
Solar energe*c par*cle analysis 
pla0orm for the inner heliosphere

A Research and Innova/on Ac/on

Rami Vainio for the SERPENTINE Team
2023-06-27



SERPENTINE Consor.um 

1. University of Turku (coordinator), FI (UTU)
2. University of Kiel, DE (CAU)
3. Paul SabaEer University, Toulouse, FR (UPS)
– IRAP as a connected third party

4. Imperial College London, UK (Imperial)
5. University of Helsinki, FI (UH)
6. University of Alcala, ES (UAH)
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Project idea
SERPENTINE 
• Studies very high energy 

par7cles emi;ed from the Sun 
during solar erup7ons
– Par$cle accelera$on processes
– Par$cle transport processes

• Provides the community with 
data analysis tools

• U7lizes observa7ons from 
recently launched space 
missions to the inner 
heliosphere
– Parker Solar Probe
– Solar Orbiter
– BepiColombo
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Work Plan
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Overall schedule 01/2021—06/2024

Requirements / 
Planning phase

User 
Requirements 

Workshop

Wrap-
up

2021 2022 2023 2024

User Workshop 
on Tools and 

data

Scien8fic Symposium 
on Par8cle 

Accelera8on and 
Transport

PR1 PR2 FR

Historical
event analyses

Event Analysis / 
Development phase

StaAsAcal analysis /
IntegraAon & DistribuAon
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Science ques.ons
Primary objective: obtain answers to the following science questions:

Q1: What are the primary causes for widespread SEP events observed 
in the heliosphere?

Q2: What are the shock acceleration mechanisms responsible for 
accelerating ions from thermal/suprathermal energies to near-
relativistic energies in the corona and in the interplanetary medium?

Q3: What is the role of shocks in electron acceleration in large gradual 
and widespread events? How does it relate to ion acceleration and 
what is its importance relative to flare acceleration?
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Q1: primary causes of widespread events

• Kollhoff et al (2021, A&A) and 
Kouloumvakos et al (2022, A&A):
– MulA-S/C analysis of the first 

widespread SEP event of SC 25
– Data supports the key role of the 

shock as the source of parAcles
– ParAcle fluxes in the most remote 

observer (Earth) due to diffusion
• Dresing et al (2023, A&A):

– MulA-S/C analysis of the second 
widespread event of SC 25

– Electron release Ames consistent 
with shock expansion to connected 
field line, protons delayed

– Consistent with mulAple sources as 
one cause of widespread events

à Mul$ple causes for widespread
events
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Q2: ion accelera-on mechanisms at shocks

• Mul%-S/C events of Nov 
2020 and Apr 2021 
support ion 
accelera%on at shocks 
through %ming analysis

• Papaioannou et al. 
(2022, A&AL) and 
Kouloumvakos et al. 
(2023, A&A submiDed): 
The first GLE of SC 25 
(29 Oct 2021)
– proton release at the 

Sun consistent with 
the diffusive shock 
acceleraAon of deca–
hecto-MeV protons
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Q2: ion accelera-on mechanisms at shocks

• Lario et al. (2022: ApJ);
Jebaraj et al. (2023, A&A, in 
press); Wijsen et al. (2023, 
ApJ, in press): The  Oct 9, 
2021, event
– Structured solar wind 

important for interplanetary 
shock accelera6on

– Par6cle injec6on at the shock 
propor6onal to the 
compression at the shock is 
able to fully explain the 
details of the 6me profiles

à Strong evidence for
diffusive shock acceleraAon
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Wijsen et al. (2023, ApJ, in press)
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Q2: ion accelera-on mechanisms at shocks
• Local vs. global structures 

have been assessed by
– TroDa et al. (2023, 

MNRAS): shocklets in an 
interplanetary shock

– TroDa et al. (2023: PRL, 
submiDed): imprints of 
fine-structured shock in 
upstream par%cle 
intensi%es

– Afanasiev et al. (2023: 
A&A, submiDed): role of 
self-generated waves and 
%me history

• Local structures seem to have a strong effect at suprathermal 
energies, but at higher energies, a more averaged shock structure 
dominates à to be confirmed with a larger sample
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Q3: role of shocks in electron 
accelera2on

• Dresing et al. (2022, ApJL)
§ MeV electrons in fast-CME-related events are 

shock accelerated
§ Flares probably contribute at lower energies

• Talebpour Sheshvan et al. (2023, A&A)
§ MeV electrons in interplanetary shocks in fast 

shocks observed by STEREO A
§ Not common phenomenon at 1 AU
§ Analysis of inner heliospheric measurements will 

be important
• Jebaraj et al. (2023, A&A, in press)

§ October 9, 2021, event shows that MeV electrons have a prolonged injecAon 
at the shock

§ Prompt component probably associated with the flare
• Solid evidence on the shock origin of MeV electrons at least in large gradual events
• ∼100-keV electrons have stronger (relaAve) flare contribuAon
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Technical objectives

T1: Produce and distribute catalogues of single- and 
mulE-S/C SEP events and in-situ shock events. 

T2: Provide an analysis plaSorm with the data and 
tools for advanced analysis along with visualizaEon 
of the modeled heliospheric state. 

T3: Produce and deliver high-level and mulE-
instrument datasets for energeEc parEcles and the 
necessary ancillary data.
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Server for catalogues and L3 data 
products
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Server at UAH 
opera@onal since early 
2022:
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First level-3 datasets coming soon

data.serpertine-h2020.eu



Tools for data analysis
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Python tools
Several tools being developed: SolarMACH, SEPPy, 
Tools hosted by UPS-IRAP

Jupyter Notebooks in GitHub and SERPENTINE Hub
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Access the Python tools through: serpen&ne-h2020.eu



Visit the SERPENTINE website
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h^ps://serpenAne-h2020.eu 

https://serpentine-h2020.eu/


Conclusions

• SERPENTINE project has delivered a number of 
science results and tools for the community

• Con>nues s>ll one year, adding analysis results 
and tools, and improving the exis>ng ones

• We are always open for collabora>on!
• We wish you all a very frui=ul symposium!

1727/06/23 SERPENTINE Scien3fic Symposium


