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1. EUSO-TA: Ground 

detector  installed in 2013 at 

Telescope Array site: 

currently operational

2. EUSO-BALLOONS: 

• 2014, Timmins, Canada

• 2017 NASA Ultra long 

duration flight. EUSO-SPB

3. TUS (2016): free-flyer on 

Lomonosov Russian Satellite

4. MINI-EUSO (2019): 
Detector from International Space 

Station (ISS): 40 kg total. 

5. SPB-2 (NASA) (2023)

6. K-EUSO (2025+): ISS 

Phase A, Russian Space Agency

7. POEMMA (2025+): NASA 

twin free-Flyer

The EUSO program
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Science Objectives

300km, <14km/s

90km, >300,000km/s



Mini-EUSO/UV-Atmosfera
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 cm

40kg,  60 W, 62*37*37 cm3

Ultraviolet, with Fresnel lenses

Near Infrared camera 

Visible camera

SiPM

2304 pixel

Same light/pixel of K-EUSO design

HVPS switch and dynamic range 

extension

Mini-EUSO: A high resolution detector for the study of 

terrestrial and cosmic UV emission from the International Space 

Station. ASR 62(10):2954{2965, Nov 2018.  

Capel, F., et al. Mini-EUSO data acquisition and control 

software. JATIS, 5(4), OCT 2019. ISSN 2329-4124. 

doi:10.1117/1.JATIS.5.4.044009.

The integration and testing of the Mini-EUSO multi-level trigger 

system, ASR62    Issue: 10   Pages: 2966-2976 , 2018



Focal Surface

SiPM UV    UV

SiPM Array

Main Focal Surface

(2304 pixel)

Silicon 
Photomultipliers
C14047-3050EA08  
8*8 pixel Imaging 
system

C13365 single pixel

Light sensors
Hamamatsu 
S1226-5BQ log 
190-1000nm

ML8511 linear 
280-400 nm 



Fresnel Lenses

Fresnel Lenses

VISIBLE CAMERA

NIR  CAMERA



Test and Integration of EM and FM 
2017-2019
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TUR-LAB, Univ and INFN Torino

Test on EM and emulation of ISS 
INFN  LNF

Mechanics and Integration 

INFN  Tor Vergata

Qualification and

Acceptance

procedures

INFN  Tor Vergata

Sky tests



Roll-out of Soyuz MS-14, 19/8/2019 Launch, 22/8/2019

First docking, 24/8/2019 
unsuccessful 

Relocation of MS-13 from 
Zvezda to Poisk

Second docking, 27/8/2019 
successful 

Installation - Uv transparent window

Zvezda module, 07/10/2019



Uv transparent window,

Zvezda module,

International Space Station



Sergei Kud-Svertchkov
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Pouch 004 refurbishment

CORSAIR 3.1 – new model

GOOD PENS:

BAD PENS:

Pouch 004 - v2 - will be completely equipped with 

CORSAIR 3.1 pens

CORSAIR 3.0 – old model

Continuous CPU reset

No longer used

KINGSTON 3.0

Currently used – slow

From L. Marcelli



Time profile of various events
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ELVES

Direct cr hits
50Hz city light

Simulated

1E21

1e22

events

Xe ground 

flashers

Meteors

Town lights

clouds

Earth emissions

2.5 µs sampling

(triggered)
320µs averages

(triggered)

41ms averages

(full time acquisition)

lightning

lighting

60Hz fishing 

boat light



Earth Coverage
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Now 61 sessions

Other 9 planned 

by end 2022 other 

10 by March 2023

120+ hours of 

crew time



Clouds and sea emission

2019_12_05 18:30 UTC

Counts/pixel/GTU 

Indian Ocean

Pixel size 6.1km

ISS speed 7km/s

Yaw of 4 degrees

1 frame = signal integrated in 40.96 ms

~14 min video (1 frame every 128 frames) ~5s



Lightning and protection of focal surface
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40 ms

E1.3-0093-22 Jacek Szabelski
Performance and control of the high voltage subsystem of Mini-EUSO experiment on board the ISS.



Northern America

22

K. Bolgrem

E1.3-0092-22 K. Bolgrem Spatial and temporal variations of UV 

emissions observed by the Mini-EUSO detector



Europe
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Italy, 15-9-2019

From L. Piotrowski
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1count  about 1E20 ph/km2 s sr



Shower simulation and end-to-end calibration

with ground UV laser and UV flasher
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RomeWest coast

N

see Hiroko’s poster An end-to-end in-flight calibration of the Mini-EUSO 
detector

Rome



Cyclonic activity (no moon)
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Moon elevation -27.6 degs

Model Data



29

Cyclonic activity (moon)

Moon phase 0.64 Moon elevation 33.9 degs

Model Data



Background distribution

32

Clear conditions Moon Phase



Meteors, Interstellar meteors 
and Search for  Strange quark matter

Meteor studies in the framework of the JEM-EUSO program. PLANETARY AND SPACE 
SCIENCE, 143(SI):245{255, SEP 1 2017.

JEM-EUSO: Meteor and nuclearite observations. Experimental Astronomy, 40:253{279, 
November 2015. 



Background - Efficiency

42

Limiting magnitude  

+ 6.5m (mass ~3 mg)

▪ Not completely efficient 

below +5m (mass ~10 mg)



Solar system meteors



Magnitude and velocity of meteors

From M. Bertaina, D. Barghini, H. Miyamoto

10000 meteors

detected so far

Magnitude down to  +6.5 

2D velocity projection

(lower estimation)

L. Piotrowski
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Meteors and candidate for Interstellar meteors 

Earth centered coordinates

Sun centered coordinates

From Kenji Shinozaki



Interstellar meteoroid flux and u.l.

1e-3kg; 3,8e-8

1e-3kg  3,7e-9

Mini-EUSO 

mass/flux range



Strange Quark matter
u,d,s quark matter 

might be stable

Not limited in A 

A=100, 1000….

Z is almost zero due to 

cancellation of quark 

charge

Could account for Dark 

Matter

Also candidate of 

UHECR

No Exotic Physics needed

7Z=2 A=4 (He)

Z/A=0.5
Z=2 A=7

Z/A=0.286



Strange quark matter,

strangelets etc…

Quark stars?

Core of neutron stars?

Models with a strong phase transition: two-families of 

compact stars

Stars made of hadrons co-exist with stars made of strange 

quark matter

A. Drago, A. Lavagno, G.Pagliara, PRD 89 (2014)143014

G. Wiktorowicz, A.Drago, G. Pagliara, S. Popov; Astrophys. 

J. 846 (2017) 163

Cosmological origin?

Fragments could be present in the galaxy, 
7

Burdin et al., Non-collider searches for stable massive particles, Physics Reports 582, 2015

N. Bucciantini, A. Drago, G. Pagliara, S. Traversi and A. Bauswein, 1908.02501.



SQM  observations in the atmosphere

De Rújula, A., Glashow, S.,  
Nuclearites—a novel form of cosmic 
radiation,  Nature 312, 734–737 
(1984).

Witten,  Cosmic separation of phases. 
Phys. Rev. D 30, 272, 1984

S. B. Shaulov et al, Strange Quark 
Matter and the Astrophysical Nature of 
Anomalous Effects in 1–100 PeV
Cosmic Rays, JETP Letters, 2022, 116, 
No. 1, 1–10.
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SQM brightness ~𝑣3

Signal deposited in pixel  ~
1

𝑡
=

1

𝑣

Detection efficiency ~𝑣2



Zoology of SQM-like particles
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Cosmic rays

Daemons

Six Flavour Dark Matter

Axion Quark Nugget

Magnetic Quark Nugget

Electroweak Symmetric

Dark Matter Balls

Fermi Balls

SQM

QBalls
Magnetic 

Monopole

Galaxy-bound particles
Solar-System 

Bound  particles

Earth 

Bound  

particles

Low 

Earth 

Orbit



SQM Upper limits in Pamela

New Upper Limit on Strange Quark Matter Abundance in Cosmic Rays with the PAMELA 
Space Experiment PRL 115, 111101 –



Meteor studies in the framework of the JEM-EUSO program. PLANETARY AND SPACE 
SCIENCE, 143(SI):245{255, SEP 1 2017.

JEM-EUSO: Meteor and nuclearite observations. Experimental Astronomy, 40:253{279, 
November 2015. 

De Rújula, A., Glashow, S.,  
Nuclearites—a novel form of cosmic 
radiation,  Nature 312, 734–737 
(1984).

Witten,  Cosmic separation of phases. 
Phys. Rev. D 30, 272, 1984

SQM brightness ~𝑣3

Signal deposited in pixel  ~
1

𝑡
=

1

𝑣

Detection efficiency ~𝑣2

SQM  observations in the atmosphere

PAMELA

S. B. Shaulov et al, Strange Quark Matter and the 

Astrophysical Nature of Anomalous Effects in 1–

100 PeV Cosmic Rays, JETP Letters, 2022, 116, 

No. 1, 1–10.



ELVES 
(transient luminous events)



Radius vs time 

P = lightning position at t=0  

h = ionospheric altitude

h
o

= lightning altitude (30 km)

R
s
= sperical e.m wave radius

R(t) = observed elve radius

R(t)= √(c2t2-(h-h0)
2)



26 main events ELVES  
(1st year)



ELVES (transient luminous events)

Superluminal rings

100km+ radius

Upper atmospheric

lighting releases e.m. 

wave which heats the 

ionosphere

Transient Gamma Flash 

relationship

About 400mus

Overall duration

2.5µs 

sampling 

speed

See also Roberta’s 

poster on Auger 

new results 



ELVES (transient luminous events)

Superluminal rings

100km+ radius

Upper atmospheric

lighting releases e.m. 

wave which heats the 

ionosphere

Transient Gamma 

Flash relationship

About 400mus

Overall duration

2.5µs 

sampling 

speed



GTU (2.5µs)

ELVE: 2019-12-05_n1
Polar histogram

Time (2.5mus)

Time (2.5mus)
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From L. Marcelli



Double ringed ELVE

Radius

Energy in radius

Energy



Three ringed ELVE



All ELVES combined



Velocity of ELVES



Direct hits on Focal Surface
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3, 2.5µs frames

Direct particle hitting FS



Joint  observations with other detectors 
on the ISS

ASIM:

UV transients and ELVES

ALTEA-LIDAL («our»)

Correlation with radiation environment

of cosmic rays 100 Mev – GeV and

Transient Luminous Events

CSES-Limadou («our»)

(different orbit) + CSES-02 in development



Conclusions

Mini-EUSO on ISS for three years 

(TODAY!)

It proves that it is possible – with larger 

detectors – to perform  UHECR 

observation from space, with 

measurements according to simulations

First two  pouches are  back from space.

Third expected in 2023 / launch of fourth
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