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Energetic particle populations in space
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Energetic particle populations in space
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Solar Energetic Particle (SEP) events

The origin of SEP events

> Since the 90s: Impulsive Gradual
Distinction of 2 classes of events:

-Impulsive (small, frequent, presumably flare
related)

- Gradual (large, rare, presumably fast CME related)

- The separation scheme is not that clear (mixed
contributions, hybrid events)

Impulsive Gradual

Flare-related CME-driven Shock
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Forecasting SEP events

> The occurrence rate of SEP events is related to the solar cycle, however
short-term forecasting is difficult:

* “Strong flares and fast CMEs give ground to SEP events” but what does
strong and fast really means ?

* Prediction of the ICME/shock transit time to 1 AU and the importance of
the possible Energetic Storm Particles (ESPs) spike is also complicated

> However, correlations & dependencies between SEP occurrence rates,
intensities and SF or CME properties have been found

B) [(—>10MeV __ ——>100 MeV__ M GLE | ot 2MeV 20 MeV
CME=s ossoccioted with SEP events
20 3 @ Wind - LASCO . "
I T 107 F A Helios - SOLWIND s @ F st
§] —|-v436 . —j-vass
@ g 60 o2 L oste * . 1 re7is
£ 15 ) a 4
$ > 5 1. :
- - Y— E E E 3 A
3 10 R o 40 & . o[
PO r e b r ) ot ¥
2 [ T o g (0 A ®
E . . . £ 20 2 w'b a 3
- I I I | “ : | '
= 4+ » .
omnlll I I ilillllll 0 .
o 1000 2000 -90 -45 0 45 90 135 w
CME speed [km 5] heliolongitude, ° w0t

i
100 200 400 600 1000 2000100 200 400 600 1000 2000
CME spaed (kmis)

= Data Driven Methods

16" European Space Weather Week (

Session 11 Liege
Spacecraft Operations 21.11.2019



Forecasting SEP events

Data-driven methods
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Forecasting SEP events

Data-driven methods
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Forecasting SEP events

Data-driven methods
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Forecasting SEP events

Data-driven methods
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Forecasting SEP events

> In order to improve the forecasting quality, we need to better understand
the physical processes that govern the particle acceleration, injection |
and propagation. In particular, we need to understand:

— Acceleration and injection processes near the Sun
— SEP interplanetary transport (diffusive models)
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Focused Transport
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Focused Transport
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SOLPENCO2

Q vs. shock properties
+

Shock model
+

Focused transport model
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SOLPENCO2

June 6, 2000 SEP event
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Beyond the Archimedean spiral IMF
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MHD + transport modeling
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> MHD background (EUHFORIA code) + 3D Particle Transport Modeling applied
toa CIR |

Wijsen et al., Astron. Astrophys., 2019
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A novel hybrid tool

Coupling Data-driven + Physics based models
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Conclusions

> Qutside the protective barrier of the magnetosphere the most important
contribution to radiation risk comes from gradual SEP events

> Forecasting models and tools progressively become more reliable. With the

coupling of Data-driven and Physics based models being already achieved.

— Better understanding of the physical processes is needed (acceleration,

propagation, transport) for better forecasting quality.

=> Such understanding will be (hopefully) achieved by new missions during the
upcoming years: Solar Orbiter, Parker Solar Probe, BepiColombo ...

Thank You for Your attention
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