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Background

• Solar Energetic Particles (SEPs) are ions (mostly protons) and 
electrons  accelerated to a good fraction of the speed of light. 
They can present hazards to spacecraft and astronauts.

• Following a solar eruptive event, SEPs may be detected in 
interplanetary space. Locations magnetically well connected 
with the particle source have highest likelihood of measuring 
an SEP event.

• Away from this ‘ideal’ connection, what is the likelihood of 
SEP event occurrence?

• The unique trajectory of STEREO and the ability to image the 
far side of the Sun, allow exploration of the whole 360°
around the Sun to answer this question.
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Above: Geometry of CME event and 6 observers 

at 1 AU in interplanetary space. The arrow 
indicates the longitude of the active region source 
of the event. Grey lines indicate regions filled with 

particles [adapted from Hutchinson et al. 2023].
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Analysis

• We used a dataset of 239 front-side and far-side 
Coronal Mass Ejection (CME) events during 2006-
2017 (Kihara et al. 2020), where the far-side source 
active region (AR) of CMEs was determined from 
STEREO EUVI data. CMEs had plane of the sky speed    
> 900 km/s and width > 60°. SEP detections were 
from STEREO LET and HET and GOES.

• CME events with/without SEPs were plotted versus 

 = AR –  footpoint where  AR is the longitude of the 

source AR and  footpoint that of the solar footpoint of 
the magnetic field line through the spacecraft.

•  
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Above: Histogram in  of CME–observer pairs 

without and with associated detection of >10 MeV 
proton SEP events at 1 AU [Dalla et al. 2025].



Findings

• The spatial distribution of SEP event occurrences 
is asymmetric with respect to the best magnetic 

connection ( =0)

• Outside the well connected longitude range, 
events with source AR to the East of the observer 

footpoint ( < 0) are 93% more likely than those 

with source region to the West ( > 0) 

• Independent electron SEP data from MESSENGER 
confirm these findings

4

Above: Distribution in  of CME-observer pairs that 

resulted in SEPs being observed. The dashed line shows 

the Gaussian fit to the  < 0 portion of the histogram, 

mirrored to  > 0 [Dalla et al. 2025].



Impacts

• The asymmetry may be related to corotation of 
magnetic flux tubes with the Sun, or it may result 
from asymmetric acceleration or propagation 
effects.

• Understanding the asymmetry in SEP event 
detection will help to predict SEP events. This is 
important for Space Weather since SEPs are a 
radiation risk to humans and satellites. 

• Our study indicates that a source region to the 
East of the observer footpoint is more likely to 
give rise to SEPs and therefore radiation risk. This 
finding needs to be incorporated in forecasting 
tools.
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Above: Visualisation of the giant cloud of solar particles 

generated by a solar eruption and the CME associated 
with the event. SEPs are a radiation risk in space. 
Credits: NASA SVS
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