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Abstract. Mini-EUSO is the first mission of the JEM-EUSO program on board the International Space Station.
It was launched in 2019 and it is currently located in the Russian section (Zvezda module) of the station and
viewing our planet from a nadir-facing UV-transparent window. The instrument is based on the concept of
the original JEM-EUSO mission and consists of an optical system employing two Fresnel lenses and a focal
surface composed of 36 Multi-Anode Photomultiplier tubes, 64 channels each, for a total of 2304 channels
with single photon counting sensitivity and an overall field of view of 44° x 44°. Mini-EUSO can map the
night-time Earth in the near UV range (predominantly between 290 nm and 430 nm), with a spatial resolution
of about 6.3 km and different temporal resolutions of 2.5 u, 320 us and 41 ms. Mini-EUSO observations
are extremely important to better assess the potential of a space-based detector in studying Ultra-High Energy
Cosmic Rays (UHECRs) such as K-EUSO and POEMMA. In this contribution we focus the attention on UV
measurements, the observation of clouds and of certain categories of events that Mini-EUSO triggers with the
shortest temporal resolution. We place them in the context of UHECR observations from space, namely the
estimation of exposure and sensitivity to Extensive Air Showers.

1 Introduction

The current main goal in the field of UHECR (Ultra-
High Energy Cosmic Ray) science is to identify their as-
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trophysical sources and composition [1]. For this, in-
creased statistics is one of the essential requirements. A
space-based detector for UHECR research has the ad-
vantage of a very large exposure and a uniform cover-
age of the celestial sphere. The aim of the JEM-EUSO
program [2] is to bring the study of UHECRs to space.
The principle of observation is based on the detection
of UV light emitted by isotropic uorescence of atmo-
spheric nitrogen excited by Extensive Air Showers (EASs)
in Earths atmosphere and forward-beamed Cherenkov ra-
diation reected at the Earths surface or at dense cloud
tops. The JEM-EUSO program includes missions on
ground (EUSO-TA [3]), on stratospheric balloons (EUSO-
Balloon [4], EUSO-SPB1 [5], EUSO-SPB2 [6]), and from
space (TUS [7], Mini-EUSO [8]) employing fluorescence
detectors to demonstrate the feasibility of the UHECR ob-
servation from space and prepare for the large size mis-
sions K-EUSO [9] and POEMMA [10]. An updated
overview of the JEM-EUSO program can be found in [11].
Mini-EUSO is the first detector of the JEM-EUSO pro-
gram to observe the Earth from the International Space
Station (ISS) and to validate from there the observational
principle of a space-based detector for UHECR measure-
ments.

2 The Mini-EUSO space telescope

Mini—-EUSO (Multiwavelength Imaging New Instrument
for the Extreme Universe Space Observatory, known as
UV atmosphere in the Russian Space Program) [8] is a
telescope operating in the near UV range, predominantly
between 290 nm and 430 nm, with a square focal sur-
face corresponding to a field of view (FoV) of ~44° x
44°. Tts spatial resolution at ground level is approximately
6.3 x 6.3 km?, slightly varying with the altitude of the ISS
and the pointing direction of the pixel. The detector size
is 37 x 37 x 62 cm?, mainly constrained by the size of
the nadir-facing UV transparent window in the Russian
Zvezda module, where it is attached a couple of times
per month during onboard night-time, approximately at
18:30 UTC, with operations lasting about 12 hours. The
first observations took place on October 7, 2019. Since
then and till October 2022, more than 70 sessions have
been performed. Data are stored locally on 512 GB USB
pendrives. After each data-taking session samples of data
(about 10% of stored data, usually corresponding to the
beginning and the end of each session) are copied and
transmitted to ground to verify the correct functioning of
the instrument and subsequently optimize its working pa-
rameters. The pouches containing all stored data are then
returned to Earth every ~12 months by the Soyuz space-
craft.

The optics are based on two 25 cm diameter Fresnel
lenses in Polymethyl methacrylate (PMMA). The Mini—
EUSO focal surface, or Photo Detector Module (PDM),
consists of a grid of 36 Multi-Anode Photomultiplier
Tubes (MAPMTs, Hamamatsu Photonics R11265-M64).
Each MAPMT consists of 8x8 pixels, resulting in a total of
2304 channels. The MAPMTs are grouped in Elementary
Cells (ECs) of 2 x 2 MAPMTs. MAPMTs are separated

by 2 — 3 mm spacing to avoid vibration damage at launch.
Consequently, gaps exists between MAPMTs in the col-
lected images. Each EC has an independent high voltage
power supply (HVPS) and board connecting the dynodes
and anodes of the four photomultipliers. The HVPS sys-
tem is based on a Cockroft-Walton circuit. The system has
an internal safety mechanism which operates either reduc-
ing the collection efficiency of the four MAPMTs or re-
ducing the MAPMT gain when particularly bright signals
occur (i.e. lightnings or large cities) [8]. The recovery to
the nominal mode takes place only few ms after the light
level has decreased to a sufficiently low value.

The effective focal length of the system is 300 mm,
with a Point Spread Function (PSF) of 1.2 MAPMT pix-
els. UV bandpass filters (2 mm of BG3 material) with
anti-reflective coating are glued in front of the MAPMTs
to predominantly select wavelengths between 290 nm and
430 nm.

The system has a single photon-counting capability
with a double pulse resolution of ~6 ns. Photon counts
are summed in Gate Time Units (GTUs) of 2.5 us.

The PDM Data Processor (PDM-DP) stores the 2.5 us
GTU data stream (D1) in a running buffer on which the
trigger code is executed. The algorithm searches for a sig-
nal integrated over 8 consecutive GTUs above 16 standard
deviations from the average in any pixel of the focal sur-
face. Both the average and standard deviation are calcu-
lated in real time to take into account varying illumina-
tion conditions. In case of a trigger, the 128 frame buffer
(64 frames before the trigger and 64 after it) is stored in
memory. The choice to operate on 8 GTUs integration and
to act on each pixel independently is based on the time
needed by a light signal to cross the FoV of a pixel and the
fact that 20 us represent a significant portion of an EAS
light-track in atmosphere (see Fig. 1).

Independently from the trigger, sums of 128 frames
(320 ps, D2) are continuously calculated and stored in an-
other buffer where a similar trigger algorithm, but at this
time scale, is running. Similarly, sums of 128 D2 frames
(40.96 ms, D3) are calculated in real time and continu-
ously stored. Every 5.24 s, 128 packets of D3 data, up
to 4 D2 packets and up to 4 D1 packets (if triggers were
present) are sent to the CPU for storage. In this way vari-
ous classes of phenomena with different durations can be
detected with an appropriate time scale (see sec. 3 for de-
tails). A more detailed description of the trigger algorithm
is reported in [12], which represents an adaptation of the
trigger logic conceived for JEM-EUSO [13], while the on-
board performance of the trigger system is summarized
in [14].

Prior to the launch, the instrument underwent a se-
ries of integration and acceptance tests in Rome, Moscow,
and Baikonur cosmodrome, where it was placed in the un-
crewed Soyuz capsule. A systematic test of the acquisition
logic was performed at the TurLab facility [15] of the Uni-
versity of Turin and at the Astrophysical Observatory of
Turin (INAF-OATo) [16].

After launch, an end-to-end in-flight calibration of the
Mini-EUSO detector has been performed by assembling
different UV-flasher systems on ground in Japan, Italy, and
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France and by firing them in various observational cam-
paigns. A detailed description of the methodology and of
the observational results is reported in [17].

3 Mini-EUSO design, expected
performance and exposure studies

Mini-EUSO has been designed to detect a photon rate per
pixel from diffuse sources (nightglow, clouds, cities, etc.)
in the range of values expected from a large mission in
space such as the original JEM-EUSO mission [18] or the
future detectors K-EUSO or POEMMA. The pixel FoV
is, therefore, ~100 times larger in area with respect to the
FoV of a JEM-EUSO pixel (~0.5 x 0.5 km?), to com-
pensate for the optical system ~100 times smaller, con-
strained by the dimension of the UV transparent window
(see Fig. 1).

In order to have a precise ratio of the photon rate
per pixel from diffuse sources between JEM-EUSO and
Mini-EUSO, a full simulation of JEM-EUSO and Mini-
EUSO detectors was performed with ESAF simulation
software [19]. In case of Mini-EUSO the overall efficiency
of the detector was fine-tuned with ESAF, mainly acting
at the level of MAPMT response, to match the measured
one eyr = 0.080 + 0.015 (see the end-to-end in-flight cal-
ibration of Mini-EUSO reported in [17]) for a point-like
source on ground. A flat diffused UV emission in the range
A =300 - 400 nm was simulated at the detector’s aper-
ture either with a range of zenith directions much larger
than the FoV of the instrument (=60° for both detectors) or
just within the FoV of the detectors (+30° for JEM-EUSO
and +22° for Mini-EUSO). The estimated background ra-
tio (R(IME/JE)) between MiniEUSO and JEMEUSO at
FS level is RIME/JE) = 0.98 — 1.04 slightly depending
on the range of zenith angles. This result confirms that
the expected photon rate from diffuse sources is similar in
JEM-EUSO and Mini-EUSO instruments.

The energy threshold of Mini-EUSO for point-like
sources like UHECRs is roughly 2 orders of magnitude
higher than the original JEM-EUSO one. Fig. 2 shows
the trigger efficiency of Mini-EUSO for ESAF simulated
proton-generated EASs of different energies. Events have
been simulated according to a sin(2 - 6) dependence on a
larger area than the FoV of the instrument on ground to
take into account border effects. The efficiency (€) as a
function of the energy (E) has then been calculated as:

Nl"i{/ Agimu
Nsimu

e(E) = ey

b
Afpoy

where N, and Ny, represent the number of triggered
events over the simulated ones for a specific energy bin,
while Aj;,,, and A,y indicate the area on which EAS have
been injected and the area on ground in the FoV of Mini-
EUSO, respectively. The red and blue points assume a
fixed nightglow background of 1 and 2 counts/pix/GTU,
respectively. The 50% trigger efficiency is located be-
tween 3 - 5 x 102! eV depending on the UV nightglow
level.
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Figure 1. Comparison between JEM-EUSO and Mini-EUSO
FoVs. The figure shows the detected light track of three sim-
ulated EAS with ESAF [19] of energy 10%° eV with different
zenith angles (6 = 30°, 60°, and 75°) as imaged by JEM-EUSO
detector. Each little colored dot represents the pixel FoV of
JEM-EUSO projected on ground, each grey square indicates the
MAPMT FoV and the large black squares show the FoV of JEM-
EUSO PDMs. The green and red squares represent Mini-EUSO
pixel’s and MAPMT’s FoV, respectively. Mini-EUSO pixel’s
FoV is larger than the FoV of a JEM-EUSO MAPMT and Mini-
EUSO MAPMT’s FoV is larger than the FoV of one JEM-EUSO
PDM. Image adapted from [18].

Mini-EUSO monitors the atmosphere and studies the
nature, extension and duration of the almost steady night-
glow emissions and rapid transient lights, to investigate the
capability of detecting light signals from EASs and mini-
mize the rate of spurious events. Thanks to its large FoV,
Mini-EUSO also acts as an atmospheric monitor detector,
observing different natural or anthropogenic phenomena
ranging from the UV light reflected or diffused by clouds
(D3 data), lightning and thunderstorm activity and study of
atmospheric electric phenomena termed Transient Lumi-
nous Events (TLEs) [20] with D1 and D2 data, in particu-
lar elves, up to much slower events (D3 data) like meteors
or, possibly, nuclearites [21], with a sensitivity to fainter
events beyond the usual capabilities of atmospheric moni-
tor detectors (see [22] for an updated description of Mini-
EUSO results).

Fig. 3 shows a comparison between the cloud fraction
(%) due to a cyclone in the Indian ocean as foreseen by a
post-processing analysis of the weather forecast obtained
with the data collected by the the Global Forecast System
of NASA [23], and the Mini-EUSO counts per pixel taken
in D3 mode but normalized to the D1 GTU. Where the
cloud fraction is expected to be higher, Mini-EUSO regis-
ters higher counts level. This is obtained in no-moon con-
dition and shows the capability of the UV camera of Mini-
EUSO to detect the presence of clouds. More details can
be found in [24]. This is very helpful for the calculation of
the exposure and for the determination of the atmospheric
conditions in case of the detection of an EAS candidate.
A dedicated study to assess the capability of Mini-EUSO
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formed when all the data collected by Mini-EUSO is avail-
able. The weighted moon fraction in those sessions corre-
spond to 0.44 which is well representative of the different
moon phases. Fig. 4 shows Mini-EUSO results in terms
of UV emission in different conditions: clear and cloudy
conditions, sea and land, various lunar phases. A pixel is
defined to be in cloudy conditions if the predicted cloud
fraction by the GFS model in its FoV is above 1%.
According to Mini-EUSO results in no-moon condi-
tions, in more than 90% of the time of clear sea con-
ditions the count rate belongs to the interval 0.4 - 2.0
counts/pix/GTU, the median being ~0.8 counts/pix/GTU
for both clear sea and land conditions. In clear land con-
ditions there is a higher probability of very low counts.
These are associated with deserts and forests (see [24] for
details). Under the reasonable assumption that conditions
above 2 counts/pix/GTU on land are due to the presence
of city lights (~20% of the time) and taking into account
~30% land coverage on Earth, this result corresponds to
~6% of the total fraction of time, which is close to the 7%
estimation performed for JEM-EUSO in [18]. Moreover,
cloudy conditions typically shift curves by a factor 1.5 -
2 towards higher count rates as already measured in JEM-
EUSO balloon flights [4]. Taking into account the fact that
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Figure 3. The top panel shows the cloud fraction (%) due to a
cyclon in the Indian ocean as foreseen by the GFS atmospheric
model [23] and the bottom panel shows the Mini-EUSO counts
per pixel and D1 GTU. Where the cloud fraction is expected to be
higher, Mini-EUSO registers higher counts level. Figure adapted
from [24].

JEM-EUSO and Mini-EUSO are expected to measure sim-
ilar count rates from diffuse sources, these results are con-
sistent with the assumption done in [18] for JEM-EUSO
where the exposure was calculated under the nominal con-
dition of ~1.1 count/pix/GTU.

Furthermore, when the moon is visible above the hori-
zon, if the moon fraction is less than 0.5, the increase of
UV counts is still moderate and it is possible to accumulate
exposure at the highest energies.

In order to have a proper estimation of Mini-EUSO
exposure at different energies it is necessary to compute
an efficiency curve for the various background levels and
convolve each efficiency curve with the fraction of time
in which such background level is measured. As it is not
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counts/GTU

Figure 4. Top: cumulative distributions of Mini-EUSO obser-
vations over land and sea regions. Solid lines indicate moonless
and cloudless conditions. Dashed lines represent moonless and
cloudy conditions, i.e. GFS cloud fraction above 1%. Bottom:
cumulative distributions of observations with the Moon visible
above the horizon, each curve representing a different moon-
phase interval. Figure adapted from [24].

possible to simulate the efficiency curves for infinite back-
ground levels, as a first step the efficiency curves are es-
timated by simulated proton-generated EASs of various
energies only for a limited set of background levels in
the range [0.2;4.0] counts/pix/GTU and the obtained ef-
ficiency curves are fitted with a function of the form:

logio(E/eV) — Py

€(E) =051 +erf( P
1

N, @
where the parameter Py indicates the energy (E) at which
the efficiency reaches 50% and P; measures the slope of
the efficiency curve (e(E)). Subsequently, the obtained pa-
rameter values at different background levels have been fit-
ted with appropriate functions as shown in Fig. 5 and the
dependencies of Py and P, as function of the background
level have been obtained. Finally, the trigger efficiency
curves are modelled at all background levels by equation
(2) using as Py and P; derived by means of the two func-
tions shown in Fig. 5.

Fig. 6 shows the comparison between the efficiency
curve obtained by fitting the simulated data points with
equation (2) and the efficiency curve, superimposed on
the same data points, derived through the parametrization
of the Py and P; dependence for the specific background

UHECR 2022
No moon ° =
o F
1 218~
21,75—
0.8 ——clear sea 21.6;
N ——clear land ssEe
0.6 - - -cloudy sea s
- = =cloudy land 214
04 ¢ E
213(—
0.2 B B B
Background [counts/pixel/GTU]
0 1 1 I
0.5 1 2 5 10 20 T oser
counts/GTU sk
All moon fractions ozl
1 0.26;
0.24;
08 —m €[0.0,0.2) s
——m €[0.2,0.4) s
0.6 m € [0.4, 0.6) 02—
—m&[0.6,0.8) o5 ] 75 3 75 3 35 7y
04 m E([los's' 1.0] Background [counts/pixel/GTU]
---m <0.
0.2 .
Figure 5. The dependence of the Py and P; parameters as a
0 function of the background level is displayed. A logarithmic

(for Py) and an exponential function (for P;) have been used to
parametrize their dependence.

level of 1 count/pix/GTU. The parameterized curve look
very similar to the originally fit.

Finally, the convolved exposure curve (6(F)) has been
calculated according to equation:

&(E) = Z(Ei(E) 1 Ai) - Qi 1), 3)

1

where i denotes the UV background level, #; represents
the relative fraction of time in which the measured back-
ground is in the interval i (each interval having a width of
0.01 counts/pix/GTU), A; accounts for the cumulative area
on ground with background i, Q measures the UHECR
observational solid angle (which assumes the value of ),
and t,,, = 142.5 hours is the total accumulated time. The
parameter n represents the efficiency factor for detecting
the EAS maximum in presence of clouds. This value de-
pends on the type of clouds, their optical depth and height.
A detailed analysis was performed at the time of JEM-
EUSO and adopted in this calculation (n = 60%) and it
is applied only to the fraction of time in cloudy condi-
tions. According to Fig. 4 the fraction of time with clear
sky and background level below 10 counts/pix/GTU cor-
responds to ~29% of the total accumulated time, while
the fraction in cloudy conditions with similar background
conditions corresponds to ~55%. Finally, the exposure
curve obtained by integrating all background levels below
2 counts/pix/GTU has been renormalized using the expo-
sure obtained at the plateau level of 10%? eV. The result,
which represents the convolved trigger efficiency curve, is
shown as black line in Fig. 2. The black curve is very
close to the efficiency curve obtained at the fixed back-
ground level of 1 count/pix/GTU, indicating that such a
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Figure 6. Top: efficiency curve obtained by fitting the simulated
data points with equation (2) for the UV background level of
1 count/pix/GTU. Bottom: efficiency curve derived through the
parametrization of the Py and P; dependence as shown in Fig. 5
for the same background level.

curve provides a reasonable approximation of the inte-
grated performance in the various UV background condi-
tions. This result confirms the estimations obtained in the
past with JEM-EUSO and the assumptions therein. Simi-
larly, these conclusions can be extended also to the estima-
tion of K-EUSO and POEMMA trigger efficiency curves
as they have been derived adopting the very same metodol-
ogy used for JEM-EUSO.

In addition, if a background level up to 10
counts/pixel/GTU is accepted, at the highest energies the
efficiency increases by ~40%. The accumulated exposure
of Mini-EUSO in this analysis amounts to 450 Linsley.
A very preliminary extrapolation of this result to all good
so far recorded data indicates that Mini-EUSO has poten-
tially accumulated till now an exposure equivalent to 2000
Linsley. This value is already about 2% percent of the ex-
posure collected so far by ground-based detectors, roughly
50% in the case of hybrid data [25].

4 Level 1 trigger studies and sensitivity to
EAS

A detailed analysis of the events collected by the level 1
trigger logic has been performed on a dataset of 34.7 h
containing more than 4.7x10* triggered events. The ex-
pected functioning of the logic has been confirmed. The
trigger rate on spurious events remains within the require-
ments in nominal background conditions (~1 Hz), while
it saturates in the presence of thunderstorm activity. The

dead time related to thunderstorm areas corresponds to lo-
cations where an UHECR can not be observed due to the
presence of high clouds. In that context such dead time
issue does not significantly reduce the observation capa-
bilities of a space-based mission. The trigger logic proves
effective in avoiding excessive trigger rates in the presence
of static anthropogenic lights such as cities confirming the
effectiveness of solutions such as the adaptive thresholds,
necessary to prevent static light sources from triggering.
Several kinds of events are detected such as elves and an-
thropogenic flashers. All classes of events have character-
istics that make them different from an EAS track. How-
ever, this trigger capability demonstrates the possibility of
a space-based mission to trigger on events with a time du-
ration and light shape similar to, although still different
from, what is expected from UHECRs. An example is
shown in Fig. 7. The left panel shows a simulated proton-
generated EAS of 5x10' eV with a 60° zenith angle as
expected to be seen by JEM-EUSO, while the right panel
displays a repetitive flasher signal on which Mini-EUSO
has triggered near the Missoula city in Michigan, US. The
signal intensity at peak level and the integrated number of
counts in a limited portion of the events is comparable.
This demonstrates the detectability of an EAS light profile
in the energy range of interest with a space-based detector.

This kind of anthropogenic signals can be recognized
in Mini-EUSO due to the fact that they are repeating sev-
eral times with a constant time delay (~10 ms for this spe-
cific event). Moreover, a careful inspection of the events
show a different combination of the shape of the light
curve and of the image on the FS when compared to EASs.

One of the most interesting examples of non repeti-
tive flasher-like signals in the Mini-EUSO data sample is
shown in Fig. 8. It has been detected off the coast of Sri
Lanka. The trigger was issued by the event in the red cir-
cle. The lightcurve presents the characteristic bi-gaussian
shape of an EAS, with a faster rise and a slower decay
time. The event was compared to different simulated EASs
with variable energy and zenith angle. No simulated EAS
is compatible with both the image size and the time dura-
tion of the light profile. In fact, the light spot is compat-
ible with a nearly vertical event, but the duration is much
longer than the time needed by a vertical shower to de-
velop in atmosphere and reach the ground. This event has,
therefore, a different nature which is currently under inves-
tigation. Moreover, the D3 data of Mini-EUSO indicate
that the event occurred in a region potentially at the edge
between cloudy and clear atmospheric conditions. This
observation is supported also by satellite images and GFS
analysis and underlines the importance of D3 data to moni-
tor the actual weather conditions when an interesting event
occurs.

Finally, we have searched in Mini-EUSO data for
EAS-like events such as those detected by TUS and re-
ported in [26]. Fig. 9 shows the comparison between
an event produced by a ground flasher detected by Mini-
EUSO (red) and the most promising candidate of an
UHECR event detected by TUS above Minnesota on Octo-
ber 3" 2016 (TUS161003 event in blue). The Mini-EUSO
event was detected near Traverse City, on the coast of Lake
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Figure 7. Left panel: a light curve of a simulated proton EAS of 5x10!° eV with a 60° zenith angle as expected to be seen by JEM-
EUSO (image adapted from [15]). Right side: a light curve of a single flash of a repetitive flasher signal detected by Mini-EUSO near

the Missoula city in Michigan, US.
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Figure 8. Upper left panel: one frame of an event triggered off the coast of Sri Lanka. The blue circle (upper right) encloses a static,
bright light source. The trigger was issued by the event in the red circle. Bottom left panel: the lightcurve of a 3x3 pixel box that
contains the event. The lightcurve presents the characteristic bi-gaussian shape, with a faster rise and a slower decay time. Central and
right panels: Two proton-generated EAS simulated with ESAF at two different energies and zenith angles (top part presents the image
of the events while the bottom part the corresponding lightcurves). The central panel shows a simulation at zenith 6 = 50° and energy
E = 5x10%' eV. The signal persists in few pixels for ~30 GTUs, much shorter than the one of measured ground source, the sharp cutoff
is given by the shower reaching the ground. The right panel is a simulation with 8 = 80° and primary energy E = 2x10% eV. The signal
is much longer in time but the footprint on the focal plane is much more elongated. Image adapted from [14].

Michigan. The Mini-EUSO event has an anthropogenic
nature, because it was triggered four times with a repeti-
tion time of ~33 ms, and was found in an area near three
small airports. The similar structure of the lightcurve indi-
cated that ground sources can generate light profiles sim-
ilar to what was detected by TUS, however, we underline
that in the TUS161003 event the signal appears to be mov-
ing among pixels with a relativistic speed, while in Mini-

EUSO data all the signals with a duration compatible with
EAS showers appear stationary. More information on the
onboard performance of the Mini-EUSO first level trigger
and search for EAS-like events can be found in [14].
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Figure 9. Blue: The lightcurve of the TUS161003 event as seen
by TUS [26]. Even though the event has probably an anthro-
pogenic origin, it presents all the features of an EAS signal. Red:
An event detected by Mini-EUSO near lake Michigan. It presents
the same time profile of the event seen by TUS, even though it is
~10 times brighter. It is produced by a ground source in an area
near three small airports. Image adapted from [14].

5 Conclusions

Mini-EUSO is operating on the ISS since more than three
years and observes events of different nature demonstrat-
ing the multi-disclipinarity of an UHECR detector in
space. It shows that it is possible, with larger detectors,
to perform UHECR observation from space. Preliminary
results indicate that measurements are in agreement with
predictions from simulations performed for JEM-EUSO
and background issues are under control. These results
can be extrapolated directly to K-EUSO and POEMMA
and support the outcomes on the instrument performance
obtained on those studies.
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