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FROM ASTRI to CTA-SST:
the ASTRI heritage in CTAO
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The CTA framework

CTA — Cherenkov Telescope Array:

 more than 100 Imaging Air Cherenkov Telescopes
e 20GeV-300 Tev (LST + MST +SST)

* implemented at two sites.
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Science cases of the VHE astronomy CTAND

HAWC coll. Nature 2018

Aofs

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

sub-TeV TeV multi-TeV

* EBL

* Dark Matter

* diffuse emission

* morphological
studies

* surveys

* PeVatrons
* SFRs

* Transients
* Cosmological
sources
* Pulsars

MAGIC coll. Nature 2020 N
BBiSoilac .4 20 GeV 500 GeV 1TeV 10 TeV 300 TeVER'




Science cases of the VHE astronomy CTAND

LST M ST SST HAWC coll. Nature {018
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H.E.S.S. coll. Nature 2023
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CTA-Telescopes

* 2-mirror Schwarzschild-Couder « Davies-Cotton optical design * Parabolic optical design
optical design * 12 m @ reflective surface * 23 m @ reflective surface
* 4.3 m @ primary reflective * PMT camera - 2 designs: *  PMT camera: 1855 pixels (0.1°)
surface * NectarCam: 1855 pixels * 4.3°FoV
* SiPM camera: 2048 pixels (0.16°) *  FlashCam: 1764 pixels * 100 tonne
+ 8.8°FoV * ~7°FoV
* 17.5tonne * 82tonne
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CTA-configuration

Improved - Alpha configuration

CTAO Northern array

CTAO Southern array

PNRR % . +5CTA-SST
+2 CTA - LST
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CTA-configuration

Alpha configuration

CTAO Northern array CTAO Southern array

+ 5 CTA - SST
+ 2 CTA - LST
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Steady-source performance CT.
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E2dN/dE [TeV/cm?3s]

In 3 years from now

I |ACTs B Alpha+2LSTs+5SSTs
1st intermediate
configuration

on-axis
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Credits R .Zanin — CTAO Project Scientist
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Timeline

2025 2026 2027 2028 2029 2030

CTAO inte CTAO Beta configuration

LACT first 8 tel LACT full configuration

-Iini-Array-ST to full configuration
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The end dates of the facilities are just indicative
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PNRR

within 2025

PNRR to be completed

INAF Program Office

—

Strengthening the Italian
leadership in ELT and SKA
(STILES)

STILES & un programma finanziato dal
Programma Nazionale di Resistenza e Resilienza
(PNRR) che mira a rafforzare la leadership
italiana nell'esplorazione dell'Universo
sviluppando laboratori e strumenti per i due pil
grandi telescopi terrestri dei prossimi decenni:
I'European Extremely Large Telescope (ELT) e lo
Square Kilometer Array (SKA).

READ MORE -

Cherenkov Telescope Array
Plus (CTA+)

CTA+ & un programma finanziato dal Programma
Nazionale di Resistenza e Resilienza (PNRR)
volto a fornire un completamento alla pill grande
Infrastruttura di Ricerca dedicata allo studio del
cielo ad altissime energie e tra le IR a pit alta
priorita nazionale: il Cherenkov Telescope Array
Observatory (CTAQ), I'Osservatorio per
astronomia gamma da terra, attualmente in fase
di costruzione.

READ MORE >

10 SST telescopes structures

M1 mirrors for 10 SST

M2 mirrors

+2 LST full telescopes for the S-site

s

NextGeneration Croce dél Nord
(NG-Croce)

Next Generation — Croce del Nord (NG-CROCE) &
un programma finanziato dal Programma
Nazionale di Ripresa e Resilienza (PNRR) che
prevede |'aggiornamento del radiotelescopio
“Croce del Nord” di Medicina (BO) e di Noto (SR)
per lo studio dei Fast Radio Burst e il
monitoraggio dei detriti spaziali.

READ MORE >
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PNRR

to be completed

within 2025
+

News INAF Program Office

Strengthening the Italian
leadership in ELT and SKA
(STILES)

STILES & un programma finanziato dal
Programma Nazionale di Resistenza e Resilienza
(PNRR) che mira a rafforzare la leadership
italiana nell'esplorazione dell'Universo
sviluppando laboratori e strumenti per i due pil
grandi telescopi terrestri dei prossimi decenni:
I'European Extremely Large Telescope (ELT) e lo
Square Kilometer Array (SKA).

READ MORE -

Cherenkov Telescope Array
Plus (CTA+)

CTA+ & un programma finanziato dal Programma
Nazionale di Resistenza e Resilienza (PNRR)
volto a fornire un completamento alla pill grande
Infrastruttura di Ricerca dedicata allo studio del
cielo ad altissime energie e tra le IR a pili alta
priorita nazionale: il Cherenkov Telescope Array
Observatory (CTAO), I'Osservatorio per
astronomia gamma da terra, attualmente in fase
di costruzione.

READ MORE >

10 SST telescopes structures

M1 mirrors for 10 SST

M2 mirrors

+2 LST full telescopes for the S-site

The CTAO ERIC Council is
Officially Established and
Elects Francisco Colomer as
its Chair

On February 12, 2025, the CTAO ERIC Council was formally establi
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ASTRI heritage in CTA #1: Telescope

CTA-SST selected in 2020

e ASTRI Optical Design
Upgraded telescope structure
Upgraded CHEC-S Camera

*

. ISTITUTO NAZIONALE

* S

SST TELESCOPE COORDINATION (ON BEHALF OF SST Consortium)

Responsible of SST PRO Organization and Management
Coordination with SST ESC

ﬁ'.?éff;éew'smrdﬁm (STR/CAM, TEL HW/CTA Infra TEL SW/ACADA) + The IAG-USP Institute from BraZII W.ill .
contribute to the AIT/AIV activities in Chile

Management and technical coordination
Product, Quality and Safety Assurance
RAM and Risk Management

AIT/V approach and coordination
On-Silep.gIV SST Structure

VVVVVVVYVY

Support exploitation > Product, Quality and Safety Assurance
> Design & Analysis
> CAD, FEM & Optical Analysis
> Interfaces with CTA INFRA and ACADA
» Subsystems procurement
» SW development coordination & HW/SW integration
> SST CAM Accommodation
» RAM and Risk Management
» Development and AITV
» On-Site TEL AIT
SST Camera SST Camera Consortium
» Management Support .
> quuct, Quality _and Safety Assurance, ° DE: MPIK’ DESY' ECAP
SST CAMERA ’; g.i?:)'g:ni ‘I‘:“:h':‘s's . UK: Universities of: Durham, Leicester, Liverpool, Oxford
Consortium > Interfaces with CTA INFRA and ACADA . NL: UVA, Groningen
»  Subsystems procurement .
» Software development and HW/SW integration ° JP:N agoya
¥ Input to CAM Accommodation on STR . . i iti i i
> FaM and Risk Monagerment AU: .Un iversities of: Adelaide, Western Syqn ey, Sydney, Australian
»  Development and AITAY National, New South Wales, Monash, Curtin
»  On-Site TEL AIT support
Contribution in SST-MECH serial production
» Management Support
»  Product, Quality and Safety Assurance
; . e » Design & Analysis
e oie | PSL K > CADand FEM
» Interfaces with SST MEC
» Input to SST STR for design
» RAM and Risk Management
» Development and AIT/V
» On-site AIT/V support
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ASTRI heritage in CTA #1: Telescope

e ASTRI Optical Design
CTA-SST selected in 2020

* Upgraded telescope structure
 Upgraded CHEC-S Camera

The ASTRI-Horn prototype Updated ASTRI Mini-Array Updated
Polynomial SC design structure CHEC-S camera

B —.

= ad
- i

To be verified at the South site environmental conditions
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ASTRI heritage in CTA #1: Telescope

e ASTRI Optical Design
CTA-SST : .

Upgraded telescope structure
 Upgraded CHEC-S Camera

Small-sized telescope (SST)
main properties:

Optical Design modified Schwarzschild-Couder

Primary reflector diameter 43m

Secondary reflector diameter 1.8m

Effective mirror area (including shadowing) >5 m?

Focal length 2.15m

Total weight <17.5%

Field of view >8.8 deg

Number of pixels in SST Camera 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) 70s

Telescope Post Processing Pointing Precision < 7 arcsecs

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



ASTRI heritage in CTA #1: Telescope

e ASTRI Optical Design
CTA-SST

* Upgraded telescope structure
 Upgraded CHEC-S Camera

Advantage of the ASTRI optical design:

» Aplanatic

» Flat off-axis angular resolution (D80<0.2 deg)
» FOV extension to > 10 degrees

0.25
0.20
o
0.15 K
" 0.10
2 ~0.05 # i .
— & < .
_Illlllllllll|l|lll]llllllllllllllllll[lllllllllll o - e '
00 1 2 3 4 5 0-00 Q -1.5 -3 —4.5
Off-axis angle [deg] https://doi.org/10.1051/0004-6361/201731602)
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ASTRI heritage in CTA #1: Telescope

ASTRI Optical Design
Upgraded telescope structure
Upgraded CHEC-S Camera

CTA-SST selected in 2020

Single container: structure+M1

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

e 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 (~0.15°) pixels
2048 SiPM pixels
9° FoV
Efficient trigger & full waveform readout

@1GSa/s for all pixels in every event
Max readout rate: 1200 Hz

Continuous measurement of DC light

SiPM Tiles, Preamps,
& Bias Boards

Flat window FPA
(Focal Plane

Assembly)

Light-tight

ERA

Slow Control (Electronics
Board Rack
Assembly)

™

Flasher Assembly
(not visible)

Backplane

570 mm \“,"

Power Supplies ENC
o——6fans

(Enclosure)
Heat Exchanger +

Liquid cooled enclosure
9 6 fans

and focal plane

Lifting points
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ASTRI heritage in CTA #1: Telescope

e ASTRI Optical Design
* Upgraded telescope structure
 Upgraded CHEC-S Camera

CTA-SST selected in 2020

* 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 (~0.15°) pixels
2048 SiPM pixels
9° FoV
Efficient trigger & full waveform readout
@1GSa/s for all pixels in every event
Max readout rate: 1200 Hz

Continuous measurement of DC light

CHEC-S on
ASTRI Data

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

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

IACTs are uncovered, fast moving large collectors — Segmented optics
e High multiplicity
* Light weight

Residuat [mm]

Mirror profile [mm]

849/846 mm

12 mn/

$ - equirement is D80 < 0.25 deg across the
: FOV of 5 degrees

- o * Aspheric shape
-
2 ; . N * Very low surface roughness
O SE [ & .
- e P-Vshape error about 200 micron
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ASTRI heritage in CTA #2: Mirrors

IACTs are large, uncovered, fast moving collectors — Segmented optics
e High multiplicity
* Light weight

M1 mirrors produced by glass cold-slumping developed by INAF-OAB and Media Lario

JON NI Astrofisica con pecchi @ o w
a Tecnologia Replicante Italiana

YINAT

ISTITUTO NAZION
DI ASTROFISICA

NATIONAL INSTITU
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CTA-SST M2 Mirrors manufacturing

M2 mirror substrates produced by glass hot-slumping:

Fig. 2 ASTRI M2 mould + flat glass sheet Fig. 3 ASTRI M2 mould + slumped glass sheet Fig. 4: ASTRI M2 with I/Fs to the telescope

M2 DIMENSIONS: Diam. 1800 mm, Concavity/Sag. ~200 mm

RADIAL PROFILE: Aspherical shape, difference from sphere ~1 mm

GLASS: Monolithic foil, Circular shape, Thickness 19 mm, good starting
microroughness

I/Fs: 12 stainless steel PADs glued on back

MOULD: Fe mould, negative shape of M2 for indirect slumping (~600°C, 17h cycle)

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

Al4+Si02 vs Al4+Zr0245i02
100 v v
o -
05 | : E == AI45102, R=91.3% Visual Inspection 1SO 9211-4: 2006(E)
~E Al+Zr02+5i02, R=94.7% R% Average reflectivity in 300-550 nm measured with Spectrophotometer Filmetrics F20-UVX

twrn Al+ZrO2+5i02 Meas, R=94.9%

R% Uniformity Range of R% measured on 13 points uniformly distributed along three diagonals

Solar Radiation  1SO 9022-9:2016 [RD6], Method 20, Severity 01-1, with the following conditions:
e Max temperature 70 + 2 °C instead of 55 + 2°C specified by ISO
e Total irradiance 1.2 + 0.1 kW/m? instead of 1 + 0.1 kW/m? specified by I1SO

Aggressive env.  Panels exposed to open air (TBD) / Accelerated test method to be identified

: Adhesion Test 1SO 9211-4: 2006(E), Method 02, Severity 01 (rate of tape removal: slow)
2 85 : Damp Heat 1SO 9022-2:2002(E), Method 12, Severity 03-1
§ . Thermal cycling  Specific procedure agreed with INAF
S 80 : e From 20°C to -20°C (0.125°C/min => Plateau of 12 hours)
o . e From -20°C to 70°C (0.125°C/min => Plateau of 4 hours
§ = ' e Cool down to 20°C
: Abrasion 1SO 9211-4: 2006(E), Method 01, Severity 02
: Salt Mist 1SO 9022-4: 2002(E), Method 40, 24h (Severity according to 1SO 9211-3:2008)
.
.
.
.
.
.

6gO(') 300 400 500 600 700 800 900 1000 Sand and Dust MIL-STD-810F_01Jan2000, Met 510.4, Procedure | (Blowing Dust) — Same as ALMA panels
Wavelenght [nm]

Coating sample Sample and Kapton tape show
no anomalies after removal

ASTRI-COR3 mirror during Damp Heat test

ASTRI-COR3 mirror during Damp Heat test MST mirror in the climatic chamber during the thermal tests

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



ASTRI heritage in CTA #2: Mirrors

IACTs are uncovered, fast moving large collectors — Segmented optics

* High multiplicity
INAF mirrors in CTA everywhere * Light weight

e 200 MST mirrors (already produced)
e 450 LST mirrors (in 2025 on PNRR)
* 3745 x 18 SST M1 mirrors
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:2';2E::::::""""-"'“::::A ......... S sdgan i Ve e P e 5
1213 3 S [ L Loy | I | I | . .
S F—— - —_— —_— TR Statistics on shape errors and
P et ST Rl LK) e R T B W R P P D L DA N L HYT M
£ 10 [N = > e ——— reflectivity for the ~400 mirrors
3 0 i L L %8.20 --------- SeERSBs A L an S Sevigevuvrcwgmedcdsogeagand godecocacccaa
® 100 T T o R 2 = ; :
o tommmmneen S— — S— — E— aIready produced for MSTs and
5901 - o - Ezo,. = 5
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3 < B il E = 'o : = " etete . E
§,9" LI L LI L L 1 éls—.— '..'.-“ . $ily ...'-]‘ ses 318;: | :
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EBL e - £ 95 Emmtetvntr e P g Ez
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200 CTA-MST mirrors + 200 M1 L e
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Alignment ASTRI heritage in CTA #3: know-how

Structure is very stiff — Optical alignment performed by

removable actuators + optical camera

Figure 6. The optical camera. Left: a 3D view showing the main active components of the optical camera. Center: the real object
mounted inside the optical camera body. Right: the optical camera mounted on ASTRI-1.

"7 M1 actuators N " Figure 7. Left: the engineering GUI for the management of the actuators of M1. Right: the same but for M2 actuators
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Alignment ASTRI heritage in CTA #3: know-how

Structure is very stiff Optical alignment performed by

removable actuators + optical camera
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Alignment ASTRI heritage in CTA #3: know-how

Structure is very stiff Optical alignment performed by

removable actuators + optical camera

Coronal — 1 mirror Corona2 — 1 mirror
89.7% 91.2%

Y mm

X mm

Coronal — 6 mirror Corona2 — 6 mirrors Total
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Alignment ASTRI heritage in CTA #3: know-how

Structure is very stiff Optical alignment performed by

removable actuators + optical camera

Coronal — 1 mirror Corona2 — 1 mirror
89.7% ‘ 91.2%

Y mm

ASTRI - Horn on site

ASTRI Mini Array - remote Total

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



 Safety of the parking ASTRI heritage in CTA #3: know-how

fire accident is a real issue

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

+

g s i <
A AR ) 3 8 nane: SunEarthTools.com - 21/12/2018
~ g g | i s e
4 1t on: -70.
i 4 @ 90° | date: 21/12/2018 - 21/06/2018
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50°
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our site to our web analytic. View detai
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" Safety of the parking ASTRI heritage 3: know-how

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

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

21 Jgne | 21 December
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 Safety of the parking ASTRI heritage in CTA #3: know-how

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

21 December
o Repeating everything for LST-S

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



Conclusion

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

* CTAO ERIC establishment and PRNN boosted the activities
e ASTRI structure upgrades already tested for ASTRI Array

e Strong ASTRI know-how heritage
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Conclusion

e CTA-SST baseline based on ASTRI-HORN+CHEC-S camera
e CTAO ERIC establishment and PRNN boosted the activities
e ASTRI structure upgrades already tested for ASTRI Array

TRARR
TRARR

10 Opto-mechanical structure will be
completed within 2025

e Strong ASTRI know-how heritage

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



Thanks for your attention!
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