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Radiation Transport mhﬂthe Hellosphere

Electrically charged
lons and electrons

L _ lpdl
- q B

Interplanetary magnetic
field controls propagation

Fora 1 MeV proton at 1 AU
r_is nearly 30,000 km
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Radiation Transport |n the Hellosphere

* The solar wind pulls the magnetic into
the heliosphere.

Solar rotation leads to the formation of
a spiral structure of the interplanetary

magnetic field (IMF).
* We call this Parker spiral
_____ /\_ « So we expect to see energetic particles

u =800 km/s  — on field lines which are magnetically
connected to their acceleration site.
/

u =400 km/s
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'__(C) How does the Sun fill the heliosphere with energetic

particles?

'_(d) Note how the decay phases are all very similar.

2.2-3.6 MeV T

This indicates that a large 'reservoir' of energetic particles

1@ that fills the heliosphere is being depleted at the same rate

everywhere.

® How is it filled?

Why does it empty in lockstep?
Measurements close to Sun!
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How do solar eruptions produce energetlc partlcle radlatlon “

that fills the heliosphere?

N
< ESA/SRE(2011)14

Solar Orbiter

Exploring the Sun-heliosphere
connection

Definition Study Report

1) How and where are energetic
particles accelerated at the Sun?

2) How are energetic particles
released from their sources and
distributed in space and time?

3) What are the seed populations for
energetic particles?
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To be an energetic partlcle you need to be:

Wind / STEP & SWE 2004 days 60-160
o

,,,,,,,,,,,,,,,,,,,,, From the Solar Orbiter Red Book:

' }wﬂﬂkf\« 3) What are the seed populations for energetic
\\ | particles?

1) How and where are energetic particles accelerated
at the Sun?

2) How are energetic particles released from their

> ) > sources and distributed in space and time?
a) b) €)
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To be an energetic part'lcle you need to be:

Wind / STEP & SWE 2004 days 60-160
o

T From the Solar Orbiter Red Book:

>AVNMAJ\N 3) What are the seed populations for energetic
\\ | particles? Origin not understood

1) How and where are energetic particles accelerated
at the Sun? Role of turbulence increasingly recognized

. g - 2) How are energetic particles released from their
> ) > sources and distributed in space and time?

Perpendicular diffusion not understood
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The Energetic Particle Detector (EPD)
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SolO EPD long-term spectrum (2020-05-12 - 2020-07-21)
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STEP measures electrons and |ons

Superposition of 5 keV proton FOVs (magnet and interal channels, side view)
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... but neither can discriminate low-energy ion species!
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e

contribution of a-particles to dJ/dE
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... but SIS can!
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As can HET
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Data Products (very rough summary, see instr. paper)

STEP EPT (x2) HET (x2)

Housekeeping Voltages, currents, temperatures @ various cadences
(some ,daily*)

Low-latency Sum pxiIs @ 24 bins 8/16 bins @ 30 s (e-/p) Less E/t-resolution

(,daily*) Sumpxls@ 1s 1/2 bins @ 5 s (e-/p) than nominal DPs
Nominal 16 pxls @ 8 bins 34/64 bins @ 60/5 s 1-300s

(< 180 days) Various other DP 17/12 bins @ 1 s Many, many DPs
Burst 16 pxls @ 16 bins 34/64 binsat1s 1/6/4 bins @to1ls
(uptolscad.) Sum pxls @ 48 bins pene He @ 5s 3/62/5/11 b @ 1/5s
PHA 16 1-kB buffers 3 1-kB buffers 13 1-kB buffers

(in nominal DP)
Link to instrument paper: https://doi.org/10.1051/0004-6361/201935287


https://doi.org/10.1051/0004-6361/201935287
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March ion velocity¥dispersio events wh STEP

Integral channel ("electrons and ions")
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Also seen with
EPT at low
energies.

My —
N i
What does -
tor, Helios—1 1975-1981: % of total time / sr

anisotropy tell us? ===
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July 11, 2020 event - first electron event!
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STEP data for July events multlple electron |nject|ons

Velocity dispersion

Integral channel ("electrons and ions™)
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EPD energy coverage — Jul19 2020 event

SolO EPD long-term spectrum (2020-05-12 - 2020-07-21) SolO EPD event spectrum (2020-06-18 12:00 - 2020-06-19 20:00)
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EPD energy coverage — July 19, 2020 event

SolO EPD long-t SolO EPD event spectrum (2020-06-18 12:00 - 2020-06-19 20:00) 2020-06-19 20:00)
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First data from SIS: CIRs andSEP events

Solar Orbiter position 11-Feb through 1-Oct 2020
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HET & SIS
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Extraterrestrial Physics

Summary & Conclusmns

* EPD working very well

* Sun very quiet, very low background activity

* Isolated events:
« STEP sees lots of low-energy ,activity”, difficult to interpret
* Individual ion injections with velocity dispersion
* |solated electron injections
* Only few particle events see so far
* Forbush decrease to track CME propagation from 0.8 to 1 AU
* ACR nicely seen

* 4 publications in preparation

* More to come as the Sun picks up in activity
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