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What are Solar Energetic Particles?

* High-energy (keV — MeV) particles
* More energetic than solar wind
* |ess energetic than ACRs/GCRs

* Predominantly protons + electrons

* Mainly generated by two processes:

 Solar flares: “Impulsive”
e CME shock fronts: “Gradual’
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What generates SEPs?

Impulsive events

* Flare-accelerated particles generated near

the Sun (far from Earth)
* Magnetic connection to source region

 Dispersive velocities in SEP ions
* Highest-energy ions arrive first
* Lowest-energy ions arrive last

* Sudden onset in SEP electrons

* Small intensities, short periods (hours-long)
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What generates SEPs? 10%47 ons -
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* Particles energized and accelerated along the
magnetic field
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* Generated anywhere in space, along the CME

shock front
Accelerated SEP;

* Locally generated: “Energetic Storm Particles” \ .
shock front = 7« "

* Large intensities, extended periods (days-long)
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Why study SEPs at the Moon?

* Surface processing and weathering
e Stimulate organic synthesis in polar volatiles
* Deposit energy into the lunar surface
* Charge the lunar surface to potentials of -4.5 keV

* Radiation hazard to astronauts
 During EVA/spacewalks on the surface
* Living on a base
* Orbiting in Lunar Gateway




Why study SEPs at the Moon?
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Lunar orbit through the magnetosphere
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~75% of lunar orbit: solar wind

* SEPs above ~100 keV have nearly
uniform access to the lunar surface

~25% of lunar orbit: magnetotail

* Models suggest the magnetosphere

shields SEPs < GeV (e.g., Winglee &
Harnett 2007, Jordan+ 2022)

e But observations from LRO/CRaTER
show signatures of ~10 MeV SEP ions
(e.g., Case+ 2010)

Imperative to constrain SEP access
to the Moon with upcoming lunar
missions (Gateway, Artemis)



Can the magnetosphere block SEP access to the Moon?

e Constrain SEP access to the
terrestrial magnetotail

* Focus on two spacecraft missions
* Wind

e Upstream at Earth-Sun L1 point since
2004

* Provides baseline information for the
“ambient” SEP fluxes

e THEMIS-ARTEMIS
e Orbiting the Moon since 2011

e Dual-probed mission with identical
instrument suites

E. Masongsong/UCLA EPSS



Solid State Telescopes: SEP detectors

Wind and ARTEMIS equipped with Solid State Telescopes

 Two-sided instrument:

e Foil side =2 electrons > 25 keV
e Open side =2 ions > 25 keV

 Common heritage between
Wind and ARTEMIS SSTs

* This presentation focuses
on SEP ions (open side)

rrzEEEEEEEEERNESSsSSasg S
EEEEEREREY PYREEEEN ————
IREEEEN Jre=m=== wwmma

zz==< == N
Y oNEmmEN v eu) A
b

L opEEmE LB

m-w
4 s
uwok
\ |
l 85
=)

Solid State Telescope
Mswe

0.25T Sm-Co
e E<25 keV Magnet
it E<350 keV
\@’ e E<350 keV
e 25<E<350 keV ﬁ I"E<25 keV
e 350<E<600 keV > < \ it 25<ES6,000 keV
< i+ 6,000<E<10,000 keV
Foil Side
4,150 A

Al/Polyamide
Foil F T O
Si Detectors



Two SEP events

23 — 24 June 2013
* [ICME-driven, multi-day long event

* Observed by multiple spacecraft

throughout the solar system
(MESSENGER, STEREOs, GOES)

* Moon in the tail, Wind upstream
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23 — 24 June 2013 SEP event
Wind (200 R; upstream)
100 keV — 10 MeV ions enhanced

* “Gradual” SEP event: ICME-
generated energetic storm particles
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P1 & P2 (within magnetotail)

* Plasma sheet crossings visible
(bursts down to 10 eV)

e Overlain with 100 keV — >1 MeV
ion enhancement

e SEPs detected within N&S lobes
and the plasma sheet
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Wind and ARTEMIS comparison
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* Wind & ARTEMIS detected
\ | __ nearly identical spectral
0ev 10°eV signature

" Peak SEP fluxes | |  [emWind

Plasma sheet Wind | 1 Mev timeseries

Differential Energy
Flux, 2h average
(eVem?stsrieV?)

—
N
T T T T T

~
&

N~

—

800 enhancements (2h Shlft)

—P1 ] * Wind timeseries shifted ~2h
600 o compared to ARTEMIS

\Nef V«V\

N

o

o
[

1 MeV Differential Energy Flux
(eVem?stsrieV?)

T m\m * |[CME distance traveled ~900 R;

= 1 MeV SEPs entered the tail
~640 Rg downstream

200 Subsidence

\\N\W\ * ICME velocity ~800 km/s

16:00 20:00 00:00 04:00 08:00 12:00
(b) 23 June 2013 24

Liuzzo+, submitted



Where do SEPs gain access to the tail?

- * OpenGGCM MHD model
at CCMC

e SEPs enter the tail via
L magnetopause crossing

e 25 & 50 keV SEPs enter
near x = -300 R¢
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Two SEP events

05 September 2017

* Flare-driven, day-long event

* Moon in the tail, Wind upstream
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05 September 2017 SEP event
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* “Impulsive” SEP event: flare-
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Wind and ARTEMIS comparison
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Where do SEPs gain access to the tail?
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Conclusions

* Focused on two SEP events: one ICME-generated, one flare-generated

* Wind SEP observations far upstream are nearly identical to ARTEMIS

within the terrestrial magnetotail

e SEPs have nearly unrestricted access the magnetotail

* SEPs enter the tail along field
lines open on one end to the

solar wind

* Implies the magnetotail may
provide only /imited shielding

during future exploration of

the lunar surface
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