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Activities and possibles synergy with PRISMA network
Development, simulations and data taking with Mini-EUSO from 2018. Analysis of 
meteor events detected in coincidence with PRISMA network. Stereo-vision from 
ground and space in different bands. Mini-EUSO is focused on the 300-400 nm 
window (near UV). Detection of space debris? 
Mini-EUSO is funded by ASI, INFN, MAECI. It involves different Univ., INAF and INFN 
institutes (Bari, Catania, Frascati, Napoli, Palermo, Roma Tor Vergata e Roma 
Uninettuno, Torino). 
In France, APC - Univ. Paris Diderot (Paris), LAL (Orsay), IRAP (Toulouse) involved in 
Mini-EUSO development: it would be nice to have synergy with FRIPON network. 

Proof of principle for the detection of space debris in the 1 - 10 cm size using 
detectors developed in the frame of astro-particle experiments. This project is 
currently funded by Univ. Torino and Compagnia di San Paolo. R. Bonino (Univ. 
Torino) is the project investigator (30 month project, started May 1st 2017).  
We are now evaluating performance of Mini-EUSO and other telescopes developed 
in the framework of the JEM-EUSO program by means of dedicated simulations. 
From next year we plan to use a small telescope to take data together with the 
PRISMA cameras at INAF-OATo and OAdVA (informal talks with A. Carbognani, A. 
Cellino, D. Gardiol). 1 PRISMA camera is going to be acquired soon within this 
project. 

In both activities we collaborate with Thales Alenia Space - Torino (R. Destefanis 
and L. Grassi).
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1. EUSO-TA: Ground detector  
installed  in 2013 at Telescope Array 
site: currently operational   

2. EUSO-BALLOONS: 1st  
balloon flight from Timmins, CA  
(French Space Agency)  Aug 2014;  
NASA Ultra long duration flight: 
Apr-May 2017  

3. MINI-EUSO (2017-18): 
Precursor from International Space 
Station (ISS: 30kg 2017). Approved 
by Italian and Russian Space 
agencies 

4. K-EUSO (2020): ISS 
Approved by Russian Space Agency 

5. JEM-EUSO-like detector 
(>2025): POEMMA - US 
free satellite (?) 
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JEM-EUSO Science 

• Astrophysics, Cosmology and Fundamental Science: 
o Main Science Objectives:  
➢ identification of UHE sources  
➢ measurement of the energy spectra of individual sources 
➢ measurement of the trans-GZK spectrum 
o  Exploratory objectives:  
➢ discovery of UHE Gamma-rays 
➢  discovery of UHE neutrinos 
➢ study of the galactic and local extragalactic magnetic field 
➢ “Top-Down” scenario 
➢ Super Heavy Dark Matter, Nuclearites 

• Atmospheric Science 
➢ Nightglow 
➢ the transient luminous events (TLE) 
➢ meteors and meteoroids 
➢ detection and tracking of space debris
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EUSO-TA: Ground telescope
Operational on 
Telescope Array 
site since 2013

CR event

Central Laser  
Facility event

Detection of: CRs, laser, CLF, stars,  
airplanes, meteors, lightning, 
clouds, UV nightglow, etc…
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Meteors in October 2016 

Oct. 01 08:55
Oct. 02 06:19
Oct. 02 08:45
Oct. 05 08:33
Oct. 06 08:27

Oct. 02 06:19
(1 Hz)

Oct. 02 08:45

Oct. 05 08:33 Oct. 06 08:27

Oct. 01 08:55
(EUSO-SPB)
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Radiant of Draconids

Meteors in October 2016 

Oct. 01 08:55
Oct. 02 06:19Oct. 02 08:45Oct. 05 08:33

Oct. 06 08:27 9



Meteors in November 2015

Nov. 09 11:09
Nov. 12 06:43
Nov. 13 03:58
Nov. 14 02:22

Nov. 09 11:09 Nov. 12 06:43

Nov. 13 03:58 Nov. 14 02:22
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Meteor November 12th 2015
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EUSO-TA

The morphology of the event shows a fast initial brightening of about 0.9 mag, followed by a slightly 
slower decline of about 1.7 mag.
Taking into account all the uncertainties, including those related to the conversion of the star 
magnitudes, given in B colour, we can conclude that this meteor reached a magnitude ~ 2.5.

1 packet = 128 GTUs 
= 320  µs

1GTU=2.5 µs



Nov. 12 06:43 Nov. 13 03:58
Nov. 14 02:22

Meteors in November 2015
(Green)
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Meteors and Strange quark matter

Simulation of a light profilevs 
time (ms) of a M=+3 meteor

Meteors: Seconds, 
Solar system speed 

Strange Quark 
matter (very 
dense): longer 
signal, interstellar 
origin and  speed 

meteor detected by EUSO-SPB detector at EUSO-TA site
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MINI-EUSO/UV-ATMOSPHERE  
Joint Italo-Russian  

experiment from ISS
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The ISS ORBIT

Inclination:  51.6°
Height:    ~400km



2017:
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•  UV emissions (300-400 nm) from night-
Earth    

• Map of the Earth in UV 
• Study of atmospheric phenomena 
    TLE in the ms range  
    lightning 
• Bioluminescence of Animal and vegetal 

organisms, white sea, plankton 
• Meteors 
• Strange quark matter 
• Debris detection and tracking  
• Trigger on laser events (E~1021 eV)  
• Tsunami & wave watcher

MINI-EUSO Scientific objectives  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Full FoV = + 20 deg 
2304 pixels: 
space resolution: 0.8 deg (5 km) 
time resolution: 2.5 µs



• First use of Fresnel lenses 
in space 

• Optimization of 
characteristics and 
performances of   EUSO 

• Raise the technological 
readiness level of the 
Hardware 

• Ttest new HW in space 

MINI-EUSO  
 Technologial objectives
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MINI-EUSO
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Fresnel lens
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MINI-EUSO 
Data Acquisition (DAQ) Chain

Front-end (FE) electronics
PMT  
• Hamamatsu 64-
ch MAPMT 
• BG3 filter

EC-Unit 
• 4 PMTs (256-ch) 
readout cables 
• HV board 
• potting

Sensor (photodetector)
EC-ASIC 
• 6 x ASICs 
• readout  
• counter

PDM-DP (MSU) 
• Slow control 
• Level 1 (L1, track) 
trigger

• Run control, config. FE  
electronics 
• Console & GUI, remote access, 
etc. 
• Data processing 
• managing Mass Memory for data 
   storage

Data Processing (DP)
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FM focal surface and electronics
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Hamamatsu 
Ultra Bialkali high efficiency 
MAPMT　M64  
64 channels in 8*8 grid 
Arranged in 6*6 in PDM  
structure

New M64
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WP5 Trigger

- Triggered data @ 2.5 
µs scale for CR-like 
events  

- Triggered data @ 320 
µs scale for TLEs-like 
events 

- Full movie with ~40 ms 
time resolution for 
meteor, space-debris 
and strange quark 
matter research.
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Engineering model of Mini-EUSO @ RIKEN (Jan. 2017) 
(lens not included - just PMMA)
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Detector Operations

• Night observations 
• About 40% orbit 
• Nadir observations 
• Off if ISS changes 

attitude 
• Exchange of data 

disk
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Uv Transparent window
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27
Meteor of the Perseids observed from ISS (Aug. 2011)

Mini-EUSO sensitivity to meteors (till M=+5)

Meteor

Nuclearites
Meteor

Nuclearites

Light profile Apparent motion

Magnitude M=+5

Expected rate: ~2/minute with M<+5



Light profile

Apparent motion

Meteor

Meteor

Nuclearites

Nuclearites
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Mini-EUSO & Debris

Norad data of known debris in 
f.o.v of minieuso (a few – 
termination line between 
dark and light)



Look for unknown debris 
(includes meteors for this 
purpose)
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Latest upgrades to trigger software

300 – 400 nm photon flux

09/05/2017 30
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Latest upgrades to trigger software

Trigger strategy visualization
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Detection Strategy
• Expected background level on oceans: 16768 counts/pix/41ms 
• Threshold on offline analysis set at 4σ above background 
• By requiring 2 blocks of 5 frames with signal above 4σ allows: 
• - detect >90% of real events 
• - rate of fake events < 1 fake/year.
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Plan for the future in collaboration with PRISMA 
network:
• Bring a prototype to INAF-OATo and OAdVA to test our 

technology with PRISMA camera to understand the 
performance of our UV detector. Very useful in view of 
Mini-EUSO imaging from space. It would be great to have 
a mode in PRISMA cameras sensitive to space debris… 

• Simulate response of our prototype detector using the 
same ESAF software currently employed to study the 
performance of Mini-EUSO in order to understand the real 
performance for debris detection (meteor can look like 
debris at a first approximation).  

• We plan to buy soon 1 PRISMA camera to add to the 
network as contribution of Univ. Torino to the PRISMA 
network.

32



EC configuration
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Univ. of Torino at the core of the first attempt to have a 
FRIPON-like network in Italy in 2015…
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Shall we try again next time?

Total cost of the 
project: ~700 kEuro. 
Not funded, 
despite quite good 
score: 13/15



THANK YOU
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