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Abstract

Solar Orbiter is a space mission with two important unique characteristics: it approaches
the Sun with an elliptic orbit, up to a perihelion of 0.28 au, never reached before by solar
missions carrying remote-sensing instrumentation, and it will observe the Sun and its atmo-
sphere exiting the ecliptic plane (in 2025, up to about 30° of heliolatitude). It is included in
the Cosmic Vision 2015-2025 program of ESA and it is in collaboration with NASA. The
launch of the spacecraft happened successfully on 10 February 2020.

One of the scientific goals of the mission is the study of the solar corona, which rep-
resents the outermost layer of the solar atmosphere and which extends to the edges of our
planetary system (the heliosphere) in the form of solar wind. The heliosphere provides a
unique context for the observation of fundamental physical phenomena common to various
disciplines such as solar physics, astrophysics, and plasma physics.

The observations of Solar Orbiter are the key for linking the structures of the solar wind
to the regions where they originate on the Sun and to achieve one of the scientific objectives
of the mission, understanding the mechanism of creation and control of the heliosphere by
the Sun, as the results from the Nominal Mission Phase have already shown. This and the
other scientific objectives, together with a description of the mission, are the subject of the
first chapter of this work.

To achieve its scientific objectives, Solar Orbiter is equipped with 10 instruments, four
for in-situ measurements and six for remote-sensing: the second category includes Metis,
the coronagraph aboard, which for the first time provides simultaneous maps of the ex-
tended solar corona in the two main components of the plasma, hydrogen and electrons.

In fact, Metis is equipped with two observation channels, one for measurements of total



and polarized visible light (VL, pass band: 580-640 nm) and the other, the UV channel,
in the narrow band at 121.6 = 10 nm around the H I Ly-a line. In the second chapter, I
describe the scientific goals of Metis, its observation channels, and other features of the
coronagraph.

My main activity within the Metis team is the development of diagnostic tools useful to
perform the radiometric calibration of the two channels and the analysis of acquired data.
Thus, the third chapter is dedicated to the radiometric calibration of the VL channel I per-
formed by using star observations, which is fundamental not only for producing calibrated
data but also for understanding the performance of the channel. In fact, the radiometric cal-
ibration is necessary to obtain the absolute brightness of the solar corona from the imaging
data acquired. Furthermore, it allows us to monitor the aging of the channel and to gain
information on its point spread function (PSF).

In the fourth chapter I describe the radiometric calibration of the UV channel, which
exploits the same methodology.

The topic of the fifth chapter is a first analysis of data calibrated using my measure-
ments and results. I show the comparison between the total and polarized VL images of
the solar corona acquired by Metis and STEREO-A/COR2 in November 2020 (superior
conjunction of the instruments), and similarly, the comparison between the UV images ac-
quired by Metis in 2020-2021 and UVCS aboard SOHO during the activity minimum of
solar cycle 22 in 1996. I also describe the study of six eruptive events with exceptionally
bright emission in H I Ly-a observed by Metis in 2021.

In the last chapter, I summarize the work carried out and comment on the main results.



Chapter

Introduction

1.1 The most external layer of the Sun atmosphere: the

solar corona

The Sun is classified as a G2V star!. Schematically summarizing its structure, the follow-
ing parts are indicated, starting from the center: nucleus, radiative zone, and convective
zone that ends forming the photosphere.
The temperature is 107 K in the nucleus, and then gradually decreases up to approximately
5800K in the photosphere, where the radiation stops interacting tightly with the plasma
and propagates freely into space. In this step the medium becomes from optically thick to
thin and the photosphere represents the visible surface of the star.
The solar atmosphere begins above the convective zone and the photosphere, in conjunction
with a strong increase in temperature, and it is divided into progressively hotter temperature
regions: chromosphere, transition region (TR) and corona (Figure 1.1).
The Sun has a magnetic field generated by a dynamo mechanism inside the star, that, to-
gether with the convection, is responsible of the variability and of the periodic cycle of
activity.

The corona is historically defined as the part of the solar atmosphere visible during total

solar eclipses. Its plasma is a completely ionized mix of: hydrogen (protons), electrons,

IClass G stars have a surface (photosphere) temperature between 5,200 and 6,000 K and a mass between
0.8 and 1.04 M;-where M— 1.989 - 103" kg is the mass of the Sun. The Roman letter indicates the

luminosity class and in particular the “V” class corresponds to the class of a main sequence star.



helium ( [8%) and heavier ions ( [C0J03%). It is characterized by a temperature of about 1-
2.10° K and a density of about 10° particles/cm? at the base of the corona, which decreases
of two orders of magnitude at 1.8 R —from the solar surface. The decrease of the corona

density N, follows the empirical law:

I:1'.55 2.99 H

Ne(p) =€ —=+ T (1.1
where € = 108 cm™3,p = RL I:land r is the distance from the Sun center (Landi degl’ Innocenti
2007). It is an optically thin medium.
The rise in temperature of the corona, up to two orders of magnitude higher than for the
photosphere, is known as the "coronal heating problem". The currently accepted theories
propose explanations based either on the reconnection of the magnetic field lines in the
corona or on the transport of energy by magnetohydrodynamic waves which dissipate in

the outer solar atmosphere.

The study of the Sun has always been the “Rosetta stone” to interpret the behaviour
and the evolution of stars, but its importance has also a direct impact on a knowledge that
concerns us much more closely, since the Sun and its activity have a strong impact on the
life on Earth. In addition to the more obvious phenomena, such as radiation and climate,
the Sun and its transient phenomena are linked to events such as geomagnetic storms, that
cause aurorae, variations in the trajectories and damages on artificial satellites (for example,
those of our geolocation system).

The field of study that deals with the influence of solar variations on the Earth sys-
tem is called space weather and represents a field on which attention and resources are
recently being conveyed. Geomagnetic storms, induced by particularly intense solar phe-
nomena such as flares and Coronal Mass Ejections (CMEs), release charged particles that
penetrate the Earth magnetosphere and can cause various types of disturbances to human
activities: disturbances and/or power outages (mainly in the circumpolar regions), radio
communications disturbances (at all latitudes), shifts in satellite orbits and damage to their
electronics. Furthermore, they can cause radiation damage to astronauts and to those travel-
ing on transpolar routes, forcing major route changes to airlines, with a consequent increase

in operating times and costs.

2https://solar-c.nao.ac. jp/en/science.html
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Figure 1.1: The layers of the solar atmosphere from the photosphere: chromosphere, tran-
sition region, corona. The structure of the solar atmosphere is connected by magnetic field
lines. Tmage from the SOLAR-C website?.

In this context, the study of the magnetic field plays a primary role in the analysis of the
physics of the Sun and, in particular, of the corona: in the photosphere and in the underlying
convective region the field is “dominated” by the plasma (this means that the ionized gas
forces magnetic field lines to follow its own motion). Emerging from the photosphere, up
to the corona, the situation changes rapidly, the lines of force of the magnetic field trap the
plasma, giving rise to the main coronal structures: streamers, coronal holes, prominences
and fast transients. The interaction between the magnetic field and the solar plasma is
regulated by the parameter 3 of the solar plasma, defined by the relation:
P _ 8mP

B



. B? . .
where P is the plasma pressure and Pmag=§ is the magnetic pressure. The content of the

energy tells us that the plasma dominates the evolution of physical phenomena when 8 >
1 (inside the Sun up to the photosphere and in the solar wind). The heterogeneous aspect
of the solar atmosphere (chromosphere, TR, and corona) corresponds to the < 1 case,
where the stratification imposed by gravity is dominated by the structures that follow the

magnetic field lines.

The solar corona reaches the boundaries of our planetary system expanding in the form
of solar wind. This is a stream of charged particles (electrons, protons and o particles)
continuously emitted and accelerated by the Sun that is measured locally by in-situ instru-
mentation at several distances from the Sun, up to the edges of the solar system (by Voyager
1 and Voyager 2°). These measurements did show that the expansion region of the solar
wind, known as the “heliosphere”, extends to the edges of the solar system and is delimited
by a termination shock called “heliopause”. The heliopause is the theoretical boundary
where the dynamic pressure of the solar wind flow is in equilibrium with the thermal pres-
sure of the interstellar medium. The solar wind density in the heliopause is greater than the
density of the interstellar medium, as generally it occurs in areas subjected to shocks. The
Voyager 1 spacecraft crossed the heliopause in august 2012, at a distance of about 121 au
from the Sun: this was indicated by a new measurement of the density of low-energy parti-
cles surrounding the probe, which showed a sharp increase compatible with the theoretical
predictions of the crossing of the shock front (Krimigis et al. 2013). Voyager 2 crossed the
heliopause in 2018 (Burlaga et al. 2019).

Two types of solar wind are distinguished, in relation to di Lerknt origin zones and

propagation speeds (see Figure 1.2):

« the slow wind: its origin is still being investigated, but it seems to arise at the bound-
ary of coronal structures with closed magnetic field lines (streamers), at low latitudes
during solar minimum; this component is extremely variable, and has an average
speed of 300 +400 km/s at 1 au;

3Voyager 1 and Voyager 2 are probes sent into space, in 1977, for exploration of the outer solar system
(Stone 1977). Both Voyager spacecraft continue to transmit data to Earth stations as they travel out of the
solar system. On the 27 March 2023, at a distance of 159.20 au, Voyager 1 is the most distant human-made
object from Earth.
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Figure 1.2: Polar plots of the solar wind speed as measured by the Ulysses mission. The
outward interplanetary magnetic field is in red the inward in blue. The figures displaying
the solar and coronal structures are taken from SOHO’s Extreme ultraviolet Imaging Tele-
scope, the Mauna Loa K coronameter and SOHO’s LASCO C2, on 1996 August 17, 2000
December 7, and 2006 March 28 respectively. Adapted from (McComas et al. 2013) with
permission © AAS.

« the fast wind: it comes from areas of open magnetic field topology, such as coronal
holes, regions present mainly at high heliolatitudes at solar minimum,; it is character-
ized by a greater stability than the slow wind and by a speed of about 700 km/s at 1

au.

In both cases, the physical processes responsible for the solar wind acceleration have yet to

be understood.

In solar physics there are characteristic natural times that are very di Lernt, for example
the time of the solar rotation, with an average value of 28 days, or the period of variation
of magnetic phenomena, known as the solar cycle, which is around eleven years.

In addition, the Sun is subject to a di Lerbntial rotation, it rotates di [erbntly depending on
the latitude: faster at the equator than at the poles. The rotation period varies between 25
days at the equator and 33 days at the poles. Di Lerbntial rotation, combined with the con-
vective layer, causes the so-called dynamo e [eck that perturbs and amplifies the poloidal
field of the Sun following a 22 year cycle. The dynamo creates the about 11 years solar

activity cycle during which the magnetic field variates from a simpler poloidal configura-

10



tion (solar activity minimum) to a more complex multipolar configuration (solar activity
maximum).

The magnetic flux tubes that forms in the convection zone are brought to the surface
by magnetic buoyancy where, being the field divergence free, emerge forming magnetic
arcades or loops that connect opposite polarity regions. Loops can be considered as the
building blocks of the solar atmosphere and are visible in all magnetically dominated re-
gions of the atmosphere (see Figure 1.3).

The most visible (and longer studied) global manifestation of the activity cycle consists
in the variation of the number of sunspots on the surface of the Sun. During the minimum
of the cycle the sunspots* are practically absent, while in the periods of maximum they
cover up to 0.5 % of the visible hemisphere.

The dynamic events that modify the structure of the solar corona develop over time intervals
ranging from minutes to days. Thus it is easy to understand that to study the coronal physics

is necessary to extend the observation time beyond that allowed by natural total eclipses.

Active regions and coronal holes are the most prominent features of the solar corona. The
first are regions of elevated magnetic field concentrations, often including one or more
sunspots. They are very bright in the far and vacuum ultraviolet® and in X-rays and may
host solar flares, the most energetic solar activity events where energies up to 103 J can be

released on very short timescales (seconds to minutes). Coronal holes are, on the opposite,

4Sunspots are phenomena on the photosphere that appear as temporary spots darker than the surrounding
areas. These are regions of reduced surface temperature due to the concentrations of magnetic flux which
inhibit convection.

Shttp://www. jhelioviewer.org/

SFor clarity I introduce the nomenclature of the UV band subdivisions here:

e Soft X-ray =1 - 10 nm

Extreme Ultraviolet (EUV) = 10 — 122 nm

Far Ultraviolet (FUV) = 122 — 200 nm

Vacuum Ultraviolet (VUV = EUV+FUV) = 10 - 200 nm

Middle Ultraviolet (MUV) = 200 — 300 nm

* Near Ultraviolet (NUV) = 300 — 400 nm

11
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Figure 1.3: Coronal loops complex observed by EUI HRIgyy 174 AonlJ anuary 3, 2023, at
08:04 UT. Image created with J Helioviewer® (Miiller et al. 2017).

regions of mostly open and weaker magnetic field that appear dark in the EUV and in X-ray
(see Figure 1.5). Large coronal holes appear at the poles of the Sun during solar minimum.
The rest of the solar surface is covered by mixed polarity weaker field that forms the so-
called “quiet Sun”.

Other large to medium scale phenomena are: sunspots and faculae’ (in the photosphere
of active regions), filaments and plages (cromospheric counterparts of faculae), promi-

nences and flares. Here only the most relevant to this work are mentioned:

= Prominences and solar filaments
They are arch-shaped plasma features, supported by the magnetic field. They grow
from the photosphere to the solar corona and reach lengths of about 2:10° km in

length. There are two types of prominences: “quiescent prominences” and “eruptive

TThe facula is a bright region of the Sun observed on the photosphere (called plage when seen in chro-

mospheric emission), produced by a concentration of magnetic field lines.

12



prominences”. The former are stable and visible for a very long time, more than a
week, while the latter disappear in a few hours (a coronal mass ejection is often as-
sociated with these). If the velocity of the plasma is lower than a certain value, the
prominences can fall back into the solar photosphere, otherwise they disperse into
the interplanetary environment. In both cases they have average dimensions of about
3-10* km in height above the photosphere and 5-103 km in thickness.

Historically, two di Lertnt names have been attributed to the same phenomenon, due
to how it is observed: they are called “bright prominences" when we observe them
above the limb of the Sun because they are denser and brighter in Ha with respect
to the background. But they are also called “filaments" when they are observed over
the solar disk because they are darker than the background. Magnetometric mea-
surements show that the filaments are positioned along a neutral line of the magnetic

field. For more details see also the review by Parenti 2014.

Flares

They are sudden increases of the radiation and take place in active regions (re-
gions overlying sunspots where strong magnetic fields connect the photosphere to
the corona), but they a [eck all layers of the solar atmosphere. The energy released by
flares can be of the order of 10% J. They are caused by phenomena of reconnection
of magnetic field lines. An earlier flare classification in intensity was based on Ha
spectral observations. That scheme uses both the intensity ('f’-faint,’n’-normal,’b’-
brilliant) and emitting surface. The modern classification system for flares uses let-
ters (A, B, C, M, X) according to the peak flux in watts per square metre in defined

soft X-rays band passes. See also the review by Benz 2017.

Coronal Mass Ejections (CMEs)

These are spectacular features, often associated with flares, in which large quantities
of plasma are expelled (see Figure 1.4). These events produce a mass ejection of the
order of 10'2kg - 10'*kg. The speed of the plasma is between 20 km/s and 3200 km/s
with an average speed of 500 km/s. During periods of maximum solar activity the
rate of CMEs is more than one event/day, while during solar minimum the rate is 0.1
- 0.2 event/day. A further description of these phenomena is also reported in Section
5.3. Comprehensive reviews about the topic can be found in Chen 2011, Kilpua et al.
2017 and Webb & Howard 2012.

13
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AlA 171 * 2016-02-08 08:36:34
LASCO C2 2016-02-08 08:36:06
LASCO C3 2016-02-08 08:42:05

Figure 1.4: Spectacular CME observed by SDO/AIA 171 and SOHO/LASCO-C2 and C3
on February 8, 2016, at around 08:36 UT. Image created with JHelioviewer (Miiller et al.
2017).

« Streamers

They are luminous arch-shaped structures that develop above the active regions of
the Sun. They correspond to a magnetic field topology with closed lines, which trap
the plasma in shapes resembling plumes.

They constitute the brightest stable coronal structure; they are variable in height and
can reach tens of solar radii in altitude. Their density is from 3 to 10 times greater
than that of the average solar corona surrounding them (see Figure 1.6).

The acceleration of the slow wind happens in correspondence of the boundaries of

these structures. See also the review by Koutchmy & Livshits 1992.

= Coronal holes
As briefly mentioned before, coronal holes are regions in which there is substantially
reduced coronal emission and appear dark in the images, since both their density and
temperature are lower than those of the solar corona. These zones are associated with
a topology of open magnetic field lines. During solar minimum the coronal holes are
found in the polar regions of the Sun, while during solar maximum they are small and
sometimes present in equatorial regions. From these features, the fast component of

the solar wind originates (see the review by Cranmer 2009).

14



AIA 211 2019-10-29 19:29:34 AlA 211 2015%08-31 19:29:36

Figure 1.5: The Sun disk observed by SDO/AIA 211 during solar minimum (left panel)
and during solar maximum (right panel). At solar minimum two coronal holes are visible
at the poles, while in the image of the solar maximum a large equatorial coronal hole is

present. Images created with JHelioviewer (Miiller et al. 2017).

The solar corona is extremely dynamic and in continuous expansion, it does not follow
the spherical symmetry characterizing the innermost regions of the Sun and varies with the
solar activity. During minimum periods the visible light corona has a reduced extension,
with streamers extending at low latitudes (see left panel Figure 1.6). On the other hand, in
periods of maximum the corona has a more complex shape with streamers at all latitudes
(see right panel of Figure 1.6).

From an observational point of view, two types of the extended corona visible during
eclipses are historically distinguished in the visible light (VL) spectrum, a continuous spec-
trum called “K corona" and a line spectrum called “E corona". The F corona is superim-
posed on these components, but it is generated, like the zodiacal light, by the interplanetary

dust.

* Kcorona
It is predominant up to 2-3 Rzmand is the brightest coronal component during a

total solar eclipse. It has a continuous spectrum (Kontinuierliche, hence the initial

Shttp://www.zam. fme.vutbr.cz/~druck/
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Figure 1.6: Left panel: corona observed from Earth during solar minimum (solar eclipse

of 2017, Whiskey mountain, Wyoming, USA). Right panel: corona during solar maximum

(solar eclipse of 2012, Queensland, Australia). Credits: Miloslav Druckmiiller 8,

“K”) and is partially linearly polarized. Its brightness is due to the photospheric
radiation scattered by free electrons due to the Thomson e [eck®. Due to their coronal
temperature, 10° K, they move at an average speed of 5-10% km/s; this speed causes a
Doppler broadening of the absorption lines of the photospheric spectrum su Lcieht to
make the absorption line disappear from the spectrum, hence the name “continuous".
The electron density decreases as the distance increases, from 5- 108 cm™3 at the base
of the corona, by two orders of magnitude at a distance from the surface of about 1.8

R

= E corona
This is a component due to the emission lines (hence corona “E”) of highly ionized
ions such as Fe, Ni and Ca. The intensity of this corona, like for K corona, decreases
very rapidly with increasing solar distance. In the visible band pass the so-called
“green” (FeXIV, 530.3 nm), “yellow” (CaXV, 569.4 nm), “red” (FeX, 637.4 nm) and
“infrared” (FeXIII , 1074.7 nm) spectral lines are particularly intense.

* Fcorona
F corona dominates starting from 2-3 R —aspecially in the plane of the ecliptic, the

9Thomson scattering is an elastic scattering of electromagnetic radiation by a free charged particle. The
electromagnetic field of the incident wave accelerates the particle causing the emission of radiation at the

same frequency as the incident wave along a random direction.

16



spectrum is the photospheric one with the presence of Fraunhofer lines (hence the
name of “F” corona) and is weakly polarized. Its brightness is due to the scattering of
photospheric light by dust particles (Mie scattering and di [rattion) of the interplan-
etary medium; this component decreases very slowly as the solar distance increases.
The average speed of the dust particles is much lower than that of the electrons, since
particles are more massive and colder, so the Fraunhofer lines are preserved in the

scattering of photospheric light.

Figure 1.7 shows the trends of these components in the visible light.

The depiction of the solar corona in this section summarizes contents of general knowledge
with the aim of introducing this thesis work, for a better description of the topic please see
Landi degl’Innocenti 2007, Carroll & Ostlie 2007 and Stix 2002.

1.2 Brief history of space-based coronagraphs

The first studies of the solar corona, in visible light, took place during total solar eclipses.
They were limited in time as total solar eclipses are short in duration (7 minutes maxi-
mum). Furthermore, if we consider that this type of eclipse occurs every 18 months on
average and that most of them happens over the oceans, we understand the di Cculty in
documenting them. Scientifically exploitable eclipses occur every two to three years.

In 1930 the French astronomer Bernard Lyot devised the coronagraph, an instrument capa-
ble of simulating solar eclipses by means of an opaque disk, called the occulter, positioned
on the focal plane of the primary objective of a telescope (Lyot 1939).

The occulter blocks the photospheric radiation of the Sun as the Moon does during a total
solar eclipse. This allows the corona to be observed continuously and, from space, in all
wavelengths.

Lyot’s instrument undoubtedly represented a breakthrough in coronal physics, but unfortu-
nately ground-based observations are limited by the di [used sunlight from the atmosphere
(as can be seen from the “Blue sky” level in Figure 1.7) (Shopov et al. 2008). The only
currently operational ground-based coronagraph is located on Mauna Loa in Hawaii. The
radiance of the clearest sky (like in certain high mountain astronomical sites) allows to re-

veal the corona up to 1.5 Rat the most: observations from space overcome the problem.

17
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Figure 1.7: Intensity of the solar disk and of the corona components with respect of helio-

centric heights in solar radii. Courtesy of Marco Romoli.
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Due to its temperature, the corona has a maximum emission at X and EUV wavelengths.
These are spectral bands absorbed by the Earth’s atmosphere, and therefore the use of space
telescopes is required. Space coronagraphs allow us to observe the outer corona.

There are two categories of coronagraphs, distinguished according to the position of the
occulter: in the internally occulted coronagraphs the occulter is placed downstream of the
primary objective, while in the externally occulted ones the occulter is in front of the pri-

mary objective.

The first observation of the solar disk in the ultraviolet was carried out on 10/10/1946
by means of a US sounding rocket launched (Durand et al. 1949). The rocket reached a
height of 175 km. However, this kind of experiments had a limit: the observations lasted

only few minutes.

In the early *60s Newkirk and Eddy created the first space coronagraph: by means of an
aerostatic balloon they sent the instrument about 25 km high (it was an externally occulted
coronagraph) (Newkirk & Eddy 1962). Unfortunately the instrument was not optimized to
reduce the stray light from the edges of the optical elements, and therefore the experiment
failed. The lesson learned was a hint for a group of the Naval Research Laboratory (NRL),
which in 1963, under the guidance of R. Tousey, obtained the first image of the extended
corona without an eclipse. The instrument was a small rocket borne externally occulted

coronagraph.

The OSO-2 (Orbiting Solar Observatory) satellite provided the first images of the Sun
in VUV, in 1965. Then OSO-3 and OSO-4 performed the Sun imaging in coronal lines
(e.g., Mg X) for the first time. The first coronagraph capable of monitoring the corona
for a long period of time flew aboard the OSO-7 satellite: it was in orbit around the Earth
from October 1971 to June 1974 and yielded the first observation of a CME (Koomen et al.
1975).

On board the first Skylab space station, launched on 14/5/1973 and re-entered the at-

mosphere on 11/7/1979, the various crews took images of 8 solar flares, confirming the ex-

istence of coronal holes. They observed the transition region and the ultraviolet emissions

19



of the solar corona. These studies were carried out by using eight instruments on board the
station including a white light coronagraph, externally occulted, built by the High Altitude
Observatory (HAO). Thanks to it, about 35000 photos of the solar corona were collected,
far more than what had been cataloged since the beginning of the observations up to that
moment (MacQueen 1974; MacQueen et al. 1974, 1976).

The Solar Maximum Mission, SMM or SolarMax (Chipman 1981), was launched on
14/2/1980 and re-entered the atmosphere on 2/12/1989. The experiment studied flares and
showed that during the maximum of the solar cycle, when the number of sunspots reaches
its peak, the Sun is as bright as during the minimum (if not more). This is because the
spots are surrounded by brighter structures than the disk, the faculae, which basically re-
verse the dimming e [eck of the sunspots themselves. This mission continued the research
on the physical properties of coronal eruptions using the NRL’s white light coronagraph
(MacQueen et al. 1980). This instrument, flown on the SMM, was based on the optical
design of the Skylab one, with the addition of some improvements including the use of a
Vidicon!? in place of the photographic plate. Thanks to a repairing mission in 1984, SMM

remained active until 1989, collecting a large amount of data.

The first coronagraph which used a Charged Coupled Device (CCD) detector was a
VL externally occulted one (Fisher & Guhathakurta 1994), which remained in orbit for 40
hours on the Spartan-201 mission in 1993. The Spartan (Kohl et al. 1995b) was launched
four times, the first and third mission coincided with the passage of Ulysses!! on one of the

solar poles.

The VL coronagraph of the Spartan-201 mission was accompanied by a prototype
of the Ultraviolet & Visible-light Coronagraph Spectrometer (UVCS), the coronagraph-
spectrometer aboard the SOlar & Heliospheric Observatory (SOHO) (Domingo et al. 1995).

10The Vidicon tube was a type of vacuum tube and was used for the production of digital images.
"'The probe Ulysses went, for the first time, to study the polar regions of the Sun. It was launched in

1990 and thanks to the slingshot e [eck of the planet Jupiter Ulysses left the plane of the ecliptic and reached
an orbit with a nearly 90° inclination with respect to this plane. This orbit was specially achieved in order
to analyze in-situ the plasma emanating from the polar regions of the Sun. The mission obtained important

results on the nature of the solar wind, revealing the two regimes, fast and slow (see Figure 1.2).
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