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Motivation

Third science objective of Solar Orbiter:

How do solar eruptions produce energetic 
particle radiation that fills the heliosphere?

To investigate the acceleration of solar energetic 
particles sampling events closer to the 

acceleration site
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Outline

ü MESSENGER mission: electron events measured 
close to the acceleration site (near 0.4 au)

ü Relations between solar energetic electron peak 
intensities and solar source parameters

ü Conclusions
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MESSENGER 
solar energetic electron observations

• Most of the rising, maximum, and early decay phase of solar cycle 24
• Heliocentric distance of MESSENGER: 0.31 to 0.47 au
• Solar energetic events observed as vertical spikes in this compressed timescale
• High background of MESSENGER/EPS instrument -> only strong events
• Anti-Sun pointing of MESSENGER-> lower limit of peak electron intensities

Credit: L. Rodríguez-García et al.  A&A 670, A51 (2023)
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In 61 solar energetic electron (SEE) 
events we find that:

• 57 events are CME related, 56 of 
them accompanied by a CME-
driven shock

• At least 44 events are widespread

• 37 events accompanied by 
relativistic electron 
enhancements

MESSENGER list

Credit: L. Rodríguez-García et al.  A&A 670, A51 (2023)
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Credit: https://secchirh.obspm.fr/

To relate in situ electron enhancements 
with solar activity

Example: Solar energetic electron event on 2011 June 4

MESSENGER/EPS
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Parker spiral/3D CME & CME-driven shock 
reconstruction

https://serpentine-h2020.eu/

Nominal connection angle (CA) using
400 km/s solar wind speed

3D CME/CME-driven shock
geometry and kinematics

Example: Solar energetic electron event on 2011 September 22 
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MESSENGER list 
completed with the

3D reconstruction of
CMEs and CME-driven 

shocks
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e- peak intensity versus flare location

• The sample is truncated (high background level of the MESSENGER/EPS 
instrument)

-65º 33º

background levelbackground level

-65º 33º

Asymmetry in the SEE events showing the largest intensities-> 
Centroid and sigma by Lario et al. 2013 are used for defining well-connected events-> 

-65º<CA< 33º
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Relations between e- peak intensity 
and solar source parameters

• Spearman, Pearson, and Kelly correlation methods used
• Corrected for the lower limit of peak intensity values measured by MESSENGER 

Similar correlations (within uncertainties) between the SEE peak intensities and 
the flare or shock parameters
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Relations between e- peak intensity 
and solar source parameters

The correlation of the peak electron intensity with the maximum speed of the
3D CME-driven shock at the apex is stronger and also more significant

than that with the CME speed at the apex

The 3D CME geometry plays a moderate role in the acceleration of particles 
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Conclusions

ü Both flare and shock-related processes may contribute to the
acceleration of near relativistic electrons in large SEE events,
in agreement with previous studies based on near 1 au data

ü The maximum speed of the CME-driven shock is a better
parameter to investigate particle-acceleration-related
mechanisms than the average CME speed, as suggested by
the stronger correlation with the SEE peak intensities

Contact: l.rodriguezgarcia@uah.es
Link to the article


