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In February 2020, an ESA/NASA space mission Solar Orbit-
er was launched from Cape Canaveral on a United Launch
Alliance Atlas V 411 rocket. This was the culmination of work
over 20 years to design a mission that can orbit close to
the Sun. The reason why this was one key goal is that the
solar wind that emanates from the Sun measured at Earth
has already had time to evolve. To understand the source(s)
of the solar wind it is necessary to get in close to measure
‘pristine’ solar wind. Not only do you need to measure the
solar wind close to the Sun with in-situ instruments, but you
also need to ‘see’ the Sun to determine the sources of the
wind. This requires remote sensing instruments that can op-
erate in this challenging environment. Different technologies
were required to achieve this orbit — this included a new
development of a heat shield to protect the instrument from
the intense heat (see Figure 1).

Figure 1: The Solar Orbiter spacecraft from the front view showing
the heat shield. The apertures for the remote sensing instruments
are shown with their doors. The solar panels also tilt to reduce the
heat load when close to the Sun.

The orbit of the mission takes the spacecraft to 0.28 au. To
achieve this orbit, a series of Earth and Venus fly-bys are
carried out. This not only allows the mission to get close to
the Sun, but the energy gained from the fly-by allows the
spacecraft to slowly move outside of the ecliptic plane. This
is another key aspect from the mission — providing the first
view of the polar regions. The poles have been observed
with the Ulysses mission but only with in-situ data and from
further away. This will be the first ever view of the poles.
The poles are of interest as they are not well observed from
the Earth view restricting our insight into the magnetic field
and activity there. This gap in knowledge makes it difficult to
constrain the models of the solar cycle accurately to allow
for consistent predictions.

The main overarching science goal of the mission is:
“How does the Sun create and control the heliosphere —
and why does solar activity change with time?”

The mission’s instruments were designed to measure the
solar wind plasma, fields, waves and energetic particles
as close as 0.28 au with the in-situ instruments. The Re-
mote-sensing instruments observe the entire Sun in visible
light, UV, X-rays, including its uncharted polar regions. There
is simultaneous high-resolution imaging and spectroscopy

which probe the characteristics of the solar plasma. Meas-
urements of vector magnetic field of solar photosphere are
made to characterise the magnetic field which is the driver
of all solar activity. This activity can then be tracked through
the heliosphere by imaging.

The mission is well underway and has orbits with perihelia
down to 0.28 au and aphelia close to 0.9 au. Three ‘sci-
ence’ perihelia have been successfully completed when all
the instruments are operational. The fourth perihelion will
take place on 7 October 2023 at 0.29 au. The in-situ instru-
ments are operating continuously, and the remote sensing
instruments operate for 3 ‘windows’ which are ten days long
around perihelia.

Figure 2: This is an image of the corona is made up of 25 high
resolution images in a mosaic to cover the whole solar disc. The
images were taken on 7 March 2022, when the spacecraft was
crossing directly between the Earth and Sun. This is the highest
resolution image of the Sun taken in the corona (https:/www.esa.
int/Science_Exploration/Space_Science/Solar_Orbiter/Zooming_

into_the_Sun_with_Solar_Orbiter).

The results from the first perihelion are published in a
special A&A edition (https://www.aanda.org/component/
toc/?task=topic&id=1717) in 2022. The results are wide
ranging and look towards big steps forward in heliophysics
in the next years. We can now observe the smallest features
in the solar corona ever seen (see Figure 2). These can
produce jets of plasma that can feed into the solar wind.
The solar wind measurements close in are indicating that
the size scales of these small brightenings and jets can feed
into the solar wind. The small-scale features can lead to the
large-scale structures that slow through our solar system.
The energy release mechanisms for these small brighten-
ings have been shown through models to come from ener-
gy dissipation in nonpotential coronal magnetic fields. The
Sun’s activity level is increasing and will likely reach a max-
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Solar. Orbiter traced an energetic particle;event on 21 March 2022
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Figure 3: Solar Orbiter's instrument tracked an energetic particle event from the Sun into the solar wind on 21 March 2022.

imum in the next 1-2 years. Many flares and coronal mass
ejections have been observed. One of the goals of the mis-
sion was to observe flares and track close to the Sun how
the particles, magnetic fields and plasma propagate into the
heliosphere (see Figure 3).

The mission will reach more than 15 degrees out of the
ecliptic in 2025. This will be the beginning of science fo-
cussed on the mysteries of the solar poles. It will reach more
than 30 degrees out of the ecliptic plane in 2029.

Solar Orbiter is operating at the same time as two other sig-
nificant new facilities — the NASA Parker Solar Probe (PSP)
mission and the Daniel K Inouye Solar Telescope (DKIST)
based in Maui. PSP will reach as close as 9 solar radii to the
Sun. It is the closest ever human made object to reach the

Sun. It is measuring different aspects of the solar wind but
has no imaging of the Sun itself. DKIST is the largest solar
telescope on Earth at 4 m providing the highest resolutions
of the Sun’s surface ever. Coordinating these facilities to-
gether is challenging but is multi-messenger science that,
using the different orbits, views and measurements of the
Sun, can answer a different set of science questions.

Solar Orbiter is a unique mission, operating with other new
facilities. Its data is already revealing novel results about the
solar wind and its origin. After the data is received from the
spacecraft the instrument teams have 3 months to check
and calibrate the data. It is then released to the public:
https.//soar.esac.esa.int/soar/. The team is always open for
collaborations.




