. Subse-
quently, the location of long-period oscillations in the active region was probed by examining the
spectral energy density of the measured intensity signal in the 1700 A, 1600 A, and 304 A channels
of the Atmospheric Imaging Assembly (AIA) of the Solar Dynamics Observatory (SDO). Significant
periods of oscillations were determined by means of 3D-wavelet analysis. We report the presence
of different long periods oscillation in the lower solar atmosphere before and after the flare events.
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Investigating the effect of statistically-averaged
helicity condensation on ambient increase in the
Solar Open Flux

A key problem faced by global models of the solar corona is a consistent underestimation of the
amount of Open Flux. Recent studies have shown that introducing bipole twist or helicity conden-
sation to non-potential global models can partially resolve this disagreement between simulated
and measured values of the Solar Open flux. Here, we disentangle these effects to focus entirely
on the extent of the contribution from helicity condensation to the Open Flux. We make use of
global magnetofrictional simulations to model the amount of open flux and its spatial distribution
over several solar cycles based on Kitt-Peak synoptic magnetograms. From this we show that
statistically-averaged helicity condensation leads to both an ambient increase of Open Flux and a
sporadic incease. Additionally, single-case analysis of the relationship between helicity condensa-
tion and open flux reveals some fine-detail behaviour that is otherwise obscured by the large-scale

temporal analysis.
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Propagation and reflection of MHD waves in the
solar wind

Spacecrafts such as Parker Solar Probe (PSP) and Solar Orbiter (SolO) study the solar atmosphere
by making in-situ and remote observations at an unprecedented spatial and temporal resolution,
shedding light on coronal heating and solar wind acceleration mechanisms. Alfvenic fluctuations
such as switchbacks and pure Alfven waves are some of major carriers of magnetic energy, but the
energy dissipation mechanisms remain unclear. Phase mixing can be an effective mechanism, that
has mostly been studied in the context of closed magnetic field structures such as coronal loops.
Along open field lines, trapping and/or dissipating wave energy becomes more difficult. Non-
uniformities in the medium can, in general, reflect a fraction of the input wave energy. Not only
does this increase the opportunities for energy dissipation, but also has seismological applications
in the sense that the transmitted wave spectrum contains information about the non-uniformities
in the underlying medium. Using magnetohydrodynamic modelling, we aim to understand these
phenomena in the context of a spherically expanding background solar wind. Therefore, our simu-
lations encompass a numerical domain from the chromosphere where waves are generated to the
PSP and SolO perihelia and whose propagation and dissipation are studied in an extended solar at-
mosphere with a supersonic and superalfvenic background solar wind. Our model, in conjunction
with space-based solar wind observations, provides an estimate of the conditions and constraints
for maximal amount of wave energy trapping available for coronal heating and solar wind accel-

eration in terms of inherent spatial and temporal scales.
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Using the Sun as Rosetta stone to study the
properties of other solar-like systems

We present our new approach to characterize

solar-like stars and their interaction with hosted exoplanets in analogy to the Sun-Earth system.
Our investigation allows us to obtain not only a highly accurate characterization of the mother
star, but also to study the impact of the star’s rotational and activity history on the evolution of its
exoplanets.

This information, coupled with

the precise age estimated by asteroseismology, allows determining how long an atmosphere of
terrestrial type could resist to the action of stellar wind and the XUV flux enabling to directly
quantify the portion of the atmosphere which could potentially be eroded.
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Modeling the Propagation of CMEs with COCONUT:
Implementation and application of the RBSL Flux
Rope Model

Coronal mass ejections (CMEs) are rapid eruptions of magnetized plasma that occur on the Sun.
They are known to be the main drivers of adverse space weather. The accurate tracking of their
evolution in the heliosphere in numerical models is of the utmost importance for space weather
forecasting. We implement the RBSL flux rope model in COCONUT, a new global coronal MHD
modeling, to simulate the propagation of CMEs resulting from the eruptions of the flux rope with a
complicated shape from the solar surface to 25 solar radii. Hereafter, we investigate the impacts of
the morphology of flux ropes on their resulting CMEs. As such, we can establish a bridge between
the CMEs at 20 solar radii and their progenitors in solar source regions.his work demonstrates
the potential of the RBSL flux rope model in reproducing CME events that are more consistent
with observations. Our findings strongly suggest that magnetic reconnection during the CME
propagation plays a critical role in destroying the coherent characteristics of a CME flux rope.
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Infrared spectropolarimetry of C class solar flare

The influence of solar flares on the dynamics of lower atmospheric plasma is not yet fully under-
stood. We performed full-Stokes spectropolarimetric observations of active region NOAA 3363
on GREGOR Infrared Spectrograph (GRIS) during consecutive C class flares on July 16, 2023. The
near-infrared spectral interval covered photospheric Si 110827 A and Ca I 10839°A lines and chro-
mospheric He I 10830°A triplet line. Besides the enhanced emission of He I 10830°A triplet, the
upper photospheric line Si i 10827 A also showed a significant intensity increase. The intensity of
the SiIline was increased after several minutes of He I enhancement, which indicates slow energy
transfer from the chromosphere to the upper photosphere. We speculate that the heat transfer by
thermal conduction from the formation height of He I to the formation height of the SiI line is
responsible for the observed time delay.
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Heliospheric Space Weather Centre tools for space
weather monitoring

The Heliospheric Space Weather Centre (HSWC) is an ALTEC, INAF —OATo, and UniGe joint
project aimed at providing and supporting services related to the heliosphere. It currently hosts
two tools developed by ALTEC and INAF: the Geo Magnetic Effectiveness (H103d) and the CME
propagation prediction (H103e). The tools are part of the SWESNET project, within the ESA Space
Weather programme. The algorithms, developed by INAF, are integrated into ALTEC’s infrastruc-
ture, which handles data retrieval, scientific product generation, storage, and web interface.

The H103d tool uses data from the DSCOVR instrument to compute magnetic helicity, used to
identify geo-effective events. It analyzes near real-time measurements and generates 7-day plots
of magnetic field, solar wind speed, proton density, proton temperature, DST index, magnetic he-
licity spectrogram, and integrated magnetic helicity.

The H103e tool employs data from DSCOVR/FC and LASCO/C2-C3. Its algorithms detect halo
CMEs, identify CME features, model solar wind, and model CME propagation. The pipeline com-
putes 48 solar wind and proton density maps daily from DSCOVR/FC data over the previous 28
days, and identifies earthward CMEs, calculates their parameters and arrival time.

ALTEC infrastructure is being upgraded to host Al support tools. In the next future, Al-based mod-
ules will be added to both the H103d, in the context of Alxtreme-I project, and H103e tools; a third
tool dedicated to predict the occurrence of intense solar flares within next 24 hours is currently in
the integration phase.

The presentation will cover the pipelines, components, and working mechanisms of current and
future tools.
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MOF: the Ground Support to Metis Data and
Operations

METIS is the coronagraph of the scientific payload of Solar Orbiter, a joint ESA-NASA mission
aiming at studying the Sun poles and the circumsolar region. METIS operations are handled via
the Metis Operations Facility (MOF), which is built, run, and maintained by ALTEC in close col-
laboration with INAF. MOF empowers the scientific analysis and exploitation of data acquired by
METIS in different ways:

« Data retrieval and processing: the METIS raw telemetry is fetched on a daily basis from Mission
Operation Center (MOC) and transformed up to L2 data products;

« Data archival: METIS data products are indexed and preserved with the aim of enabling exploita-
tions of METIS data in space weather and solar science applications;

« Data exploration: the scientific team has the capability to explore the MOF archive by searching
for METIS data products exploiting a wide set of scientific keywords;

« Data analysis and validation: reports about METIS data products are generated in order to allow
the scientific team to detect observed solar events of interest like Coronal Mass Ejections (CMEs)
and flares. Validated data is eventually published to the ESA Solar Orbiter Archive (SOAR);

« TM/TC Monitoring: METIS telemetry stored in MOF can be exploited to perform further analysis
about the instrument and spacecraft status.

In the talk, MOF capabilities and the current state and nominal functioning will be presented.
Moreover, future plans and perspectives to further exploit METIS data in space weather and big
data and Al related applications will be discussed.

Primary author: CHIARAMIDA, Vincenzo (ALTEC SpA)

Co-authors: Mr VILLA, Alfredo (ALTEC SpA); Mr CALABRESE, Davide (ALTEC SpA); PINNA,
Federico (ALTEC); SOLITRO, Filomena (ALTEC); Mr MARINO, Francesco (ALTEC SpA); BRAMANTE,
Lorenzo; Mr MESSINEO, Rosario (ALTEC SpA); Mr PISCIOTTA, Stefano (ALTEC SpA)

Session Classification: Coffee break and poster session 2

Track Classification: Diagnostic tools and numerical methods in solar physics

September 2, 2024 Page 122



17th European So ... / Report of Contributions 3D recostruction of a CME with p ...

Contribution ID: 312 Type: Poster

3D recostruction of a CME with polarimetric
technique

On October 3, 2023, around 12:45 UT, a prominence erupted from the active region located at 18°N,
20°W, as observed by the Full Sun Imager/Extreme Ultraviolet Imager (FSI/EUI) on board the Solar
Orbiter. This eruption was followed by a partial halo coronal mass ejection (CME) and a CME-
driven shock, confirmed by the detection of a Type II radio burst by . In order to estimate the
CME plasma electron density and to infer the 3D structure of the CME by using a single point of
view, we applied the polarization-ratio technique to the Metis white light data (polarized and total
brightness). Additional constraints to the 3D reconstruction were provided by observations from
other LASCO-C2 on SOHO and COR1 and COR2 on STEREO-A. By using UV data from Metis and
considering the radiative and/or collisional excitation, also the CME electron temperature can be
estimated. This work thus provides new information on the thermodynamic evolution of CMEs in

the inner corona
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A catalog of CME-ICME lineup events

An accurate assessment of our current space weather modeling is necessary due to progress in
space weather research. Any validation framework needs suitable qualitative data for consistent
validation procedures. The qualitative data also contributes to the refinement of the model and
hence better forecasting ability. In alignment with this objective specifically for CME events, we
present a newly prepared dataset of CME-ICME lineup events. This dataset includes in-situ obser-
vations from various spacecraft like Messenger, Venus Express, Maven, Stereo-A/B, Solar Orbiter,
Bepi Colombo, Parker Solar Probe, Wind, etc, with detailed CME analysis performed by Space
Weather Database of Notifications, Knowledge, Information (DONKI) developed at the Commu-
nity Coordinated Modeling Center (CCMC). Apart from CME-ICME information, the dataset also
possesses the necessary information about Probabilistic Drag Based Model (P-DBM) quantities.
The dataset is publicly available to provide a valuable resource for model validation and to com-
pare the performance with other available CME propagation models.

Our work offers a unique opportunity to refine CME propagation models, as ICMEs have been
observed at multiple targets across a wide range of heliocentric distances. By utilizing this dataset,
researchers can better understand the dynamics of CME propagation and improve the forecasting
methods.
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Sun cubE onE (SEE): a CubeSat Mission for
High-Energy Solar Observations

The SunsCube One (SEE) mission, currently in the early design stages, is being built by a team led
by the University of Roma Tor Vergata. This mission is one of several small satellites planned by
the Italian Space Agency (ASI) under ALCOR program. SEE proposes a 12U CubeSat to investigate
gamma-ray, X-ray, and ultraviolet (UV) solar emissions. SEE aims to improve our understanding
of space weather and Sun-Earth interaction from Low Earth Orbit (LEO). SEE’s scientific payload
is specifically designed for two key investigations. First, X and Gamma SEE’s scientific payload
is designed to investigate the energy spectrum of solar flares from the soft X-rays to the high-
energy gamma rays. Importantly, the instrument will achieve this with a high time sampling rate,
allowing for a detailed analysis of the rapid fluctuations that occur during a flare event. Second,
the mission will monitor solar activity by capturing full-disk images of the Sun in the specific
wavelength of the Magnesium II (Mg II) doublet at 280 nm, utilizing a dedicated full-disk imager.
This is valuable because UV radiation heavily influences both Earth’s upper atmosphere, impacting
space weather, and the lifespan of orbiting debris. SEE will leverage data from existing space and
ground-based observatories, including those focusing on solar features (Solar Orbiter, IRIS, SDO,
Aditya-L1, TSST), high-energy particles (GOES, CSES), and Earth’s magnetic field (geomagnetic
data). This multi-instrument, multi-wavelength, and multi-messenger approach will provide a
comprehensive picture of solar activity and its impact on Earth.
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COCOMAG: color-coded magnetograms as probes of
active region evolution and complexity

We are proposing a visualization of vector magnetograms whereby the three components of the
photospheric magnetic field vector are combined into RGB colored maps, creating color-coded
magnetograms (COCOMAGsS). In this configuration the primary and secondary colors represent
magnetic field with different orientation. The areas occupied by different color hues are extracted,
creating appropriate time series (color curves). The resulting colored maps and color curves are
used as proxies of the active region evolution and its complexity. The morphology exhibited in CO-
COMAG:s is associated to typical features of active regions, such as sunspots, plages, and sheared
polarity inversion lines. In complex regions, extended, twisted flux systems appear as continu-
ous, color processions, while abrupt color changes signify sheared polarity inversion lines. Active
regions in their decay phase are dominated by rather vertical magnetic field (pixels with green
color), indicating a gradual relaxation of the magnetic field configuration. The color curves, which
represent the area coverage of magnetic field with different orientation, exhibit varying degree of
correlation with active region complexity. Particularly the red and magenta color curves, which
represent strong, purely horizontal magnetic field, seem to be good indicators of future flaring
activity. The proposed visualization can be adapted to different color tables, it facilitates a compre-
hensive view of the evolution of active regions and their complexity and offers a framework for

pattern recognition, feature extraction and flare prediction schemes.
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Investigating the relation between the measured
solar wind speed and the extrapolated magnetic field
configuration in the solar corona

Our understanding of the physics behind the origin and the evolution of the solar wind in the
low/middle corona depends on our capability of gathering information on the characteristics of
the solar wind and on its interaction with the magnetic field within this region. Despite the possi-
bility of acquiring in situ measurements closer to the Sun provided by the Parker Solar Probe and
the Solar Orbiter missions, the region below 10 solar radii remains still impenetrable. Our knowl-
edge of this portion of the solar corona relies on the acquisition of remote sensing instruments
and on models. This work aims at deriving new insights on the relationship between the configu-
ration of the coronal magnetic field and the measured solar wind speed. We combined solar wind
speed measurements obtained by exploiting the Doppler dimming technique using SOHO/UVCS
and SOHO/LASCO-C2 data, with the configuration of the magnetic field lines derived by using
the Wang-Sheeley-Arge (WSA) model starting from photospheric magnetic field measured. This
statistical analysis has been done for different Carrington Rotations. In this work, we provide a
detailed description of the used method and of the obtained results explaining how the same tech-
nique can be used on data acquired by other remote sensing instruments capable of measuring the
outflow speed of the solar wind in corona such as Metis on-board Solar Orbiter and CODEX.
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State-of-the-art Image Slicer developments to Enable
2D Extreme Ultraviolet Imaging Spectroscopy in
Seconds.

Observations in the Extreme Ultraviolet (EUV) are crucial for understanding the dynamics of the
solar corona. The current EUV observing method utilises an entrance slit and scans over a field
of view to build up 2D imaging spectroscopy. This scanning results in low-cadence images on
the order of minutes which misses fundamental processes that occur on faster timescales. The
application of image slicers for EUV integral field spectrographs is therefore revolutionary as they
will enable observations of EUV spectra from an entire 2D field of view in seconds. However, the
current technology limits their use, with future image slicer developments focussing mainly in
two key parameters: the reduction of the slicer mirror width and the improvement of the surface
roughness. We present results from a recent study that allows higher resolution better surface
roughness to reduce stray light, and innovative ideas when using these slicers for highly efficient
Integral Field Spectrographs. We show the thinnest metal image slicers that have been produced in
the world to date. These improvements in image slicer technology are one big step towards imple-
menting the Spectral Imaging of the Solar Atmosphere (SISA) instrument proposal for observing
important spectroscopic diagnostics for characterization of solar coronal and flare plasmas.
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Correlation approach to nanoflare heating
diagnostics

The solar corona is hypothesized to be heated via small-scale random impulsive events, i.e., nanoflares.
Recent DEM analysis results indicate that nanoflare generation frequency may be noticeably higher
than the characteristic cooling rate of coronal plasma. Hence, individual nanoflare lightcurves
are hardly distinguishable from the seemingly uniform background, complicating standard event-
based statistical methods to study these phenomena. We believe that process-based techniques
may be more effective. We propose a new model-based correlation approach to probe the main
parameters of nanoflares, such as their frequency and duration. The latter is directly associated
with the energy release time crucial for physical interpretation. We present and discuss the results
of applying the algorithm to a range of synthetic data and observations provided by the latest
space-bourne solar observatories.
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Kinetic Models of Solar Wind Current Sheets

In-situ measurements of kinetic-scale collisionless current sheets in the solar wind have shown that
such current sheets are often approximately force-free despite having a plasma beta of the order
of one. Statistical analyses have found that the plasma density and temperature can vary across
a current sheet in an anti-correlated manner such that the plasma pressure remains essentially
uniform across the sheet.

Kinetic models of force-free collisionless current sheets have been developed which allow for asym-
metric plasma density and temperature profiles. The earliest of these models introduced the re-
quired asymmetry by adding an additional term to both the ion and electron distribution functions.
Recent models instead try to introduce the required asymmetries by modifying only the electron
distribution function. However, the resulting equilibrium problem is non-linear in nature. An
approximate solution was found under the assumption that the magnetic field is unchanged.

We present an improved approximate solution which drops this assumption and allows for changes
in the magnetic field. We also present the results of a full numerical solution to the non-linear equi-
librium problem. It is shown that, for the given forms of the electron and ion distribution functions,
it does not seem possible to model the observed electron density and temperature asymmetries cor-
rectly when only the electron distribution function is modified.
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Estimating the helicity and electromotive force with
SolarOrbiter in-situ data of an iCME

During inter-planetary coronal mass ejections we expect faster solar wind to push into slower
ambient wind, leading to the formation of super-sonic shocks. This may trigger turbulence to am-
plify magnetic fields stronger than expected by pure compressional effects, known as turbulent
dynamo action. The turbulent nature of iCME fronts can be uncovered by computing the elec-
tromotive force. Peaks in the electromotive force reveal the arrival time of such fronts and their
following sheath regions at the spacecraft. Since the magnetic helicity is conserved, we expect
the same handedness as in the coronal source region of the outbreak. From an asymmetric double
peak in the electromotive force, we can find this helicity handedness in an event observed by the
MAG and SWA-PAS instruments around November 4, 2021. We compare this particular event with
a series of previously recorded events from the Helios missions observed in the inner heliosphere.
A scaling law on the magnitude of the electromotive force shows how these events are expected to
decay while propagating to 1 au. This knowledge allows to automatically identify iCME shocks in
heliospheric mission data with simple means. Future missions may use this technique to automat-
ically switch the instrument observing modes to higher cadence, in order to fully capture dynamic

events.
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Probing the substructures of solar flare ribbons

Solar flares are among the most spectacular and energetic phenomena in the solar system, and
understanding their driving mechanisms is of paramount importance in solar physics. It is widely
accepted that magnetic reconnection is the primary mechanism behind solar flares; allowing for
the conversion of magnetic energy into plasma energy, resulting in the acceleration of particles
such as electrons and ions. These accelerated particles form electron beams that deposit energy
into the coronal plasma locally, and transfer energy globally when they impact the chromosphere,
responsible for the characteristic ribbon-shaped emission of Hydrogen 656.3nm (Ha). Using the
high-resolution Swedish 1-m Solar Telescope (SST) and CRisp Imaging SpectroPolarimeter (CRISP),
we studied the substructures of Ha ribbons in unprecedented temporal and spatial resolution (i.e.
43 km per pixel and a cadence varying in time between 0.2 and 1.2 s). We have identified and ana-
lyzed small-scale substructures within the ribbons, referred to as “riblets”. We present our defini-
tion of riblets and a detailed analysis of their statistical and kinematic properties during an X-class
solar flare observed on 10 June 2014. By examining the riblets at this resolution and exploring their
evolution in the context of SDO/AIA 304 A and RHESSI contours, we can probe the microphysics
of energy deposition in the chromosphere with a high degree of precision. We present our analy-
sis of a new class of rapidly evolving sub-structures with mean lifetimes of 11s that exhibit linear
and non-linear dynamics, providing valuable constraints on 1D radiation hydrodynamic models
of electron beam physics.
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FastQSL: A Fast Computation Method for

Quasi-separatrix Layers

Magnetic reconnection preferentially takes place at the intersection of two separatrices or two
quasi-separatrix layers, which can be quantified by the squashing factor Q, whose calculation is
computationally expensive due to the need to trace as many field lines as possible. FastQSL is
developed for obtaining Q and the twist number, with the performance of millions of Q values per
second. FastQSL supports both uniformed and stretched grids, the support of spherical coordinates
is extended recently.
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Non-Radial and Multiple Interacting CMEs: A
Multi-Spacecraft Perspective Combining
Coronagraphs and Heliospheric Imagers

An accurate determination of the trajectory of Coronal Mass Ejections (CMEs) is crucial for space
weather forecasting and assessing whether or not they will impact Earth. Deviation of CME tra-
jectory from a radial propagation is often observed as a consequence of gradients in the local
magnetic pressure or due to CME-CME interactions visible within the coronagraphs’ field of view.
The combination of coronagraphic and heliospheric observations can provide deeper insights into
these phenomena, offering valuable information for future space weather forecasting.

On 2023 September 24, several spacecraft observed four non-radial and interacting CMEs. Our
study presents an in-depth analysis of these CMEs for which the 3D trajectories are determined
through a Graduated Cylindrical Shell forward-modeling technique combining full-disk imagers
and coronagraphs onboard STEREO-A, SOHO, and Solar Orbiter, and making use, for the first
time, of both the heliospheric imagers onboard Solar Orbiter and Parker Solar Probe. This multiple-
viewpoint approach allowed us to determine eventual deflections in longitude or latitude from the
source location.

Our analysis revealed CME-CME interactions in the very low corona. In particular, the second and
third CMEs interacted causing a deflection of the second post-CME current sheet and producing
a “bouncing effect” that deflected the two CMEs in opposite directions of about 15° in latitude.
Additionally, strong magnetic fields near the source regions caused a 25° latitudinal deflection of
the fourth CME. Finally, the interaction between the flank of the third CME with the post-CME
outflow of the second one showed some interesting macro-scale interaction patterns.
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The extremely strong photospheric electric currents
of active region NOAA 13664

Active region NOAA 13664 has been so far the most flare-prolific active region of the present solar
cycle, producing eight X- and several M- and C-class flares, causing the strongest geomagnetic
storm since 2003. In this study, the evolution of the non-neutralized (net) electric currents is ex-
amined, along with that of the emerging flux. The net currents were calculated using a method
based on image segmentation and error analysis of the photospheric vector magnetograms pro-
vided by the Helioseismic and Magnetic Imager (HMI). At its full extent NOAA 13664 became the
second largest in area since 2010, second only to NOAA 12192. The region was already an evolv-
ing d-type region when it rotated into view. A series of strong magnetic flux emergence events
in its vicinity led to an extremely complex magnetic configuration, with intense shearing motions
over almost the entire area of the region. In comparison to the most extended and the most flare
prolific regions observed since the beginning of HMI observations, NOAA 13664 had by far the
strongest net electric currents. The development of these currents is attributed to a unique case
of interaction between a complex d-type region, which already contained strong net currents, and
new highly-deformed flux systems.
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