
Nina Dresing, University of Turku, Finland

Observations of solar energetic 
particle events with Solar Orbiter 
and friends
New results and open-source analysis tools

Funded by the European Union. Views and opinions expressed are 
however those of the author(s) only and do not necessarily reflect 
those of the European Union or HaDEA. Neither the European 
Union nor the granting authority can be held responsible for them.
This project has received funding from the European Union’s 
Horizon 2020 research and innovation programme under grant 
agreement No 101004159 and 101134999.



nina.dresing@utu.fi

Multi-Spacecraft Observations of SEP events
Why?

• Determine the role of flare vs. shock in SEP 
acceleration 

• Disentangle source and transport effects


• Understand perpendicular transport


• Understand the role of interplanetary transients
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Laitinen+ 2016Rodríguez-García+ 2025
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Multi-Spacecraft observations 
with the new fleet
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WIDESPREAD SEP 
EVENT OF 13 MARCH 
2023
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Parker Solar Probe

BepiColombo

Solar Orbiter

STEREO A

Near Earth

MAVEN

• SEP event observed all 
around the Sun at six well-
separated locations: Parker 
Solar Probe, Solar Orbiter, 
BepiColombo, STEREO A, 
SOHO/Wind, MAVEN 

• In-situ shock and energetic 
storm particle (ESP) event 
detected at all five inner-
heliospheric observers!

Dresing+ 2025
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Parker Solar Probe BepiColombo

Solar Orbiter STEREO A

Near Earth

• SCENARIO 1: A pre-event CME (CME-5) creates 
the ESP event of the Earth-sided observers  

• works only with a higher density CME 

• SCENARIO 2: A circumsolar (partly freely-
propagating) shock

SCENARIO 2SCENARIO 1

MAVEN

Dresing+ 2025, see also Wijsen+ 2025

WIDESPREAD SEP EVENT OF 13 MARCH 2023
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13 March 2023 event: In-situ observations of electron acceleration at the coronal shock
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Jebaraj et al. 2024a

•March 13 2023 in-situ shock at PSP: One of the fastest CME-driven 
shocks ever (~2800 km/s, Jebaraj et al. 2024a).  

• In-situ electron acceleration up to ultra-relativistic energies (6 MeV) 
could be confirmed 

•A local perpendicular configuration of the globally parallel shock 
was likely key to sustained electron acceleration 

•First-ever direct measurements of synchrotron-emitting heliospheric 
traveling shocks (Jebaraj et al. 2024b)!

Jebaraj et al. 2024a Jebaraj et al. 2024b
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Correlation of electron and proton peak intensities

Farwa et al. 2025
Solar Orbiter

Parker Solar Probe

STEREO A

SOHO/Wind

BepiColombo

100 keV electrons vs. 25-40 MeV protons

Flare CME

shock
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Correlation of electron and proton peak intensities

Farwa et al. 2025
Flare CME

shock

Solar Orbiter

Parker Solar Probe

STEREO A

SOHO/Wind

BepiColombo

100 keV electrons vs. 25-40 MeV protons
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26 Dec 2013 Dresing et al., 2018

CHARACTERIZING THE LONGITUDINAL DISTRIBUTION OF SEPs

Previously: usually only 3 points available

Richardson et al., 2014

Dresing et al., 2014

Lario et al., 2013
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Richardson et al., 2014
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26 Dec 2013 Dresing et al., 2018

Dresing et al., 2014

Lario et al., 2013

CHARACTERIZING THE LONGITUDINAL DISTRIBUTION OF SEPs

PROBLEMS:  

• The intensity peaks happens at 
different times 

• The real distribution might be 
non-Gaussian 

Klassen et al., 2016

Previously: usually only 3 points available
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                   … MAKING USE OF MORE SPACECRAFT!
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Plots from J. Lang

CHARACTERIZING THE LONGITUDINAL DISTRIBUTION OF SEPs

   Challenges: 

- Different instrumentation

- Intercalibration

- Radial scaling (e.g., Rodríguez-García+ 2023)
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CHARACTERIZING THE LONGITUDINAL DISTRIBUTION OF SEPs

Plots from J. Lang
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CHARACTERIZING THE LONGITUDINAL DISTRIBUTION OF SEPs

Plots from J. Lang
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Energy spectra: before Solar Orbiter
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Krucker et al. 2009

Dresing et al. 2020

Wind/3DP STEREO/SEPT
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Krucker et al. 2009

Dresing et al. 2020

Energy spectra: before Solar Orbiter
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Wind/3DP STEREO/SEPTDresing et al. 2021

Eb~60 keV
Eb~120 keV

Langmuir-wave generation 
(e.g. Kontar & Reid 2009)

Pitch-angle scattering 
(Strauss et al. 2020)
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Krucker et al. 2009

Dresing et al. 2020

Energy spectra with Solar Orbiter/EPD
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Wind/3DP STEREO/SEPT

Eb~60 keV
Eb~120 keV

Dresing et al. 2021
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Statistical analysis of peak intensity 
spectra of solar energetic electron 
events


Based on the CoSEEcat catalog 
(Warmuth+ 2025, submitted) 3 events 8 events

10 events 16 events

Energy spectra with Solar Orbiter / EPD
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Fedeli et al. 2025, 
to be submitted
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SEP analysis tools of 
SERPENTINE and SOLER
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SERPENTINE: Solar energetic particle analysis 
platform for the inner heliosphere  

(EU Horizons 2020; 2021–2024) 

• six partners 

SOLER: Energetic Solar Eruptions: Data and 
Analysis Tools  

(EU Horizons Europe; 2024–2027) 

• five partners

• SERPENTINE studied very high 
energy particles emitted from 
the Sun during solar eruptions – 
Particle acceleration and 
transport processes

• SOLER investigates the most 
energetic phenomena occurring 
at the Sun: their interrelations, 
variability and energy partitioning

mailto:nina.dresing@utu.fi
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Multi-sc SEP event catalog of solar cycle 25
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see also 
Dresing+ 2024



Nina Dresing, University of Turku, Finland

Multi-sc SEP event catalog of solar cycle 25
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The catalog includes SEP observations 
from 5 observer locations: 


•Solar Orbiter

•Parker Solar Probe

•STEREO A

•L1 (SOHO/Wind)

•BepiColombo


We provide key event parameters for 

•25-40 MeV protons

•100 keV electrons

•1 MeV electrons see also 

Dresing+ 2024
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Technical objectives of SERPENTINE and SOLER
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Development of analysis and modeling 
tools for the scientific community

SERPENTINE/SOLER 
Jupyter HUB:

Event catalogs 
and datasets: 
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SERPENTINE Tools
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Gieseler et al. (2023). Solar-MACH: An open- source tool to 
analyze solar magnetic connection configurations. Front. 
Astronomy Space Phys. doi:10.3389/fspas.2022.1058810 

Palmroos et al. (2022). Solar energetic particle time series 
analysis with Python. Front. Astronomy Space Phys. 
doi:10.3389/fspas.2022.1073578 

SERPENTINE/SOLER 
Jupyter HUB:

mailto:nina.dresing@utu.fi
https://doi.org/10.3389/fspas.2022.1058810
https://doi.org/10.3389/fspas.2022.1073578
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SERPENTINE’s SEP analysis Tools
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onset_determination

dynamic_spectrum

data_loader
data_loader

Solar-MACH

mailto:nina.dresing@utu.fi
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SOLER’s SEP analysis Tools
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Multi-Spacecraft-Plot

PADs-and-Anisotropy

Regression-Onset

PyOnset; Palmroos+ 2025 


(combines Poisson-CUSUM and 

bootstrapping)

Multi-Instrument-Plot
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Summary
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• Solar Orbiter is part of an unprecedented spacecraft fleet opening new avenues to study solar energetic particle events 
• Disentangle source and transport effects 
• Characterize the longitudinal distribution of SEPs (and soon also the latitudinal distribution) 

• Solar Orbiter’s excellent energetic particle detector (EPD) allows to push the limits of energy spectra analysis 
• New insights into SEP transport effects 
• Opens the door to connect energy spectra with remote sensing observations of potential source regions

SERPENTINE/SOLER 
Jupyter HUB:

Event catalogs and 
datasets: 

• Various energetic particle and in-situ analysis tools provided 
by the SERPENTINE and SOLER EU projects available at  
https://hub-route-serpentine-soler.2.rahtiapp.fi/ 

These projects have received funding from the European Union’s Horizon 2020 research 
and innovation programme under grant agreement No 101004159 and No 101134999. 
Views and opinions expressed are however those of the author(s) only and do not 
necessarily reflect those of the European Union or HaDEA. Neither the European Union 
nor the granting authority can be held responsible for them.

All tools also on GitHub: 
• https://github.com/serpentine-h2020/serpentine
• https://github.com/soler-he 
• https://github.com/jgieseler/solarmach  
• https://github.com/Christian-Palmroos/PyOnset   

mailto:nina.dresing@utu.fi
https://hub-route-serpentine-soler.2.rahtiapp.fi/
https://github.com/serpentine-h2020/serpentine
https://github.com/jgieseler/solarmach
https://github.com/Christian-Palmroos/PyOnset

