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Abstract 

HENON (Heliospheric pioneer for solar and interplanetary threats defence) is a technology 
demonstration CubeSat that is planned for launch in early 2027. HENON will occupy a 
distant retrograde orbit in the Sun-Earth system, passing upstream of the Earth at 0.1 AU 
distance, 10x the distance to L1. The highly-miniaturised HENON space weather technology 
demonstration payload includes a radiation monitor, a solar wind instrument, and a 
magnetometer. HENON is thus a pathfinder for a new standard of space weather monitoring 
capability offering an order of magnitude improvement in warning times for geoeffective 
solar wind conditions at Earth. 
In this presentation we first describe the current status of the HENON mission and the 
MAGnetometer from Imperial College (MAGIC) instrument which will measure the solar 
wind magnetic field upstream of L1. Using examples of previous space mission data 
acquired in the vicinity of the planned HENON orbit, we then examine key practical 
questions required to enhance space weather forecasting from sub-L1. These relate to both 
scientific understanding and modelling capabilities. In particular, we discuss how HENON 
data may be used instead of L1 data in other space weather modelling tools, the prospects 
for increased forecasting lead time in a variety of end-user scenarios, and how the wider 
community can get involved with HENON to shape the future space weather forecasting 
capabilities. 
  



Improved Forecasting of Geoeffective Solar Wind at Earth through Combined 

L1-L5 Measurements 
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Abstract 

It is widely accepted that forecasts with longer lead times are essential in improving our 
resilience to the adverse effects space weather pose on navigation systems, satellites and 
ground infrastructure. Of key importance for both remote sensing and in situ measurement 
is the Sun-Earth L5 Lagrange point, which is the target of the ESA Vigil mission. In principle, 
in-situ measurements from L5 enable the forecasting of solar wind conditions 4-5 days 
before the associated source region on the Sun rotates into view of the Earth. However, this 
depends on a number of factors, for example invariance in the solar wind source region. 
Although the accuracy of L5 forecasting has been the subject of several different 
investigations, there are still a number of open questions, and the technical nuances of this 
forecasting method require further study to optimize the forecast accuracy. 
In this contribution we demonstrate a new approach to forecasting solar wind conditions at 
Earth where predictions based on the L5 observations are conditioned on the most recently 
observed data at the Sun-Earth L1 Lagrange point. Measurements from the trailing 
spacecraft (L5) are mapped to the leading spacecraft (L1) by applying a time delay derived 
from longitudinal/radial separation, solar rotation, and solar wind speed. We advance 
previous studies by introducing a dynamic time delay that is continuously updated 
according to the real-time cross-correlation of measurements between the two spacecraft. 
The objective is to mitigate arrival-time inaccuracies caused by source region evolution 
between L5 and L1, alongside effects induced by latitudinal offsets between the spacecraft. 
The method is demonstrated utilizing archived data from spacecraft previously positioned 
at the L5 point or separated by approximately 60 degrees in longitude, simulating the L5-L1 
configuration. 
Designed for application in a real-time forecasting system, our approach thus treats 
inaccurate arrival-time predictions as feedback, using them to improve subsequent 
forecasts. We quantify the performance by calculating skill scores relative to a 27-day 
persistence forecast from the previous solar rotation. To analyse differences in forecast 
ability, ambient solar wind and stream interaction regions are evaluated separately. We 
conclude by discussing how this forecasting technique can be applied to data from Vigil or 
other relevant solar wind observations in an operational setting. 
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Abstract 

A geomagnetic storm is a significant and prolonged disturbance of the Earth’s magnetic field 
caused by an enhancement of the ring current. Storms are typically identified using 
magnetic field measurements from multiple ground-based magnetometers, and the 
corresponding dates and times of multiple storms can be collated to form a storm list. There 
is currently no quantitative definition of a geomagnetic storm, so the contents of a 
particular storm list are highly dependent on the identification criteria that were used to 
generate it. The different definitions and identification methods can cause the physical 
properties of storms in different lists to vary, and these variations may be significant. The 
differences in definition may also cause certain lists to be biased to certain parts of the solar 
cycle, which will affect studies into the relationship between solar activity and storm 
occurrence. 
We take several storm lists with different identification methods, and we compare the 
probability distributions of a range of solar wind variables and geomagnetic indices 
between those lists. We also compare the temporal behaviour and occurrence rates of the 
storms in each list, and discuss how the differences may affect the way geomagnetic storms 
are defined and studied. We find that changing the definition of the quiet time has a direct 
impact on the start and end times of the storms, and this can result in a storm being 
significantly shorter when defined using a more negative quiet time definition. We also find 
that changes to the threshold value of minimum magnetic disturbance have a greater 
impact on the properties of the identified storms than changes to the quiet time definition.  
We then investigate the relationship between geomagnetic storm occurrence and sunspot 
number, and calculate the cross correlation between the timeseries in order to find the time 
lag between peak sunspot number and maximum storm occurrence. We find that for most 
storm lists the correlation coefficient peaks at -5 +/- 1 Bartels rotations, or -135 +/- 27 days, 
which implies that there is a mechanism by which the sunspot number drives the 
occurrence of geomagnetic storms which has a time lag of roughly 135 days. We also find 
that the correlation coefficients remain above the 0.7 level for over 500 days, implying that 
the occurrence rate of storms may be able to be predicted by looking at the occurrence rate 
from up to 500 days in the past. 
  



A new declining phase precursor to predict the next solar maximum sunspot 

number 
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Abstract 

The solar polar magnetic fields during the declining phase of each Schwabe solar cycle 
'seed' the toroidal fields that drive sunspot activity of the next cycle. This work identifies the 
specific phase of the cycle, and hence the timing, where this relationship should 
unambiguously be seen, both in models and in high resolution observations. This is central 
to comparing observations with solar dynamo models as well as providing a precursor 
method to forecast the upcoming cycle maximum. 
The Hilbert transform of 13 month smoothed sunspot number (SSN) since 1749 is used to 
construct a uniform clock for the Schwabe solar cycle which establishes a clear switch-on 
and off of geomagnetic activity seen at earth and which correlates with solar morphology on 
solar cycle scales.  By mapping the irregular solar cycle onto a regular clock, the timings of a 
clear switch-off of activity in the cycle declining phase have been found. The switch-off is 
when solar eruptions change in character from coronal mass ejections to high speed 
streams, correlating both with the sunspot active regions moving to lower solar latitudes 
with reduced differential rotation, and the switch-off of extreme space weather at earth. The 
SSN at the switch-off is found to correlate well with the following SSN maximum, providing 
a method for predicting the upcoming cycle maximum on a 6-7 years time horizon.  
The latitude of the sunspot active region centroid is found to be ordered by the cycle 
analytic phase derived from the Hilbert transform of the SSN.  This suggests a simple model 
in terms of overlapping activity bands for the extended (Hale) cycle. 
S. C. Chapman, T. Dudok de Wit, A solar cycle clock for extreme space weather. Scientific 
Reports, 14, 8249 (2024). doi:10.1038/s41598-024-58960-5 
S. C. Chapman, Predicting solar cycle 26 maximum with a new declining phase precursor 
(2026) Ap. J.  under review. 
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Abstract 

The May 2024 geomagnetic storm was the largest for over 20 years.  The storm was 
categorised as a “low-level” G5, where G5 is the highest on the National Oceanic and 
Atmospheric Administration (NOAA) scale for geomagnetic storms, yet the individual solar 
eruptive events were not particularly severe, and the observed impacts were relatively 
minor.  The impacts that were observed were due to the combined and sustained effect of 
five successive earthward directed coronal mass ejections (CMEs) which drove the storm. 
Here we review some of the impacts and identify research that is needed to better protect 
national power supplies and ensure the safe operation of satellites and aircraft.  We discuss 
the importance of developing forecasting of CMEs, geomagnetic storms and solar energetic 
particle events that are accurate and reliable so that government and business can take 
mitigating action. 
  



Operational Space Weather: Scientific Challenges and Future Directions 
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Abstract 

The Met Office Space Weather Operations Centre (MOSWOC) delivers space weather 
services that depend critically on advances in fundamental space science. An overview is 
provided of how current modelling underpins operational capability, spanning solar wind 
and radiation belt forecasting through to the thermosphere, ionosphere, and at the ground. 
The forthcoming Space Weather Programme is outlined, which will continue to advance 
space weather research. A central component of this programme is addressing a set of 
cross‑domain challenges and fundamental scientific questions that currently limit 
operational space weather prediction. 
The aim is to stimulate discussion and help shape future research-to-operations-to-research 
(R2O2R) activity by identifying where targeted scientific advances could have the greatest 
impact on operational space weather capability in the coming years. 
  



Beyond Mean Solar Wind Parameters: Improved Auroral Electrojet Forecasts 

Through Explicit Inclusion of Solar Wind Turbulence 
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Abstract 

The auroral electrojet (AE) index is a widely used measure of high-latitude geomagnetic 
activity and plays an important role in space weather monitoring and assessment. Accurate 
short timescale forecasting of AE from upstream solar wind conditions remains a significant 
challenge, however, due to nonlinear solar wind-magnetosphere coupling, internal 
magnetospheric dynamics, and the multiscale variability inherent in the driving solar wind. 
Current forecast models typically rely on mean solar wind and interplanetary magnetic field 
parameters, potentially overlooking the rich information carried by solar wind fluctuations. 
This raises a key question: can characterising solar wind turbulence provide operationally 
meaningful improvements to AE forecasts? 
To address this, we develop two gradient-boosted decision tree (XGBoost) models using 
near-Earth solar wind observations: a baseline model driven by standard mean parameters, 
and a turbulence-aware model that additionally incorporates measures of fluctuation 
amplitude, intermittency, and Alfvenic structure. Both models achieve correlations 
exceeding 0.8 at 60-minute lead times, but the turbulence-aware model offers distinct 
advantages. Where the baseline model's skill peaks sharply at 75 minutes and then 
degrades, the turbulence-aware model sustains comparable performance across the 60-90 
minute forecast window, providing more reliable predictions at operationally relevant 
timescales. Crucially for end users, the turbulence-aware model improves forecast 
robustness for high impact events - the conditions that matter most for operational decision 
making. Cost-loss analysis reinforces this: the baseline model's economic value narrows 
significantly as event severity increases, while the turbulence-aware model maintains stable 
economic usefulness even under extreme AE conditions. This means that operators can 
derive consistent value from turbulence-informed forecasts regardless of event magnitude, 
supporting better informed decision making in operational space weather services. 
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Abstract 

Extreme space weather causes large geomagnetic field variations that induce geoelectric 
fields at the surface. These equalise as geomagnetically induced currents (GICs) flowing 
through ground-based technology, such as transformers in high voltage power grids, the 
track circuits of railway signalling systems and high pressure gas pipelines. For many years 
British Geological Survey (BGS) have improved real time measurements and models to 
quantify the risk of space weather ground effects. With the conclusion of the SWIMMR 
programme, validated models of GICs in the GB high voltage grid are part of the BGS suite of 
tools. These are driven by real-time data from ground magnetic observations and 
magnetotelluric-based models of the geoelectric field. We describe continued efforts to 
improve and operationalise these models with the integration of new data sources 
(magnetic and magnetotelluric), the streamlining of R2O into Met Office end-user services 
and research into extreme value analysis to better understand the risk to critical national 
assets in reasonable worst-case scenarios. 
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Abstract 

Coronal Mass Ejections (CMEs) are among the most significant drivers of space weather, 
capable of disrupting satellites, communication systems, and power grids when directed 
towards Earth. The original \texttt{ALMANAC} algorithm has demonstrated strong success 
in identifying CME source regions from EUV observations, providing a valuable foundation 
for automated detection and analysis. 
This Python implementation preserves the core conceptual framework of the original IDL 
version of \texttt{ALMANAC} whilst introducing methodological and computational 
enhancements that improve robustness, scalability, and reproducibility. Explicit provenance 
tracking links final CME candidates directly to their originating wavelength-level detections, 
enabling transparent validation and reproducible analysis. Pixel-space validation is 
enforced prior to heliographic coordinate conversion, reducing sensitivity to projection 
effects and ensuring that source localisation is based on well-constrained detections. The 
pipeline is designed for scalable parallel execution across all AIA channels, supporting 
efficient analysis of large datasets and near-real-time operation. 
When applied to a test set of halo CMEs, the pipeline demonstrates mean temporal and 
spatial separations of 45 minutes and 12 degrees relative to CDAW, while achieving a 
processing time of 130 seconds per 6 hour observation window. Together, these advances 
establish a robust framework for automated CME source detection suitable for both 
scientific investigations and operational space-weather applications. Furthermore, the 
predictive efficacy of \texttt{ALMANAC} with regards to solar flares is also explored. 
  



CorTom-ML: CNN-based inversion of coronagraph images to estimate the 3D 

coronal density structure 
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Abstract 

The global 3D plasma density structure gained from coronagraph observations is valuable 
for science, interpreting data from other observations, and for operational space weather 
forecasting. For example, an earlier method (CorTom) is currently in operation at the UK 
Met Office, providing inner boundary speed constraints to the HUXt solar wind model and 
forecasts at Earth. In order to improve the tomography process, in particular it's robustness 
to challenging solar maximum conditions, we have developed a CNN-UNet based framework 
that offers significant improvement on other non-machine learning inversion approaches. 
Here we briefly describe the CNN framework and training process, and present the 
resulting density maps gained from coronagraph datasets spanning a solar cycle. We show 
how these densities can give empirical constraints on solar wind outflow speed and 
acceleration, and thus provide an inner boundary for space weather forecasting models. 
These boundary conditions are based directly on coronal observations and we show that 
they offer a more accurate map of the coronal structure compared to the widely used 
magnetic extrapolations. 
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Abstract 

In May and October 2024 the aurora was observed at unusually low latitudes across Europe 
during intervals of significantly enhanced geomagnetic activity in response to the arrival of 
Interplanetary Coronal Mass Ejections (ICMEs).  
We examine the global magnetospheric response to these storms using the total 
hemispheric integrated field-aligned current (FAC) observations from the Active 
Magnetospheric and Planetary Electrodynamics Response Experiment (AMPERE), 
geomagnetic indices including SYM-H and the auroral electrojet index AL. We also use in-
situ solar wind and interplanetary magnetic field (IMF) data for context and to quantify the 
magnetospheric dayside driving rate. We extend our analysis to statistically compare the 
geomagnetic response to weak, moderate and intense storms between 2010 - 2024, 
covering Solar Cycles 24 – 25. 
Our results show that the largest total integrated field aligned currents occur with highest 
solar wind pressure, indicating that the largest total integrated FACs are closely associated 
with the arrival of high pressure solar wind and ICME sheath regions. We conclude that 
solar wind pressure plays a dominant role in controlling the total integrated field-aligned 
current response during geomagnetic storms, with important implications for refining our 
understanding of magnetospheric dynamics during extreme space weather events. 
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Abstract 

For understanding and predicting the behaviour of the near-Earth space environment in 
changing solar wind conditions, physics-based modelling is an extremely powerful tool. This 
can come at considerable computational expense, often making it unsuitable in operational 
contexts. Recent efforts in transforming research to operations (R2O), however, have 
produced several 3D magnetohydrodynamic (MHD) magnetosphere models optimised to 
run using only modest resources. One such model is GorgonOps, developed at Imperial 
College London. With real time solar wind measurements at L1 as inputs, the model 
simulates the behaviour of Earth’s magnetosphere in faster than real time, making it 
extremely valuable for space weather forecasting. This is the only MHD magnetosphere 
model developed outside the USA currently able to do this. GorgonOps is undergoing 
integration at the UK Met Office and is part of the Bergen-Imperial Global Geospace (BIGG) 
project.  
BIGG is a collaborative effort with the University of Bergen, funded under the ESA Space 
Safety Programme, which recently launched new forecasting products to the ESA Space 
Weather Service Network. It combines GorgonOps with another MHD model, the Space 
Weather Modelling Framework (SWMF, developed at the University of Michigan). The two 
run simultaneously, creating forecast products relevant for sectors such as LEO satellites 
and power infrastructure, including thermospheric Joule heating, Kp, and dB/dt at a range 
of synthetic ground stations. The multi-model federated approach is such that it can be 
expanded to incorporate new models, further increasing forecast diversity and redundancy 
to ensure reliable service provision to Europe and beyond.  
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Abstract 

Coronal mass ejections (CMEs) drive most extreme space weather events, so it is essential 
to model these transients accurately and with enough lead time to be able to forecast severe 
geomagnetic storms. Most CME forecasting models do not incorporate magnetic field 
modelling, but it is important to understand the magnetic field inside CMEs and how it 
interacts with the solar wind in order to improve storm forecasts. A variety of magnetic 
models of CMEs have been used in scientific studies, however a more detailed evaluation of 
when different models replicate CME structure is required to determine which are suitable 
for use in forecasting. Therefore, we compare the structure and in-situ signatures of 3 
different magnetised CME models: the 3DCORE analytic flux rope, spheromak and Gibson-
Low flux rope. There is also uncertainty when extrapolating from single point 
measurements to infer 3D structure when evaluating in-situ measurements of CMEs, so we 
explore whether galactic cosmic ray (GCR) particles could be used as a diagnostic for CME 
structure. GCRs show decreases in flux due to the passage of CMEs called Forbush 
decreases, and we model this using test particle simulations in conjunction with CME 
models, and explore how the particle signature varies with CME model. Through these 
simulations, we aim to gain a greater understanding of what a CME is and how to more 
accurately reproduce geoeffective structures using magnetised models. 
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Abstract 

Quantitative knowledge of both the average and the range of ionospheric Total Electron 
Content (TEC) is vital for the operations of satellite systems in Low Earth Orbit (LEO). The 
overall behaviour of TEC is well known to correlate with the F10.7 index of solar activity, 
commonly used as a proxy to solar Extreme Ultraviolet (EUV) radiation. Hence F10.7 is an 
important parameter in ionospheric modelling. Studies have demonstrated a linear 
relationship between global average and local TEC, and F10.7. There is however some 
evidence of saturation of the daily global maximum TEC with daily F10.7, which is not 
typically seen in averaged TEC or F10.7A/F10.7p, which are time averaged versions of daily 
F10.7. We study how the daily maximum of TEC varies with daily F10.7; F10.7A, which is 
the 81-day average; and F10.7p, which is a combination of these. We find that the daily 
maximum TEC saturates at a seasonally dependent value between 83 −128 TECU for F10.7 
≳ 78 − 85 SFU. Using 15-minute Global Ionospheric Maps (GIMs) from the Jet Propulsion 
Laboratory (JPL) between 2003-2024, we assess the quality of linear/non-linear least 
squares fitting on the correlation between daily maximum TEC and F10.7 for solar cycle 24. 
We examine the statistical distributions of the fit residuals as a function of F10.7 and find 
that a tanh function out-performs a linear function for F10.7 ≥ 150 SFU. We show that the 
saturation of daily maximum TEC is clearly resolved for daily F10.7 but not for 
F10.7A/F10.7p. We consider how our results may be sensitive to the distribution of ground 
stations used to construct the JPL-GIMs. Quantifying the value of the seasonal saturation of 
the daily maximum TEC with F10.7 specifies the requirements of systems that are sensitive 
to extremes in TEC, important in planning LEO satellite operations. 
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Abstract 

Understanding how the magnetic structure of solar active regions governs coronal mass 
ejection (CME) dynamics is central to both eruption physics and space-weather forecasting. 
In particular, relating pre-eruptive magnetic conditions to CME speeds provides a pathway 
toward improved early-stage diagnostics. This work investigates how physically motivated 
magnetic parameters derived from potential-field extrapolations relate to the three-
dimensional (3D) speeds of CMEs. 
We focus on three diagnostics that capture different aspects of the eruptive magnetic 
environment: the critical height of the torus instability (hcrit) characterises the altitude at 
which the overlying field declines sufficiently rapidly to permit loss of equilibrium and is 
therefore expected to influence eruption onset and acceleration, the overlying transverse 
magnetic field strength (Bt) represents the confining magnetic tension that resists 
expansion, while the flare ribbon flux (Rf) serves as a proxy for the amount of magnetic 
reconnection and released energy during the eruption. By comparing these parameters with 
CME speeds, we assess how the balance between magnetic confinement, large-scale field 
decay, and energy release is reflected in CME kinematics. While hcrit and Bt are 
traditionally evaluated directly above polarity inversion lines (PILs), identifying PILs often 
involves threshold-dependent and semi-automated methods. To assess the sensitivity of 
these diagnostics to the PIL choice, we compute them over progressively larger regions of 
interest (ROIs) centred on the PIL, testing whether their relationship with CME speed 
depends on strict confinement to the PIL or reflects the broader active-region magnetic 
structure. 
Using decay index profiles derived from photospheric magnetograms, we find a strong 
correlation between hcrit and CME speed (0.71). When evaluated over larger ROIs, the 
weighted hcrit yields the strongest correlation (0.73), indicating that the large-scale 
magnetic environment is as informative as measurements confined to the PIL. In contrast, 
Bt shows weaker association with CME speed (0.33), suggesting that confinement alone 
does not determine CME dynamics. The ribbon flux exhibits a moderate correlation (0.44), 
reflecting its role as a proxy for the total reconnected magnetic flux and associated energy 
release during the eruption; however, its weaker association with CME speed compared to 
hcrit suggests that energy release alone does not fully determine CME kinematics. 
These results indicate that, within potential-field models, the critical height of the torus 
instability is the most informative magnetic diagnostic of CME speed. More broadly, they 
highlight the importance of the large-scale magnetic structure of active regions in shaping 
eruption dynamics and support the development of robust, observation-based approaches 
for early estimation of CME speeds. 
 


