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• Launched on 10 February 2020

• Implemented jointly with NASA

• One of ESA’s Solar System Explorer fleet

• Goal: To Explore the Sun–Heliosphere Connection

Solar Orbiter



Solar Orbiter’s motivation: Exploring the Sun & Heliosphere

Mission overview:
Müller et al., A&A Special Issue, 2020
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The big questions for Solar Orbiter

Mission overview:
Müller et al., A&A Special Issue, 2020

How does the Sun create and 
control the heliosphere?

And why does solar 
activity change with time?

Activity 
minimum

Activity 
maximum

We see it much dimmer 
at activity minimum 

(no sunspots)…

…and much brighter at 
activity maximum 
(many sunspots).

We can see the corona 
of the sun in great 

detail in ultraviolet (UV) 
light.

It is over 1 million 
degrees celsius in 

temperature!



Zooming into the Sun: First close perihelion, March 2022

Movies from Solar Orbiter’s Extreme Ultraviolet Imager, taken in 2 specific 
wavelengths (colours) of UV light.

Notice all the loops, especially in the left image. These are caused by 
superheated gas being stuck to the Sun’s magnetic field! 



The origin of solar activity: its twisted magnetic field

Animation: NASA/Goddard Space Flight Center Scientific Visualization Studio

Where do these magnetic loops come 
from?

The Sun’s magnetic field gets twisted 
up inside it. The equator makes a full 
revolution in less time than the parts 
nearer the poles. 

Twisted magnetic fields are strong, 
and buoyant, and burst through the 
surface as sunspots (in visible light) 
and magnetic loops (in UV).

Circular flow patterns inside the Sun 
drag magnetic field to the poles.



We know the Sun’s activity is all caused 
and shaped by its magnetic field.

We think it comes from this depth inside 
the Sun, but we need more data to 
understand how it’s created.

Even worse, we have incomplete 
measurements of the magnetic field 
because we’ve never directly seen the 
solar poles!

It isn’t easy to sense what’s happening 
inside the Sun because we only see the 
light from far above, at the surface.

So we use a trick learned from 
earthquake science and from mining and 
oil exploration: seismology!

The origin of solar activity is still hidden from our view

Animation: NASA/Goddard Space Flight Center Scientific Visualization Studio



Seismology: probing the depths of the Sun
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Sound waves follow a curved path 
inside the Sun

When they bounce at the surface, 
they cause it to move up and down

1

2

From Earth, we can sense and 
match the patterns of these 

motions at the surface at (1) 
and (2), you can probe depths 

down to the dashed line. 

Combining the 
measurements (1)  from 
Earth with those of the PHI 
telescope on Solar Orbiter 
when it’s at an inclined 
orbit (3), we can probe the 
gas flows deep inside the 
Sun that should be 
generating the all-
important magnetic field!

With the inclined orbit of Solar Orbiter, we can 
map the solar poles for the first time!



Solar Orbiter is a mission into the Solar Wind

To achieve its missions, Solar Orbiter has to…

• fly into the Solar Wind, getting much closer 
to the Sun 

• Measure the solar wind around the 
spacecraft

• observe the parts of the Sun most likely to 
affect the space around it

• Look at the Sun to see where the effects in 
the solar wind might come from on the Sun

To be able to get close to the Sun, the spacecraft 
uses an elliptical orbit.

To see the north and south pole of the Sun, it has to 
tilt its orbit away from the Earth’s orbit, using 
gravitational slingshots past Venus



Mission Summary



Made with 3DView







Telescope Fields of View

SPICE
EUI/High-Resolution Imager

PHI/High-Resolution Telescope



How Solar Orbiter’s perspective changes



16

All the instruments on board

All images show real data from the first year of the mission
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First-Light Press Event



The previous best image 
of the full Sun in Lyman-β

From OSO-8

Courtesy: Philippe Lemaire
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Courtesy Gabriel Pelouze / 
SPICE Consortium / ESA / NASA

Making maps of the chemical balances on the Sun

Best map of the full 
Sun in Lyman-β 

since 1970s

These are images of the whole 
sun, made as a mosaic, in light 
emitted by different chemical 

elements.

The balance of their brightness 
at any location can tell us 

relatively how much there is of 
each element.

This lets us chemically 
fingerprint each possible source 

of the solar wind so we can 
check against the balance of 

elements that we measure later 
when the solar wind arrives at 

our spacecraft
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Chemical fingerprinting the sources of solar wind

Separate solar wind flows from different sources.
We can use the Doppler effect in UV light to see the 

outflowing material on the Sun, and UV spectra can give us 
the concentrations of different chemical elements.

Enhancement of easily-ionised elements usually means the 
plasma has been trapped for a while in the corona, and the 

wind will more likely be slow.

Then we compare that combined wind-speed and 
chemical fingerprint with the concentrations of chemicals 

and solar wind speed at Solar Orbiter.
This is a big part of trying to make the connection between 

sources on the Sun and effects in the solar wind.

Small patch of 
Sun in UV light
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Measuring the magnetic field around Solar Orbiter

We’ve successfully traced 
the magnetic field of several 

spacecraft back to their 
origin on the Sun

(Davies et al., Laker et al.)
We’ve also been able to measure 

the magnetic field around Venus, as 
we passed by on a slingshot

(Volwerk et al.)

Data from Solar Orbiter’s MAG instrument



Bursts of energetic particles detected throughout the solar wind
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10 000 km

50 000 km
EUI HRI 17.4nm (Fe X ~0.6–1MK) sequence over 4 minutes on 30 May 2020 / ESA, Solar Orbiter, EUI team
Composite: M. McCaughrean, ESA

Solar “Campfires”





Zooming into the Sun: High-resolution EUI observations near 
perihelion

Solar Orbiter EUI at 0.37 au from the Sun

1 EUI-High Resolution Imager pixel at 0.37 au covers 130 km
Distance from Madrid to Valencia = 350 km





2 March 2022

Multi-instrument flare observations



Giant prominence eruption, 15 February 2022 Solar Orbiter EUI / ESA, NASA

Prominences are large 
ropes of plasma that float 
above the solar surface

When they erupt like this, 
they are usually the heart of 
a coronal mass ejection that 
can cause disruption far out 

into the Solar System, 
including at Earth.



Sun’s south pole

Fast solar wind escaping 
from these dark “holes” in 

the corona



C/2021 A1 (Leonard) from Namibia on Christmas Day 2021 Michael Jäger & Lukas Demetz

Solar Orbiter SoloHI, 17–19 Dec

STEREO-A HI, 10–23 December

Solar Orbiter METIS visible, 15–16 Dec

Solar Orbiter METIS UV, 15–16 DecParker Solar Probe WISPR, 7 Dec

SOHO SWAN, 14 Nov 2021 – 11 Jan 2022

Catching a comet by the tail (Comet Leonard)
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17 December 2021 – during comet tail passage

Solar Orbiter detected (ionised) 
water from Comet Leonard as it 

passed through its tail, completely 
by chance!

Comet Leonard: Michael Jäger & Lukas Demetz

Wimmer-Scheingruber et al.



Formation of magnetic switchbacks in the solar corona

• Parker Solar Probe observations have revived the interest
in magnetic "switchbacks”

• These are kinks in the magnetic field that might cause
dangerous particle radiation bursts in space

• Do switchbacks begin at the Sun, or do they form in the
solar wind itself??

Credits: NASA GSFC/Conceptual Image Lab/Adriana M. Gutierrez

• During the March 2022 close approach to the
Sun, Metis imaged for the first time a magnetic
switchback in the solar corona (Telloni et al.
2022, ApJL)



• Open data policy for science data: 
Upon receipt of data, each instrument 
team has 3 months for data calibration & 
validation

• Because of the distance to the spacecraft, 
it can sometimes take ≤6 months for data 
to come down

• After submission to ESA, all data is 
publicly accessible from the SOAR (Solar 
Orbiter ARchive)

Our data are open!

http://soar.esac.esa.int/


Solar Orbiter: where are we now?

Cruise Phase:
in-situ 

observations;
remote sensing 

preparation

5-year Nominal Mission Phase started just 11 months ago
• Our first orbit with perihelia down to 0.28 au and aphelia beyond 1 AU

• First close perihelion on 26 March 2022 @ 0.32 au
• Second was on 12th October @ 0.29 au
• Last Venus fly-by was in September of this year
• Next fly-by is in Fenruary 2025 Interactive 

“Where is Solar Orbiter?” GUI



Outlook

Solar Orbiter is …orbiting the Sun!

• Next Venus fly-by is in February  2025

• We will start to get a good view of the solar poles 

after that.

• Until then, we continue to gather data constantly on 

the connection between the Sun and the Solar Wind

• We have open data!

• We have open software in Python (SunPy)

• We have tools for you to explore Solar Orbiter and other 

data easily (JHelioViewer)

• You can find out where Solar Orbiter is at any time by 

going to the QR link opposite

• You can make your own orbit movies with the Java 

application at 3dview.irap.omp.eu

• And there’s a coming VR project…! 



ESA, NASASolar Orbiter first Venus gravity-assist manoeuvre at 7500km at 12:39UTC on 27 December 2020

Enjoy a decade 
with Solar Orbiter


