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Mission overview:

Mulller et al., ARA Speciat {ssue, 2020



Answering the Big Question™ by breaking it down

Eesa

#1: How and where do the solar wind plasma
and magnetic field originate?

Disentangling spatial structures and time
evolution requires viewing a given region
for more than an active region growth time
(~ 10 days)

— S0 we need to go closer to the Sun

AlA 171 - 2012/02/09 - 15:37:48Z

#2. How do solar transients drive heliospheric variability?

BRIGHT LOOP
(STREAMER/CORONAL
MATERIAL)

BRIGHT CORE
~ (FILAMENT, PROMINENCE)

DARK, LOW-DENSITY
CAVITY (MAGNETIC
FLUX ROPE)

#3: How do solar eruptions produce energetic particle
radiation that fills the heliosphere?

SOLAR FLARE
. /__

#4: How does the solar dynamo work and drive connections
between the Sun and the heliosphere?




Q
solar, orbite

- Launch: Feb 2020

- Nominal Mission Phase: Dec 2021-Dec 2026

+ Orbit: 0.28-1.00 au (period: 170-200 days)

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

- Next is 4 April 2024 at same distance

- Polar views: Venus GAMs will increase

Inclination vs. solar equator:
+ 249 in Jan 2027 (start of extended mission),
- 339 1n July 2029

\Vission Summary

‘ Launch

l 9 February 2020 (EST)
10 February 2020 (GMT)

Earth gravity
.assist manoeuvre

27 Nov 2021

Close approaches to the Sun

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

iFirst polar pass > 179 latitude
'‘Mar 2025

iFirst polar pass > 24° latitude
'Jan 2027

1 iFirst polar pass > 30° latitude
.+ 'Apr 2028
: - \Polar pass > 33° latitude
= N0 | July 2029

Venus gravity
'assist manoeuvre

27 Dec 2020
09 Aug 2021
04 Sep 2022

.18 Feb 2025 Achieves 179 inclination

24 Dec 2026
18 Mar 2028
10 Jun 2029
103 Sep 2030



Solar Orbiter’s 10-year Journey in 35 Seconds

6 Feb 2020

Feb 2020 — Launch
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Mission Timeline

Nominal Mission
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Goal: Linking the Sun to the heliosphere

radio burst

—_—

open magnetic field line

escaping electrons
radio type Il emission

g

N\

in-situ observation of

UV and X-rays escaping ions & electron

35

frequency [MHZ]

Counts / bin
s cm

vy

0.0001 A Y P W rpmerycnay 510 keV

2130 2900

electron flux [

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

720 energetic He energetic electrons

X (arcsecs)
Solar Orbiter Assessment SWport (2009)
7%




Goal: Linking the Sun to the heliosphere v

JOINING THE DOTS

S Jé,rzorbﬁgf traced an gnergetic particlee)
)m the.Sun through the solar wind. -
J'.‘".- l' g | % ;ﬁiﬁ*“ . rs‘ Y :

. AT

' i 4 | - 4
g ¢ ' a1 S
] 3 - ~f
p A
i e 0
i u . 1 %
£ v ~ i
+ " _l 5. - :® :
- i F » "
i e . R
4 . : ¢ “' " K, : o —_—
N ! 3 - ey e
\;"* {it - i‘; - el . 5 A A . F % ?
LTI T o LRy 1 o N
SN R b .
\ o g g

05:30 UT

EUI & STIX observes eruption rising over
solar limb in extreme ultraviolet and X-rays
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Eesa

! _ RPW detects radio signals
| of accelerated particles and

¢ Particles spiraling out on Sun’s
. f" ~ magnetic field lines reach
~ Solar Orbiter

EUI: Extreme

Ultraviolet Imager

EPD: Energetic Particle

Detector

RPW: Radio and
HENUERVEVES

STIX: X-ray

Spectrometer/Telescope

ESA & NASA/Solar Orbiter/EPD, EUI, RPW & STIX Teams
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COMBINING REMOTE OBSERVATIONS AND IN SITU MEASUREMENTS  JULY 2020 @esa

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)

The remote-sensing
instruments (such as EUI
and SPICE) observe

z

the Sun from afar
SPICE

SWA

SWA

#TheSunUp(lose

The in situ instruments
(such as SWA) measure the
electric and magnetic fields,

and the particles near
the spacecraft

Spectral Imaging of the Coronal Environment (SPICE)
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o« %_ Short Wavelength Channel _E
= E: :; Hydrogen
;,":,_,' - = Carbon
= /0 ]2 74 76 Nitrogen
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First paper on slow-wind connection science:
Yardley et al. (Apd 2023)
A“'_‘“FUL'FRI 174 A 2022-03-18 10:10:01 UT EUIFSI 174 A 2022-03-18 10:10:50 UT 1.m».F“"HRI 174 A 2022-03-19 10:36:01 UT
} M (a) 4 . ®
16007 200 :
l g "18007
50 \ ?H.I:::T aizozzmw nl-n- 1;:;.1_”
40
30
_‘E 'b%.%nt;; vui";g_; /e Vill 770 " Yy~ i o ﬁP.I?FuMg.:'llllf 777 N VI TTO
2 2022-03-18 07:28:34 UT 4 SR o . , 2022-03-19 07:54:43 UT
3 20
i
10 2200
0 \ S00* 1000*

Figure 6. High-resolution data taken during RSW2 of the Slow Wind SOOP on 2022 March 18 (panels a—¢) and 2022 March 19
(panels f-h). The FOVs of EUI/HRI, PHI/HRT and SPICE are shown in blue, green, and red on EUI/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



! <

x4

&%
/.

s

- Picoflare

|' Y

“

Earth to scale

2022-03-30T7T04:30:01.052



th EUl — a closer ook

Coronal hole structures observed w
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Polar region of the Sun

Ny

+—— Open magnetic
field a

Solar wind

-
- -
-
....
Ead
- -

—— Closed magnetic
field

Coronal hole

Topological :| Surface
skeleton —e| flows

+ -
Field
reconnection
Alfvén *

- Reconnection

Plasma ejection

Picoflare jets power the solar wind emerging from a coronal hole on the Sun

Recent results by Chitta et al. (Science 2023)

Thin jets underlie the solar wind
(Ugarte-Urra & Wang, Science, Sep 2023)

Science | s



N R D A e A

“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.”

m
A

Cranmer, S. R. & van Ballegooijen, A. A. ApJS, 156, 265 (2005)



Formation of magnetic switchbacks in the solar corona @esa

wsolar.orbiter.

e Parker Solar Probe observations have revived the
interest In magnetic switchbacks, first seen Iin
Helios data from 1970s

During the March 2022 perihelion passage, Metis
imaged a magnetic switchback for the first time in

the solar corona (Telloni et al. 2022, ApJL)

* Do switchbacks have a solar origin, or do they
form locally in the solar wind?

&
%/.

Credits: NASA GSFC/Conceptual Image Lab/Adriana M. Gutierrez
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Camera ‘hack’ tums Solar Orbiter's

~UV Imager INnto a coronagrapn
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In Occulter Mode

FoV <7 Ro

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

amera ‘hack’ tums Solar Orbiter’s
V. Imager INnto a-coronagrapn
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Auchere et al. (ASA 2023)



https://doi.org/10.1051/0004-6361/202346039

D. Telloni

leamwork In the helios

PSP-Sun-SO 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 UT

PSP time series during PSP—S0/Metis quadrature

-10 -3 0 9 10
Time [min with respect to June 01, 2022 ot 22:40 UT]


https://iopscience.iop.org/article/10.3847/2041-8213/ace112

Teamwork in the heliosphére

Solar Orbiter PHI

PHI HRT

DKIST VBI

=S8

SDO SN
\DKIST VBL’ ,

-

1"'
—
\

SOHO

2022-08-30T00:06:08.453



Parker Solar Probe - Solar Orbiter
- Co-observing campaign on 27 sep 2023

— Earth
STEREO-A

- BepiColombo @0.42 au













\Vlore science nignlignts

Solar Orbiter Science Nuggets

- Short articles showcasing recent results
» Started in March 2023; 22 items publlshed so far E]?z-g-f*‘:

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 xR
+ After submission to ESA, all data is publicly fE3viF s
accessible from the Solar Orbiter Archive W
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Go Solar Orbiter
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www.esa.'int/sdl'arorbiter
www.cosmos.esa.int/web/solar-orbiter,
@ESASolarOrbiter '

' 'https://Qithub.com/SoIarOrbiterWorkshop/soloS_tutoriaIs




Coordination: Support from Solar Orbiter

Most importantly: Talk to us early. We have a long lead time on planning

We may need to allocate the telemetry for your campaign up to 18 months in

advance.
SOOPs run

Targets:

[=]

If your campaign requires complex pointings, it may need to be run in a
remote sensing window. Rought dates are chosen by the Science Working

Team up to 18 months in advance.

[=]

3

Archive access

For simple geometric pointings (e.g. point to the pole) outside of remote Solar O bt
sensing windows we need to fix the pointing up to 7 months in advance. olar Lrbier

documentation
Detailed science planning is done up to 6 months in advance.

If you want to track a specific target remember the latest we can change our
pointing is 3 days in advance.

Orbiter?

= mm DN b BN S5 ZE KX IS SN mm dmm 4] THEEUROPEAN SPACE AGENCY

(i

==l 4 ]i



