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3 designs with associated prototypes proposed for the CTA array: 

•  A Davies-Cotton telescope with single mirror - SST-1M


•  Two dual-mirror Schwarzschild-Couder telescopes: SST-2M ASTRI (Astrofisica con Specchi a 
Tecnologia Replicante Italiana) and          GCT (Gamma-ray Cherenkov Telescope)


SST-1M, Krakow since Nov. 2013
 ASTRI, Serra la Nave, Mt. Etna, 

Sicily since Aug. 2014
 GCT, Observatoire Paris, Meudon, since Apr. 

2015




REQUIRED AND GOAL SENSITIVITY

•  Energy range 3-300 TeV 

•  SST sensitivity ≥ 2 (1.5) x full array required sensitivity above 10 (100) TeV

•  Goal collection area of the Southern array > 7 km2 for E > 100 TeV ⇒               70 

telescopes at distances of the order of 220-250 m


SST Requirements
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Figure 4: Required di↵erential sensitivity for the CTA south and north arrays, calculated in five bins per decade
of energy, for di↵erent observation times. The sensitivity is scaled with E2. For comparison, the dashed black line
indicates the expected flux from the Crab Nebula.
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CTA SST SCIENCE


Planned surveys: Galactic plane, 
LMC, 1/4 of the sky


1 mCrab = 5.07 x 10-13 photons cm-2 s-1 above 125 GeV


Entire plane surveyed to < 3.8 mCrab - several 100’s of sources




FLUX SENSITIVITY

Single Telescope

High Energy ➡︎ High photon density ➡︎ Small 
Dish area ~ 4m

Array of Telescopes

Shower footprint➡︎ Array collection       area ➡︎ 
number of telescopes ~ 70






Energy [TeV]


In 50 h, the spectrum above

60 TeV of a PeVatron flux

(~10-12 ph/TeV/cm2/s, 
spectral index -2, -2.2) will 
be reconstructed with an 
error <10%


10’000 ph/m2 @ >3TeV




ANGULAR RESOLUTION AND FOV


Requirement: 0.05° (0.025°) 
at 1 TeV (100 TeV)


First IACTs with FoV of  > 8°




OPTICAL DESIGN AND OPTICAL PSF

Davies-Cotton optics.


Optical PSF from ray-tracing


ASTRI

realistic 
& ideal


SST-1M 
realistic & 

ideal


GCT ideal


Schwarzschild-Couder optics.




SILICON-BASED CAMERAS


- New technology in Imaging Cherenkov 
Astronomy, envisaged by E. Lorenz and 
applied by FACT;

- robust and stable;

- self calibrating;

- cost-effective;

- high photo-detection efficiency, low x-talk 
sensors, dark noise few 10 kHz;

- 30% additional exposure thanks to 
operation with high Moon;

- photosensor sizes available are suitable for 
SST cameras of diameter of 40-90 cm with 
1300-2200 channels;

- uniform and mass producible.


FACT can operate at full Moon 
with 5 GHz/pixel Night Sky 
Background (NSB);




THE SST-1M PROJECT


D = 4 m


88 cm


f = 5.6 m


Tower


Counterweight


J. Niemiec et al, telescope structure, GA-IN-370 

K. Seweryn et al., optical system, GA-IN-773


Masts


Dish Support 
Structure


Nicolaus Copernicus

Astronomical Center


Czech Rep.,  
Ukraine, Ireland)




CAMERA
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E. Schioppa et al, PDP, GA-IN-65

P. Rajda et al., DAQ and Trigger (DigiCam), GA-IN-78




CAMERA PERFORMANCE


Charge resolution with different NSB

660 MHz = ½ moon at 5° from camera. 

22 MHz: dark night




Next step is the deployment of a 
mini-array of 9 SST-2M and the 
production will contribute 21 more 
telescopes


Initial operations with prototype are 
ongoing




MINI-ARRAY PERFORMANCE


Simulations indicate that the mini array sensitivity will be already better 
than H.E.S.S. above 1 TeV




ASTRI CAMERA




THE GAMMA-RAY CHERENKOV 
TELESCOPE (GCT)




GCT CAMERA




TARGET MODULE




CONCLUSIONS: SST ARRAY STRATEGY 



The SST array will operate in the discovery region above 50 GeV with 
unprecedented sensitivity. It is extremely powerful for VHE surveys.



Multiple SST designs increase prototyping effort which is a very instructive process 
and essential for first implementations of new technologies (dual mirror and SiPM).



Projects will provide > 20 telescopes each to CTA.

 

Develop as many common systems as possible.

   Similar foundations for all SSTs

   Common HW and SW Drives

   Cameras can be interchanged between ASTRI and GCT SST-2M 

   Working towards common telescope control hardware and software.



Strategy will minimize SST infrastructure and operation cost.




CTA CONSORTIUM


 
31 
    Countries

194
    Institutes

>1200 Members





