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The Fluorescence Telescope is one of the two telescopes on board the Extreme Universe Space 
Observatory on a Super Pressure Balloon II (EUSO-SPB2). EUSO-SPB2 is an ultra-long-duration 
balloon mission that aims at the detection of Ultra High Energy Cosmic Rays (UHECR) via the 
fluorescence technique (using a Fluorescence Telescope) and of Ultra High Energy (UHE) 
neutrinos via Cherenkov emission (using a Cherenkov Telescope). The mission is planned to fly 
in 2023 and is a precursor of the Probe of Extreme Multi-Messenger Astrophysics (POEMMA). 
The Fluorescence Telescope is a second generation instrument preceded by the telescopes flown 
on the EUSO-Balloon and EUSO-SPB1 missions. It features Schmidt optics and has a 1-meter 
diameter aperture. The focal surface of the telescope is equipped with a 6912-pixel Multi Anode 
Photo Multipliers (MAPMT) camera covering a 37.4 x 11.4 degree Field of Regard. Such a big 
Field of Regard, together with a flight target duration of up to 100 days, would allow, for the first 
time from suborbital altitudes, detection of UHECR fluorescence tracks. This contribution will 
provide an overview of the instrument including the current status of the telescope development. 
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1. Introduction 

The EUSO-SPB2 Fluorescence Telescope (FT) is an instrument configured specifically for measuring 
the fluorescence component of Ultra High Energy Cosmic Rays (UHECRs) induced Extensive Air Showers 
(EAS). It is hosted on board the second-generation Extreme Universe Space Observatory on a Super-
Pressure Balloon (EUSO-SPB2) mission [1-2]. The EUSO-SPB2 mission (planned to be launched in early 
2023) is an important step toward the future space mission POEMMA (Probe Of Extreme Multi-Messenger 
Astrophysics) [3]. POEMMA will monitor the Earth’s atmosphere to detect EASs produced by extremely 
energetic cosmic messengers: Ultra High Energy (UHE) neutrinos via Cherenkov emission, and UHECRs 
(E > 1019 eV) via the fluorescence light. In order to allow the development and improvement of detection 
techniques for both signals (Cherenkov and fluorescence), EUSO-SPB2 will have on-board two telescopes 
(Fig. 1 left panel). The Cherenkov telescope (CT) [4] will measure air showers by imaging their Cherenkov 
light pointing near the Earth limb. The FT (Fig. 1 right panel), nadir pointing, will measure fluorescence 
light from EAS and is expected significantly contribute to the science goals of EUSO-SPB2 mission 
allowing for the first observation of extensive air showers using the fluorescence technique from suborbital 
space.  

 
Figure 1: Left: The EUSO SPB2 gondola with the two telescopes, the FT (nadir pointing) and CT (pointing at Earth 
limb).  Right: The SPB2 Fluorescence Telescope (CAD rendering). 

2 The Fluorescence Telescope 

The EUSO-SPB2 Fluorescence Telescope inherits from the experience of the previous missions 
developed by the JEM-EUSO Collaboration: EUSO-TA [5], EUSO-Balloon [6], and EUSO-SPB1 [7, 8]. 
With respect to the telescope which flew on the SPB1 mission, several upgrades on the optics, focal surface 
and general architecture have been introduced to improve the performance of the instrument. In particular, 
the focal surface is three times larger to increase the UHECR collection power. A more performing optics 
(Schmidt telescope) and a shorter temporal resolution of 1 μs have been implemented to decrease the 
energy threshold of the instrument.  

Figure 2 shows a schematic view of the FT and its main subsystems. The hearth of the telescope is 
the Ultraviolet (UV) camera. It is mounted at the convex focal surface where the Schmidt optics focuses 
the light. It can count single photoelectrons in a wavelength bandwidth between 290 nm and 430 nm with 
an integration time of 1 μs and double pulse resolution of 6 ns. 

To avoid damaging the focal plane sensors with direct sunlight, the telescope is equipped with a 
motorized cover that remains closed during the local day and is opened during the local night hours before 
the start of data acquisition operations.  
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Figure 2: FT main sub-systems 

The intensity of the light arriving on the telescope is measured by two independent devices. A first 
device (AMON), placed outside the telescope, is able to measure the absolute intensity of the UV / VIS 
radiation flow coming from the atmosphere and is also used to discriminate the day / night condition. The 
second device (EMON) is placed inside the telescope, near the focal surface and measures the intensity of 
the light arriving on it. It is used to check the dark condition inside the telescope before starting the 
measurement operations and to check the tightness of the lid closure. A system based on LEDs (Light 
Emission Diode) allows to illuminate the focal surface in a uniform manner to check the operating status 
of all the pixels of the focal plane sensors.  

The Data Processor (DP) subsystem allows the remote control of all the sub-systems and manages the 
procedures for the acquisition and local storage of the data.   

The details of the different sub-systems are described in the following sections. 

2.1 The optics 

The Schmidt optics has 6 mirrors segments with a radius of curvature of 1659.8 mm and an effective 
focal length of 860 mm. The aperture is 1 m diameter. It focuses the light in a 37.4°×11.4° field of regard 
at a convex focal surface on which the UV camera is placed. A plano-convex corrector lens will be placed 
in front of each PDM to preserve the point spread function (PSF). 

2.2 The UV camera 

The UV camera is the core of the instrument. It is a 6912-pixel camera segmented in three modules 
called Photo Detection Modules (PDMs). The three PDMs are mounted at the convex focal surface where 
the Schmidt optics focuses the light as shown in Figure 3.  
Each PDM features 9 elementary cells (ECs) composed of four 64-pixel Multi Anodic Photo Multiplier 
Tubes (MAPMTs), covered with BG3 UV-band-pass filters, for a total of 2304 pixels.  Each pixel is 3mm 
x 3mm wide.  
The Elementary Cell is a compact assembly containing one HVPS generator board powering the four 
MAPMTs, the EC-anode boards and the ASICs for the signal digitation. Each EC is "potted" in a gelatinous 
compound to prevent discharge between the different components at the low pressure of EUSO-SPB2 
altitude (Fig.4 left panel). The MAPMTs operate in photon counting mode. The anode pulse at the output 
of the MAPMT is processed by the corresponding ASIC (SPACIROC3 ASICs developed by Omega 
(CNRS, France)).  The signal is discriminated, with a threshold settable for each MAPMT, and integrated 
in a 1.0μs period (defined to be 1 GTU). The SPACIROC3 ASIC allows a double pulse separation at 100 
MHz with a power consumption of around 0.7 mW/channel.  Every GTU, each ASIC sends the counts 
from the corresponding MAPMT to the UV camera electronics for readout. 
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2.2.1 The HVPS system.  
The HVPS system, is composed of a HVPS control board and of one HVPS board per EC, which 

hosts the high voltage generators. The generators are Cockcroft-Walton voltage multipliers which provide 
the voltage to the dynodes and anodes of each MAPMTs of the EC. The HVPS board provides insulation 
and communication between the HVPS generators and the rest of the instrument. 

 

 
Figure 3: Schematic view of the three PDMs covering the focal surface of the Schimdt optics. 

2.2.2 The UV camera electronics 
The UV camera electronics is organized in three identical blocks, one for each PDM. The data 

from the 36 ASICs located on the same PDM are collected on three electronics boards (Cross boards) 
which perform the multiplexing of the signals. The multiplexed data are, in turn, sent to a second electronic 
board, called Zynq-board, containing a Xilinx FPGA with an embedded dual core ARM9 CPU processing 
system (Fig. 4 right panel). The Zynq board is responsible for the majority of the data handling, from 
data reception, buffering, configuration of the Spaciroc-3 ASICs and implementation of the trigger 
algorithms. This module also controls the HVPS board in order to have a real-time response to intense light 
signals as a second safety level against bright light. The Zynq-board stores the 1.0μs data stream in a 
running buffer on which runs the trigger code.  

2.2.3 The trigger 
The trigger algorithm implemented on the Zynq board should be able to recognize a fluorescence 

signal lasting a few tens of μs, while keeping the trigger rate on the level of 1 Hz/PDM. The general idea 
of the trigger logic is to have an adaptive threshold independent for each cluster of pixels, and then to count 
the number of active clusters in a certain portion of the PDM; an active cluster is defined as a cluster above 
its threshold. 

The algorithm searches for a signal above n standard deviations from the average in any cluster of 
the focal surface. Both the rms and the average are calculated in real time to take into account varying 
illumination conditions. In case of a trigger, the 128 frame buffer (64 frames before the trigger and 64 after 
it) is stored in memory for each of the three PDMs. A detailed description of the trigger algorithm can be 
found in [9, 10]. 
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Figure 4: Left: picture of the assembled EC before and after the “potting” procedure.  Right: CAD rendering of the 
PDM. The UV camera electronics (Cross-boards and Zynq-board) is located on the back of the ECs. 

2.3 The Data Processor 

The data processor (DP) is the primary interface with the telescope. It is a complex system that 
allows to remotely control, configure, monitor and operate the telescope, during integration phases, test 
and flight campaigns. The DP of the SPB2 Fluorescence telescope is an evolution of the one developed for 
EUSO-SPB1 [11-12].  The block diagram of the DP is shown in Fig.5. The DP is interfaced with the focal 
surface electronics through the Clock Board (CLKB). The CLKB board guarantees the time 
synchronization of the entire telescope and the tagging of each event acquired with the arrival time and the 
position of the balloon provided by the two GPS receivers. 

The Central Processing Unit (CPU) module is the DP interface with the Gondola Control Computer 
(GCC) which communicates with NASA telemetry system. The data acquisition and the control of the UV 
camera electronics is performed via Ethernet connection. The data are saved on the 2 TB SATA raid array 
managed by the CPU. The limited bandwidth available on a super pressure flight constrains the percentage 
of the events that can be downloaded during the flight to a roughly 1% of the recorded events. Due to the 
relatively low probability to recover the payload at the end of the flight, machine learning techniques [10] 
will be used on on-board CPU to identify best UHECR candidate events and download them with the 
highest priority.  

The Controller Area Network (CAN) bus is used to monitor the house-keeping parameters 
(voltages, currents and temperatures) of all the electronics systems. The CAN bus is also used to control 
and acquire the data of the auxiliary devices of the telescope (AMON, EMON, Health LED, etc.). The 
ability to perform orderly sequences of switching on and off of the subsystems   is ensured by the presence 
of a Solid-State Power Module (SSPM). The SSPM is controlled by the CPU via the CAN bus as well. 

The House Keeping (HK) system is responsible for acquiring the temperature sensors and 
controlling the heaters necessary to keep the telescope in the required temperature range. The designed 
architecture allows for a spare CPU on board that is able to take full control of the telescope in case of a 
main CPU failure.  

The modules that constitute the DP are housed in two double-size Eurocard sub-racks. 

2.4 The ancillary instruments 

Airglow MONitor (AMON) and EUSO telescope darkness MONitor (EMON) detectors will be 
used as ancillary instruments. AMON [13] is a one-pixel instrument that will measure the absolute 
intensities of the radiation from the atmosphere below. Two AMON instruments will operate in the same 
wavelength bands of the FT to monitor airglow and night atmosphere radiation backgrounds. Two EMON 
instruments will be located inside telescope to monitor darkness conditions during operation and testing. 
Both the instruments use the CAN bus to transmit data and to receive configuration commands. 

 



P
o
S
(
I
C
R
C
2
0
2
1
)
2
0
6

SPB2- Fluorescence Telescope Giuseppe Osteria 

7 

 
Figure 5: The block diagram of the Data Processor system and FT sub-systems. 

 

The Health LED system provides a way to test the status of the UV camera pixels and, more in 
general, to test the health status of the whole telescope. It features a controller unit and a LED unit 
comprised of three LEDs. The Health LED system receives from the CLK board the signal to emit pulses 
at several frequencies or in correspondence of a GPS 1-PPS pulse. 

 3. Expected performance  

Extensive simulation studies have been carried out to evaluate the expected events rate for the FT. The 
results show that the expected event rate is 0.12±0.01 UHECR events per hour of clear observation. The 
energy threshold is at 1018.2 eV, the peak energy sensitivity is at 1018.6 eV. A detailed description of the work 
is in [10]. 

4. Status and plan 

All the components needed to build the telescope have been procured and the construction of its 
subsystems is now underway.  Extensive laboratory and field testing is planned to characterize and 
calibrate the FT prior to payload integration. Its PSFs and optical throughput will be measured for 
downward and horizontal orientations using a 1 m diameter optical test beam [14]. The FT will then 
be transported to the Utah desert or for testing with lasers and other light sources. The whole 
instrument is on the way for a scheduled launch in early 2023 from Wanaka, New Zealand. 

Acknowledgements 

This work was partially supported by Basic Science Interdisciplinary Research Projects of RIKEN and 
JSPS KAKENHI Grant (22340063, 23340081, and 24244042), by the Italian Ministry of Foreign Affairs 
and International Cooperation, by the Italian Space Agency through the ASI INFN agreements n. 2017- 
8-H.0 and n.  2021-8-HH.0, by NASA award 11-APRA-0058, 16-APROBES16-0023, 17-APRA17- 
0066, NNX17AJ82G, NNX13AH54G, 80NSSC18K0246, 80NSSC18K0473, 80NSSC19K0626, and 

80NSSC18K0464 in the USA, by the French space agency CNES, by the Deutsches Zentrum für Luft- 
und Raumfahrt, the Helmholtz Alliance for Astroparticle Physics funded by the Initiative and Networking 
Fund of the Helmholtz Association (Germany), by Slovak Academy of Sciences MVTS JEM-EUSO, by 
National Science Centre in Poland grants 2017/27/B/ST9/02162 and 2020/37/B/ST9/01821, by Deutsche 
Forschungsgemeinschaft (DFG, German Research Foundation) under Germanys Excellence Strategy 



P
o
S
(
I
C
R
C
2
0
2
1
)
2
0
6

SPB2- Fluorescence Telescope Giuseppe Osteria 

8 

- EXC-2094-390783311, by Mexican funding agencies PAPIIT-UNAM, CONACyT and the Mexican 
Space Agency (AEM), as well as VEGA grant agency project 2/0132/17, and by by State Space Corpo- 
ration ROSCOSMOS and the Interdisciplinary Scientific and Educational School of Moscow University 
”Fundamental and Applied Space Research”. 
 

References 

[1] J.H. Adams, et al., White paper on EUSO-SPB2, 2017, arXiv:1703.04513v2 [astro-ph.HE]. 

[2] J. Eser et al., [JEM-EUSO Coll.], Science and mission status of EUSO-SPB2, in Proceedings, 37th 
International Cosmic Ray Conference (ICRC 2021): Berlin, Germany, July 12-23, 2021. 

[3] A. Olinto, et al., POEMMA: Probe of Extreme multi-messenger astrophysics, 2017, ArXiv:170807599v1 

[4] M. Bagheri et al., Overview of Cherenkov Telescope onboard EUSO-SPB2 for the Detection of Ultra-High 
Energy Neutrinos, in Proceedings, 37th International Cosmic Ray Conference (ICRC2021): Berlin, Germany, 
July 12-23, 2021. 

[5] G. Abdellaoui, et al., JEM-EUSO Collaboration, EUSO-TA–first results from a ground-based EUSO telescope, 
Astropart. Phys. 102 (2018) 98–111. 

[6] P. Von Ballmoos, et al., A balloon-borne prototype for demonstrating the concept of JEM–EUSO, Adv. Space 
Res. (ISSN: 02731177) 53 (10) (2014) 1544–1550, 

[7] Osteria et al., EUSO-SPB: In-flight performance, Nuclear Instruments and Methods in Physics Research A 
936 (2019) 237. 

[8] J. Eser et al., [JEM-EUSO Coll.], Results of the EUSO-SPB1 flight, POS Proc. ICRC (2019). 

[9] M. Bertaina et al., The first level trigger of JEM-EUSO: Concept and tests, Nuclear Instruments and Methods 
in Physics Research Section A: Accelerators, Spectrometers, Detectors and Associated Equipment 824 (2016) 
253. 

[10] G. Filippatos et al., [JEM-EUSO Coll.], Expected Performance of the EUSO-SPB2 Fluorescence Telescope, in 
Proceedings, 37th International Cosmic Ray Conference (ICRC 2021): Berlin, Germany, July 12-23,2021, 
2021. 

[11] V. Scotti, et al., The data processor system of EUSO-SPB1, Nucl. Instrum. Methods A 916 (2019) 94–101. 

[12] C. Fornaro, et al., The on-board software of the EUSO-SPB pathfinder experiment, Softw. Pract. Exp. (2019) 

[13] S. Mackovjak, et al., Airglow monitor by one-pixel detector, NIMA 922, 150, (2019) 

[14] V. Kungel et al., [JEM-EUSO Coll.], EUSO-SPB2 Telescope Optics and Testing, in Proceedings, 37th 
International Cosmic Ray Conference (ICRC 2021): Berlin, Germany, July 12-23,2021, 2021 



P
o
S
(
I
C
R
C
2
0
2
1
)
2
0
6

SPB2- Fluorescence Telescope Giuseppe Osteria 

9 

 

The JEM-EUSO Collaboration 
(author-list as of July 1st, 2021) 
G.  Abdellaouiah,  S.  Abefq ,  J.H.  Adams  Jr.pd,  D.  Allardcb,  G.  Alonsomd,  L.  Anchordoquipe, 
A.  Anzaloneeh,ed,  E.  Arnoneek,el,  K.  Asanofe,  R.  Attallahac,  H.  Attouiaa,  M.  Ave  Pernasmc, 
M. Bagheriph, J. Balázla, M. Bakiriaa, D. Barghiniel,ek , S. Bartocciei,ej , M. Battistiek,el, J. Bayerdd, 
B. Beldjilaliah,  T. Belenguermb,  N. Belkhalfaaa,  R. Bellottiea,eb,  A.A. Belovkb,  K. Benmessaiaa, 
M. Bertainaek,el, P.F. Bertonepf , P.L. Biermanndb, F. Biscontiel,ek , C. Blaksleyft, N. Blancoa, S. Blin- 
Bondilca,cb,  P. Bobikla,  M. Bogomilovba,  K. Bolmgrenna,  E. Bozzoob,  S. Brizpb,  A. Brunoeh,ed, 
K.S.  Caballerohd,  F.  Cafagnaea,  G.  Cambiéei,ej ,  D.  Campanaef ,  J-N.  Capdeviellecb,  F.  Capelde, 
A.  Carameteja,  L.  Carameteja,  P.  Carlsonna,  R.  Carusoec,ed,  M.  Casolinoft,ei,  C.  Cassardoek,el, 
A. Castellinaek,em,  O. Catalanoeh,ed,  A. Cellinoek,em,  K. Č ernýbb,  M. Chikawafc,  G. Chiritoija, 
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