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The TurLab facility is a laboratory, equipped with a 5 m diameter and 1 m depth rotating tank,
located in the fourth basement level of the Physics Department of the University of Turin. In
the past years, we have used the facility to perform experiments related to the observations of
Extreme Energy Cosmic Rays (EECRs) from space using the fluorescence technique for JEM-
EUSO missions with the main objective to test the response of the trigger logic. In the missions,
the diffuse night brightness and artificial and natural light sources can vary significantly in time
and space in the Field of View (FoV) of the telescope. Therefore, it is essential to verify the
detector performance and test the trigger logic under such an environment.

By means of the tank rotation, a various terrestrial surface with the different optical characteristics
such as ocean, land, forest, desert and clouds, as well as artificial and natural light sources such as
city lights, lightnings and meteors passing by the detector FoV one after the other is reproduced.
The fact that the tank located in a very dark place enables the tests under an optically controlled
environment. Using the Mini-EUSO data taken since 2019 onboard the ISS, we will report on
the comparison between TurLab and ISS measurements in view of future experiments at TurLab.
Moreover, in the forthcoming months we will start testing the trigger logic of the EUSO-SPB2

mission. We report also on the plans and status for this purpose.
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TurLab tank and materials
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Figure 1: Measurement setup and materials to test at the TurLab tank located at -4th floor of Physics
department building of University of Turin. Each materials are passing by in the FoV of the telescope as the
tank rotates to simulate the Mini-EUSO observation on the ISS orbit.

1. Introduction

TurLab [1] is a laboratory for geo-fluid-dynamics studies, where rotation is a key parameter
such as Coriolis force and Rossby Number. By using inks or particles, based on the fluid dynamics,
key phenomena such as planetary atmospheric and fluid instabilities can be reproduced in the TurLab
water tank. The tank has 5 m diameter with a capability of the rotation at a speed of 3 s to 20 min
per rotation. Also, as it is located in a very dark environment, the intensity of background light can
be adjusted in a controlled condition. The EUSO@TurLab project [2] is a series of measurement
campaign, in which we have tested several kinds of prototypes and pathfinders of the fluorescence
telescopes equipped with the "EUSO electronics”. As described in the following sections, those
telescopes are designed to observe the Earth’s atmosphere from the stratosphere or space from the
orbit of the International Space Station (ISS). By means of the rotating tank with the capabilities
mentioned above, we have been testing the EUSO electronics such as its basic performance and the
first level trigger (L.1) for cosmic-rays, in view of various and even changing background conditions
as well as atmospheric phenomena such as meteors and lightning that EUSO telescopes will observe.
Mini-EUSO [3] is a scientific mission within the JEM-EUSO program [4]. The telescope has been
launched in August 2019 and currently in operation onboard the ISS. The main goal of Mini-EUSO
is to measure the UV emissions from the ground and atmosphere, using an orbital platform. These
observations will provide interesting data for the scientific study of a variety of UV phenomena
such as transient luminous events (TLEs) [7], space debris [8], meteors and hypothetical strange
quark matter (SQM) [9] and bioluminescence [5]. Moreover, this will allow us to characterise the
UV emission level, which is essential for the optimisation of the design of future EUSO instruments
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for EECR detection. Mini-EUSO observes the atmosphere from a nadir-facing window inside the
Zvezda module of the ISS. It is based on one EUSO detection unit, referred to as the Photo Detector
Module (PDM). The PDM consists of 36 multi-anode photomultiplier tubes (MAPMTs), each one
having 64 pixels, for a total of 2304 pixels. The MAPMTs are provided by Hamamatsu Photonics,
model R11265-M64, and are covered with a 2 mm thickness of BG3 UV filter with anti-reflective
coating. The full Mini-EUSO telescope consists of 3 main systems: the optical system, the PDM
and the data acquisition system [6]. The optical system of 2 Fresnel lenses is used to focus light
onto the PDM in order to achieve a large FoV (44° x 44°) with a relatively light and compact
design, well-suited for space application [10]. The PDM detects UV photons and is read out by the
data acquisition system with a sampling rate of 2.5 us (this is defined as 1 Gate Time Unit, GTU)
and a spatial resolution of ~6 km. Data are then processed by a Zynq based FPGA board which
implements a multi-level triggering, allowing the measurement of triggered UV transients for 128
frames at time scale of both 2.5 us and 320 us (D2_GTU). An untriggered acquisition mode with
~40.96 ms (D3_GTU) frames perms continuous data taking.

The Extreme Universe Space Observatory on a Super Pressure Balloon II (EUSO-SPB2) [11] is
an ultra-long-duration balloon mission that aims at the detection of UHECRs via the fluorescence
technique and of Very High Energy (VHE) neutrinos via Cherenkov emission. The Fluorescence
Telescope [12] consists of 3 PDMs, with 108 MAPMTs, 6912 pixels in total, covering a 37.4 x 11.4°
Field of Regard (FoR). The Cherenkov telescope is equipped with a 512-pixel SiPM camera covering
a 12.8° x 6.4° FoV. The Fluorescence Telescope looks at the nadir to measure the fluorescence
emission from UHECR-induced extensive air shower , while the Cherenkov Telescope is optimised
for fast signals (~10 ns) and points near the Earth’s limb to detect Cherenkov light from Earth
skimming VHE neutrinos or from UHECRs. The mission is planned to fly in 2023 from Wanaka,
New Zealand targeting a duration of up to 100 days. Such a flight would provide hundreds of UHECR
Cherenkov signals in addition to tens of UHECR fluorescence tracks. It is also a pathfinder mission
for instruments of the Probe of Extreme Multi-Messenger Astrophysics (POEMMA) project [13].

TorinoEC+Mini-EUSO Electronics
2 ASIC B, ZyneB, Setup@TurLab
_— ethern&able
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Figure 2: Torino EC telescope built in 2019 to test Mini-EUSO trigger. It consists of one ECunit and
front-end and data processing system of Mini-EUSO, external high and low voltage power supplies.

2. EUSO@TurLab project

The EUSO@TurLab project [2] is a series of measurement campaign, in which we have tested
several kinds of prototypes and pathfinders of the fluorescence telescopes equipped with the "EUSO
electronics". Those telescopes are designed to observe the Earth’s atmosphere from the stratosphere
or space from the orbit of the ISS. By means of the rotating tank, we have been testing the EUSO
electronics such as its basic performance and the first level trigger (L1) for cosmic-rays, in view
of various and even changing background conditions as well as atmospheric phenomena such as
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Figure 3: Top: summed counts of entire EC (256 pixels) during the tank rotation at a speed of ~ 6 min/rot.
TurLab lightning are generated by illuminating ground glass with a white pulse LED. Bottom: an example
of Mini-EUSO data in summed counts of entire PDM (2304 pixel) in one night observation in orbit.

meteors and lightning that EUSO telescopes will observe. The Fig. 3 shows the light curve in
summed D3 data of a full tank rotation taken by one EC-unit with a Mini-EUSO type electronics.
During the year 2018 and 2019, Mini-EUSO Engineering Model (Mini-EUSO EM) [14] and Torino
EC telescope assembled with Mini-EUSO electronics are tested at TurLab [15]. Top panel of Fig. 3
shows the summed photon counts of one EC as a function of time in D3_GTU (=40.96 ms) during
a full rotation of TurLab measurement, while bottom one shows a summed photon counts but of
entire PDM as a function of time (D3_GTU) during the observation for one night on orbit. Also,
some atmospheric phenomena such as lightning and meteors are reproduced.

Comparison with Mini-EUSO data

Fig. 4 shows a comparison between an example of meteor event reproduced in TurLab mea-
surement by Lissajous (left) and the meteor events detected by Mini-EUSO (middle and right). In
Mini-EUSO data, there are meteors with different brightness and time duration. The meteor we
simulated at TurLab has characteristics that have been found among such meteors.

To see the performance of the telescope against a city, we made a scaled size of city of Turin.
The scale factor is arbitrary due to the restriction of the size, also it is not our main purpose to
reproduce exact image of a particular city but to see the performance against general cities as well
as to investigate parameters such as light intensity or density to reproduce the city view in Mini-
EUSO. Top part of Fig. 5 shows the representation of Torino city and surroundings. The two images
show that villages and cities brighten few pixels or entire MAPMT depending on their extension.
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Figure 4: Left: The image of a meteor event reproduced in the TurLab measurement during tank rotation
which is passing by through a PMT (top) and its time evolution (bottom) as a function of D3_GTU (40.96ms).
Middle and Right: Examples of meteor events detected by Mini-EUSO. Integrated images (top) and time
evolution plots (bottom). The blank part in the time evolution plot on the right is due to the gap between 2
PMTs where meteor is passing through.
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Figure 5: Top: Photos of reproduced night light of scaled city of Turin (left), and the images taken by
Mini-EUSO Engineering Model in TurLab measurement, superposed every 10 D3_GTUs across the entire
city and its suburbs (right). The tank rotation speed for this run corresponds to three times faster than the
one corresponding to Mini-EUSO. Bottom: A light pollution map of Nur-Sultan, one of a cities observed by
Mini-EUSO (left), and the image taken by Mini-EUSO. Red square indicates Mini-EUSO FoV, each major
cities indicated in the pollution map or the photo of Torino city in TurLab with Alphabet correspond to
Mini-EUSO PDM image on the right.
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Figure 6: Top: Summed counts of 1 LED flasher measured at TurLab. Bottom: Summed counts of 9 LEDs
flasher observed by Mini-EUSO.

This situation is compared with images taken by Mini-EUSO, bottom part of Fig.5, on Nur-Sultan
(Astana), the capital city of Kazakhstan. From population and altitude point of view, Nur-Sultan
is similar to Turin (~ 1million for both, located at 347 m and at 239m respectively), however, the
area is 3 times bigger. It has also full of golden buildings, enormous shiny objects and even bright
laser illuminating the sky for a decoration. Such a city has very similar profile to the representation
of Torino city from the point of photon counts and area. In Mini-EUSO FoV the largest urbanised
areas extend on EC or PMT scales, while smaller villages appear in groups of 2-4 pixels. This is
similar to the transit of Torino map at TurLab. When Torino city crosses the FoV of the camera half
EC is illuminated while when other small villages cross the FoV only few pixels are brightened.

3. Measurement@ TurLab for a Flasher campaign May 2021

Several kinds of ground based flashers have been developed by some groups of Mini-EUSO
collaboration such as in Japan, Italy and Russia. One of such flashers has been developed in Turin
and tested in advance with the Torino EC telescope at the TurLab facility, where the distance of
40 m between the telescope and the light source is available in the dark environment at -4th floor.
The flasher consists of an array of 9 100W COB-UV LEDs, DC power supply and Arduino circuit.
Taking into account that Mini-EUSO pixel FoV is ~6 km passing by at a velocity of ISS which is
~7.5 km/s, it will take 800 ms to pass completely one pixel. Thus, to be sure one pixel has constant
full pulse, and also to see the transit of a pulse within a pixel, LEDs were pulsed 6 times in 12 s
with a pulse of 1600 ms on and 400 ms off each, followed by 12 pulses in 9.6 s with 400 ms on and
400 ms off each. To reduce the light as well as to obtain only parallel light, we collimated the light
at 30 cm distance from the detector focal surface with a pin-hole of 0.1 mm diameter. As a result,
the total number of photons we obtained is ~60 cts/LED, which corresponds to 87.7 cts/pix/GTU
with pile-up correction for each LEDs as shown in the top panel of Fig. 6. As described above, the
MAPMTs and UV filter, as well as the electronics used for the measurements on the ground and
orbit are the same type. Taking into account the ratio of parameters between the two telescopes,
such as distance, optics, signal absorption by atmosphere, transmittance of UV window on the ISS,
incident position and angle dependence of the Mini-EUSO optics, number of the LEDs (1 for the



EUSO@TurLab: Mini-EUSO & EUSO-SPB2

UVLED driven by ® SiPM detector
4~ Func.Gen and electrories
i1 =

B

Func. Generator synch.d \ : " fluorecences
with FPGA clock of > = and Cherenkov

PETORC2A board detector

High precision
i power supply for
PETIROC2A board
& MPPCs

Figure 7: Preparation for the TurLab measurement for EUSO-SPB2 type detector. Using a 16-ch SiPM
device and its dedicated test board (left-top), functional tests are ongoing as shown in the bottom as an example
of measurement setup for the test. In parallel, a telescope which can hold both Fluorescence telescope-like
system (1 ECunit consisting of 4 MAPMTs and electronics) and Cherenkov telescope-like system (SiPM and
its electronics) is designed and going to be built for the TurLab measurement as well as open-sky observation
to understand its fundamental performance as well as to test the trigger algorithm.

ground, 9 for the orbit) the detected number is well matching to the expected number to be detected
(see bottom panels of Fig. 6) by Mini-EUSO. We will calibrate either or both of the telescope on
the ground or flasher LEDs in the future to achieve an end-to-end calibration of Mini-EUSO.

4. Outlook

Similar kind of measurement is planned to be done for EUSO-SPB2 detector. Main EUSO-
SPB2 detectors consists of fluorescence telescope and Cherenkov telescope. Each of 3 PDMs of
the fluorescence telescope consists of 36 64ch-MAPMTs like Mini-EUSO one but different trigger
system. The Cherenkov detector consists of SiPMs and dedicated front-end electronics. As shown
in Fig. 7, we’re currently building a telescope holding a prototype of fluorescence detector and
SiPM array and their dedicated electronics to test its performance and trigger algorithm at TurLab.
The prototype of fluorescence telescope consists of EUSO-SPB2 electronics and HVPS and one
EC-unit instead of 9. For the SiPM detector, we use one or two Hamamatsu s13361-6050AS-04
MPPCs and its evaluation board to understand its performance against various kinds of background
and to test the trigger algorithm.

5. Conclusions

The EUSO@TurLab project is an ongoing activity with the aim of reproducing the luminous
conditions in a laboratory environment that a project of the JEM-EUSO program will see while
it’s flying in space or on stratospheric balloon platforms. Mini-EUSO type telescope as well as
Mini-EUSO Engineering Model are tested in the TurLab facility and the data are compared with the
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Mini-EUSO data. Further analysis is currently ongoing. The preparation for testing EUSO-SPB2
type of detector is also currently ongoing and we will test it in forthcoming months toward the lunch
of EUSO-SPB2 detector.
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