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1. Introduction

The measurement and characterization of the UV background produced in the atmosphere of
the Earth is a key element for any experiment aiming at the observation of Ultra High Energy Cos-
mic Rays (UHECR) from space. Such measurements, achievable with small-size, cost-effective
devices, besides the intrinsic scientific relevance, can provide useful indications on the design, op-
timization and performance of full-scale instruments to be placed on board orbiting space stations
or free-flyer satellites. Mini-EUSO, aiming at the observation and measurement of the UV night
emissions from the Earth, is being developed by the JEM-EUSO Collaboration as a pathfinder and
a precursor mission of the planned options for UHECR experiments in space such as KLYPVE/K-
EUSO [1] on the Russian Segment of the International Space Station (ISS) and JEM-EUSO itself
(Extreme Universe Space Observatory on board the Japanese Experiment Module) [2] [3]. To-
gether with other test experiments developed and operated by the JEM-EUSO Collaboration, like
EUSO-TA [4] and EUSO-Balloon [5], Mini-EUSO is planned as a next step in the road-map of
JEM-EUSO towards the main mission on the ISS. The Mini-EUSO mission originated as a joint
project between Italy and Russia, was selected in Italy by the Italian Space Agency (ASI) and is
supported by the National Institute of Nuclear Physics (INFN); then, under the name UV atmo-
sphere”, it was approved by the Russian Space Agency Roscosmos and included in the long-term
program of space experiments on the ISS. After the signature of a common Scientific Agreement,
Mini-EUSO is now an established project between the participating countries of the JEM-EUSO
Collaboration.

2. The Instrument

The Mini-EUSO instrument, whose scheme and conceptual design are shown in Fig.1, is com-
posed of one single element of the basic JEM-EUSO detection unit, the Photo Detector Module
(PDM), consisting of 36 Hamamatsu Multi Anode Photo Multiplier Tubes (MAPMT M64), 64
pixels each, for a total of 2304 pixels. A system of two Fresnel lenses, 25 cm diameter each,
forms the optical system, as described in Sect. 2.1. The front-end electronics is based, opportunely
rescaled, on the same ASIC and FPGA boards being developed for JEM-EUSO [6], [7]; the Data
Acquisition System and Processing unit is a compact, low-power consumption system as described
in Sect. 2.2. Infrared (IR) and Visible (VIS) cameras are foreseen to be installed as ancillary in-
struments employed to complement the UV observations of the Mini-EUSO focal surface. The
compact, Short Wavelength Infrared Camera (SWIR Cam) [8], working as a standalone system,
will be attached to the instrument with the main task of performing atmospheric monitoring mea-
surements (as the thermodynamic phase detection of clouds). Data from the cameras will help in
the measurements of the emissions of the Earth and the study of transient phenomena.

The Mini-EUSO instrument will be closed in a specific container, a mechanical box providing
also all the needed interfaces to the transparent, nadir looking UV window of the Russian module
Zvezda of the ISS, as shown in Fig.2.

The main parameters of the instrument, in its flight configuration are listed in Fig.3.
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Figure 1: Mini-EUSO scheme and conceptual design.

Figure 2: Left: Mechanical box design. Right: Location at Zvezda module UV window.

Figure 3: Mini-EUSO instrument main parameters.

2.1 Optical System

The optical system designed for Mini-EUSO consists of two double sided flat Fresnel lenses
and the focal surface, as shown in Fig. 4. The diameter of both Fresnel lenses is 250 mm. The Mini-
EUSO optics has a low focal number F# 1.04, and the effective focal length is 260 mm. Its Field
of View (FoV) is £219° at r = 900 mm on the focal surface. The material of the Fresnel lenses is
made of UV transparent PMMA (polymethyl methacrylate) [9]. The thickness of the lenses, 5 mm,
reduces the mass of the optics resulting in a light system (~0.3 kg/lens). The main characteristics
of the Fresnel lenses are shown in Table 1, and the point spread function of the optical system is
shown in Fig. 5. The photon collection efficiency (PCE), calculated from a raytrace simulation
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Figure 4: The optical design of the Mini-EUSO telescope.

Lens ‘ surface ‘ Groove pitch | Number of grooves
Front 1.91 ~ 21.4 mm 33
Frontlens | Back | 11.75 ~ 56.59 mm 5
Front 0.01 ~ 32.04 mm 11
Rear lens | Back 1.63 ~ 21.37 mm 36

Table 1: Characteristics of the Fresnel lens surfaces

Figure 5: Point spread function of the optical system for light coming parallel with different inclination
(from left to right, 0°, 5°, 10°, 15° and 19°). The diameter of the inner white circle is 2.5 mm and the outer

circle is 5 mm.

of the active optical system by a code specifically developed, is ~60% which takes into account

several loss factors as surface reflection, material absorption, surface roughness, Fresnel facet back

cut and support structure obscuration.

2.2 Data Processor and Data Acquisition System

The Data Processor (DP) is the sub-system of the Mini-EUSO apparatus which performs the
control of the instrument and the data management and storage. The main functional requirements

of the DP are:

- to configure the front-end electronics

- to manage the mass memory for data storage (removable disks)
- to measure live and dead time of the instrument

- to provide signals for time synchronization of individual events
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Figure 6: The simplified block diagram of the Mini-EUSO Data Processor.

Figure 7: Mini-EUSO Data Handling System.

- to perform housekeeping monitoring

- to control and steer the HVPS (High Voltage Power Supply) system

- to commute from “’day” to ’night” operating mode and vice versa

- to acquire data from IR and VIS camera

- to provide access to a small part of data which can be transmitted to ground.

The required functionality, an evolution of the DP developed for EUSO-Balloon [10] and
EUSO-TA [4], can be obtained by connecting several subsystems performing the various tasks:

- CPU

- Data storage (DST)

- Clock Cluster Control Board (CLK CCBB)
- Housekeeping system (HK)

- Data Processor Power Supply (DP-LVPS)

A simplified block diagram of the DP is shown in Fig. 6.

The requirements on the mass, the power as well as the volume for the DP are 5 kg, 15W and
(15x15x15) cm?® respectively, For the Mini-EUSO DP the PCle/104 embedded computer standard
has been selected. The standard defines both form factors and computer bus, is modular, and allows
to stack together boards to produce a customized embedded system. The form factor is somewhat
smaller than a desktop PC. The DP is then a stack of six PCle/104 boards, as shown in Fig. 7.
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3. Mini-EUSO Science

The scientific objectives of Mini-EUSO range from cosmic ray to planetary and atmospheric

science.

3.1 Main objective

Mini-EUSO will be able to provide information of the UV background photon radiance in the
wawelength range 300 - 400 nm. The collected data so far (see Tatiana experiments [11]) give as a
reference number B ~ (3 - 9)-10"! photons - m~2-s~'.sr~!. This value is estimated on the darkest
Earth surfaces such as oceans and forests or deserts. However, the value can increase by a factor
of ~ 2 in presence of clouds, and even by an order of magnitude or more in presence of the moon
or for urbanized areas. Balloon experiments, such as NIGHTGLOW [12], BABY [13] and EUSO-
Balloon [14] provide relevant information on the UV background reflected from ground, but not a
direct detection of the airglow emission which is located around 100 km altitude. Mini-EUSO, with
its spatial resolution of ~ 5 km and a temporal one of 2.5 us will be able to characterize in a much
detailed way the intensity and variation of the UV radiance, airglow included, as a function of time
and position of the ISS. These data will be of very much relevance in the proper estimation of the
exposure curve of space-based experiments such as JEM-EUSO [15]. Despite its very high energy
threshold for cosmic ray detection (E; ~ 5 X 1020 eV, with its annual exposure of ~ 15,000 km?
year sr), Mini-EUSO will provide a significant contribution in estimating an absolute limit on the
cosmic ray flux above those energies for a null detection. Fig. 8 shows the expected light curve and
track on the PDM of an Extreme Energy Cosmic Ray with energy E = 10?! eV.
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Figure 8: Left: Number of counts recorded in Mini-EUSO by simulating a 10?! eV cosmic ray event with
80 degrees inclination from nadir axis. Right: Light curve produced by such a shower. In both plots the UV
background light is not added.

3.2 Additional objectives

Meteor and fireball observations are key to the derivation of both the inventory and physical
characterization of small solar system bodies orbiting in the vicinity of the Earth. For several
decades, observation of these phenomena has only been possible via ground-based instruments.
Mini-EUSO has the potential to become one of the first operational space-based platforms to share
this capability. In comparison to the observation of extremely energetic cosmic ray events, meteor
phenomena are very slow, since their typical speeds are of the order of a few tens of km/sec. By
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scaling the JEM-EUSO performance in meteor detection [16], Mini-EUSO will be sensitive to
meteors with magnitudes M < +3.

The observing strategy developed to detect meteors may also be applied to the detection of
nuclearites [17], which have higher velocities, a wider range of possible trajectories, but move well
below the speed of light and can therefore be considered as slow events as well. The possible
detection of nuclearites greatly enhances the scientific rationale behind the Mini-EUSO mission.
Preliminary estimations of the sensitivity of Mini-EUSO detection of nuclearites are under study.

Discovered in the late eighties, Transient Luminous Events (TLE), such as red sprites, elves
and blue jets are still poorly known. These phenomena, occurring in the upper atmosphere, have
been widely studied in recent years. Previous satellite missions (Tatiana-1, Tatiana-2 [11], RELEC
[18] ) indicate a high luminosity in UV wavelengths and high frequency of TLEs (especially weak
ones).This may affect UHECR measurements and must be carefully studied before the main mis-
sion.

Another relevant issue would be the observation of space debris. In more than 50 years of
space flight, over 30,000 t of satellites and rockets have been sent to space. It is estimated that
almost 3000 t [19] of non-functioning space debris remain in Low Earth Orbit (LEO) in varied
forms ranging from fragments to switched off rocket bodies and fully intact multi-ton satellites.
Since their orbital velocities are very high, collisions can involve relative impact velocities of the
order of 10 km/s, even the fragments with greater than MJ kinetic energies may cause a severe or
catastrophic damage on functioning satellites such as the ISS. As described in [20] Mini-EUSO
could be used as a prototype system for tracking such space debris. A super-wide field-of-view
telescope (such as JEM-EUSO) and a novel high efficiency fibre-based laser system (CAN) could
constitute a very useful orbiting debris remediation system.

Other scientific objectives of Mini-EUSO include the bio-luminescence observation above the
sea from space and atmospheric science by coupling UV measurement together with simultane-
ously taken IR and VIS images.

4. Technological objectives

Besides the previously described scientific objectives, Mini-EUSO addresses some important
issues by the technological point of view that are summarized as follows:

e First use of Fresnel lenses in Space (meant at an altitude higher than the top of atmosphere
~40 km).

e Optimization and validation of JEM-EUSO observational scheme.

e Increase of the Technological Readiness Level (TRL) of JEM-EUSO instrumentation, a typ-
ical parameter in the development of devices to be qualified and certified for space.

e Test and R&D of advanced solutions for future space missions, such as studies on develop-
ment of SiPM (Silicon Photomultiplier) based photosensors for space applications [21].
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