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Solar Orpiter

Mission overview:
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Miller et al., ASA Special {ssue, 2020




solar.orbiter,

e Launch: Feb 2020
e Nominal Mission Phase: Dec 2021-Dec 2026
e Orbit: 0.28-0.91 au (period: 150-180 days)

e Four close perihelia so far, latest one on
/ October 2023 @0.29 au

e Polar views: Venus GAMs will increase
inclination w.r.t. solar equator:
24° in Jan 2027 (start of extended mission),
33° in July 2029

\Vission Summary

Close approaches to the Sun

Feb 2021 - within 0.5 au
Oct 2022 - within 0.3 au

‘ Launch

l 9 February 2020 (EST)
L 10 February 2020 (GMT)
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Earth gravity X \\\ B ;2;29’
assist manoeuvre e

27 Nov 2021

First polar pass > 17° latitude
‘Mar 2025

'Venus gravity
'assist manoeuvre

527 Dec 2020
'09 Aug 2021
04 Sep 2022
'18 Feb 2025
‘24 Dec 2026
118 Mar 2028
'10 Jun 2029
103 Sep 2030

First polar pass > 24° |atitude
‘Jan 2027

First polar pass > 30° latitude
i \Apr 2028
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' “\Polar pass > 33° latitude
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wsolar.orbiter.
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Goal: Linking the Sun to the heliosphere

radio burst

[ —
S N

open magnetic field line
escaping electrons

frequency [MHZ]

radio type Il emission

in-situ observation of

35

UV and X-rays escaping ions & electron

Counts / bin
s cm

vy

0.0001 A Y P W rpmerycnay 510 keV

2130 2900

electron flux [

6-12 keV (thermal loops) 2 3 4 5
20-50 keV (HXR footpoints) Mass (AMU)

720 energetic He energetic electrons

X (arcsecs)
Solar Orbiter Assessment SW'éport (2009)
7%



Goal: Linking the Sun to the he\iosphere 4
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R g e of accelerated particles and
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Partlcles spiraling out on Sun's
magnetic field lines reach
Solar Orbiter
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solar limb in extreme ultraviolet and X-rays

ESA & NASA/Sclar Orbiter/EPD, EUIL, RFW & STIX Teams



COMBINING REMOTE OBSERVATIONS AND IN SITU MEASUREMENTS  JULY 2020 (éesa

Both sets of data are used to piece together a more complete picture of what is happening on the Sun
and in the solar wind, the flow of electrically charged particles that is continuously released by our star.

Extreme Ultraviolet Imager (EUI) Spectral Imaging of the Coronal Environment (SPICE)
/ . v / :_I | 1 1 ] ] 1 1 I 1 1 1 ] 1 1 [ 1 1
. Short Wavelencth Channel
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Yardley et al. (Apd 2023)
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The remote-sensing
instruments (such as EUI
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The in situ instruments
[such as SWA) measure the
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” electric and magnetic fields, §; ™
SWA and the particles near -

\ the spacecraft
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Figure 6. High-resolution data taken during RSW?2 of the Slow Wind SOOP on 2022 March |8 (panels a—¢) and 2022 March 19
#TheSunUp Close (panels £~h). The 'OVs of BUI/IIRI, PII/IINRT and STICL are showr in blue, green, and red on SUIL/FSI 174 A and SDO/AIA
193 A data, similar to Figure 5




/ooming into the Sun: J| observations near perihelion

2022-03-17703:27:31.061
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Earth to scale

2022-03-30T7T04:30:01.052



Coronal Holes

2023-04-18T06:47:52.843



“Coronal holes are the darkest and least active regions of the Sun,

as observed both on the solar disk and above the solar limb”

Cranmer, S. R. Coronal Holes. Living Rev. Sol. Phys. 6, 3 (2009)
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“The extended corona and solar wind connected with coronal holes
tends to exist in an ambient time-steady state,
at least in comparison with other regions.”
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Cranmer, S. R. & van Ballegooijen, A. A. ApJS, 156, 265 (2005)



Coronal hole structures observed with EUl — a closer ook

Courtesy P. Chitta & EUI Team




Cicoflare jets power th

e solar wind emerging from a coronal hole on the Sun

—Recen

Polar region of the Sun
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Solar wind

field
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«—— Open magnetic .-~

Cresults by Chitta et al. (Science 2023)
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Thin jets underlie the solar wind

- Reconnection

Plasma ejection

(Ugarte-Urra & Wang, Science, Sep 2023)
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leamwork In the helios

PSP-Sun-S0O angle=35.7"

ohere:

|joIN forces

Parker Solar

Probe and Solar Orbiter

O Mmeasure coronal heating rate

Metis pB on June 01, 2022 ot 22:40

PSP time series during PSP—-S0/Metis quadrature
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https://iopscience.iop.org/article/10.3847/2041-8213/ace112

Camera ‘hack’ tums Solar Orbiter's

~UV Imager INnto a coronagrapn

Auchere et al. (AKA 2023)
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https://doi.org/10.1051/0004-6361/202346039

al
. )
»

Tearnwork in the heliosphére

Solar Orbiter PHI

PHI HRT

DKIST VBI
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Parker Solar Probe - Solar Orbiter
-Co-observing campaign on 27 Sep 2023

— Earth
STEREO-A

BepiColombo @0.42 au

Parker Solar Probe @0.05 au
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\Vlore science nignlignts

Solar Orbiter Science Nuggets

» Short articles showcasing recent results
- Started in March 2023; 19 items published so far

Solar Orbiter A&A Special Issue #3 (2023)

 First science results of nominal mission phase



https://www.cosmos.esa.int/web/solar-orbiter/science-nuggets
https://www.aanda.org/component/toc/?task=topic&id=1717

Solar Orbiter: Here comes the Sun

Summary

- First four ‘hot’ perihelia successfully completed

 Exciting science results!
 Successful multi-mission coordination

A vibrant science community:

 Solar Orbiter’s topical science WGs:
Open to everyone

Open data policy:

 Instrument teams have 3 months for data
calibration & validation #

+ After submission to ESA, all data is publicly [ s
accessible from the Solar Orbiter Archive




