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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 for the SiPM tiles of the 
Cherenkov Camera for the PBR Mission 

 

	
 



The italian ASI/INFN EUSO-SPB2 Project 

The	 development	 of	 detectors	 based	 on	 SiPM	 photosensors	 	 for	 acquisi9on	 of	 fast	 signals	
coming	 from	 Cherenkov	 and	 fluorescence	 emission	 started	 by	 astropar9cle	 showers	 in	 the	
atmosphere,	is	the	main	goal	of	the	current	ASI/INFN	Agreement	n.	2021-8-HH.2-2022,	named	
“EUSO-SPB2	 (Extreme	 Universe	 Space	 Observatory	 –	 Super	 Pressure	 Balloon	 2)”	 (P.I.	
G.Osteria)	 useful	 for	 the	 next	 genera9on	 of	 telescopes	 in	 balloon-borne	 and	 space-based	
experiments.	
	
PARTNERS:		
•  ASI	
•  INFN	:	BA	CT,	NA,	ROMA2,	TO	
	
SUB-PARTNERS:		
•  University	of	CATANIA	
•  University	of	TORINO	

•  started	in	2021	and	extented	unTl	May	2025	
•  just	prolonged	for	other		9	months		(February	2026)	



The ASI/INFN EUSO-SPB2 WP#4400 

WP4400: “Selection, characterization and test of SiPMs” 
 
Unit: Catania University & INFN - Catania Division  
P.I.: Rossella CARUSO 
 
The main item of this Working Package is the definition of a procedure for characterising 
and selecting the SiPMs that best fit the experimental requirements.  
 
The study of performances of different SiPMs available on the market has been 
performed to identify the best sensors for space applications. 
 
The protocol foresees to measure several parameters: breakdown voltage (Vbd) , 
quenching resistance (Rq), gain (G), dark count rate (DCR), probability of cross-talk 
(pCT) as function of temperature. 



R&D on SiPMs for space-based missions (2021-2023) 
Involved members: Caruso R., Petta C., Lombardo C., Persiani R., Tortorici F. 

Saccà G. & Guardone N. 

Measurements on SiPMs basic properties at controlled T conditions: 
 
•  R&D on SiPMs with several prototypes from Hamamatsu, SensL, 

AdvanSid (FBK), Kernell, Ketek manufactures; 
•  visual inspection (scratches, bubbles…): in clean room using a 

microscope; 
•  measurements at temperature variations (- 40 °C ÷ 150 °C) in a climate 

chamber: Dark Current Ratio (DCR); Gain (G); Photon Detection 
Efficiency (PDE); Cross-Talk; After-Pulse; I-V (Current-Voltage) curve. 



ProduZore	Modello	 Qt	 Vbd	(V)	 Vop(V)	 ConneZore	 Chs	 PCB		
Hamamatsu	 S14160-1315PS	 2	 		 41,77	 to	sold	 1	 		

		 S14160-4050HS	 2	 37,9	 40,6	 to	sold	 1	 		
		 S14160-1310PS	 2	 42,4	 to	sold	 1	 		
		 S14160-3010PS	 2	 42,66	 to	sold	 1	 		
		 S14160-3015PS	 2	 42	 to	sold	 1	 		
		 S13360-6050CS	 2	 50,97	 53,97	 PIN	A-K	 1	 		
		 S13360-1325CS	 2	 52,65	 57,65	 PIN	A-K	 1	 		
		 S13360-6025C	 2	 51,87	 56,87	 PIN	A-K	 1	 		
		 S13360-1350CS	 2	 49,49	 54,49	 PIN	A-K	 1	 		

SenSL	 ARRAYJ	30035	16P	PCB	 1	 CONN	 4X4	 		
		 ARRAYC	60035	64P	PCB	 1	 CONN	 8X8	 Arrayx	BOB6	64S	GEVK	
		 MICROFC	10010	SMT	TR1	 6	 to	sold	 1	 		
		 MICROFC	SMA	30035	GEVB	 1	 SIPM	ON	BORD	 		
		 MICROFC	SMTPA	60035	GEVB	 1	 PIN	A-K	 1	 		
		 MICROFC	30035	SMT	TR1	 to	sold	 		
		 MICROFC	60035	SMT	TR1	 to	sold	 		
		 NO	NOME	 PIN	A-K	 		
		 MICROFC	SMA	60035	GEVB	 SIPM	ON	BORD	 		
		 MICROFC	SMTPA	10010	GEVB		 1	 PIN	A-K	 1	 		
		 MICROFC	SMA	10010	GEVB	 1	 SIPM	ON	BORD	 		
		 Arrayx	BOB6	64S	GEVK	 Eval	board	 		
		 Arrayx	BOB6	64p	GEVK	 		 Eval	board	 		 		 		 		

Broadcom		 AFBR	S4E001	 1	 Eval	board	 		

		 AFBR	S4N44P163	 1	 		 		 		 4X4	 		
Ketek	 PA3347-WL-A0-A0-0808	 1	 		 		 Samtec	 8x8	 		

		 PM3347-WL-A0	PIN	 2	 PIN	A-K	 1	 		
		 PM3325-WB-D0	PIN	 1	 PIN	A-K	 		
		 PM3315-WL-A0	 2	 PIN	A-K	 		
		 PM3335-WL-A0	 2	 PIN	A-K	 		
		 PM3315-WL-A0	PIN	 2	 PIN	A-K	 		
		 PM3335-WL-A0	PIN	 2	 		 		 PIN	A-K	 		 		





8	

First	set-up	for	R&D	on	different	SiPMs:		
(I	phase:	2021-2022)	
•  AcquisiTon	System	(Front	End	Board):		
CAEN	DT5550W	(with	piggyback	2	Ci9roc1A)		
•  PCB:	designed	and	made	by	INFN-CT	Elebronica	
•  Power	Supply:	Keysight	0-100	V,	CAEN	A7585	
•  Climate	chamber	(fig	2):	ESPEC-SH242		
(-40°C	÷	+	180°C)	(300	x	250	x	300)	mm3	

•  3LEDs	+	Driver	(fig3):	CAEN	SP5601	(400	nm)	
•  LASER	(fig	4):	Picoquant	PDL	800-D	with		
LDH	P-C	405B	head	(402	nm,	<80	ps)		

	 	 	 	 	 	 	 	 	 	 			





Prototype setup inside the dark box. 

The mechanical structure,  
on the left, and the 
DT5550W, on the right. 

SiPM	(8x8)	Hamamatsu	S13			
@	room	T	=	25°		
Ilight	source	=	LED	
at	different	wave-length		
(λ	=402-625	nm)	



2nd PHASE (2022-2023) 
(I-V) set-up or different SiPMs  
	

Masurements	of:	
	
•  VBD	=	break-down	voltage;	
•  Rq	=	quenching	Resistance	



II Phase (2022-2023) 
Set-up for  
Hamamatsu SiPMs  
 

Masurements	of:	
	
•  G	=	Gain,		
•  DCR	=	Dark	Count	Rate,		
•  pCT	=	probability	of	Cross-Talk	
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NIM	A,		Vol.	1057,	December	2023,	168732	
doi:	10.1016/j.nima.2023.168732		
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Thanks	to	dedicated	funds	by	ASI,		in		
agreement	with	INFN	in	the	framework	of			

Project	“EUSO-SPB2”		

CharacterizaTon	of	HAMAMATSU	SiPM	Tle:	
	64	channels:	(8x8)	matrix,	(3x3)	mm2	area	

from	-40°C	to	+	30°C						



I PART CONCLUSION 
WP4400: “Selection, characterization and test of SiPMs” 
 
•  Founded a Laboratory of “Photosensors for Astroparticle Physics” at the Department of  
Physics and Astronomy – University of Catania & INFN-CT 
Scientific Coordinator: R. CARUSO 
 
•  Specific experimental set-ups for SiPMs measurements in thermal excursions 
•  Sotware codes (LabView and Janus) developed  
•  Analysis tools (almost) automatized  
 
•  Inventory of SiPMs and many FE and DAQ devices acquired and usable for next tests  
and measurements    
 
•  S13 Hamamatsu (8x8) SiPM tile with best performances as function of temperature  
(-40° - + 30°) for future applications 
 
•  published paper: R.Persiani et al. NIM A,  Vol. 1057, December 2023, 168732 
 
•  contribution presented at Conference ASAPP2025: 
R.Caruso :  “Study of performances and characterization of SiPMs (Hamamatsu  
S13161-3050AE-08) for the next generation of telescopes in balloon-borne & space- 
based experiments”       
 
 



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!			



Set-up	Lab	JUNO		
		III	piano	DFA	-	UniCT	



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



Performed	MEASUREMENTS:	
	
•  (-40°	÷	+30°)	temperature	range;	step	ΔT	=	10	C°	

•  for	each	T,	9	diffent	Vbias	
	
•  MulT-peak	spectrum		(at	low	intensity	LED)	à	G	

•  Staircase	curve		(OFF	LED)	à	dark	count	rate	(DCR)		
	 	 	cross-talk	probability	(pCT)	

•  Analysis	in	progress	(conclusion:	next	week)	
	
MEASUREMENTS	To	BE	DONE			
	
•  (-40°	÷	+30°)	temperature	range;	step	ΔT	=	10	C°	
	
•  (I-V)		curveà	break-down	Voltage	(VBD)	

				quenchin	Resistance	(Rq)	
	

•  COMPARISON of results  of two  
HAMAMATSU S13 analysed in 2 different phases 

•   protocol of measurements & list of key  
parameters to be fixed for massive calibrations  

	
	
	

	
	
	
	
	
	

	
	
	



Procedure deep for EC massive calibration 
and timing 

•  Test at 20 °C and -50 °C; 40 minutes from 20 °C to -50 
°C, 35 minutes from -50 °C to 20 °C 

For each EC: 
•  dark spectrum + light spectrum: 60-90 minutes for the 

entire tile 
–  Multi-peak spectrum, Poissonian on first fingers; 
–  use PDE/spectrum to find broken pixel; 

•  IV-curve (at least 100 points), 10 minutes x each  
2x 8 hours test! 



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

available	at	Laboratory	of	photosensors	for	Astropar9cle	Physics	
for	uniform	illumina9on	of	the	CC	EC	and/or	PDE	and/or	FS		

and	photon	detecTon	efficiency	(PDE)	of	the	EC	

POSSIBLE	DEVELOPMENT	in	the	set-up!	



STANDA	XYZ	translaTon	system	
426mm	(X)	x	426mm	(Y)	x	130	(Z)	
opera9on	temperature	range			
(-50°	+	85°)	
possible	to	be	procured		
for	regular	precise	moviments	in	illumina9ng		
the	CC	PDM	or	FS	

Parameter	 Value	

Travel	range:	 200	mm	

Max	speed:	
	 5	mm/sec	

Opera9on	temp.:	 -50	÷	+85	C	

Weight:	 3	kg	

AlternaTvely:	
Thorlabs	XY	ZtranslaTon	stage	
150	or	300	mm			
not	for	lower	temperatures	

POSSIBLE	DEVELOPMENT	in	the	set-up!	



Bigger	and	powerful	Climate	Chamber			
600mm	(L)	x	801mm	(W)	x	694mm	(H)	

wider	temperature	range			
(-75°	+	180°)	

available	at	INFN	-	CT	

POSSIBLE	DEVELOPMENT	in	the	set-up!	



NEXT STEPS & CONCLUSIONS 
 
 
 
 
•  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! 
	

	
	

	
	
	
	
	
	

	
	
	


