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Introduction

The atmosphere of the Sun is the ensemble of its most external layers in which eruptive events
can take place during periods of maximum solar activity, thus producing potentially hazardous
threats to Earth’s telecommunication systems and ground-based / space facilities, as much
as to aeronautical workforce. The main focus of this thesis work is the design of a receiver
capable of observing the solar activity in the microwave extended W-band, namely from 67
to 116 GHz: an up-to-now unprecedented spectral window for what concerns the observations
of such phenomena, which may provide observational forecasting signals of these events. The
Elegant Bread-Band n.2 (or EBB2) receiver, developed and characterized in this thesis, is part
of the Solaris project, i.e. a network of single-dish antennas located in Italy and Antarctica
which aims to a 24h global monitoring coverage of the solar activity, providing very concrete
contributions and applications to the Space Weather branch of physics. As a matter of fact,
the rst chapter of this work is dedicated to an introduction to the Solar Physics and, in
particular, to the structure of the atmosphere of the Sun and its fundamental magnetic activity,
with the addition of key concepts about the physics of its radio band observable phenomena.
Successively, a description of the Solaris project follows, where an overview of its main features,
such as instrumental design, observing technique and current state of development, is provided
in Chapter 2. Furthermore, the third Chapter of this work aims to provide a preliminary
background on the general theory concerning radiometers and their practical applications, with
a special focus on the concept of Gain compression and Y-Factor, two fundamental aspects
essential to the derivation of the Noise Temperature of a receiver. This dissertation is an
introduction to Chapter 4, which treats the full experimental characterization of the EBB2
receiver’s single components and overall chain, as well as the study of its linear response in
conditions simulating real solar events too, such as the so-called ares. Moreover, once the
Noise Temperature of the device has been computed, thus marking its full characterization,
real solar observations have been conducted for the rst time by installing the EBB2 receiver
in the 1.5 meter in diameter Solaris’ Milano test antenna. In chapter 5 of this work, the results
of such activity are discussed. Moreover in this chapter, the beam pattern simulation of the
optical con gurations of both Milano and the 2.6 meter ROSA antennas (Concordia station,
Antarctica), through the employment of the software GRASP, are reported. This allowed the
study of the convolutions of their beam pattern with temperature pro les extracted from real
solar maps, obtained in previous observational campaigns. This last step not only made the
simulations of real observation of both the Quiet and Active radio Sun possible, but it also
cleared the way to a process of optimization for what concerns the choice of the Edge Taper
value to adopt for future observations with ROSA Telescopes.



Chapter 1

The Sun: Structure, Magnetism and
Radio Observable Phenomena

In this rst chapter, the physical framework required to place the study of solar radio emission
and its e ects on space weather in context is provided. Following a summary of the Sun’s basic
characteristics and an explanation of its internal and atmospheric structure, special focus is
placed on the magnetic eld’s function as the primary driver of solar activity and the 11-year
Solar Cycle. The physical mechanisms and observational signatures of eruptive phenomena,

ares, and active regions are then highlighted. The primary elements of solar radio emission
are nally presented, laying the theoretical groundwork for the radio-band diagnostics that will
be the focus of the ensuing chapters.

1.1 Solar Properties: Internal and External Structure

The Sun is a 4:5 billion years old G2V spectral type main sequence star, located at approxi-
mately 150 millions Km from Earth. It is characterized by the following quantities, reported
in cgs units:

R =7-10%cm;
M =2.10%g;
L =4-10%ergs=s;

Te. ~ 5770 K.

1.1.1 Internal Structure of the Sun

The Sun’s chemical composition consists in 70% of Hydrogen, 28% of Helium and a 2% of
heavier elements and it possess a layered internal structure:

Core: it is the region in which the processes of termonuclear reactions of the star take
place and it extends up to approximately 0:25 R , with a temperature reaching about
T .core & 1:5-10” K and a mean density of ~—core = 160 g=cm?®.

Radiative Region: in this region, which extends between 0:25 and 0:7 R , the energy
produced in the core is carried through the radiative transport mechanism, according to
the Schwartzchild Criterium [11];



Convective Region: it extends from 0:7 R up to the surface; here the adiabiatic
gradient exceeds the radiative one and thus the energy is brought to the surface through
a turbulent plasma convective motions-dominated transport [11].

1.1.2 External Structure: the Solar Atmosphere

Right above the convective region, the external structure of the Sun begins and it is divided
in several main layers, i.e. photosphere, chromosphere, and corona. Given this work’s interest
in the study of the radio band solar phenomena, a part from the photosphere, which is related
to the visible emission, both the just mentioned last two upper layers of the Sun’s atmosphere,
chromosphere and corona, will be treated more extensively. Furthermore, in this external
regions, a heterogeneous radial gradient of the temperature can be observed [42].
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Photosphere: this region, ~ 500 Km of altitude, is considered as the surface of the
Sun and is characterized by its optical transparency to the visible radiation, which is
thus able to isotropically propagate following a Black Body emission. With an e ective
temperature of ~ 5770 K, here is where both Sun spots and active regions (AR) forms;

Chromosphere: the chromosphere is the lower layer of the solar atmosphere and, given
the relatively high luminosity of the photosphere, it can be observed by naked eye only
during a solar eclipse event. it is located approximately 2000 Km above the photosphere.
Here an initial temperature inversion has been observed: initially, a temperature de-
crease takes place (~ 4500 K) while, as the altitude increases, the temperature rises up
to ~ 10* K will continue this ascending trend up to the last layers of the atmosphere.
The reason behind this thermal behavior has not found an answer yet, remaining so a still
highly debated argument; few hypotheses stand out, among which possible magnetohy-
drodynamic heating processes or even phenomena of reconnection of magnetic eld lines
in the corona [20]. As it will be treated in Sec.1.3.2, this is the region of major interest
in the radio emissions of the Sun;
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Figure 1.1: Left: Temperature and Density variations as a function of the height from the solar
surface, where 0 Km stands for 1 R . The distinction within the mentioned layers of the Sun’s
Atmosphere is very well visible. Credits: [32]; Right: The structure of the solar atmosphere con-
nected by magnetic (green) eld lines. Corona: the hot upper atmosphere. Transition region: the
thin atmospheric layer connecting the chromosphere and the corona. Chromosphere: the atmo-
sphere up to about 2,000 km. Photosphere: the solar surface as seen in visible light. Credits:
https://solar-c.nao.ac.jp/en/
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Transition Region: it consists in a region in the external surface of the Sun in which the
temperature rises from the chromosphere's 4@ to the typical coronal temperatures of

the order of millions of Kelvins. However, as one can observe in IFig.1.1 , a plot showing
the variation of temperature as a function of the Sun's Atmosphere altitude, the transition
region is not considered as a proper physical layer lying between chromosphere and corona,
but more as a volume of extremely irregular shape, still characterized though by a very
thin thickness, thus re ecting the speed of the 10! 10 ° K temperature transition [20];

Figure 1.2: An image of the solar corona in X-rays taken by the Trace (Transition Region and
Coronal Explorer) satellite. The image was obtained in a spectral band centered around 17A. Note
the ne structure of the coronal loops outlining the magnetic eld lines. Credits: [43]

Corona: showed in Fig.1.2 , it is the most external region of the solar atmosphere
and presents extreme temperatures of the order of ®1IRl and its extension can reach
the Earth and far beyond. The optical radiation of this feeble - very low density -
gaseous envelope, due to its very faint brightness, can only be observed during an eclipse
event or through dedicated instruments such as the coronographers. The shape of this
region is heavily dependent on the Solar Cycle (treated in the next section): during the
periods of minimum activity, the corona presents a quite reduced and semi-regular shaped
extension with so called streamers, mostly stretching towards low latitudes. On the other
hand, during the periods of maximum activity, the shape of the corona is much more
extended and irregular, with streamers protracting almost isotropically [20]. The corona
is the region in which Coronal archs, bridges of ultra-hot plasma usually connecting two
Active Regions (AR), and Solar prominences (or laments) can be observed: those can
be classi ed in two families, i.e. quiescent prominences and eruptive one; the latter type
can be associated to very violent events called Coronal Mass Ejections, or CMEs, showed
in Fig.1.3. Other noteworthy phenomena are the Coronal Holes, examples of non-closed
solar loops structures: mostly visible in x-rays, those area appear as impressive dark polar
region (Fig.1.4) which forms due to magnetic eld's lines which do not close and can, thus,
form events of high-speed solar wind [20].

1.2 Solar Magnetic Field and Solar Activity Cycle

The Magnetism of the Sun is one the most studied aspects of Solar physics, since it is believed
to be not only the starting point of the overall solar activity, but of the periodic Solar Cycle
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Figure 1.3: A spectacular CME occurred on April 14, 1980, observed with the coronagraph of the
High Altitude Observatory aboard the Solar Maximum Mission. The last three images were taken
at intervals of approximately one hour. Credits: [27]

Figure 1.4: Those two images of the Sun ni the soft X-rays have been obtained from Skylab and
Yokoh missions nearly twenty years apart (May 31, 1973, and May 8, 1992, respectively. In both
images, the presence of a coronal hole is clearly visible. Credits: [20]

too, which will be treated shortly. The basis of the magnetism in the Sun lies on the fact
that our star is composed for its most entirety by highly ionized uid matter, the plasma.
The motion of the free charges plunged in this fourth state of matter (which is responsible
for the production of electric currents and magnetic elds themselves) is originated from the
internal turbulent convective motions and by the di erential rotation of the Sun: given the
uid nature of its composition, the angular velocity of the star varies as a function of the
latitude and, more speci cally, the equatorial region rotates more rapidly ( 20% faster) w.r.t.
the poles; for this reason, the magnetic eld lines, "frozen" in the plasma, start to curl, with
a consequent thinning of the magnetic ux tubes (bundle of magnetic eld lines enclosed in
a tube-like regions of plasma), causing the ampli cation of the magnetic eld itself. When
a critical value is reached, the magnetic ux tubes start oating towards the surface, nally
emerging as bipolar regions, i.e.sunspots (Sec.1.3.1) [20].

As already anticipated, the magnetic eld of the Sun is the main engine of the Solar Activity
Cycle: as a matter of fact, the star's magnetism presents a 11 years-long cycle which manifests
mostly as a net variation of the sunspots visible on the surface of the Sun; it is thus the
observable manifestation of the so called Solar Dynamo e ect [37]. If the phenomenon of
inversion of the magnetic polarity is considered too, however, it takes 22 years for the Sun to
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go back to the last polarity con guration. This magnetic cycle is called Hale's Cycle, since
the second Hale law exactly states that the sunspots polarity gets inverted after each cycle [20].
Fig.1.5 (bottom plot) highlights the relation within the sunspots' area expressed as a fraction of

Figure 1.5: Top panel: latitudinal distribution of sunspots over time (Maunder (Butter y) Dia-
gram); Bottom panel: plot of the percentage of the visible hemisphere covered by sunspots, also
as a function of time. Credits: [14]

the visible hemisphere (averaged on each stellar rotation) and the time; Another characteristic
of the cycle is the latitude at which the sunspots appear, displayed in the top panel of the
same Figure. This plot is the Maunder diagram, or butter y diagram, and represents the visual
representation of the Sporer empirical law: at the beginning of the cycle, the sunspots forms at
relatively high latitudes ( 30 , on average) and then, as the cycle continues, they form closer
to the equatorial region (latitudes as low as 10) [20]. Each point correspond to the position
of a sunspot or AR in a given temporal position. The Solar Cycle Activity, though, is not just
about the number of sunspots; several other solar events correlates with the minima and the
maxima of the each cycle:

Shape of the Corona: as already anticipated, it changes dramatically spanning from a
very small extension and quite enlarged in the equatorial region, to a much more irregular
and by far more extended conformation during the cycle maxima, with a generally higher
coronal x-ray emission, as can be observed in Fig.1.6 ;

Figure 1.6: Left: image of the Sun's corona during a period of minimum solar activity. The picture
was taken from a composite of eight separate photographs made by Fred Espenak (NASA Goddard
Space Flight Center) from Dundlod, India during the total solar eclipse of 1995 October 24. One
should note the shape of the corona limited to the equatorial regions only. Credits: [28]; Right:
image of the November 1999 solar eclipse, taken by Wendy Carlos, composer and "coronaphile”.
Credits: [49]



Solar wind events: the properties of the solar wind change, in conjunction with a
higher Earth-experienced consequences such as polar lights, geomagnetic storm and radio-
telecomunications disturbances

Number of explosive events: During critical periods of maximum solar activity, the
number of explosive events, i.e. Solar Flares, Radio bursts and Prominences (thus prob-
able CMESs) increases dramatically.

1.3 Solar Events and Radio Emission

In this section, a more detailed description of the Active Regions (AR), i.e. the ensemble of
the solar events whose frequency of appearance has been just discussed, is provided, with a
focus on the Solar Flares and on the observation of those two phenomena in the wavelength of
interest of this work: the radio band.

1.3.1 Active Regions and Flares

The Active Regions, or AR, are local regions in the solar atmosphere characterized by an or-
ganized and intense magnetic eld, typically of bipolar nature and formed from the emergence
of magnetic ux in the convective region. As already anticipated while discussing the solar
magnetism in the previous section, their origin can be further explained as the emergence of
magnetic eld's tube-like structures forged by the solar dynamo e ect: the eld gets ampli-
ed in the inner layers of the Sun's convective region, thus creating a condition of magnetic
instability. This causes those structures to start oating through magnetic buoyancy, nally
manifesting themselves as bipolar magnetic regions on the photosphere, usually associated to
pairs of opposite polarity sunspots [6][37]. As it will be brie y explained through the so-called
Parker model, the sunspots represent just the base of a three-dimensional magnetic system
which expands through the upper layers of the Sun Atmosphere. The Sunspots are considered
one of the most striking phenomena of the solar magnetism. Fig.1.7 shows a real picture in

Figure 1.7: Image of a sunspot in white light acquired by the Swedish Solar Telescope (SST),
owned and operated by the Institute for Solar Physics of the Royal Swedish Academy of Sciences.
Umbra, penumbra, light bridges and bright dots features can be observed in the spot structure, as
well as the convective cells surrounding it. Credits: [16]

white light? of a huge irregular-shaped sunspot, in which morphologic aspects of this event can

1Observation in integrated visible light, i.e. without Iters isolating a single wavelength or spectral line.
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be spotted, such as the umbra (the darkest region), penumbra (the gray region surrounding the
umbra), light bridges (the two bright structures connecting the opposite shores of the penum-
bra) and bright dots in the inner region of the umbra. The sunspots typically presents circular
of semi-circular shapes, with average diameters of the order of 30000 Km, almost three times
the Earth. Their lifespans can vary based on their dimensions, typically being of the order of
weeks, even increasing for bigger sunspots or group of them, which can even reach® Kén

in extension. The darker appearance of a sunspot is caused by contrast w.r.t. the photosphere:
as a matter of fact, their mean temperature is 4000 K (vs the 5800 of the photosphere).

It is nowadays believed that this di erence may rise exactly from the event which forms them:

Figure 1.8: Schematic sketch on the insurgence of an AR: as can be observed from such represen-
tation, a tube-like magnetic eld structure emerge from the photosphere, mostly interrupting the
local convective motions and thus leaving a colder and very strong magnetic AR. Credits: [48]

the magnetic tubes, as can be visualized from Fig.1.8 , would actually inhibit the convective
motions in the sunspots, thus ending in a by far lower energy transport e ciency w.r.t. to
the one of the surrounding photosphere, consequently cooling down the interested region. In
other words, the magnetic eld- ooded solar plasma, by abating the energy transport, acts as
a insulating medium [20].

As it is about to be further discussed, the AR are extremely tightly-linked with the majestic
phenomenon of the Solar Flares. The Solar Flares are explosive phenomena which cause
the emission in relatively short timescales of an enormous amounts of energy: for the most
energetic events, values up to slightly less than 30erg are reached. Their emission interests
all the electromagnetic spectrum, ranging from radio waves up to rays. Those spectacular
events form in AR or in groups of AR particularly complicated in their magnetic topology: the
higher the magnetic eld's complexity, the higher the probability of are occurrence. This con-
cept can be explained through the Parker Model [20], i.e. one of the most accredited method
out of the many in which the coronal heating processes (whose theoretical ambiguity has al-
ready been anticipated earlier) has been tried to be explained: by the time a new AR forms
(hours/days timescales), the coronal magnetic eld lines are arranged in well-organized loop
structures connecting regions of inverse polarity. However (Fig.1.9), due to the photosphere
convective motions, the bases (or "feet”) of the single lines get chaotically dragged by the
plasma, thus knotting, curling and intertwining them; in this magnetically complex scenario,
when lines belonging to AR of inverse polarity interact with each other, the phenomenon of
Magnetic Reconnection takes place, thus causing

Plasma heating (the magnetic energy gets converted into thermal energy, heating up to
10 8 K);

Particles acceleration (formation of the Solar Energetic Particles, or SEP, i.e. ions and
electrons even ejected into open space)
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Figure 1.9: Parker Model for coronal heating: the magnetic eld lines connecting opposite polarity
regions gets chaotically intertwined due to the convective cells plasma motions in the photosphere. In
the regions in which di erent direction elds get in contact, the phenomenon of magnetic reconnection
takes place, provoking the conversion of magnetic energy into thermal energy. Credits: [20]

Hard X-rays and non-thermal radio emission (are impulsive phase emission, tens of
seconds/minutes timescales [3]).

Figure 1.10: Schematic map of the physical processes that may occur during the phenomena of
magnetic reconnections. Credits: [2]

This process, schematically shown in Fig.1.10, leads to the formation of Solar Flares and usually
of CME too (causing the polar lights), even if the occurrence of ares is not bijective w.r.t. the
other violent solar events discussed earlier, such as eruptive prominences and CME. Clearly,
since these violent events are orignated in AR, their frequency of appearance is tightly linked
to the Solar Activity Cycle.

The intensity of solar ares has been categorized by the National Oceanic and Atmospheric
Administration, or NOAA [30], on the basis of their X-ray spectral luminosity in ve di erent
classes, reported on Tab.1.1. Generally, except for the X-class ares, the class is followed by

Class | X-rays Power [W=m ?]
A P<10'
B 10’ P<10 °©
C 10 P <10 °
M 10° P <10 ¢
X P 10 4

Table 1.1: NOAA ares logarithmic classi cation on the basis of X-rays Power in units of [W=m 2]
a number between 0 and 9 (for example, a M:5 are corresponds to a P = 5 10W=n?).
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Given the large amount of high-energy particles beams in solar winds and in the magnetosphere
produced by those phenomena, solar ares can cause serious impact on the Earth climate, as
well as on satellites, orbiters and spaceships, astronauts crews included. A, B and C-type ares
are quite frequent, with a very low impact on our planet; class M ares are able to cause radio
blackouts on the hemisphere facing the Sun; the X-Flares, the most powerful among all the
classes, occur more frequently during periods of maximum solar activity and can produce very
strong geomagnetic storms and heavy radio blackouts.

1.3.2 Solar Radio Emission

The Solar radio emission is traditionally divided into a background component, the Quiet
Sun (QS), a slowly varying component (associated mainly with AR) and a sporadic (burst)
component [18]:

Quiet Sun - QS: compared to the other components of the solar radio emission, the
radio QS has the advantage of being fairly well understood as originating from thermal
bremsstrahlung (free-free) in local thermodynamic equilibrium, or LTE, since it is generated
by the electrons interacting with ions in the presence of relatively week magnetic eld [42].
Under those conditions (and in general for radio weaves), its emission is well characterized
by a Black Body under the Rayleigh-Jeans limit h =kT 1:

2 %kgT

B (T)=

; (1.1)

where the Temperature T is not constant, but varies with : given the free-free emission
mechanism, the cross sectiory; (and thus the opacity, k /n ¢nj 4 'k /n g i since
Ne N j inionized plasma) decreases with the frequency, since at rst approximation

k /n2T3%2 2. (1.2)

For this reason, at high frequencies the plasma is less opaque, so deeper layers can be ob-
served. At lower and lower frequencies instead, one can only see more external ones, which
are characterized by higher and higher temperatures. So to give a practical examples,
reasoning in terms of wavelengths, each identi es a di erent atmospheric layer:

1 mm ! lower Chromosphere ( 4 6 10 3K);
1 cm ! higher Chromosphere ( 10 “4K);
10cm ! Corona ( 10 6 K).

Given its easy modeling, the radio Quiet Sun represents, thus, a very powerful diagnostic
tool for the analysis of a wide range of atmospheric layers of the Sun, as it can be observed
in Fig.1.11 .

Component-s (slowly varying): radio observations are valuable in providing information

on temporal variations of the emission from active regions. In particular, this specic
component of the solar radio emission is associated to non- aring active regions. The
main mechanism of production of this emission is the thermal free-free radiation from
hot plasma trapped in AR loop structures and it peaks around the 10 cm wavelength.
On long timescales, the total radio ux integrated over the whole disk is known to be a
good index of solar activity, as it shows good correlation with relative sunspot numbers.
However, signals of this components have an amplitude of almost two order of magnitude
smaller compared to the QS component and intensity uctuations caused by terrestrial
atmosphere dominate [42];
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Figure 1.11: Contribution functions (blue) at several wavelengths, highlighting which atmospheric
layer majorly contributes to the radiation observed at given frequency; the red line shows instead
the behavior of the temperature as a function of the height (in Km units, where 0 represents the
1 R Sun surface). Credits: [42]

Burst component: the last component of the radio solar emission is characterized by
non-thermal emission bursts, whose duration is typically included within few seconds up
to few days and its intensity can surpass the one of the QS by several orders of magnitude.
These radio bursts are tightly linked to the solar ares and they have been classi ed in

ve categories (Type I-V bursts) and each one refers to a di erent physical mechanism
[20]. Speaking in terms of diagnostic contents, the two most important burst types are
Type Il and Type Il bursts, since they are strongly connected to the are events:

Type Il bursts - Coronal Shock Waves: those radio bursts are associated to
magnetohydrodynamical shock waves which are usually driven by fast Coronal Mass
Ejections, CME [26];

Type Il bursts - Impulsive Electronic Acceleration: maybe the most impor-

tant type among the two, they represents the observational evidence of the acceler-
ation of electrons driven by the already discussed e ect of magnetic reconnection,
forming thus Solar Energetic Particles (SEP) which can propagates through open
magnetic eld lines. Their importance come from their predictive power: before the

occurrence of major ares, a series of Type |ll bursts can be observed, giving hints
on initial preparation of magnetic reconnection, thus being a premature diagnostic

of magnetic instability [3].

A typical sequence of are formation could thus observationally presents as follows:

1. Magnetic instability in a AR;

Impulsive Reconnection event ! Type Il
CME ejection

Coronal Shock ! Type I

a ks~ b

Interplanetary propagation of the possible SEP

14



Finally, as for what concerns the radio-band electromagnetic emission of the AR, that is usu-
ally dominated by a non-thermal gyromagnetic component, a synchrotron emission generated
by energetic electrons spiraling on their extremely intense magnetic eld lines. This kind of

radio emission represents thus a direct diagnostic not only of the coronal eld but also of the

populations of accelerated particles [10].

15



Chapter 2

The Solaris Project

This chapter describes the Solaris Project, including its technological advancements, opera-
tional plan, and scienti c justi cation. Following an introduction to the network's conceptual
framework and its applicability to Solar Physics and Space Weather applications, the discus-
sion turns to the instrumental design, observing technique, and calibration strategy used for
solar monitoring. Lastly, the project's current state of development is outlined, emphasizing
the path toward an ongoing, worldwide solar monitoring network from prototype validation to
the construction of Antarctic and mountain observation sites.

2.1 Introduction

The Solaris Project, namely 'A smart Solar imaging system at high radio frequency for con-
tinuous Solar monitoring and Space Weather applications' (Fig.2.1) is a network of small solar
radio telescopes designed for operations in Antarctica and other polar/mountain sites which,
under unique observing conditions (i.e. very low sky opacity and long solar exposures), is able
to provide an unprecedented solar monitoring in radio W-band (75 110 GHZ). This can

be achieved through single-dish imaging techniques at radio frequencies which can provide the
mapping of the whole solar disk in less than 30 minutes, with a typical angular resolution of
of 4 ° This process allows an unprecedented identi cation and spectral analysis of AR, after
and during solar are events, providing concrete advantages to both the Solar physics research
and Space Weather applications. The scienti ¢ and technological background of Solaris is based
on the knowledge pursued by the experience of the same research group on large single-dish
radio telescopes observations at lower radio frequencies (64 m SunDish project [35] and 32 m
Medicina SRT INAF dishes [33]) [34], as well as on ALMA Band 2 receiver's developments [52].

2.2 Solaris: Concept, Objectives and Space Weather

As already anticipated, studying the solar atmosphere at di erent frequencies represents a ma-
jor topic of current astrophysics and Space Weather; However, not only the high radio frequency
observations are generally sparse, in particular in the 20 200 GHz range, but the dynamic
chromosphere activity lacks continuous/frequent monitoring suitable for Space Weather investi-
gations: in particular, accurate measurements of the QS component of the Solar radio emission
are lacking and/or scattered above 40 GHz. This is caused by the diculty to separate the

1This is the standard W-band frequency range de nition. In this work, it is alternatively considered as a
W-band the extended 67-116 GHz frequency range.
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