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CTA – Cherenkov Telescope Array: 
• more than 100 Imaging Air Cherenkov Telescopes 
• 20 GeV-300 Tev (LST + MST +SST)
• implemented at two sites.

North Site

South Site

Headquarters

Data Center

The CTA framework
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Science cases of the VHE astronomy

sub-TeV TeV multi-TeV

• Transients
• Cosmological 

sources
• Pulsars

• EBL
• Dark Matter

• diffuse emission
• morphological 

studies
• surveys

• PeVatrons
• SFRs

20 GeV 500 GeV 10 TeV 300 TeV1 TeV
MAGIC coll. Nature 2020

H.E.S.S. coll. Nature 2023

LHAASO coll. Nature 2021

GPS VERITAS + H.E.S.S.

HAWC coll. Nature 2018
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CTA-Telescopes
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Small-Sized Telescopes
(SST)

Medium-Sized Telescopes
(MST)

Large-Sized Telescopes
(LST)

• Sc

• 4 m ⊘ primary mirror
• SiPM camera
• 8∘ FoV
• 17 tonne

• Davies-Cotton optical design
• 12 m ⊘ reflective surface
• PMT  camera
• ~7∘ FoV
• 82 tonne

• Parabolic design

• 23 m ⊘ reflective surface
• PMT  camera
• 4.3∘ FoV
• 17 tonne

2 different MST 
camera designs:
• NectarCam

Pos
• FlashCam Medium-Sized Telescope Large-Sized TelescopeSmall-Sized Telescope

• Davies-Cotton optical design
• 12 m ⊘ reflective surface
• PMT  camera – 2 designs:

• NectarCam: 1855 pixels
• FlashCam: 1764 pixels

• ~7∘ FoV
• 82 tonne

• 2-mirror Schwarzschild-Couder
optical design

• 4.3 m ⊘ primary reflective 
surface

• SiPM camera: 2048 pixels (0.16 ∘)
• 8.8∘ FoV
• 17.5 tonne

• Parabolic optical design
• 23 m ⊘ reflective surface
• PMT  camera: 1855 pixels (0.1∘)
• 4.3∘ FoV
• 100 tonne

ENERGY

20 GeV200 GeV5 TeV300 TeV



CTA-configuration
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Improved - Alpha configuration 

CTAO Southern array

150m 

CTAO Northern array

1 km 

150m 

PNRR  + 5 CTA - SST
+ 2 CTA - LST
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Improved - Alpha configuration 

CTAO Southern array

150m 

CTAO Northern array

1 km 

150m 

PNRR  + 5 CTA - SST
+ 2 CTA - LST
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Steady-source performance

We are opening the multi-TeV science to the  Southern sky

Credits R .Zanin – CTAO Project Scientist
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In 3 years from now

off-xis @ 3º → critical for surveyson-axis
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Timeline
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LACT first 8 tel

2025

CTAO intermediate configurations 

2026 2027 2028 2029 2030 2032

CTAO Beta configuration

LHAASO

HAWC
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MAGIC

LACT full configuration

ASTRI Mini-Array-3T  to full configuration

2035

The end dates of the facilities are just indicative



PNRR

PNRR to be completed 
within 2025

• 10 SST telescopes structures
• M1 mirrors for 10 SST
• M2 mirrors
• +2 LST full telescopes for the S-site
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PNRR

PNRR to be completed 
within 2025

+
CTAO ERIC

• 10 SST telescopes structures
• M1 mirrors for 10 SST
• M2 mirrors
• +2 LST full telescopes for the S-site

CTA-SST updates - The 2° LHAASO Simposium, 21 -24 March 2025, Hong Kong
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ASTRI heritage in CTA #1: Telescope

CTA-SST selected in 2020
• ASTRI Optical Design 
• Upgraded telescope structure
• Upgraded CHEC-S Camera

The IAG-USP Institute from Brazil will 
contribute to the AIT/AIV activities in Chile

SST Camera Consortium
• DE: MPIK, DESY, ECAP
• UK: Universities of: Durham, Leicester, Liverpool, Oxford 
• NL: UvA, Groningen 
• JP: Nagoya
• AU: Universities of: Adelaide, Western Sydney, Sydney, Australian 

National, New South Wales, Monash, Curtin

CTA-SST updates - The 2° LHAASO Simposium, 21 -24 March 2025, Hong Kong



ASTRI heritage in CTA #1: Telescope

CTA-SST selected in 2020
• ASTRI Optical Design 
• Upgraded telescope structure
• Upgraded CHEC-S Camera
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ASTRI-Horn

CHEC-S

Top level SST Telescope
Requirements (current Baseline)

Similar summary in https://www.cta-observatory.org/project/technology/sst/ is still referred to ASTRI prototype

Smal-Sized Telescope (SST)

Required energy range 1 Tev - 300 TeV

Energy range (in which subsystem 

provides fully system sensitivity)
5 TeV - 300 TeV

Number of telescopes
37 (South)

0 (North)

Optical Design Schwarzschild-Couder 

Primary reflector diameter 4.3 m

Secondary reflector diameter 1.8 m

Effective mirror area (including 

shadowing)
>5 m2

Focal lenght 2.15 m

Total weight 17.5 t

Field of view 8.8 deg

Number of pixel in SST-CAM 2048

Pixel size (imaging) 0.16 deg

Photodetector type SiPM

Telescope data rates (before array

trigger)
>600 Hz

Telescope data rates (readout of all

pixels; before array trigger)
2.6 Gb/s

Positioning time to any point in the

sky (>30° elevation)
90 s

Pointing Precision < 7 arcsecs

Obsevable sky
Any astrophysical object with elevation  > 24 

degrees

Updated 
CHEC-S camera

The ASTRI-Horn prototype 
Polynomial SC design 

Updated ASTRI Mini-Array 
structure 

To be verified at the South site environmental conditions



ASTRI heritage in CTA #1: Telescope

CTA-SST
• ASTRI Optical Design 
• Upgraded telescope structure
• Upgraded CHEC-S Camera
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ASTRI heritage in CTA #1: Telescope

CTA-SST
• ASTRI Optical Design 
• Upgraded telescope structure
• Upgraded CHEC-S Camera
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Final alignment check and D80  across the FOV for ATRI-Horn telescope

Advantage of the ASTRI optical design:
➢ Aplanatic
➢ Flat off-axis angular resolution (D80<0.2 deg)
➢ FOV extension to > 10 degrees

https://doi.org/10.1051/0004-6361/201731602)

https://doi.org/10.1051/0004-6361/201731602


ASTRI heritage in CTA #1: Telescope

CTA-SST selected in 2020
• ASTRI Optical Design 
• Upgraded telescope structure
• Upgraded CHEC-S Camera
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ASTRI-Horn



ASTRI heritage in CTA #1: Telescope

CTA-SST selected in 2020
• ASTRI Optical Design 
• Upgraded telescope structure
• Upgraded CHEC-S Camera
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ASTRI-Horn• SST-CAM Development based on 2 prototypes

CHEC-M (MAPMs)

CHEC-S (SiPMs)

• Low Cost, High Performance

Fine pixelation, large FoV

32 modules of 64 pixels each

Tile on a radius of curvature of 1 m

6 mm x 6 mm (~0.15o) pixels

2048 SiPM pixels 

9o FoV

Efficient trigger & full waveform readout

@1GSa/s for all pixels in every event

Max readout rate: 1200 Hz 

Continuous measurement of DC light
0
.5

 m

CHEC-S Prototype



ASTRI heritage in CTA #1: Telescope

CTA-SST selected in 2020
• ASTRI Optical Design 
• Upgraded telescope structure
• Upgraded CHEC-S Camera
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ASTRI-Horn• Development based on 2 prototypes

CHEC-M (MAPMs)

CHEC-S (SiPMs)

• Low Cost, High Performance

Fine pixelation, large FoV

32 modules of 64 pixels each

Tile on a radius of curvature of 1 m

6 mm x 6 mm (~0.15o) pixels

2048 SiPM pixels 

9o FoV

Efficient trigger & full waveform readout

@1GSa/s for all pixels in every event

Max readout rate: 1200 Hz 

Continuous measurement of DC light
0
.5

 m

CHEC-S Prototype

Mechanical CAM mounted on ASTRI-1
in Tenerife (November 2023)

CHEC-S on 

ASTRI Data
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ASTRI heritage in CTA #2: Mirrors

IACTs are uncovered, fast moving large collectors • Segmented optics
• High multiplicity
• Light weight

Optical requirement is D80 < 0.25 deg across the 
FOV of 5 degrees
• Aspheric shape 
• Very low surface roughness
• P-V shape error about 200 micron

980 mm

849/846 mm

12 mm

CTA-SST updates - The 2° LHAASO Simposium, 21 -24 March 2025, Hong Kong



ASTRI heritage in CTA #2: Mirrors

IACTs are large, uncovered, fast moving collectors • Segmented optics
• High multiplicity
• Light weight

2. Design and Prototyping 2.1 Design
 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.22 – Main steps of the panel manufacturing process. From top-left, clockwise: mould realization; front glass is

made to adhere by vacuum suction to the mould; the epoxy resin structural adhesive is spread on the glass; the Aluminium

honeycomb is positioned and the back glass foil is added on the top. The resin is made to polymerize with the proper curing

cycle and the sandwich is finally released and coated.

few samples. For the ASTRI-SST-2M prototype both solutions have been produced in order to better

evaluate the two technologies during operation in Serra La Nave.

Even though the dielectric based coating appears to cut off sharply at wavelengths shorter than 350nm,

somewhat longer than the specification value of 300 nm, we nevertheless decided to install it in the

prototype telescope for its value as a demonstrator of the technology. 

 

Figure 2.23 – Left side: simulated (dotted blue curve) and measured (black curve) of dielectric based coating. Right side:

Simulated curves (dotted curves) and measured one (Black curve) for metallic coating.

The cut-off at 350 nm will be mostly compensated by the higher efficiency of the Silicon photomultipliers

at theshorter wavelengths, so that we expect only minor reductions in sensitivity.

We have designed a shipping crate in order to ship M1 mirrors safely. Two crates, that can fit on a

standard wooden pallet, are large enough for the shipping of a complete set of M1 mirrors.

CTA Construction Project

SST-2M ASTRI TDR

Page 29 of 134 SST-TDR/140530 | v.1.3 | 16 May 2015

M1 mirrors produced by glass cold-slumping developed by INAF-OAB and Media Lario
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M2 mirror substrates produced by glass hot-slumping:

CTA-SST M2 Mirrors manufacturing
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IACTs are large, uncovered, fast moving collectors • Segmented optics
• High multiplicity
• Light weight

ASTRI heritage in CTA #2: Mirrors
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IACTs are uncovered, fast moving large collectors • Segmented optics
• High multiplicity
• Light weight

ASTRI heritage in CTA #2: Mirrors

200 CTA-MST mirrors + 200 M1 
mirrors produced for ASTRI Array
https://doi.org/10.1117/1.JATIS.8.1.014005

INAF mirrors in CTA everywhere
• 200 MST mirrors (already produced)
• 450 LST mirrors (in 2025 on PNRR)
• 37+5 x 18 SST M1 mirrors

CTA-SST updates - The 2° LHAASO Simposium, 21 -24 March 2025, Hong Kong

Statistics on shape errors and 
reflectivity for the ~400 mirrors 
already produced for MSTs and 

ASTRI mini-array

https://doi.org/10.1117/1.JATIS.8.1.014005
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Structure is very stiff Optical alignment performed by 
removable actuators + optical camera

ASTRI heritage in CTA #3: know-how

CTA-SST updates - The 2° LHAASO Simposium, 21 -24 March 2025, Hong Kong

M1 actuators

Alignment



Structure is very stiff Optical alignment performed by 
removable actuators + optical camera
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Alignment



Structure is very stiff

ASTRI heritage in CTA #3: know-how

CTA-SST updates - The 2° LHAASO Simposium, 21 -24 March 2025, Hong Kong

Corona1 – 6 mirror Corona2 – 6 mirrors TotalCorona3 - mirrors

Corona2 – 1 mirror Corona3 – 1 mirrorCorona1 – 1 mirror

91.6%92.2%85.6%

89.7% 91.2% 90.1%

90.6%

Optical alignment performed by 
removable actuators + optical camera

Alignment



Structure is very stiff

ASTRI heritage in CTA #3: know-how
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Corona1 – 6 mirror Corona2 – 6 mirrors TotalCorona3 - mirrors

Corona2 – 1 mirror Corona3 – 1 mirrorCorona1 – 1 mirror

91.6%92.2%85.6%

89.7% 91.2% 90.1%

90.6%

ASTRI - Horn on site
ASTRI Mini Array - remote

Optical alignment performed by 
removable actuators + optical camera

Alignment



• Sunlight concentration simulation
• Study of the areas above energy density safety limit (> 0.5-0.2 W/cm^2)
• Parking position

IACTs are light concentrators with no domes fire accident is a real issue

ASTRI heritage in CTA #3: know-how

CTA-SST updates - The 2° LHAASO Simposium, 21 -24 March 2025, Hong Kong

Safety of the parking



ASTRI heritage 3: know-how

21 June 21 December

IACTs are light concentrators with no domes fire accident is a real issue

• Sunlight concentration simulation
• Study of the areas above energy density safety limit (> 0.5-0.2 W/cm^2)
• Parking position
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Safety of the parking



21 December

Sunlight concentration simulation
Study or the areas above energy density safety limit (> 0.5-0.2 W/cm^2)

IACTs are light concentrators with no domes fire accident is a real issue

Repeating everything for LST-S

ASTRI heritage in CTA #3: know-how

CTA-SST updates - The 2° LHAASO Simposium, 21 -24 March 2025, Hong Kong

Safety of the parking



Conclusion
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• CTA-SST baseline based on ASTRI-HORN+CHEC-S camera

• CTAO ERIC establishment and PRNN boosted the activities

• ASTRI structure upgrades already tested for ASTRI Array

• Strong ASTRI know-how heritage 
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Top level SST Telescope
Requirements (current Baseline)

Similar summary in https://www.cta-observatory.org/project/technology/sst/ is still referred to ASTRI prototype

Smal-Sized Telescope (SST)

Required energy range 1 Tev - 300 TeV

Energy range (in which subsystem 

provides fully system sensitivity)
5 TeV - 300 TeV

Number of telescopes
37 (South)

0 (North)

Optical Design Schwarzschild-Couder 

Primary reflector diameter 4.3 m

Secondary reflector diameter 1.8 m

Effective mirror area (including 

shadowing)
>5 m2

Focal lenght 2.15 m

Total weight 17.5 t

Field of view 8.8 deg

Number of pixel in SST-CAM 2048

Pixel size (imaging) 0.16 deg

Photodetector type SiPM

Telescope data rates (before array

trigger)
>600 Hz

Telescope data rates (readout of all

pixels; before array trigger)
2.6 Gb/s

Positioning time to any point in the

sky (>30° elevation)
90 s

Pointing Precision < 7 arcsecs

Obsevable sky
Any astrophysical object with elevation  > 24 

degrees
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degrees

Top level SST Telescope
Requirements (current Baseline)

Similar summary in https://www.cta-observatory.org/project/technology/sst/ is still referred to ASTRI prototype

Smal-Sized Telescope (SST)

Required energy range 1 Tev - 300 TeV

Energy range (in which subsystem 

provides fully system sensitivity)
5 TeV - 300 TeV

Number of telescopes
37 (South)

0 (North)

Optical Design Schwarzschild-Couder 

Primary reflector diameter 4.3 m

Secondary reflector diameter 1.8 m

Effective mirror area (including 

shadowing)
>5 m2

Focal lenght 2.15 m

Total weight 17.5 t

Field of view 8.8 deg

Number of pixel in SST-CAM 2048

Pixel size (imaging) 0.16 deg

Photodetector type SiPM

Telescope data rates (before array

trigger)
>600 Hz

Telescope data rates (readout of all

pixels; before array trigger)
2.6 Gb/s

Positioning time to any point in the

sky (>30° elevation)
90 s

Pointing Precision < 7 arcsecs

Obsevable sky
Any astrophysical object with elevation  > 24 

degrees

• CTA-SST baseline based on ASTRI-HORN+CHEC-S camera

• CTAO ERIC establishment and PRNN boosted the activities

• ASTRI structure upgrades already tested for ASTRI Array

• Strong ASTRI know-how heritage 

10 Opto-mechanical structure will be 
completed within 2025



Thanks for your attention!
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