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Abstract 
Solar filaments are intriguing structures suspended in the solar corona at heights up to 100 
Mm above the chromosphere, but they are made of chromospheric material which is one 
hundred times cooler and denser than the coronal material. Studying filament magnetic 
field structures, magnetic energy and electric current density is crucial to know its stability, 
because unstable conditions can result in explosive events like flares and coronal mass 
ejections (CMEs). A few recent studies have been conducted to model large-scale filaments 
in the quiet Sun though the majority of studies focus on modeling small-scale active region 
filaments. This study is the first to use potential field source surface (PFSS) and non-linear 
force-free field (NLFFF) models in spherical geometry to study a giant filament (with length 
more than 800 Mm) along a polarity inversion line (PIL) in a weak-field region (with 
photospheric field region of ≈ 50 G). The two modeling methods are applied to data 
obtained from a giant filament observation on February 10, 2015 with preprocessing of 
photospheric full-disk vector magnetograms from the Helioseismic and Magnetic Imager 
(HMI) and Vector Spectromagnetograph (VSM) using optimization procedure to make the 
boundary data more consistent with the force-free principle. The large-scale magnetic 
configuration surrounding the filament is derived from the PFSS model, while the NLFFF 
extrapolation provides a detailed three-dimensional structure of the filament using both 
HMI and VSM data. Results from both instruments show good agreement. The NLFFF 
extrapolation based on HMI data yields higher total and free magnetic energy compared to 
VSM data. Moreover, the total surface electric current density is greater with VSM data, 
consistent with the magnetic field strength derived from both instruments. 
Keywords  Sun: Magnetic field structure, magnetic energy · Sun: corona, filaments, 
prominences · Methods: numerical 
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Abstract 

High-resolution observations of the solar chromosphere have revealed prominent small-
scale spiralling structures. These structures have been linked to the swirling downflows 
present in the intergranular lanes of the solar photosphere, existing as vortex tubes, evident 
in MHD simulations. Vortex tubes have been proposed as conduits for energy transfer 
throughout the solar atmosphere, channelling energy in the form of Poynting flux. However, 
there is a vast discrepancy between the number of observed rotating flow structures found 
in the photosphere and the number found in the chromosphere. Furthermore, it is still 
debated whether vorticity originates in the photosphere and extends up to the 
chromosphere or vice versa. We investigate a three-dimensional radiative 
magnetohydrodynamic simulation produced using the MURaM code for the flow properties 
of the solar atmosphere. To correlate our findings with previous observations of 
chromospheric swirls, we use the RH code to synthesise images in the Fe I 630.2 nm and Ca 
II 854.2 nm line profiles. We compare the synthesised images with the simultaneous 
observation of a chromospheric swirl in Fe I 630.2 nm and Ca II 854.2 nm lines taken by the 
CRisp Imaging SpectroPolarimeter (CRISP) instrument at the Swedish Solar Telescope 
(SST). Here, we present the physics behind the formation of chromospheric swirls and their 
synthetic observables, for comparison with high-resolution observations taken by 
instruments such as the Daniel K. Inouye Solar Telescope (DKIST) and the upcoming 
European Solar Telescope (EST). 
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Abstract 

The progress in observational techniques has allowed for an increase in both spatial and 
temporal resolution. It naturally leads to an explosive growth in the amount of data to be 
processed. For example, one channel of SDO/AIA daily produces about 230GB of data. This 
makes it mandatory to use the automated detection techniques capable of detecting the 
phenomena of interest in a large amount of data for a reasonable time. Nowadays, Artificial 
Neural Networks (ANN) demonstrate such a capability. In this study, we present a hybrid 
machine learning model that combines a shallow convolutional neural network with a long 
short-term memory (CNN–LSTM) architecture to automate the detection of kink oscillations 
in coronal plasma loops from large volumes of high-cadence imaging data. To train the 
model, we used a dataset of 10,000 synthetic data cubes replicating coronal observations of 
either stationary or kink-oscillating loops. In this dataset, the accuracy exceeded 98%. The 
trained network was subsequently applied to the real dataset, which comprised 50 samples 
containing visually identified kink oscillations and 128 non-oscillatory samples observed in 
the SDO/AIA 171 channel. In this dataset, each sample spans 260x260 pixels and covers a 
30-minute interval with a cadence of 12 s, including both off-limb and on-disk regions. 
Before analysis, the data were pre-processed using temporal median filtering, along with 
spatial Gaussian smoothing and contrast-limited adaptive histogram equalisation. When 
applied to real observations, the model achieved an accuracy of 83.7%. The model is 
publicly available in open access. We consider this CNN–LSTM framework as an initial step 
toward the development of robust, automated tools for routine coronal data mining, 
particularly in the study of coronal oscillations. 
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Abstract 

High-resolution spectropolarimetric observations from DKIST are beginning to resolve fine-
scale magnetic structure in sunspot penumbrae, but isolating unambiguous diagnostics of 
vertical magnetic variation remains challenging. We present DKIST/ViSP observations of a 
sunspot penumbra that reveal spatially coherent four-lobed Stokes U profiles confined to a 
localised penumbral sector. These profiles persist after polarimetric crosstalk correction 
and are reproducible within a stratified inversion framework using depth-dependent 
magnetic and velocity gradients. To isolate the physical origin of the signal, we perform 
forward synthesis experiments in which the magnetic azimuth is forced to be constant with 
optical depth while all other atmospheric parameters are held fixed. Under these conditions, 
Stokes I, Q, and V remain largely unchanged, but the observed four-lobed Stokes U 
morphology is not recovered. Within this framework, variation of the magnetic azimuth 
along the line of sight is therefore required to reproduce the linear polarisation signatures. 
A supervised classification of Stokes V profiles is used to map the spatial distribution of 
circular polarisation morphologies across the penumbra. Regions exhibiting four-lobed 
Stokes U profiles are co-spatial with patches of complex and reverse-polarity Stokes V 
signals, indicating that the diagnostic originates in the most magnetically structured part of 
the penumbra. These results establish four-lobed Stokes U profiles as a diagnostic of line-of-
sight azimuthal variation and provide new constraints on fine-scale magnetic topology in 
sunspot penumbrae.  
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Abstract 

A key process for the coupling of the dynamics to thermodynamics in the solar atmosphere 
comes through changes in ionisation and excitation state which can act as sources or sinks 
of the thermal energy (sometimes in a complex and counter-intuitive way). In our recent 
work we have studied the excitation state of a multi-level 5-level atom where the non-
equilibrium ionisation and excitation are calculated through both collisional and radiative 
rates. We study this evolution in both a shock structure commonly found in magnetic 
reconnection and in a turbulent mixing process. In this talk I will explain the model and how 
the change in ionisation & excitation provide important thermodynamic constraints on the 
system, also looking at how the results differ in simpler approaches to the modelling. I will 
also look at how were are planning to implement modelling these physical process into the 
Solar Atmospheric Modelling Suite.  
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Abstract 

The high-resolution observations of 1-2 MK coronal loops in EUV have shown a puzzling 
behaviour: the width of a loop is fairly constant. Knowing that the magnetic field strength 
decreases with height, these observations contradict the basic principle of frozen flux or 
flux conservation along a flux tube as a direct consequence of the Maxwell's equations. We 
revisit this concept from a different view point: starting from the statistical values of 
coronal loop widths (Williams et al. 2021, ApJ, 919, 47), we use magnetic field 
extrapolations to determine the expected width of the loop at the footpoint. We analyse a 
large sample of field lines from different active regions and different locations (i.e. umbra, 
penumbra, plage). The gradient of magnetic field strength along the loop near the apex 
being smaller than near the footpoint, the loop expansion/width is small and almost 
undetectable near the apex. This approach also provides constraints on the size of isolated 
flux tubes and thus of electric currents in the photosphere: a sunspot is typically made of a 
large number of isolated flux tubes near or below the detection limit of current 
instrumentation. We discuss the implications for our current knowledge of coronal waves 
and for future instrumentation.   
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Abstract 

Accurate temperature diagnostics of the solar corona are necessary for detecting the 
heating and cooling processes, and better understanding the conversion of the magnetic 
energy into thermal energy. A major obstacle in this enterprise is the multi-temperature 
emission contained in Ultra Violet (UV) and Extreme UV (EUV) passbands such as those of 
the Atmospheric Imaging Assembly (AIA) of the Solar Dynamics Observatory (SDO) and the 
Slit-Jaw Imager (SJI) of the Interface Region Imaging Spectrograph (IRIS). In this work we 
extend the Response Fitting (RFit) method to disambiguate between cool, warm and hot 
emission in the SDO/AIA and IRIS/SJI passbands. We improve previous results for 
AIA~304~\AA\, and find very good cool/hot decomposition for AIA~94~\AA\, allowing to 
improve previous empirical disambiguation methods for this passband. The hot 
temperature coverage of AIA allows RFit to be applied across instruments. This allows to 
disambiguate the hot flaring emission from \ion{Fe}{XXI} contained within the 
SJI~1330~\AA\, and SJI~1400~\AA\, passbands, supported by IRIS/SG results.  We 
further estimate that the SJI~1330~\AA\, response function lacks $\approx50\%$ of 
emission at temperatures above $\log T=7$. Photospheric abundances help reduce this gap 
to $\approx40\%$. The emission peak at $\log T=6.2$ in the SJI response functions is 
greatly altered at different densities, which can be used, in principle, for density diagnostics. 
These results are basically identical to those with the Differential Emission Measure (DEM) 
method, with the advantage that RFit is instantaneous, unlocking the possibility of real-time 
measurements. We also provide lower bounds for the hot emission in AIA~211~\AA, and 
the very hot (flaring) emission in AIA~131~\AA\, and AIA~193~\AA, which help constrain 
the overestimated emission from the DEM in the hot temperature range. We apply RFit to 
an AIA-IRIS co-observation that includes a flare, and calculate the average relative 
percentage contribution for the cool-hot emission to find 17/83, 96/4, 79/21, 10/90, 
65/35, 65/35, respectively for AIA~94~\AA, AIA~131~\AA, AIA~211~\AA,  
AIA~304~\AA, SJI~1330~\AA\, and SJI~1400~\AA. We obtain a more coherent picture of 
the hot temperature evolution in the $\log T =6.8-7.15$ temperature range and its spatial 
localisation during the flare, and similarly for the cooling during the gradual phase. We 
further accurately detect and quantify the cool plasma from coronal rain, which is observed 
to increase seven-fold due to the flare-driven cooling. 
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Abstract 

Magnetohydrodynamic wave activity in small-scale magnetic structures, such as solar 
pores, provides key insights into energy transport in the lower solar atmosphere. This study 
presents high-resolution observations of ten solar pores contained within a 43x43 Mm^2 
field of view, obtained with the CRISP instrument at the Swedish 1-m Solar Telescope. We 
investigate the temporal behaviour of the line-of-sight velocity (vlos) and magnetic field 
(blos) oscillations within the pore structures. Using SIR inversions, we analyse the 
oscillatory signals at multiple optical depths (log tau levels) to assess how variations in 
geometric height (z) and temperature relate to the observed blos fluctuations. Our results 
reveal that higher-frequency oscillations (>6 mHz) exhibit strong coherences, with in-phase 
fluctuations between blos and z across atmospheric layers, consistent with upward-
propagating magneto-acoustic waves. In contrast, coherent lower-frequency oscillations 
display significant phase differences, which may arise from opacity-driven distortions of the 
inversion response. These findings highlight the importance of accounting for opacity 
effects when interpreting magnetic oscillations, with direct implications for forthcoming 
high-precision magnetic diagnostics from facilities such as DKIST. 
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Abstract 

The problem of the He I and He II EUV resonance lines being in the quiet Sun a factor of 10-
15 higher than  
predicted has been around since the beginning of space observations. Many solutions have 
been discussed in  
the literature, including the need to consider dynamical processes.  
However, relatively few comparisons with reliable observations have been carried out and 
previous atomic models used in radiative transfer calculations were very limited and not 
accurate.  
We use a large-scale atomic model and carry out static 1D radiative transfer calculations 
studying the effects of  
the photo-ionization/recombination  process using well-calibrated observations from SOHO 
CDS of the quiet Sun and Active Regions. We find a significant reduction in the earlier 
discrepancies, indicating that a correct atomic model needs to be adopted before 
considering dynamical processes.  
  
The atomic models and data for hydrogen commonly used in time-dependent and radiative 
transfer calculations also turn out to be limited and incorrect, especially in the electron 
impact excitation rates, which for most transitions differ by a factor of two from the most 
accurate calculations which we have recently carried out. Improved models for hydrogen 
and helium in the chromosphere are being tested with realistic dynamical effects as part of 
the SAMS project, funded by STFC with a Large Award.  
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Abstract 

Vortices contribute to energy transport in the solar atmosphere. Detecting these structures 
typically requires tracking horizontal velocity fields. However, the optical flow assumptions 
of Local Correlation Tracking become invalid in the non-LTE chromosphere, resulting in 
high uncertainties for inferred velocities. 
We present an automated detection pipeline that isolates rotating structures directly from 
intensity maps without requiring velocity field reconstruction. 
We developed PERSICA (Pipeline for the Extraction of Rotational Signatures via Intensity 
Component Analysis). This framework extracts multi-angle Time-Space Diagrams from 
high-resolution intensity datacubes. We then apply Robust Principal Component Analysis 
(RPCA) to decompose these spatiotemporal slices, separating the persistent low-rank solar 
background from sparse transient events. To identify rotational motion within the isolated 
sparse components, the algorithm evaluates individual slices to detect parabolic signatures. 
Subsequent cross-slice comparisons evaluate phase shifts between orthogonal angles and 
measure structural isotropy around candidate centres. Finally, we apply spatial clustering 
followed by temporal tracking to group these coherence anomalies into discrete vortex 
events. 
PERSICA is applied to synthetic ALMA Band 3 observations derived from Bifrost radiative 
MHD simulations and high-resolution chromospheric observations, including SST/CRISP. 
The algorithm identifies swirls across the spatial domain without velocity data. To evaluate 
the physical validity of the pipeline, the intensity-derived detections are compared against 
Lagrangian-Averaged Vorticity Deviation (LAVD) metrics. This validation utilises native 
Bifrost velocity fields for the simulated data and inferred velocity fields for the 
observational datasets. 
These results demonstrate that solar vortices can be catalogued using solely intensity time 
series provided they produce persistent spatiotemporal signatures. PERSICA provides a 
complementary diagnostic framework for identifying vortex waveguides in atmospheric 
layers where velocity tracking algorithms are inapplicable. 
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Solar EUV intensity fluctuations exhibit broadband, coloured-noise spectra that are 
commonly approximated by segmented power laws, S \propto f^{-\alpha}, with distinct 
behaviour at low and high frequencies. While such descriptions are widely used in solar 
physics, their physical interpretation and diagnostic potential remain underexplored, 
particularly in the context of flare initiation. 
In this work, we introduce a cross-disciplinary perspective by adopting the concept of the 
frequency response spectrum from structural engineering, where spectral slopes and their 
evolution are routinely used to diagnose dynamic systems stability and external forcing. 
Applying this framework to coronal EUV time series, we analyse the spatial and temporal 
evolution of power-law indices in flare-hosting active regions observed by SDO/AIA. 
We find that the low-frequency spectral index (\alpha_lf) spatially maps coronal structures, 
closely resembling EUV intensity morphology, thus providing a novel proxy for underlying 
plasma dynamics. Temporally, quiescent regions exhibit stable spectral properties, whereas 
flare-productive regions show pronounced pre-flare variability. Analysing 14 flare events, 
we demonstrate that significant deviations in \alpha_lf systematically occur at flare 
locations within minutes prior to onset. In several cases, changes in the spectral contrast 
(\alpha_lf - \alpha_hf) emerge 30–90 minutes in advance. 
These results suggest that the frequency response spectra of coronal emission contain 
measurable signatures of impending instability, analogous to precursor signals in 
engineered systems approaching failure. This proof-of-concept study highlights the 
potential of importing analysis tools from structural engineering into solar physics, 
providing a new avenue for diagnosing plasma dynamics and identifying short-term flare 
precursors in high-resolution observational data. 
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Abstract 

 We investigated the ionospheric response to the geomagnetic storm of March 17,  
2015, using GPS total electron content (TEC) measurements from the IGS station RABT in  
Rabat, Morocco (34°N, 7°W). This storm, with a minimum SYM-H of -233 nT, was the most  
severe of solar cycle 24. Vertical TEC was derived from dual-frequency pseudorange  
measurements using a single-layer mapping function (H=350 km). A physically consistent  
preprocessing strategy was applied, including satellite-specific and receiver Differential  
Code Bias (DCB) corrections, precise elevation-angle computation from broadcast  
ephemerides, and a minimum elevation cutoff of 30° to reduce multipath and mapping  
errors. Storm-induced TEC deviations (ΔVTEC) were computed relative to the quiet day of  
March 15.  Results show significant TEC enhancement during the storm main phase, with 
ΔVTEC  
reaching 45.78 TECU on March 17, representing a 158% increase above the quiet-day  
baseline of 28.92 ± 12.91  TECU. Correlation analysis revealed the strongest Kp-ΔVTEC  
relationship at a 3-hour lag, with r ≈ 0.53 (storm periods), consistent with a delayed  
ionospheric response to geomagnetic forcing. The recovery phase (March 18) exhibited  
mixed storm effects, likely associated with thermospheric composition changes and the  
propagation of travelling atmospheric disturbances.  
These findings contribute to understanding mid-latitude ionospheric dynamics during  
extreme space weather events and have implications for GNSS-based positioning and  
navigation systems in the European-African sector.  
Keywords: Geomagnetic storm, Total Electron Content, GNSS, Ionosphere, Kp  
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Abstract 

Analysing high-resolution solar photosphere observations requires robust techniques to 
recover plasma-flow features across a range of spatial and temporal scales. Local 
correlation tracking (LCT) is widely used to infer horizontal velocities from intensity 
evolution, but most validations focus on the velocity field in a global or statistical sense. 
Despite the wide use of LCT, the extent to which errors in the derived flow fields propagate 
into biases in vortex identification and inferred vortex properties remains largely 
unexplored.  
In this research, we focused on validating the combined LCT+Gamma method for recovering 
photospheric vortices in a realistic radiative-MHD simulation. We applied LCT to the 
numerical data obtained from R2D2 magnetoconvection simulations (intensity maps) using 
spatial windows of FWHM 2.5-4.0 Mm and temporal averaging windows of 10–60 min. 
Vortices were identified with the same Gamma method approach in both the LCT-derived 
and “true” simulation velocity fields. We have found that (i) LCT systematically 
underestimates the number of vortices, (ii) completeness decreases strongly with 
increasing temporal averaging. LCT also provides lower vorticity within detected vortices, 
consistent with suppression of small-scale rotational signatures. For vortices recovered in 
both cases, the radius distributions agree closely, but lifetime statistics are biased toward 
longer persistence in the LCT detections. This lifetime bias is consistent with temporal 
smoothing preferentially retaining slowly evolving, long-lived rotational patterns while 
diminishing short-lived events.  
Our results provide quantitative measurements on the reliability of vortex identifications 
derived from LCT+Gamma method and on how spatial smoothing and temporal averaging 
shape vortex evolution at mesogranular scales. Therefore, vortex detections which are 
based on LCT-derived velocity fields should be interpreted carefully when inferring 
absolute occurrence rates or the temporal statistics of short-lived vortices. 
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Abstract 

The accurate numerical modelling of the solar atmosphere is a challenging task that 
involves fundamental physics, as well as the radiative and ionisation states of the Sun’s 
different atmospheric layers and the complex coupling between them. The recent STFC-
funded development of the Solar Atmospheric Modelling Suite (SAMS) introduces a modular 
framework that allows users to model either the full atmosphere or selected layers. Its 
design emphasises cross-platform compatibility and performance portability, enabling 
efficient execution across CPU and GPU architectures. It also supports time-dependent non-
LTE radiative transfer and provides a clear pipeline from input to simulation to observable 
outputs. A key feature of SAMS is its user-friendly shell environment, which is designed to 
simplify code execution on both local machines and high-performance computing (HPC) 
systems. 
The SAMS shell is a command-line environment (with a GUI planned) designed to simplify 
interaction with simulation code. It provides clear error reporting and real-time feedback 
for long-running tasks, improving usability over direct use of build tools and schedulers. By 
encapsulating routine operations, it enhances reproducibility and reduces overhead in day-
to-day MHD research. Its design also supports performance portability across CPU and GPU 
systems and aligns with the goal of Exascale-ready workflows, motivating the need for a 
simplified, consistent interface. 
In parallel, we developed a complementary Python-based tool for improving I/O 
performance in Lare3D simulations. This wrapper redirects output to shared memory 
(/dev/shm) and asynchronously transfers completed files to persistent storage, 
dynamically managing memory usage within system and SLURM constraints. By decoupling 
disk I/O from the main simulation loop, it avoids blocking writes and reduces bottlenecks 
without modifying numerical code. On typical workstation hardware with HDD storage, this 
approach achieves an average speedup of up to ~2x. 
The tools developed can be incorporated into other MHD codes to simplify their use, making 
them more user-oriented and accessible and lowering the barrier to entry for users without 
strong computational or Fortran experience. 
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Abstract 

With knowledge of the ice giants primarily limited to 40-year-old Voyager 2 flyby data, 
modelling is an incredibly important tool we can use to advance our current understanding 
and guide future ice giant missions. There has not yet been a model which replicates and 
can offer a unifying explanation for the wind structures on all four giant planets in our Solar 
System, with the equatorial jet on Jupiter and Saturn as prograde and on Uranus and 
Neptune as retrograde. The ice giants' atmospheric dynamics are in fact remarkably similar, 
despite Uranus' 98° tilt and 10x more internal heat on Neptune. LFRic-Atmosphere is a UK 
Met Office modelling system used in this work to simulate Uranus' atmosphere with a 3D 
General Circulation Model. We investigate whether radiative transfer prescribed by a 
Newtonian cooling scheme can replicate Uranus' zonal jets, with Rayleigh linear damping 
for wind forcing. The wind structure from observations are produced at the 1-bar level, 
with zonal jets decreasing in strength with height as predicted by the thermal wind 
equation, but slightly too fast and narrow. Angular momentum budget analysis showed 
transient eddies to produce jets, and baroclinic/barotropic instabilities were identified as 
potential sources. Equatorial prograde winds speeds appear in the stratosphere, at odds 
with previous models, though stratospheric wind speeds are at present very unconstrained. 
Long-term aims of this project include implementing a full radiative transfer scheme, which 
uses heat transfer coefficients derived with RAMSES code from time-evolving 3D chemical 
species profiles. 
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