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Outline

@ Overview

@ SEPPEL as a Visual Tool for Solar Energetic Particle Events
© REBECCA to Automate the Cosmic-Ray Matrix Analysis

@ Case Study: The Strongest SEP Event of Solar Cycle 25

© Conclusions
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Motivation

Activity overview

@ Monitoring galactic cosmic-ray variations and solar energetic particle
events

@ Necessity of correlating data from multiple instruments

1= Solar Orbiter multi-instrument observations of X-ray, electron and pro-

ton fluxes of solar origin

o Study of the correlation of the overall particle flux outside and inside
the spacecraft

@ Development of dedicated tools for efficient data analysis and handling

v
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Solar Energetic Particle Event Analysis
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Public data up to ~ 100 MeV available on SOAR
(https://soar.esac.esa.int/)
Higher-energy data kindly provided by the EPD/HET Collaboration to
study the particle impact both inside and outside the spacecraft
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SEPPEL

o Flexible and customisable via user-defined files

o Complete workflow

@ Data download from SOAR
@ CDF pre-processing

© Time series visualisation

@ Plot customisation

© Local saving

@ Implemented in Python
e Standard modules + kivy

1z Available upon request

1z Release on GitHub after proper cross-platform validation
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REBECCA

REBECCA

Search and open. Find a fits file and open it Zoom in

Confirm. Noisy rows and columns are removed, the percentage of fired
pixels is calculated and shown

Add. The cosmic-ray matrix is added to the table, if not already present

Go to the center of the matrix or move

Remove. Select a row from the table, then use this button to delete the ) )
towards the direction of the arrow

corresponding matrix from the table

Reset. Remove all cosmic-ray matrices from the table @ @

Statistics. Calculate the average values and the standard deviation for the matrices in the table

Info. Select a row from the table, then use this button to get the metadata of the corresponding matrix

©)
®
@
®
@
8
@

Quick guide. Open this help window

Drag mode. Left click + drag to navigate the matrix. Right click on a pixel to set the center of the matrix

Select mode. Left click + drag to select a submatrix. Right click to navigate the matrix
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REBECCA

o Lightweight computation

X Matrix files to be manually supplied after human quality check
@ Automated count based on lessons learned with previous viewers
@ Topology identification based on colours

e Complete and fast analysis over multiple matrices (few seconds)
o Prior visual analysis only possible on small sub-matrices (many hours)

@ Implemented in Python
o Standard modules + CustomTkinter

1= Available upon request
1= Release on GitHub after proper cross-platform validation
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The SEP Event Dated August 21-24, 2025

Conclusions
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Only Metis followed the whole event dynamics
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Conclusions & Next Steps

Current achievements

@ Visual tool for galactic and solar particles — SEPPEL

@ Automated analysis of cosmic-ray matrices — REBECCA

e Current results suggest a solar modulation parameter for August 2025
similar to that of February 2024

@ Metis allowed a unique study of the strongest SEP event of Solar Cycle
25

@ Release SEPPEL + REBECCA

@ Reconstruct the August 2025 event by simulating varying proton fluxes
to obtain results aligned with the matrix tracks and the observed decay
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