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ASTRI beginning 
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Large	Size	Telescopes	LST			
20	GeV	-	200	Gev	

	
Ø	=23	m	

4	Nord	+	4	Sud	

Medium	Size	Telescopes	
100	GeV	-	10	TeV	

	
+	

Small	Size	Telescopes	SST	
		~	TeV	-	300	Tev	

Ø	=4	m	
70	Sud	

ASTRI	

pSCT	Ø	=9.5	m	
24	Sud		

	

MST		Ø	=12	m	
15	Nord	+	25	Sud	

	

CTA rendering 2015	
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Optical design: requirements 
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Primary	Gamma-ray	

~	
10
	µ
s	

~	
1	
ns
	

~	1°	

~	
10
	k
m
	

~	100	m	

• Very High Energy g-rays (E > 20GeV) are 
generated by a variety of cosmic sources. 

 
• gamma-rays interact with the atmosphere 
generating a particle cascade which produces 
detectable light by means of the Cherenkov effect:  

 
• Origin at about 10 km asl. 
• Cone angle about 1°;  
• Illuminating  radius about 100 m; 
• Shower lifetime about 10 ms; 
• Light wave-front about 1 ns 
• Light density about 10 ph/m2; 
• (NSB about 108 ph/m2/s) 
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Optical design: IACTs 
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Optical design 

Karl Schwarzschild (1873 – 1916) 
•  Solved Einstein’s field equations 

of general relativity 
•  Formalized the Schwarzschild metric,  defining 

the Schwarzschild radius for BH description. 
•  Formalized optics theory 
•  Photography, electromagnetism… 
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1905: Karl Schwarzschild solved the equations of Seidel for spherical aberration and 
coma finding a relation between parameters capable to make a telescope aplanatic. 
 
“For any geometry, 2 aspheric mirrors allow the correction of SI and SII to give an 
aplanatic telescope”  

KS:	f/3.0	
bS1=	-13.5	(Hyperbola)	
bS2=	1.963	(Spheroid)	
FoV:2.8	deg	
RMSedge~12’’	
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Optical design 
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Optical design 
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Optical design 
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Optical design 

IACTs	

X-ray 
telescpes	
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Optical design 
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ASTRI Optics: manufacturing 
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ASTRI Optics: metrology 

Giorgia	Sironi	–	Hands	on	the	extreme	universe	with	high	energy	gamma		rays,	Sexten,	18	July	2022	



18	

ASTRI Optics: metrology 
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ASTRI Optics: metrology 
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Pseudo-PSF pictures	

Pseudo-PSF pictures 
+

Ray-tracing points	
Ray-tracing

Simulation Image	

150 mm	

40 cm	

Ø Matching	of	the	focal	length	and	extrapolation	of	the	PSF	at	the	focal	plane	

15 mm	
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ASTRI Structure: optimization 
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Courtesy	of	EIE	group	
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ASTRI Structure: M2 support 
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Courtesy	of	EIE	group	
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ASTRI Structure: dish 
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Courtesy	of	EIE	group	
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ASTRI Structure: actuators 
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ASTRI: Camera 

Giorgia	Sironi	–	Hands	on	the	extreme	universe	with	high	energy	gamma		rays,	Sexten,	18	July	2022	

 FIELD OF VIEW OF 10.5 deg IN DIAMETER  FIELD OF VIEW OF 9 deg IN DIAMETER 

ASTRI Camera: developed by INAF for ASTRI-
Horn and industrialized for ASTRI Mini-Array	

CTA-SST CECH camera (collaboration led 
by Max Plank Institute )	
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ASTRI: geometric area 
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•  Shadowing depends on off-axis angle 
•  Geometric area shall be >5.5 m^2 

across FOV 
•  Secondary mirror, structure, camera 

are sources of vignetting 
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ASTRI: reflectivity 
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ASTRI: reflectivity 
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ASTRI: reflectivity 
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The ASTRI Mini-Array Project 
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The ASTRI Mini-Array is a project whose purpose is to construct, deploy 
and operate an array of 9 Cherenkov telescopes of the 4 meters class at 
the Observatorio del Teide in Tenerife (Spain) in collaboration with IAC. 	
More than 150 researchers belonging to	

 
•  INAF institutes (IASF-MI, IASF-PA, OAS, OACT, OAB, OAPD, OAR)  
•  Italian Universities (Uni-PG, Uni-PD, Uni-CT, Uni-GE, PoliMi) & INFN 
•  Fundacion Galileo Galilei  
•  International institutions (IAC - Spain, University of Sao Paulo – Brazil, North-West 
University – South Africa, IAC – Spain, Université / Observatoire de Geneve - CH). 
 
 

Italian and foreign industrial companies are and will be involved in the ASTRI Mini-
Array project with important industrial return.	
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The ASTRI Mini-Array Project 
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Design	and	implementation	of	the	
telescope’s		&	cameras	electro-
mechanical	structures	

Implementation	of	the	site	
infrastructure	@Tenerife	

Design	and	implementation	of	
cameras	

ASIC	design	and	production	

Production	of	the	primary	mirrors	reflecting	panels	

Production	of	the	SiPM	sensors	

Coating	of	the	secondary	mirrors	via	
magnetron	sputtering	

Polishing	of	the	secondary	mirrors	surfaces	

Production	of	the	secondary	mirrors	via	thermal	
slumping	

Control	sw	based	on	the	Alma	Common	Software	
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The ASTRI Mini-Array Project 
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Autumn	2022	

June	2022	

Late	Spring	2023	

Autumn	2023	

End	of	2024	

Phase	1	
•  	3	Telescope	Structures	

Phase	2	
• 3	Telescope	Structures	+	
Cameras	

Phase	3	
•  Full	Array	

	Phase	0	
•  	1	Telescope		Structure	
• m-ICT	

Early	
observations		
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ASTRI: mini-array and CTA-SST 
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ASTRI-Mini Array 1° telescope June 2022	
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CTA-SST….in bridging phase 
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Next step  CTA-SST	

ASTRI telescopes @ South site:  
Alpha configuration 35 (42) 
Omega configuration 70  
 
INDUSTRIALIZATION PROCESS!	



4
0	

ASTRI	Mini-Array	

Thank you	

View of the Mini-Array area	


