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The JEM-EUSO  Collaboration  (https://www.jemeuso.org) slide 1/15 REFERENCES: 
[1], [2], [4], [5], [6], [7]  

•  International Collaboration: ~170 authors, ~60 institutions, 16 Countries  

 
 
 
 
 
 
 
 
•  Supported by Space Agencies and research funding agencies 

Czeck Republic, France, Germany, Italy,  
Japan, Poland, Russia, Sweden, USA 

Member Countries Associated Members 

Algeria, Mexico, Republic of Korea, Romania,  
Slovakia, Spain, Switzerland,   



Key white paper in the domain: 2023 state-of-the-art and 
perspectives. TO BE READ!

•  The next-generation experiments (GCOS, GRAND, and POEMMA) will provide 
complementary information needed to meet the goals of the UHECR community in the next 
two decades. 
They should proceed through their respective next stages of planning and prototyping. 

•  Full-sky coverage with low cross-hemisphere systematic uncertainties is critical for 
astrophysical studies. To this end, next generation experiments should be space-based or 
multi-site. 

3	19/07/2024	 	E+enne	Parizot	for	the	JEM-EUSO	Collabora+on	–	COSPAR	2024	(BEXCO,	Busan,	South	Korea)	



	

	
	

UHECR indirect measurements from Space: basic concepts 

 Fluorescence Detector 
•  direction ! timing 
•  energy ! longitudinal profile 
•  mass composition ! Xmax  

Xmax	

A) Ground-based observations    " of the Extensive Air Shower ! B) Space-based observations 

•  UV wide-field telescope  (Fluorescence and/or 
Cherenkov) 

•  flying at low-Earth orbits 
•  whole Earth’s atmosphere  as 1012 tons target 

volume 
•  Nadir/tilted (30°) configuration 

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnmmmmmmm 



Genesis of the JEM-EUSO Program 
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1996: Livio Scarsi  
          1° Symposium in Catania (Italy) “Airwatch” Project 
          EUSO (Extreme Universe Space Observatory) Concept   
2000: EUSO Proposal submitted to the ESA Call for the F2/F3 Missions and       
s         selected for accomodation study onto ISS 
2001: 1° EUSO Meeting at RIKEN (Japan) 

	
	
	
	

	
	
	
	
	

	
	
	
	
									

	
	
	
	

	
	
	
	
	

	
	
	
	
																														

	
	
	
	

	
	
	
	

	
	
	

	
	
	
	
							

1979: John Linsley – first original idea 
1981: SOCRAS (Satellite Observatory of Cosmic Ray Showers) Project 

 included in Field Committe Report of NASA “Call for Projects and Ideas in  
 High Energy Astrophysics for the 1980s” 

1995: Yoshuyuki Takahashi – new imaging technology 
   MASS (Maximun-energy Auger (Air-)Shower Satellite) Approach 
   1° Workshop in Huntsville (USA) - August 1995 

1996: OWL (Orbiting Wide angle Light concentrators)  Proposal 
           included and selected in NASA’s SEU Mid-term Strategic Plan (2010’s) 



	
	
	
	
	
	
	

Times’s Arrow of the JEM-EUSO Program 
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EUSO 

ESA approval for EUSO@Columbus on ISS  

EUSO>PhaseA but ESA posponed PhaseB   

Space Shuttle Columbia disaster 

Covid19 pandemy 

Fukushima nuclear disaster 

•  OWL (USA)+EUSO (Europe)=JEM-EUSO @JEM on ISS  
•  KLIPVE Program (Russia) 

Future Missions 
JEM- EUSO (Japanese Experiment Module for EUSO) 

VI intermediate Missions  
     

EUSO-TA 

EUSO-Ballon 

TUS 

EUSO-SPB EUSO-PB2 

Mini-EUSO 

JEM- EUSO (Joint Exploratory Mission for EUSO) 

EUSO-PBR 

Ukraine-Russia War 

POEMMA KEUSO 
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JEM-EUSO Science Case 

Pioneer in detecting UHECR-induced Extensive Air Showers from Space with precise measurements and unprecedented  
atistical accuracy by means of a single instrument with highly increased statistics, full-sky coverage, minimized 
systematics using a target volume far greater than from the ground, at energies beyond the human-made accelerators! 

OPEN QUESTIONS: 
 
•  What is the nature and the origin of the 

UHECRs? 

•  What is the origin of the observed flux 
suppression? 

•  Do UHE neutrinos and photons exist?  
 
•  Is Physics Beyond Standard Model 

(BSM)  hiding at the energy frontier? 

Main scientific GOALS : 
 
# ASTROPHYSICS and COSMOLOGY 
- •  identification of UHE sources 
•  measurement of the energy 

spectrum of individual sources 
•  measurement of the trans-GZK 

spectrum 
•  discovery of UHE neutrinos 
 
# ATMOSPHERIC SCIENCE 
•  nightglow 
•  the transient luminous events (TLE) 
•  meteors and meteoroids 
 
# A NEW WINDOW of the UNKNOWN 
•  Particle Physics: String Theory 
•  Relativity  & quantum gravity effect 
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EUSO-Balloon   B) Balloon-born intermediate Missions  EUSO-SPB2   
  

 
 

P:I.: P. von Ballmoos 
 
FLIGHT:  
•  Launch: August 25, 2014, Timmims 

CNES Balloon base, CANADA; 
•   Landing in a solitary Lake 
•  Altitude: 38 km;duration: 5 hours, 100km 
DETECTOR: 
•  two 1 m2 Fresnel lenses (6°x 6°) F.o.V. 
•  1  PDM, 36 MAPTS, 2304 pixels 
•   SPACIROC1-ASIC; HVPS 
GOALS & RESULTS: 
•  test EUSO-TA technology on air 
•  study its response to cosmic rays and 

artificial sources (laser by helicopter) 
•  first accurate NSB meausurement  

EUSO-SPB (Super Pressure Balloon) 
P:I.: A. Olinto, L. Wiencke 
 
FLIGHT:  
•  Launch: April 24, 2017,  
Wanaka NASA Balloon base, New Zealand;  
•  Landing: May 7, 2017 in South Pacific Ocean 
•  Altitude: 35 km; Duration: 12 days 
 
DETECTOR: 
•  two 1 m2 Fresnel lenses (6°x 6°) F.o.V. 
•  1  PDM, 36 MAPTS, 2304 pixels (II Generation) 
•   SPACIROC3-ASIC 
  
GOALS & RESULTS: 
•  upgraded triggers 
•  development of data acquisition system 
•  real-time monitoring in ground stations via NASA 
•  raising of TRL (Technology Readiness Level) 
•  25.1 hours of dowloaded data 
•  instrument’s photometric stability within ±5% 

P:I.: A. Olinto, L. Wiencke 
 
FLIGHT:  
•  Launch: May 13, 2023, Wanaka NASA  
Balloon base, New Zealand;  
•  Landing: May 14, 2023 South Pacific Oc. 
•  Altitude: 33 km; Duration: 37 hours 
 
DETECTORS: 
•  Fluorescence Telescope: 

 1 m Schmidt optics, (36°x 12°) F.o.V. 
 3  PDM, 108 MAPTS, 6912 pixels 

 
•  Cherenkov Telescope: 
  1 m Schmidt optics, (6.4°x 12.8°) F.o.V. 

 512 HAMAMATSU SiPMs 
 
GOALS & RESULTS: 
•  two different telescopes, new technology 
•  serch for UHECRs and PeV neutrinos 
•  nominally working instruments!  
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Benefits of the stratospheric balloons flights and next balloon-born mission 
•  technology demonstraters 
•  studies of background and data acquisition 
•  advancing the Technology Readiness Level (TRL) 
•  pioneering missions of JEM-EUSO Program 
•  precursors of the future missions (POEMMA)    

2014 
2017 

2023 = 

NEW Balloon Mission! 
•  approved and funded by NASA 
•  planned Launch Spring 2027 
		

+ + 
EUSO - SPB3 

PBR (POEMMA Balloon with Radio) 

2023 
EUSO-SPB2 

POEMMA  
Probe of Extreme  Multi-messenger 

Astrophysics 
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Future large space-based Missions: POEMMA	

Δt = 1 µs  Δt = 10 ns  

4 m photometer with Schmidt (45◦ F.o.V) optics 



ASSEGNAZIONI 2025 – ANAGRAFICA sigla SPB2- INFN-CT 
		

	 		
RICERCATORI  

      % 
1.  Anzalone Anna   Ric. INAF/IASF PA      50 
2.  Del Popolo Antonino  Ric. Univ. UniCT      20 
3.  Caruso Rossella   Prof. Ass. UniCT (Resp.locale)  40 
4.  Pagliaro Antonio   Ric. INAF/IASF PA      50 
5.  Petta Catia   Prof. Ass. UniCT      30 
  
 
TOTALE: 5 unità   <FTE/persone> = 0.4    FTE TOT.  1.9  
 
SERVIZI 
Servizi ELETTRONICA  2 MESI UOMO 

      
     



mmmmmmmmmmmmmmmmmm	

NOTA: IN ESSERE dal 27/04/2021 fino al 30/04/2025  
Nuovo Addendum (“Addendum 3”) siglato a partire da maggio 2025 per altri 9 mesi 



I PART:  PREMISE 
 

Study of performances and characterization of SiPMs  for the 
next generation of telescopes in balloon-borne & space-based 

experiments  

 

II PART:  APPLICATION to PBR case 
 

The test and calibration system of the Elementary Cell for  the 
PBR Cherenkov Camera  

 

	
 



Past	Ac+vi+es:	a)	R&D	on	SiPMs	for	the	SPB2	mission	

Involved	members:	Rossella	Caruso,	C.Lombardo,	R.	
Persiani,	C.	Pe@a,	C.	Lombardo,	Servizi	Ele@ronica			

	
Measurements	of	SiPM	features:	
	
•  R&D	on	SiPMs:	several	prototypes	from	Hamamatsu,	SensL,	AdvanSid	(FBK),	Kernell,	

Ketek	manufactures;	
•  Visual	inspec+on	(scratches,	bubbles…):	in	clean	room	using	a	microscope;	
•  Measurements	at	temperature	varia+ons	(-	40	°C	÷	+	150	°C)	in	a	climate	chamber:	Dark	

Current	Ra+o	(DCR);	Gain;	Cross-Talk;	Aeer-Pulse;	I-V	(Current-Voltage)	curve,	Mul+-
photon	Spectrum;		
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Experimental	set-up	and	kit	of	SiPMs		



	
NIM	A,		Vol.	1057,	December	2023,	168732	
	PUBLISHED	ONLINE	October	5th,	2023	
doi:	10.1016/j.nima.2023.168732		

NOTA:	
Lavoro	sviluppato	nell’ambito	
di	una	sinergia	locale			
“SynWorkingGroup	SiPMs”	
tra	diverse	sigle	sperimentali	
INFN		di	R&D	sui	SiPMs		



I PART:  PREMISE 
 

Study of performances and characterization of SiPMs  for the 
next generation of telescopes in balloon-borne & space-based 

experiments  

 

II PART:  APPLICATION to PBR case 
 

The test and calibration system of the Elementary Cell for  the 
PBR Cherenkov Camera  

 

	
 





•  On	April	17th,	2025,	the	shipment	of	one		Elementary	Cell		arrived	in	Catania	from	Naples.	
•  We	started	with	test	and	meaurements	of	basic	parameters	at	different	temperatures!			



Current	Ac+vi+es:	a)	Test	&	Calibra_on	Elementary	Cell	units	for	PBR	Cherenkov	Camera	
involved	members:	R.	Caruso,	C.Pe@a,		A.Crocco,	Servizi	Ele@ronica	
	

NEXT STEPS 
 
•  waiting for next stock of EC of the 

PBR CC  in Catania for testing 
and calibrating all them step by 
step 

 
WE ARE READY! 
 
•  next calibration of the each CC 

PDM or the whole PBR Focal 
Surface? 

 
•  possible improvements in the set-

ups 
 
•  Catania SIPM Test Facility as 

Calibration Site for the PBR 
Collaboration! 

	



Set-up	Lab	JUNO		
		III	piano	DFA	-	UniCT	



Use of Notion Sotware:  
the open AI Workspace for archive and 
sharing data files, 
documents, plots, …   



N.2		Integra_ng	Spheres		&	accessories	
2P4M	Thorlabs	50	mm	

available	at	Laboratory	of	photosensors	for	Astropar+cle	Physics	
for	uniform	illumina+on	of	the	CC	EC	and/or	PDE	and/or	FS		

and	photon	detec_on	efficiency	(PDE)	of	the	EC	

POSSIBLE	DEVELOPMENT	in	the	set-up!	



STANDA	XYZ	transla_on	system	
426mm	(X)	x	426mm	(Y)	x	130	(Z)	
opera+on	temperature	range			
(-50°	+	85°)	
possible	to	be	procured		
for	regular	precise	moviments	in	illumina+ng		the	CC	
PDM	or	FS	

Parameter	 Value	

Travel	range:	 200	mm	

Max	speed:	
	 5	mm/sec	

Opera+on	temp.:	 -50	÷	+85	C	

Weight:	 3	kg	

Alterna_vely:	
Thorlabs	XY	Ztransla_on	stage	
150	or	300	mm			
not	for	lower	temperatures	

POSSIBLE	DEVELOPMENT	in	the	set-up!	



Ac_vi_es:	b)	CME	(*)	solar	events	and		U.V.	Transient	Luminous	Events	in	MiniEUSO	data	
involved	members:	R.	Caruso,	A.	Crocco	(laureanda	Magistrale)		

Sun 

Interplanetary Space 

Magnetosphere	
Earth 

(*)	CME	=	Coronal	Mass	Ejec_on	



FLOW-CHART	-	Data	Analysis	CME	vs	MiniEUSO		
1.   Compila_on	of	candidate	geo-effec_ve	CME	events	using	different	catalogues:	

	

2.   determina_on	of	CME	arrival	_me	in	the	Earth	atmosphere	in	order		
to	correlate	with	MiniEUSO	events;	
3.   determina_on	of	the	CME	angular	width	in	order	to	evaluate		
its	geo-magne+c	effec+veness;	
3.   dowload	MiniEUSO	data	e	lista	Sessioni	da_	u_li	(“Sessions”	i.e.	ROOT	files);	
	
4.   comparison		between	geo-effec+ve	CME	arrival	_me	at	Earth	with	data	acquis_on		
_me	of	MiniEUSO	data	in	order	to	search	for	possible	candidates;	
	
6.   analysis	of	possible	candidate	files	using	ETOS	code	searching	for	signature	in	the		
data	(i.e.	no	new	or	strange	signal)	;	
	
7.   cross-check	by	means	of	comparison	between	CME	arrival	+me	at	Earth	with	the	DST	
	index;	
•  hqps://www.ngdc.noaa.gov/stp/GEOMAG/dst.html	
•  hqps://wdc.kugi.kyoto-u.ac.jp//dstdir/	
•  hqps://web.archive.org/web/20120209110443/hqp://www.esa-spaceweather.net/swenet/login	

cmd=swenet_latest_alerts	
	
8.   further	cross-	check	for	any	evidence	of	significance	in	the	Kp	index	level	
•  hqps://www.spaceweatherlive.com/en/auroral-ac+vity/top-50-geomagne+c-storms/year/2022.html	

	

MiniEUSO	Data	Sets:	
	
•  44	Sessions	(n.1	÷	n.	44)		
November	6,	2019	÷		August	12,	2021;	
•  19	Sessions	(n.45	÷	n.	63)		
November	6,	2021	÷		August	26,	2022;	
•  42	Sessions	(n.64	÷	n.	101)		
September	30,	2022	÷		November	28,	2023;	
•  39	Sessions	(n.102	÷	n.	141)		
December	21,	2023	÷		January	2,	2025;		

A)	Possible	CME	candidates	in	MiniEUSO	Sessions			
(n.1	÷	n.	114):	
•  June	24,	2020	
•  June	29,	2020	
•  February	3,	2022	
•  July	3,	2022	
	
RESULTS:		NO	CORRELATION!	
	
B)	4	CME	candidates	in	MiniEUSO	Sessions		
(n.115	÷	n.	141)		
RESULTS:	CORRELATION	NOT	EXCLUDED!	
Cross	checks	ongoing		



The	third	dataset	was	acquired	during	the	more	growing	phase	of	Cycle	25	(Sep	2022	–	Nov	2023)	indicated	by	the	
blue	box.	
The	fourth	dataset	was	acquired	during	the	maximum	phase	of	Cycle	25	(Dec	2024	–	Jan	2025)	indicated	by	the	
red	box.	



Ac_vity	in	Palermo	(Associated	to	Catania)	
Involved	members:	A.Anzalone,	A.Pagliaro	

Mini-EUSO	Data	Analysis:		
3D	reconstruc+on	of	meteor	trajectory	
•  Test	of	the	computer	vision	method	on	the	real	

meteor	data	

Cloud	Masking:		
“Applica+on	of	Machine	and	Deep	Learning	methods	
for	Cloud	Mask	Retrieval:	a	review”	
Invited	Review	Paper	in	prepara+on	for	Applied	
Sciences	Journal,	Special	issue	
"Hardware-Aware	Deep	Learning"	
	



Pubblicazioni JEM-EUSO (MiniEUSO, SPB2, POEMMA) luglio 2024/luglio 2025 = N.3  

 
•  EUSO-SPB1	mission	and	science	

JEM-EUSO	Collabora+on	Astropart.Phys.	154	(2024)	102891	

•  EUSO-Offline:	A	comprehensive	simulaKon	and	analysis	framework	
JEM-EUSO	Collabora+on	JINST	19	(2024)	01,	P01007	

•  Overview	of	the	JEM-EUSO	Program,	R.Caruso	for	the	JEM-EUSO	CollaboraKon			
PoS(UHECR2024)060	-	Proceeding	of	Science	March	2025	DOI:10.22323/1.484.0060 

  



Presentazioni	a	Conferenze&Congressi	luglio	2024/luglio	2025			
•  R.	Caruso	on	behalf	of	the	JEM-EUSO	Collabora=on	
Talk:	“Overview	of	the	JEM-EUSO	Program”	
	UHECR	2025	(7th	Interna_onal	Symposium	on	Ultra	High	Energy	Cosmic	Rays)		
Malargue,	ARGENTINA	dal	17	al	21	NOVEMBRE	2024	
•  R.	Caruso	on	behalf	of	the	ASI_EUSO-SPB2	Project	
Poster:	“Study	of	performances	and	characteriza_on	of	SiPMs	(Hamamatsu	S13161-3050AE	
-08)	for	the	next	genera_on	of	telescopes	in	balloon-borne	&	space-based	experiments”	
ASAPP	2025	(Advances	in	Space	AstroPar_cle	Physics	–	Second	Edi_on)		
Saint	Feliu	de	Guixols	(Girona)	,	SPAGNA	dal	12	al	16	MAGGIO	2025	
•  R.	Caruso		on	behalf	of	the	PBR	Collabora=on	
Poster:	“The	test	and	calibra_on	system	for	the	SiPM	arrays	of	the	Cherenkov	Camera	for	the	PBR	Mission”		
ICRC2025	(39th	Interna_onal	Cosmic	Ray	Conference)	
(Ginevra,	SVIZZERA)	dal	14	al	25	LUGLIO	2025		
•  R.	Caruso		on	behalf	of	the	JEM-EUSO	Collabora=on	
Relazione	su	Invito:	“Il	Programma	JEM-EUSO”		
SIF	2025	(111°	Congresso	Nazionale)–	PALERMO	(Italia)	dal	22	al	26	SETTEMBRE	2026		
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Planning attività 2026  
	
•  Responsabilità internazionale:  “Test & Calibration Elementary Cell units for PBR Cherenkov 

Camera” per la missione PBR (lancio 2027)”: Rossella Caruso 

•  Il Laboratorio di R&D SiPMs di Catania (postazione SPB2 presso “Laboratorio di fotorivelatori 
per la Fisica Astroparticellare” – Sezione INFN di Catania & DFA-UniCT) diviene SITO di 
CALIBRAZIONE e TEST della Camera Cherenkov per la missione PBR nel 2027 per l’intera 
Collaborazione internazionale PBR: previsti turni di misura e test da parte di altri gruppi  

    italiani ed esteri.  
	 	

	

•  Test, calibrazione e caratterizzazione delle singole Elementary Cell (EC) della Superficie Focale  
della Camera Cherenkov IN SEDE e presso i siti di assemblaggio e  integrazione elettronica di  
NAPOLI  e ROMA2 e di caratterizzazione in condizioni realistiche di volo presso il TurLab di TORINO;	
	

•  Monitoraggio atmosferico, cloud imaging, analisi dati traiettorie meteore, etc. 
•  Analisi dati CME solari e ricerca di Eventi Transienti Luminosi nei dati di MiniEUSO e di SPB2 per  
ottimizzazione rapporto segnale/rumore e trigger Telescopi di Fluorescenza e Cherenkov. 


