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Abstract

The Sun cubE onE (SEE) is a 12U CubeSat mission proposed for a phase A/B study to the Italian Space Agency that will investigate Gamma
and X-ray fluxes and ultraviolet (UV) solar emission to support studies in Sun-Earth interaction and Space Weather from LEO. More in detail,
SEE’s primary goals are to measure the flares emission from soft-X to Gamma ray energy range and to monitor the solar activity in the Fraunhofer
Mg II doublet at 280 nm, taking advantage of a full disk imager payload. The Gamma and X-ray fluxes will be studied with unprecedented
temporal resolution and with a multi-wavelength approach thanks to the combined use of silicon photodiode and silicon photomultiplier (SiPM)
-based detectors. The flare spectrum will be explored from the keV to the MeV range of energies by the same payload, and with a cadence up
to 10 kHz and with single-photon detection capabilities to unveil the sources of the solar flares. The energy range covers the same bands used
by GOES satellites, which are the standard bands for flare magnitude definition. At the same time SiPM detectors combined with scintillators
allow to cover the non-thermal bremsstrahlung emission in the gamma energy range. Given its UV imaging capabilities, SEE will be a key space
asset to support detailed studies on solar activity, especially in relation to ultraviolet radiation which strongly interacts with the upper layers of
the Earth’s atmosphere, and in relation to space safety, included in the field of human space exploration. The main goal for the UV payload is to
study the evolution of the solar UV emission in the Mg II band at two different time scales: yearly variations along the solar cycle and transient
variations during flare events. The Mg II index is commonly used as a proxy of the solar activity in the Sun-as-a-star paradigm, in which solar
irradiance variations in the UV correlate with the variations in stratospheric ozone concentrations and other physical parameters of the Earth high
atmosphere. SEE data will be used together with space and ground-based observatories that provide Solar data (e.g. Solar Orbiter, IRIS, GONG,
TSST), high energy particle fluxes (e.g. GOES, MAXI, CSES) and geomagnetic data in a multi-instrument/multi-wavelength/multi-messenger
approach.
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1. Introduction

As we are entering an era of space exploration dominated
by smaller satellites and vast constellation, science missions
are moving more and more towards the exploitation of CubeSat
standards (see e.g. Poghosyan & Golkar, 2017). Furthermore,
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the revamp of deep space human exploration on the Moon and
lunar orbit and future plans for Mars exploration places solar
and space weather missions in the next decade at high prior-
ity. The Sun cubE onE (SEE) is a mission planned in low
Earth orbit (LEO) to study Sun-Earth interaction exploiting a
12U CubeSat platform and Commercial-off-the-shelf (COTS)
approach for fast development and relative lower budget com-
pared to even small-class missions. SEE primary goal is to
study the high energy solar irradiance variations, from UV to
gamma rays, exploring time cadences that vary from the unex-
plored sub-seconds in the solar flares to the yearly time scales.
Furthermore, SEE mission wants to provide a space weather
platform for the space safety stakeholders. To fulfil those goals
SEE mission will include two primary scientific payloads: an
UV imager in the 280 nm band and a gamma and X-ray in-
strument for high cadence spectroscopy during flare emission.
Furthermore, once SEE capabilities will be proved in-orbit, it
will pave the way for a SEE-based series of low-cost cube-
sats, to provide longer time coverage over a full-solar cycle. A
launch every 1.5 years would provide redundancy, data cross-
calibration complete time coverage over the years and would
transform SEE from a proof-of-concept cubesat mission to a
space weather asset based on a series of cubesats.

The solar spectral irradiance (SSI) in the UV/X-ray/gamma
bands can only be measured by instruments aboard space mis-
sions. Solar variability in UV and high energy regions of the
electromagnetic spectrum is far more important than what hap-
pens in integrated power at 1 A.U. (the total solar irradiance or
TSI). In fact, the typical variations of the TSI during periods of
higher solar activity, characterized by peaks in the number of
facular regions and sunspots in the solar photosphere and by a
higher frequency of flares and coronal mass ejections (CME),
increases by only about one tenth of a percent (or about 2 Wm−2

between the maximum and minimum of an 11-year solar cy-
cle). But, relative changes of TSI are not evenly distributed
across the solar spectrum: they are concentrated in the UV, so
that wavelengths less than 400 nm contribute about 9% to the
change, and about 32% of the radiation variation over a solar
cycle occurs below 250 nm (Lean, 1989; Snow et al., 2010; Er-
molli et al., 2013).

In particular, we propose to study the variability of the solar
emission in the Mg II doublet at 280 nm with a UV imager pay-
load, which would be able to explore the chromospheric struc-
tures producing such emissions. This doublet is particularly
relevant because the Mg II index (core-to-wing ratio) is based
on the emission profile of Mg II doublet and it is usually used
as a proxy for the spectral solar irradiance variability from the
UV to EUV associated with the periods of 11-year (solar cy-
cle) and about 27 days (solar rotation). The index is computed
from the ratio of the fluxes of the highly variable Mg II h and
k emission cores (chromospheric origin) to that of the weakly
variable nearby wings (photospheric origin) as discussed in
Heath & Schlesinger (1986). The index can be downloaded at
the Bremen University site (http://www.iup.uni-bremen.
de/UVSAT/Datasets/mgii) and it is commonly considered a
good proxy of solar magnetic activity and UV and EUV irra-
diance since it supplies a good estimate of UV irradiance vari-

ability (White et al., 1998; Viereck & Puga, 1999; Dudok de Wit
et al., 2009). However, as mentioned earlier, the index or proxy
Mg II is a core-to-wing ratio of the Mg II line and it probes the
high chromosphere of the Sun. Since it is an index, the over-
all information from the solar disk is compressed into a single
number, losing the spatial information on the structures respon-
sible for the emission. Currently no data is available of full disk
spatially resolved emission from the Sun in the Mg II doublet.
The Aditya-L1 mission, currently planned to be launched in late
2022, has the possibility to observe both h and k Mg II lines
with its Solar Ultraviolet Imaging Telescope (SUIT) (Tripathi
et al., 2017). The imaging of Mg II doublet has been largely
exploited by the Interface Region Imaging Spectrograph (IRIS)
in the last 8 years, mainly focusing on the rapid evolution dur-
ing solar flares in a field of view of 120” by side (see e.g. Kerr
et al., 2015). A recent paper by Orozco Suárez et al. (2022) de-
scribe the CASPER solar mission proposed for the ESA ”Fast”
F mission, which include a 30 cm aperture telescope for spec-
tropolarimetry imaging in the Mg II h and k lines.

Regarding the UV images of the solar disk, we have to point
out that the magnetic structures responsible for the local heat-
ing in the Sun’s chromosphere, and which are ultimately re-
sponsible for solar UV variability (i.e., SSI variability), and in
particular for the variability in the Mg II line, have a double
astrophysical importance. On the one hand, they modulate the
solar radiative flux, on the other they introduce a contribution
(which astrophysicists call stellar noise) to the solar radial ve-
locity signal due, in addition to the convective blueshift, also to
the rotational imbalance due to the presence of these brightness
inhomogeneities of magnetic origin. The UV Imager on-board
SEE will make an important contribution in this direction be-
cause it will provide an additional band to deconvolve the solar
radial speed signal (see Milbourne et al., 2019) from the contri-
butions of solar magnetic activity.

The solar UV radiation has a significant impact on Earth’s at-
mosphere. Photons with a wavelength lower than 300 nm affect
indeed many chemical cycles in the atmospheres, as Ozone’s
cycle in Earth’s stratosphere. Additionally, the thermosphere,
80 to 600 km in altitude, is primarily heated by solar UV radi-
ation (Floyd et al., 2002) and, consequently, satellites or debris
in LEO are significantly affected by the variable atmospheric
drag modulated by solar radiation variability from Medium UV
(MUV, as i.e. the 280 nm band observed by the SEE pay-
load) to Extreme UV (EUV). The solar UV photons dissoci-
ate molecules or ionize the neutral atmosphere and therefore
modify the chemical composition of the atmospheres and its
temperature distribution, ultimately creating a dynamics of the
planetary atmospheres that is modulated by: i) by the rotation
of the planets (the day-night cycle), ii) by the variations of ir-
radiance linked to orbital factors, e.g., the Sun-planet distance,
and finally iii) from solar variability in UV and higher energy
ranges (see, e.g. Snow et al., 2005; Dudok de Wit & Water-
mann, 2010; Lovric et al., 2017; Berrilli et al., 2020; Woods
et al., 2021). While the first two effects are easily estimated
from the laws of celestial mechanics, solar variability remains
a major issue. Several models are used to reconstruct the mea-
sured SSI at different wavelength and in particular in the UV

http://www.iup.uni-bremen.de/UVSAT/Datasets/mgii
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(see, e.g. Fligge et al., 1998; Unruh et al., 2008; Fontenla et al.,
2011; Szenicer et al., 2019). Although some attempts have been
done to forecast the TSI (see, e.g. Muralikrishna et al., 2022)
there is currently no predictive model of SSI that can be used to
forecast the thermosphere conditions.

Moreover, the effects of solar activity on the stratosphere
have a direct impact on the Earth atmospheric circulation (e.g.,
Gray et al., 2010). The mechanism involves the stratosphere
absorption of the solar UV in the spectral band between 100
and 300 nm. At mid-latitudes this happens at a height between
10 and 50 km where UV photons have enough energy to alter
the chemical reactions that create and destroy ozone or photo-
dissociate molecular oxygen. As demonstrated with impres-
sive evidence by the recent loss of 40 out of 49 Starlink satel-
lites of SpaceX due to a mild geomagnetic storm triggered by
a Space Weather event, forecasting the thermosphere environ-
ment is critical to space mission design, re-entry operations and
space surveillance applications. Indeed, most low-Earth-orbit
(LEO) operational satellites fly in a limited zone between 400
and 800 km within the thermosphere. The orbital decay rate
of satellites depends on atmospheric drag, which is directly af-
fected by the variable solar input (UV radiation and secondary
effects due to geomagnetic induced storms). The orbital decay
rate at 250 km of altitude is very significant, causing re-entry
of a satellite in about 2 weeks. In a recent paper Bigazzi et al.
(2020) performed an analysis of three of the most used solar
flux and geomagnetic proxies, i.e., F10.7 flux, Mg II UV proxy
and geomagnetic index Ap, in relation to the time evolution of
thermospheric density measured in situ, from 260 to 230 km al-
titude, using the GOCE thermospheric-density dataset. In this
study the Mg II has been proved to be a better proxy than F10.7
in capturing the long-term trends of the solar input, providing a
good representation of the thermospheric density signal at low
thermospheric altitudes and underlining once more the impor-
tance of UV data in forecasting the thermosphere properties.

Moreover, ozone is a crucial component of Earth’s atmo-
sphere in terms of its energy balance: its spectral band cen-
tered at 9.6 µm is positioned nearby Earth’s thermal emission
peak, thus a variation in the ozone concentration modulates the
quantity of infrared radiation emitted by the Earth’s surface.
This effect is clearly visible, where higher ozone levels pro-
duce a warming of the lower stratosphere and cooling of the
upper stratosphere, even though ozone is a minor component
of Earth’s atmosphere with a concentration of merely 0.02–0.1
ppmv. A secondary goal of the SEE mission is to acquire im-
ages of the Earth’s atmosphere at 280 nm. In this observing
mode the main target is the dayglow in the middle ultraviolet
(MUV) coming from upper layers of Earth atmosphere. The
measured airglow at mid and high latitudes can track geomag-
netic disturbances (see e. g., Meier, 1991) and ionosphere re-
sponse, directly measuring the geomagnetic effects of Space
Weather. This would further improve the SEE science products
in case of non-constant solar pointing of the UV imager.

At higher energies, the solar emission in the Soft-X-Rays
(SXR), Hard-X-Rays (HXR) and gamma-rays is dominated by
solar flares. The main scientific drivers for the SEE payload
devoted to gamma and X-rays flux monitoring are the elusive

scales of solar flares emission. The spatial scale involved in
the magnetic reconnection driving solar flares is ∼1 m (see e.g.
Shibata & Tanuma, 2001) and therefore out of the observing
capabilities of any current instrument. Nevertheless, some in-
formation on the physics of solar flare trigger could be encoded
in the unexplored sub-seconds time scales. Solar flares relate to
the sudden release of energy stored in the solar magnetic field in
the upper layers of solar atmosphere. The trigger mechanism is
not completely understood and is commonly explained in terms
of magnetic reconnection (Giovanelli, 1946). The energy re-
lease mainly manifests as a brightening along all the electro-
magnetic spectrum, with a duration of the order of minutes.
We refer to the extensive review Benz (2008) for a detailed ex-
planation of the phenomenon from an observational point of
view. The energy radiated as photons during a large flare event
is mostly prominent in the SXR band, where can exceed the
pre-flare emission level by a factor of 200 (Woods et al., 2004).
The same study underline the fact that most of the energy is nev-
ertheless irradiated above the 200 nm (77%). SXR emission is
used to define solar flares classification (X, M, C, B) and deeply
studied since 1976 by the NASA GOES missions. Solar flares
are the most powerful transient event happening in the Solar
System. The magnetic energy is released under different forms:
photons, accelerated particles, heat, waves and plasma motion.
Summed up all together, an X flare can release more than 1025

J of energy (Emslie et al., 2005). EUV and SXR emissions are
interpreted from the heating of the plasma in the coronal loops
at temperature from 1.5 MK to beyond 30 MK. In the HXR the
photon energy distribution follow a non-thermal shape, close to
a power-law. The source in this case is the bremsstrahlung of
the accelerated electrons colliding on the denser atmospheric
layers below the flare site. Line emission in the gamma-ray is
due to heavy nuclei emission excited by MeV protons (Chupp
et al., 1973).

Although SXR observations may suggest solar corona as the
prominent site of flare energy release, solar flares involve differ-
ent physical mechanism in a complex interplay between corona
and chromosphere. SXR and EUV emissions characterize the
preflare phase at the top of the magnetic loop while HXR emis-
sion sources are located at the magnetic footpoints during the
impulsive phase (Benz, 2008). However, observations to date
have not provided a clear picture to distinguish among the dif-
ferent mechanisms involved in the plasma heating and particle
acceleration. The fast-time domain of solar flare spectroscopy
in SXR and HXR could provide a new window to distinguish
different acceleration mechanisms. In a recent paper Knuth &
Glesener (2020) performed an analysis of fast fluctuations in
Fermi Gamma-ray Burst Monitor (Fermi GBM) data from two
M9.3 class solar flares occurred in 2011. They studied with
subsecond resolution X-ray spikes and their quasiperiodic na-
ture. Differences in the timing of these spikes across ener-
gies can reveal time of flight effects such as particle trapping
or it can indicate a preferred acceleration mechanism. With
just two events available no conclusive analysis could be made.
To date fast-time domain analysis have been limited by the ∼
4 s cadence of RHESSI. While STIX on board of Solar Or-
biter currently provides ∼ 1 s scale observations (Piana et al.,



4 Given-name Surname etal / Advances in Space Research xx (2022) xxx-xxx

2022), observations at much higher temporal cadence would
open completely new opportunities to test for acceleration mod-
els. The SEE mission science objectives include the study of
pre-flare and flare conditions in an extended range of energies
(keV to MeV) at an unprecedent cadence (up to 10 kHz), to
study the reconnection events that drives the flare events and
to possibly distinguish particle acceleration mechanisms. As
the highest number of flares is reached during the maximum
of the solar cycle, therefore, based on (Penza et al., 2021) and
solar cycle prediction panel (https://www.swpc.noaa.gov/
products/solar-cycle-progression) the preferred time
window of the SEE mission (1 yr nominal +1 yr extended) is
the time span 2023-2028.

SEE mission will also have an impact on Space Weather
assets, aimed to provide countermeasure to technology threats
and impacts on astronauts health. The SXR and HXR emissions
of intense solar flares can change the Earth’s ionosphere, dis-
turbing or disrupting radio transmissions and Global Navigation
Satellite System (GNSS) signals. Solar flares are also associ-
ated with the launch of Coronal Mass Ejections (CMEs), which
can ultimately impact Earth producing geomagnetic storms.
SEE gamma and X-ray instrument will measure SXR flux in
the same GOES bands that are used to define the standard flare
classification. This will allow for cross-calibration with the
lower X-ray energy bands of SEE, with the advantage of hav-
ing higher cadence with respect to GOES. At the same time
SEE mission will also measure the flux at higher energies, up
to few MeV, that can expose astronauts on lunar and deep space
extravehicular activities (EVAs) to dangerous acute biological
doses (see e.g., Smith & Scalo, 2007; Narici et al., 2018). SEE
will address key questions concerning the physics of the Sun
and the Earth’s upper atmosphere, namely:

1. What determines the solar UV budget in a very variable
spectral region of primary interest for Earth’s upper atmo-
sphere (thermosphere, ionosphere, stratosphere)?

2. What are the solar active regions that contribute most to
the UV signal at 280 nm?

3. What are the high-rate temporal characteristics of the
Gamma and X-ray signal in a pre-flaring condition or dur-
ing the flare?

Although SEE is mainly a scientific mission, aimed at im-
proving the understanding of the behavior of the Sun in a spec-
tral region of strong astrophysical and geophysical importance
(i.e. the Mg II line and high-energy radiation), the mission has
aspects of a technological demonstrator, using SiPM detectors
for the detection of the Gamma and X-ray solar signals, and
with applicative and service implications, since the data pro-
duced will complement useful data in the Space Weather con-
text. In such scenario SEE mission will provide exceptional
multiwavelength data of Space Weather events during solar cy-
cle 25, complementing data from:

• in-orbit observatories and experiments such as SDO (Pes-
nell et al., 2012), GOES (Ryan et al., 2012), IRIS (De Pon-
tieu et al., 2014), HINODE (Kosugi et al., 2007), MAXI
(Matsuoka et al., 2009), AMS-02 (Aguilar et al., 2013,
2021), Mini-EUSO (Bacholle et al., 2021);

• deep space missions as Solar Orbiter (Müller et al., 2020),
Parker Solar Probe (Fox et al., 2016) and Bepi Colombo
(Benkhoff et al., 2010);

• ground based networks and synoptic observatories such
as GONG (Harvey et al., 2011), Kanzelhöhe Observatory
(Pötzi et al., 2021), MOTH (Jefferies et al., 2006) and
TSST (Giovannelli et al., 2020).

The SEE mission has been proposed in the “Future missions for
Cubesat” call of the Italian Space Agency (ASI) in 2020, and it
has passed the technical evaluation phase in 2021. ASI funded
the SEE mission for phases A/B in July 2022.

Fig. 1. Preliminary optical layout of the SEE UV imager. The optical unit
consists of 2 spherical mirrors and 3 spherical lenses, with a 90 mm aperture.

2. UV imager

The imager proposed for this mission allows to map the ra-
diative emission of the Sun at 280.0 nm, with a passband of 2
nm, returning information on the solar regions responsible for
the emission. The field of view (FOV) is 1.1 ◦, allowing full
disk images compatible with the SEE platform pointing capa-
bilities. The pixel scale is ∼2 arcsec/pixel. These maps can
be used, together with magnetograms and high resolution im-
ages of other missions (eg, SDO, IRIS, Solar Orbiter, ...) or
with observations from ground-based synoptic telescopes in or-
der to better understand the physical processes underlying the
UV emission of the Sun and to create empirical models for the
reconstruction of the spectral variations of the Sun. The tele-
scope is composed of 2 spherical mirrors and 3 spherical lenses.
The compact design allows to fit the UV imager payload in less
than 2U volume. A preliminary layout by Optec is shown in
Fig. 1. As reported in the table 1, the distortion is less than 1%
and the field curvature (i.e. the difference in best focus position
from optical axis and marginal FOV) is less than the depth of
focus of the instrument, causing negligible variation in terms
of performances. The vignetting is entirely caused by the cen-
tral obscuration to the secondary mirror. In order to avoid loss
in transmission due to the radiative environment, the selected
material will be radiation hardened and selected to maximize

https://www.swpc.noaa.gov/products/solar-cycle-progression
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FOV Bandpass F/N Focal length Distortion Obscuration Vignetting Barrel length Max diameter
1.1 ◦ 2 nm 7.6 690 mm <1% <35% Negligible 160 mm 90 mm

Table 1. Technical characteristics of the telescope.

Fig. 2. Preliminary layout of the SEE gamma (left) and X-ray (right) instrument.The SiPM/SP detectors are shown in green and yellow respectively. Anticoincidence
crystals are shown in red, collimators are in black, aluminium shielding is in grey.

transmission in UV range. In addition, in order to avoid ther-
mal issues, two solutions will be implemented: focus mech-
anism (already tested and working in space); athermalization
through fine selection of material. Transversal thermal gradi-
ent, nevertheless, can be compensated only by entire satellite
athermalization. Another aspect that needs to be controlled is
the straylight due to surface microroughness. Since the scat-
tering is more sensitive in the UV wavelength range, surface
microroughness will be accurately investigated. The SEE sci-
ence team will define the scientific requirements and the related
technical requirements for the detailed design of the SEE UV
imager based also on the heritage of the design of the ISODY
payload (Greco et al., 2010) which included tunable interfero-
metric filters (Berrilli et al., 2011) proposed for the ADAHELI
solar mission (Berrilli et al., 2010, 2015).

3. Gamma and X-Ray instrument

The high-energy payload is divided in two units: the gamma
and the X-ray instrument. Each instrument is based on four
(for redundancy and wider energy range) SiPM/Scintillator de-
tectors. The readout uses SiPM (Silicon Photomultiplier, also
known as MPPC) detectors which read the signal coming from
the gamma ray conversion in the scintillator (CsI or Lyso). Two
to four SiPMs read the same scintillator to improve the unifor-
mity of readout and as additional redundancy, surrounded by
an anticoincidence to reject charged particles. The SiPM-based
detectors will continuously acquire at a cadence of 10 kHz and
in trigger mode, so to reveal the signal at the highest cadence. In
particular, the SiPM detector will measure the cascade of parti-
cles produced by each incoming solar energetic photon that will
be produced in the scintillator. The signal produced in this way
is proportional to the energy of the solar photon, thus providing
the possibility to tag each photon in time (with a time resolution
of 0.1 ms or better) and energy. It is therefore able to distinguish
single bunch of photons (even single-photon events) at 10 kHz

without losing the possibility to reveal all the photons available
from flares of lower classes, for which the actual cadence of
the observation will be lower. Pre-amplification, readout and
data acquisition are performed by a devoted board. The X-rays
system is based on four SiPM/SP/Scintillator detectors. Both
systems require a collimator (realized in Tungsten). The whole
system interfaces with the Payload computer for data compres-
sion and storage. The system is the evolution of similar ones
already flown on previous/current missions on the International
Space Station (ISS) in 2002 (Lazio-Sirad, employing for the
first time SiPMs in space; as part of the Eneide mission, see
Casolino et al. 2021) and subsequently in 2019 (Mini-EUSO as
part of the Beyond Mission, employing multi-pixel SiPM ar-
rays, see Bacholle et al. 2021). The detectors are arranged in
a two-by-two grid as described in Fig. 2. The system can be
divided in the following major components:

1. Detector: It employs Hamamatsu MPPC (SiPM) for read-
out. A number of two to four MPPC will be used to
ensure uniformity of readout of the scintillator and reli-
ability in case of failure of one of the SiPMs. MPPCs
are now currently used in a number of applications: the
proponent group has a long-standing experience in using
these detectors, since the first prototypes obtained from
MepHI/Dolgoshein (the inventor of the technology) and
in placing them in space: the already mentioned Lazio-
Sirad mission and more recently as ancillary detectors on
Mini-EUSO focal surface.

2. Scintillator. It is planned to use CsI or Lyso for their op-
timal gamma ray detection capabilities (e.g. density, ease
of use, robustness. . . ). The optimal scintillator material(s)
will be selected based on Montecarlo simulations and lab-
oratory tests.

3. Collimator. A tungsten collimator will be used to allow
detection only of gamma rays coming from the Sun’s di-
rection.
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4. Anticoincidence. A plastic anticoincidence system, sur-
rounding the detector, will be used to reject the signal com-
ing from charged particles (mostly electrons and protons)
of cosmic radiation. The anticoincidence system will also
be read by SiPMs, with the corresponding digital signal
used as a veto to the trigger.

5. Frontend/readout electronics. Front-end signal readout
and shaping will be performed by a devoted board which
will amplify the signal, convert it to digital value, perform
trigger duties. The board trigger will ensure a SNR of at
least 10 for the lowest energy photon in each band. For
example, the instrument in the 1-3 MeV range will have a
trigger at 100 keV to detect the 1 MeV incoming photon
with a SNR of 10. The board will also be devoted to tem-
perature control and conditioning of the SiPMs, compen-
sating for temperature changes in order to keep the gain of
the detector stable.

A baseline of 4 mm side sensor and 80 mm long collima-
tor has been considered, providing an acceptance angle of 6◦.
The current configuration consists of 8 scientific channels and
6 anticoincidence channels. Expected photon flux for a flare
>X5 at different energies is available in table 2. Aschwanden &
Freeland (2012) provided a detailed analysis of the solar flare
rates at different energies over 37 years (1975-2011). In this
work, the total number of flares that have been detected larger
than a given magnitude (X/M/C) decreases approximately by a
factor of 10 for each order of magnitude. If we avoid a phase
of solar minimum and considering the solar flare rates detected
shown in Figure 3 in Aschwanden & Freeland (2012), we can
expect, over the one year nominal life-time of SEE, ∼ 100 flares
>M1 and ∼ 10 flares >X1. We therefore include in the last
two column of table 2 an estimate of the counts for M1 and
X1 flares. SEE science for the Gamma and X-ray instrument
is driven by two main goals: one the one hand the possibility
to observe with sub-second cadence the more rare high energy
flares (>X5); on the other hand by measuring extended energy
range solar flare spectra for the more frequent >M1 flares. In-
deed, the detection of multiple photons at sub second resolution
for the higher energy channels will be achieved only for very
high energy flares, nevertheless the time tag of even a single
photon compared with the time and energy distribution in the
X-ray channels will also provide valuable information on the
flare acceleration process. The estimated volume and mass for
the X-rays units, the gamma-rays units and the frontend/readout
electronics are approximately 1 U and 3 kg respectively. The
power consumption of the X/gamma payload is 15 W.

4. Mission profile and CubeSat platform

During the Nominal Mission, SEE shall constantly point at
the Sun, except during manoeuvres, eclipses or contingencies.
The UV Imager will observe the Sun at regular intervals (base-
line every 6h) to obtain synoptic images of the solar disk while
the Gamma and X-ray detectors will acquire the integrated so-
lar signal continuously. This high energy signal will be used

as a trigger, activated by intense solar flares, to activate a high-
cadence mode of acquisition of the Imager. The satellite radial
velocity in the Sunward direction shall not exceed +/-4 km/s
during the orbit, keeping the orbital shift Doppler within 4x10−3

nm. Given the 2 nm passband of the filter centered at 280.0 nm,
this ensures to always include the Mg II h (276.56 nm) and k
(280.27) nm lines, having an intensity contamination from the
wings of the line < 0.1%. The accuracy in pointing at the solar
disk (given its position w.r.t. the center of the Sun’s disk) must
be a fraction of the field of view of the Imager, say < 1.1◦ (to
get the solar disk within the field of view of the high resolution
telescope). In order to fulfill science requirements (i.e., synop-
tic images of the Sun at 280 nm and quasi-continuous Gamma
and X-ray monitoring), two observation modes are preliminary
foreseen.

a) NOMINAL (NO-FLARE) MODE. Four Mg II (280 nm) full
disk images per day, every 6 hours. The gamma and x-ray
instrument will acquire continuously with single-photon de-
tection capabilities at up to 10 kHz sampling (advanced goal
1 MHz; GOES provides 1 Hz fluxes), except during ma-
noeuvres, eclipses or contingencies.

b) FAST (FLARE) MODE (TBC). Trigger from X-ray channel
to the UV imager. Mg II (280 nm) full disk images every
60 seconds. Burst of continuous sampling up to 10 kHz
(advanced goal 1 MHz; GOES provides 1 Hz fluxes) of the
gamma and x-ray instrument (when pointed).

The orbit chosen for the SEE is a circular Sun Synchronous
Orbit (SSO). The SSO is a retrograde orbit (inclination greater
than 90 degrees) where the satellite passes over any given point
of the planet’s surface at the same local mean solar time and the
orbital plane normal is always directed towards the Sun direc-
tion. The SSO allows SEE to have low eclipse times, which are
useful for the observations and the solar panels. For this anal-
ysis, the eccentricity has been set equal to 0 to obtain a circu-
lar orbit and the altitude actually represents the design variable
(the inclination is retrieved accordingly). In particular, several
altitudes have been considered ranging from 550 km to 750
km, although they present different advantages. For example,
a lower altitude SSO requires lower (or even totally null) pro-
pellant consumption for de-orbiting and lower power for data
transmission. On the other hand, a higher altitude SSO allows
a lower eclipse time and higher visibility time with a ground
station. However, all the altitudes can potentially be suitable to
achieve the SEE scientific objectives. For the analysis presented
in this paper, a 550 km circular SSO is chosen as an example.
For the selected orbit, the trend of the satellite radial velocity
is shown in Fig. 3. Considering that the SEE payload can be
hosted in 4 CubeSat Units (4U) with minor modifications on
the current payload configuration, the Argotec HAWK platform
can be exploited in its 12U CubeSat Configuration. The HAWK
platform supports the satellite’s operations and functionalities
with the following subsystems:

• Structure (SS), which is in charge of providing the physi-
cal support for the required hardware and of withstanding
launch, deployment and operational mechanical loads;
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Band Source Flux (>X5) Sensor Counts in the Channel Channel Channel
(counts keV−1 bandwidth band (>X5) counts (>X5) counts (>X1) counts (>M1)

cm−2 s−1) (keV) (counts cm−2 s−1) (counts s−1) (counts s−1) (counts s−1)

3 keV thermal 107 10 108 107 2x106 2x105

(GOES (1.5-12keV)
XRS-B)

6 keV thermal 106 20 2x107 106 2x105 2x104

(GOES (3-25keV)
XRS-A)

100-200 keV non-thermal 10 10 102 10 2 2x10−1

1-3 MeV continuum + 10−2 1000 10 1 2x10−1 2x10−2

lines

Table 2. Expected photon flux for a flare >X5 at different energies, based on Lin et al. (2002). The last three columns show the expected number of counts on each
sensor channel respectively for an X5, X1 and M1 -class flares. They have been computed scaling the X5-class flare. The computations are supported also by other
flare spectra, see e.g. Grigis & Benz (2004).

Fig. 3. Doppler shift for the 550 km circular SSO.

• Attitude Determination and Control (ADCS), whose aim
is to determinate and control attitude, considering where
the satellite should point and thus orient it;

• On-Board Computer & Data Handling (OBC&DH), that
provides communication between all the subsystems, to
guarantee their right interaction, and to perform the de-
sired satellite’s operations;

• Electrical Power (EPS), which is in charge of providing,
managing and storing the required electrical power. Its
aim is also to convert and distribute the electrical power
coming from the SPA to the Battery;

• Telemetry Tracking & Command (TT&C), that allows the
satellite to transmit data to the ground, including scientific
acquisitions. It guarantees also the reception of commands
sent from ground;

• Thermal Control (TCS), which keeps all the subsystems’

components in their prescribed temperature range.

A preliminary analysis was carried out in order to define the
baseline subsystems’ configuration for the CubeSat, shown in
Fig. 4. The configuration design was forced by the follow-
ing constraints: constant Sun-pointing may degrade, and most
likely damage, the CMOS. Ageing will be assessed after de-
tailed analysis of the rejection and narrow band filter. A possi-
ble solution is the use of a shutter in the UV payload. The X
& Gamma sensor shall point the Sun for long periods of time.
According to these constraints, the preliminary subsystem ac-
comodation is reported in Fig. 4.

The satellite will be in Sun Pointing mode most of its life-
time, with the exception of communication windows. A prelim-
inary mass and power budget shows that the CubeSat complies
with the standard 12U CubeSat requirement (mass requirement:
24 kg) considering the proper margins at subsystem and system
level. Moving forward to a preliminary data and link budget,
the HAWK platform embarks an OBC&DH able to store up to
16GB of data. The imager will take no more than 4 pictures
everyday, with a data volume of 24MB/day if no compression
method is used. The X and Gamma Ray sensor will acquire data
constantly, creating a data volume of 26MB/day. With a total of
100MB/day (with a taken margin of 100%), the OBC&DH can
store data for 160 days.

5. Conclusions

SEE mission will be a pathfinder: a low-cost solar mission
based on CubeSat approach, with an expected high scientific
output. SEE will investigate the cornerstone Mg II region of
the solar spectrum, with imaging capabilities. SEE UV im-
ager has the goal to unveil the roots of solar UV variations
and its connection with magnetic structures in the solar atmo-
sphere over different time scales. It will provide a new per-
spective on solar UV emission in combination with data from
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Fig. 4. Preliminary subsystems accommodation in the SEE cubesat.

present (Solar Orbiter, SDO, GOES) and future (Vigil, Solar-
C, Aditya-L1) large solar space projects. Furthermore, SEE
will explore for the first time the solar SXR and HXR spec-
trum at fast cadence (up to 10 kHz and with single-photon de-
tection capabilities), searching for pre-flare and trigger signals
and trying to distinguish the still not completely understood
particle acceleration mechanism during flare events. The ex-
pected user base is potentially very large, as the data provided
by the SEE mission is highly relevant for many scientific com-
munities: astrophysics, geophysics, space weather. The Ital-
ian Space Agency may also have a specific interest in the data
produced. In fact, ASI is working on the creation of an Ital-
ian Space Weather Infrastructure: the ASPIS project (Plainaki
et al., 2020). SEE will certainly represent a test-bed for new
technologies which are to be employed in future missions, such
as SiPM for SXR and HXR spectroscopy at high cadence, com-
pact UV telescopes for CubeSats platforms, new materials and
coating for mirrors, low-cost memories. The specific exper-
tise on CubeSats missions of the industrial partners, ARGOTEC
s.r.l, OPTEC S.p.A., involved in the ArgoMoon and LICIAcube
missions, and the expertise of NEXT Ingegneria dei Sistemi
S.p.A. in the ground segment and operations definition, has
perfectly supported the Science Team in defining the set of re-
quirements compatible with the limited budget, yet leaving un-
touched SEE’s innovative capabilities.
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