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INAF IS VERY ACTIVE IN 

GAMMA-RAY

SPACE ASTRONOMY

WHY IS IT INVESTING IN 

CHERENKOV TELESCOPES ?

Integral Swift Agile   Fermi

(MAGIC) 
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GAMMA-RAYS AS THE MISSING LINK

 photons- ground and space telescopes

 Cosmic rays

 neutrinos

 Gravitationl waves

E’ la somma che fa il totale 



WHAT ABOUT THE FUTURE?

WHY IS INAF INVESTING IN 

CHERENKOV TELESCOPES ?



g

The challenge of ground based g-ray astronomy



~10 km

γ

“Shower”

Imaging Air Cherenkov Tecnique

1.4°

140 m

UV-optical reflecting 

mirrors focussing flashes 

of Cherenkov light 

produced by air-showers 

into ns-sensitive 

cameras. 

For E=1 TeV

5 km



How to do better with IACT arrays?

Simulation:
Superimposed images from 
8 cameras

●More events

‣More photons = better spectra, 

images, fainter sources

✓Larger collection area for 

gamma-rays

●Better events

‣More precise measurements of 

atmospheric cascades and hence 

primary gammas

✓Improved angular resolution

✓Improved background rejection power

➡ More telescopes!



Major IACT Instruments

TACTIC

MAGIC

HESS

VERITAS

VERITAS Arizona, USA 1800 m asl

4 telescopes of 12m diameter 

fully operational from fall 2007  

MAGIC Canary Islands 2200 m asl

2 x 17m telescopes. Magic I in operation since 

Oct 2003, Magic II first light shown at ICRC09

HESS Namibia 1800 m asl

HESS I: 4 telescopes of 12m diameter 

HESS II: 28 m diameter



~200 TeV sources

tevcat.uchicago.edu/



Optical
+TeV

Each object is a cosmic particle accelerator…





Science-optimization under budget constraints:
 Low-energy g high g-ray rate, low light yield

➜ require small ground area, large mirror  

 High-energy g low g-rate, high light yield

➜ require large ground area, small mirror

large 7 km2 array of 

small telescopes,

~km2 array of

medium-sized

telescopes

few large telescopes 

for lowest energies

~70 SSTs

~25 MSTs plus

~24 SCTs extension

4 LSTs

HOW?



Theme 1: Cosmic Particle Acceleration 
 How and where are particles accelerated?

 How do they propagate?

 What is their impact on the environment?

Theme 2: Probing Extreme Environments 
 Processes close to neutron stars and black holes? 

 Processes in relativistic jets, winds and explosions? 

 Exploring cosmic voids 

Theme 3: Physics Frontiers – beyond the SM
 What is the nature of Dark Matter? How is it distributed? 

 Is the speed of light a constant for high energy photons?

 Do axion-like particles exist? 

WHY?



STRONG LINK 

BETWEEN

NEUTRINOS

AND GAMMA-

RAYS



NEWS



GRB 190114C





New emission model



Rendering of the southern Array 



WHO? CTA CONSORTIUM
SPOKESPERSON WERNER HOFMANN (HEIDELBERG)

CO-SPOKESPERSON RENÉ ONG  (UCLA)

May 2018



Chair Consortium Board



WHERE? CTA SITES

Argentina

Chile - ESO

La Palma 



FINAL LAYOUT – SOUTHERN AND NORTHERN SIDE

North site

4   large LST

15 medium MST

800 m



E [TeV]

LST MST SST

5  σ
50 hours





TECHNICAL DESIGN &

PROTOTYPING

Where are we?



Optimized for Energies < 100 
GeV

23 m diameter

389 m2 dish area

28 m focal length

1.5 m mirror facets

4.5° field of view

0.1° pixels 

Camera Ø over 2 m

Carbon-fibre structure for 20 s 
positioning

Active mirror control

4 LST on South site

4 LST on North site

Prototype 1st telescope



LST 1



12 m diameter

100 m2 dish area

16 m focal length

1.2 m mirror facets

8° field of view

0.18° pixels  (~2000 pixels)

Camera Ø over 1.5 m 

Active mirror control

25 MST on South site

15 MST on North site

MST Prototype in Berlin 

Medium Size Telescope
Optimized for 100 GeV - 10 TeV Range



Small Size Telescope (SST-1M)
Optimize for Energy range above 10 TeV

‣ Davies-Cotton Design

‣ 4m diameter single mirror

‣ f/D = 1.4

‣ SiPM camera with new 

hexagonal sensor

SST-1M Prototype in Krakow 



Dual-Mirror Design
• Cost-Effective small telescopes

with compact camera 

• Higher-performance  telescopes

with big FoV

V. Vassiliev, , S. Fegan, P. Brousseau

Astr. Phys. Volume 28 (1) ,2007, pp 10–27

‣Reduce plate size

‣Reduce PSF

‣Uniform PSF across FoV



SST-GATE



SST-ASTRI
end-to-end  prototype



SST harmonization  ASTRI-like



ASTRI : the telescope @ Serra La Nave

The prototype is

placed at 1725 m. on

the Etna volcano

@ INAF-Catania 

mountain station in 

Serra La Nave



Why ASTRI?

Name given by 

Nanni Bignami:

ASTRI

Astrofisica con Specchi a Tecnologia Replicante Italiana 

Astrophysics with Mirrors via Italian Replication Technology

(No mirrors, no party!)



M1 MIRROR

M2 MIRROR

TELESCOPE

AUX

CAMERA

Un time lapse per SST - di Eugenio Martinetti.mp4
Un time lapse per SST - di Eugenio Martinetti.mp4
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ASTRI Prototype: PSF across the field of view

FoV

position 

(deg)

D80 

(mm)

4.5 6.72

3.0 6.32

1.5 7.28

0.0 6.86

-1.5 6.32

-3.0 5.50

-4.5 6.90

SiPM pixel linear dimension: 7 mm 11.2 arcmin



ASTRI Prototype: First Cherenkov Light

4
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25th of May 2017

First Cherenkov light with 

the ASTRI camera



4
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ASTRI Prototype: Testing the camera

• Runs in December, January, May
February & March bad weather

• Technical calibrations (lots) and 
scientific observations (very few up 
to now) on going

15

00

0



ASTRI Prototype: Variance data

4
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• Implemented at level of front 

end electronics

• Data taken in parallel to science 

data

Run January 2018



ASTRI Prototype: Dedication to Horn D’ArturoASTRI	dedication	to	Horn	d’Arturo,	the	father	of	the	segmented	mirrors		

10th of November 2018

Dedication of ASTRI prototype 

telescope to Guido Horn 

D’Arturo  ASTRI – HORN 

telescope
4



Horn d’Arturo: Italian- Jewish astronomer, inventor of 

the “segmented” astronomical mirrors
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ON-CRAB   (12.4 hours)
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Data Analysis with astripipe

ASTRI SST-2M prototype, December 2018

Tenerife, 13 Nov 2019
4
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ASTRI – Horn: Crab Nebula Detection

Observations between 5th and 11th 

december 2018

Energy threshold  3.5 TeV

4
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First detection

of a Gamma 

Ray Source 

with a IACT 

dual-mirror

telescope!!!

NON = 360, NOFF = 233, NEXC = 127, NORMON/OFF=0.9

sLi&Ma = 5.4



Tenerife, 13 Nov 2019
4
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ASTRI – HORN: Crab Nebula Detection

4
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Submitted to 

A&A Letter
(with full author list)



Updated Mechanical Structure

Tenerife, 13 Nov 2019
5
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Second leg of the journey: ASTRI mini-array

5

1

End-to-end implementation 

of a mini-array of 9 Telescopes



52

FIRST TELESCOPE AT SITE EXPECTED IN FALL 2020 !



and be ready for the next

• neutrinos

• GRBs

• whatever


