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Why has Schwarzschild-Couder become the baseline for TeV Cherenkov arrays?
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From scientific to designh requirement o

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

Primary Gamma-ray

y-rays interact with the atmosphere generating a particle l
cascade which produces detectable light by means of the
Cherenkov effect:
* Origin at about 10 km
* Cone angle about 1°;
* |lluminating radius about 100 m;
* Light wave-front about 1 ns
» Light density about 10 ph/m?
* (NSB about 108 ph/m?/s)

Signal can be detected only in the flashes time frame:
no exotic design = ns scale isocronicity
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From scientific to desigh requirement

[ separate gamma signal by the cosmic background ]

A. Detect the faint nanoseconds scale Cherenkov = Area(5.5-370 m"2)
signal drowned in in the continuous background
Be capable to image the cascade

Retrieve the signal image incoming direction by =2 Moderate Resolution (0.1-0.25 deg)
the geometry of the image

=) Large FOV (4.3-10 deg)

0w

300 TeV 5TeV 200 GeV 20 GeV
ENERGY
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From scientific to desigh requirement

[ separate gamma signal by the cosmic background ]
A. Detect the faint nanoseconds scale Cherenkov =» Area(5.5-370m"2)
signal drowned in in the continuous background L FOV
B. Be capable toimage the cascades extension = arge (4-10 deg)
C. Compute the signal image incoming direction by = Moderate Resolution (0.1-0.25 deg)
the geometry of the image
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From light concentrators to Schwarzschild-Couder

The Pioneer Trevor Weekes and his 10m O

Whipple telescope gave birth to y-ray
astrophysics: 96 from Crab Nebula in 1988 !

= : b

a few s evaporate a solid
piece of steel, it can also
measure gamma rays"

Tuesday 23rd May 2017, Razmik Mirzoyan, Max-Planck-Institut fir / ) 38
SPSAS School, Sao Paulo Physik: Early Days of Cherenkov Emission
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From light concentrators to Schwarzschild-Couder

Spherical mirrors on a parabolic dish
 Parabolic dish, D=23 m

* Focallength 28 m, plate scale 488mm/deg

* 198 spherical mirrors, vertex-to-vertex=1.7 m

* FOV 4.2 deg populated with 0.1 deg PMT

N
\‘/;’ —

-

A Y S - < f »;
\“,///"\‘py,‘ SN :s;- :‘ \/

,II

LST-S Telescope sketch
Antonelli et al. SPIE 2026

From 9to 40: the SST telescopes and gamma-ray science with ASTRI and CTAO, 22 July 2026



From light concentrators to Schwarzschild-Couder O

Spherical mirrors on a parabolic dish
 Parabolic dish, D=23 m
* Focallength 28 m, plate scale 488mm/deg

* 198 spherical mirrors, vertex-to-vertex=1.7 m
* FOV 4.2 deg populated with 0.1 deg PMT

Optical response for different optial designs
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From light concentrators to Schwarzschild-Couder

» Solved Einstein’s field equations of general relativity

» Formalized the Schwarzschild metric, defining the
Schwarzschild radius for BH description.

» Formalized optics theory defining conical functions
Ff &8 > Photography, electromagnetism

Karl Schwarzschild
(1873 -1916)
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From light concentrators to Schwarzschild-Couder )

1905: Karl Schwarzschild solved the equations of Seidel describing the
optical aberration in terms of /D 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 Sl and Sil to
give an aplanatic telescope”

Schwarzschild telescope
bg1=-13.5 (Hyperbola) /\
bs,= 1.963 (Spheroid) M M

Karl Schwarzschild ;&Vézgﬂez%, .
(1873 - 1916) cdge |

d]"].25 f‘
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From light concentrators to Schwarzschild-Couder ()

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 Sl and Sil to
give an aplanatic telescope”

1926: Couder solved the third optics equation for Sl, Sll, Slll removing the flat
field condition obtaining aplanatic anastigmatic telescope and a
generalization of Schwarzschild theorem: -

“N aspheric optics allow correcting N Seidel aberrations”

Karl Schwarzschild
(1873 - 1916) Couder telescope

bg,=-14.203 (Hyperbola)
bs,=-0.055 (Spheroid)
FoV: 3.0 deg

RMS,gge~1”

Andre’ Couder

1897-1979
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From light concentrators to Schwarzschild-Couder

Why did Schwarzschild fail for almost 100 years?
no detectors requiring small plate scale
aspheric mirrors impossible to manufacture

alignment technology not available
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From light concentrators to Schwarzschild-Couder ()

SiPM available since ’90
Cost-effective and
ef_ticient since ~2010

&

PMT SiPM

Why did Schwarzschild fail for almost 100 years?
. | » et |

aspheric mirrors impossible to manufacture

alignment technology not available
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From light concentrators to Schwarzschild-Couder )

SiPM available since ’90
Cost-effective and
efficient since ~2010

Why did Schwarzschild fail for almost 100 years?

. I . ot |
. heriermi . " :

. alignment technology not available

PMT

Glass Mirrors cold-replica approach (set-up since 2006)
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From light concentrators to Schwarzschild-Couder )

SiPM available since ’90
Cost-effective and
efficient since ~2010

Why did Schwarzschild fail for almost 100 years?

-
Mirror actuators are used in the majority of telescopes Glass Mirrors cold-replica approach (set-up since 2006)
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From light concentrators to Schwarzschild-Couder )

Design | pSCT | MST

In 2007 V. Vassiliev (UCLA) recovered the Schwarzschild-Couder 7 tta [1em
solution and proposed to apply it to Cherenkov telescopes D ~10m |19.2m
Area 40 mZ 88 m2
F/# ~0.6 1.3
Design 5C DC
FaV 8.3° ~B°
PSF ~0.06' | 0.06°
Pixel [ang] | ~0.06" | 0.14°
Pixel fZmm | 4cm

Pixel # 11328

PSF=2 MAX{o,xoy} [arcmin]
PSF=2 MAX-[O’.)‘O) [arcmin]

1 I i | I I J
0 0.5 1 1.5 2 25 3 3.5 4

Field angle (deg)

pMT S;PM Design for CTA-pSCT, V. Vassiliev
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PSCT2019 inaugration

PMT SiPM
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From light concentrators to Schwarzschild-Couder ()

4 Nested Paraboloids

2007: V. Vassiliev (UCLA) recovered the Schwarzschild-Couder solution CHANDRA ~ #nesdmpersoia
and proposed to apply it to Cherenkov telescopes oh

2020: P. Conconi applied Burrow, Burgs, Giacconi solution to modify the
CHANDRA X-ray satellite design with polynomial solution

» Defines the surface profile allowing higher order polynomials admitted

» Optimization of the imagery quality is on the FoV

2 nl 4 5 1.6
p—lzZa.(i] v |LPo7d0 |
P a \py [Bodo .

Burrows, C. J., Burg, R., & Giacconi, R. 1992, ApJ, 392, 760

— =
- N A

o

RMS Spot Size (arcsec)
o O

o
i

Solving Seidel conditions - Ray-tracing optimization

Q¢
to
|

On axis On the FoV

o

0 1 2 3 4 5 6 7
Field Angle (arcmin)
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From light concentrators to Schwarzschild-Couder )

2007: V. Vassiliev (UCLA) recovered the Schwarzschild-Couder solution
and proposed to apply it to Cherenkov telescopes

2020: P. Conconi applied Burrow, Burgs, Giacconi solution to modify the
CHANDRA X-ray satellite design with polynomial solution

CHANDRA upgrade, Burrows et al. 1992

1.6 .
i 1 .. WFXT, Conconi et al. 2010 ASTRI Optical response
gm_ ' : -
s af 10 -
& 08f B
B oo} -
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o
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¥ ngle (arcmin)
Real angular resolution is never perfect!!
On-axis value can be set at the expected N STRTTRET] STUTUTRTT FERENTNTE FNTNRNTIT
: : 1 2 3 4 5
manufacturing and alignment errors Off-axis angle [deg]
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From light concentrators to Schwarzschild-Couder ()

Astrofisica con Specchi

2011 INAF funded the development of an end-to-end Cherenkov telescope

a Tecnologia Replicante Italiana

0 Q00|

YI1IINRAT

ISTITUTO NAZIONA
DI ASTROFISICA

NATIONAL INSTITUT
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From light concentrators to Schwarzschild-Couder

PO W Astrofisica con Specchi

a Tecnologia Replicante Italiana

Q 00

YI1IINRAT

ISTITUTO NAZIONA
DI ASTROFISICA

NATIONAL INSTITUT

2011 INAF funded the development of an end-to-end Cherenkov telescope

2014 ASTRI-Horn inauguration, mt. Etna

ASTRI-HORN
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From light concentrators to Schwarzschild-Couder ()
Astrofisica con Specchi

2011 INAF funded the development of an end-to-end Cherenkov telescope 2 Tecnologia Replicante Italiana

2014 ASTRI-Horn inauguration, mt. Etna @ o ol

2017 Final ASTRI-Horn optical calibration TTIVAT
' ISTITUTO NAZIONA
DI ASTROFISICA

NATIONAL INSTITUT

ASTRI-HORN

aalib. b

0°

0.05 et e e e e ]

Volume 608, December 2017 htips://doi.org/10.1057/0004-

6361/201731602)
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From light concentrators to Schwarzschild-Couder ()

Astrofisica con Specchi

2011 INAF funded the development of an end-to-end Cherenkov telescope

a Tecnologia Replicante Italiana

2014 ASTRI-Horn inauguration, mt. Etna @ o o

2017 Final ASTRI-Horn optical calibration TTIVAT

2020 First Crab detection at Tev energies with a dual-mirror IACT ' ISTITUTO NAZIONA
DI ASTROFISICA

0 15

ASTRI-HORN E @ NATIONAL INSTITUT

o
| £ Time,, =124 h

=]
| v . o Ngy =360 £ 19.N___ =233+ 14,0 =088
| I : Significance (Li&Ma) = 5.4 &

+
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3
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fo X o)<} I T T S T ]

O 1 2 3 4 0 I.I.iIJJIIIlI.I|JJIIllII]IIII.I.|IJ]III.I.IIJJIII
X . FoV (deq) 10 20 30 40 50 60 70 80 90
Finalalignment check and D80 acfoss the FOV for ATRI-Homn |Alpha| [deg]
telescope (E.Giro, R. Canestrari, G. Sironi et al, A&A Eirst detection of the Crab Nebula at TeV energies with a Cherenkov
Volume 608, December 2017 https://doi.org/10.1051/0004- telescope in dual-mirror Schwarzschild-Couder configuration: the ASTRI-
6361/201731602) Hom telescope - Lombardi, S. etal - arXiv:1909.12149
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From concept to implementation: nothing comes for free

TTTTT T'T""T'T TTTT T'fﬁ‘ [ 1T TTT T'T' TTTTTTTL]

Drawbacks of dual mirrors

1. Vignetting/blind camera

* M2 shadowing

* Novisibility of the sky from the
focal plane

* Auxiliary camera for pointing

10 :IIIIIIIII[IIIIIIIII[IIIIIIIIIIIIIIIIIIIIIIIIIIIII

1

Geometric area m’

Off-axis angle [deg]

ASTRI design fulfillareareq (5.5 m) even
at 5 deg off-axis
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From concept to implementation: nothing comes for free

Drawbacks of dual mirrors .

1. Vignetting/blind camera - {8

* M2 shadowing

* Novisibility of the sky from the 7
focal plane ol

* Auxiliary camera for pointing e
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From concept to implementation: nothing comes for free D

Drawbacks of dual mirrors Requirement for CTA reflectivity

* R>85% inwave-range 300-550 nm
* Rdisuniformity < 8%

2. Double reflection - reflectivity accounts twice e Environmental conditions

1. Vignetting/blind camera

100
95
90 ' '
o Media Lario
80 7 4 \ 1
75
70 l
65 l e Misura 1 (%)"
a; gg e Misura 2 (%)"
§ 50 Misura 3 (%)"
T 45 . "
;.., prs e Misura 4 (%)
BEL o 35 e miisura 5 (%)"
S PGS Lamas 30
A i 25 === Misura 6 (%)"
k ) _‘ ; 20 e Misura 7 (%)"
15
10
7 / /\
- ngi o ML/
The developed Al+protective coating is well above R . . S . 4 gyt
requirement and resists to environmental exposure Wavelength nm

From 9to 40: the SST telescopes and gamma-ray science with ASTRI and CTAO, 22 July 2026



From concept to implementation: nothing comes for free <:>

Drawbacks of dual mirrors Requirement for CTA reflectivity

* R>85% inwave-range 300-550 nm

1. Vignetting/blind
Ignetting/blind camera  Rdisuniformity < 8%

2. Double reflection - reflectivity accounts twice e Environmental conditions
100 X X ' .' T T T T T T T T T T T
O5 st M3y il LY IR B Ty e et S e N N
90 - ' e ’ . .
8o s 10 150

Mean Values %

8r ' | | =

of :

4 .. 8 : ) 3

) E_'.a --z- = ."-'..‘b' i} “:-:o: . ;‘: ..... :.,....‘ :,.:‘_o_s_:_ = .1.: v S ..—:.
The developed Al+protective coating is well above 0 f‘ I AR I i TR e e =
requirement and resists to environmental exposure Spatial disuniformity %
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From concept to implementation: nothing comes for free

o

Drawbacks of dual mirrors

1. Vignetting/blind camera

" | "

The developed Al+protective coating is well above
requirement and resists to environmental exposure

Requirement for CTA reflectivity

* R>85% inwave-range 300-550 nm
* Rdisuniformity < 8%

2. Double reflection - reflectivity accounts twice .

Environmental conditions

100 X X Y .' T T T T T T T T T T T
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From concept to implementation: nothing comes for free <:>

Drawbacks of dual mirrors o .
Study for ASTRI Mini-Array filter

1. Vignetting/blind camera

3 layer AB+ZZ+ZZ NO+N1+N2+N3 T@44", SN/SN0=2.6, 5/S0=0.6

1'0_III|||||IIIIlI||l||||||||l||||||l|!I!IIlIIIIIIIIIIIIIIIIIII_
. . . . B o ey i
2. Double reflection - reflectivity accounts twice L~/ \q Cherenkovspectrum -
0.8 { \ Bckg spectrum ]
3. Filtering window complexity B qa \ FitterTransmission ¢
s L \ .
« SiPM are sensitive from 300 to 900nn - \
« Afilteris required to cut the red background X
* Energy cut-off depends on incidence angle o4 e %
“300 400 500 600 700 800 900

 ASTRIincidence angle at focal plane range 10-70 deg Waselenght i)

3 layer AB+ZZ+ZZ NO+N1+N2+N3 T@70°, SN/SN0=1.8, 5/S0=0.4

(Typ. Ta=25 °C)
T I

50 T T
P == S513360-**75PE
~—— 513360-**75CS
$13360-1375CS-01

—

40

" | \
|

\

!

20 , \
|
|

Photon detection efficiency (%)
Transmittance

10
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Wavelength (nm)

Wavelenght (nm)
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From concept to implementation: nothing comes for free <:>

Drawbacks of dual mirrors
1. Vignetting/blind camera
Double reflection — reflectivity accounts twice

Filtering window complexity

WD

Alighment complexity

Off-axis angle = 0 arcmin

Alignment automation

Y [mm]

2 [] 2 a 3

X [mm]
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From concept to implementation: nothing comes for free ()

SunEarthTeols.com = 2171272025

TE
° E nae :
Drawbacks of dual mirrors 7 | e
e lon: -70.1963623 -
5907 date: 21/12/2025 - 21/08/2025
time: 15:43 gmt-5 e ——— N

Eles

0 e i o

1. Vignetting/blind camera AT ML T
;; ’;" rﬂy_h:p~wwmhmzx ‘“Ea }I 21 Mar-Sep equinox

Double reflection - reflectivity accounts twice

Z1 Mag-Jul
21 Jun solstice

H R
40 "//JF——\\_ -

Filtering window complexity 17 o

2
3
4. Alignment complexity
5

307 \x\
G LS
20° \“
10° \b
H H o 2000 220° 240.‘: :‘;soﬂ-' zs':w -"I"fmnf' 0% 340° ¢° 200 40° sn%:‘-. ."-aa“ ] 1.‘En° ::Ijzw 140°  160°
° ac umlna |0n A N WU R LR RZImuth

* ForallIACTS solar concentration shall be studied
» Parking position is chosen to avoid solar reflection Hot spots on air Concentration area on the ground

o0lo%
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From concept to implementation: nothing comes for free ()

Drawbacks of dual mirrors L Esm | T o
1. Vignetting/blind camera \( """ o T

2. Double reflection - reflectivity accounts twice

3. Filtering window complexity //—\\\ g T
4. Alignment complexity | j’ \ i

5. Back Illumination : | :S;i’;gle mirror c;se -

 ForalllACTS solar concentration shall be studied * Hot spots at down/sunset
* Parking position is chosen to avoid solar reflection Hotspots  * Hot spots on-air and on ground

If power density >2 kW/m2
Defocusing required
Realighment every day

5 / A / =\
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From concept to implementation: nothing comes for free ()

Drawbacks of dual mirrors i
1. Vignetting/blind camera T pai

2. Double reflection - reflectivity accounts twice

3. Filtering window complexity

4. Alignment complexity 6~>

5. Back Illumination P f e A

* Forall IACTS solar concentration shall be studied
* Parking position is chosen to avoid solar reflection

o

[m]
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From concept to implementation: nothing comes for free ()

Drawbacks of dual mirrors o Ezmm LT e
1. Vignetting/blind camera L 13T
2. Double reflection - reflectivity accounts twice
3. Filtering window complexity
4. Alignment complexity @ < / \ 6->
5. Backlllumination ~* Hot spots by M1 at sunrise/sunset
* Forall IACTS solar concentration shall be studied * Hot spots by M2 at noon
* Parking position is chosen to avoid solar reflection * Hot spots only on-air

-- Maintence Procedure --

3 E:;f,:,:
. % “Back illumination

(] Al
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From concept to implementation: nothing comes for free

Drawbacks of dual mirrors

1. Vignetting/blind camera

Double reflection — reflectivity accounts twice
Filtering window complexity

Alignment complexity

A S

. Back lllumination

* Forall IACTS solar concentration shall be studied
* Parking position is chosen to avoid solar reflection

-

names

z lat: -24.5394444
ol lonz —70.1919444
S0° | dater 20/12/2018
time: 11:37 gnt-5
azim.: 21.14°
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4 3 f‘ AN
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¥ n,
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= ZLAG/2013

21 Dan-Heolstice

* Backillumination by Moon

| -- Scheduler constrain--
| SN EREANY \ SRR
 Hot spots by M1 at sunrise/sunset

Hot spots by M2 at noon
* Hot spots only on-air

o

(] Al

Bac

-- Maintence Procedure --
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» From scientific to design requirements

» From light concentrators to Schwarzschild-Couder

» From concept to implementation: nothing comes for free
» From 9to 40

From 9to 40: the SST telescopes and gamma-ray science with ASTRI and CTAO, 22 July 2026



From 9 to 40

Drawbacks of dual mirrors

1. Vignetting/blind camera

2. Double reflection — reflectivity accounts twice
3. Filtering window complexity

4. Alignment complexity
5

Back [llumination
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From 9 to 40 ()

Drawbacks of dual mirrors Advantages of dual mirrors
: : . ASTRI
1. Vignetting/blind camera | s | ssan
_ o _ Diameter M1 4m 4m
2. Double reflection — reflectivity accounts twice
Focal lenght 2.15m 56m
3. Filtering window complexity Plate scale 37.5 mm/° 98 mm/°
4. Alignment complexity D80 across FoV Comatic Flat
5. Back Illumination

* Flat response across FoV
* Factor 2.5in focal length
 Factor 2.5 plate scale

 Factor~6in camera area
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Drawbacks of dual mirrors Advantages of dual mirrors
: . . ASTRI
1. Vignetting/blind camera | s | ssan
_ o _ Diameter M1 4m 4m
2. Double reflection — reflectivity accounts twice
Focal lenght 2.15m 56m
3. Filtering window complexity Plate scale 37.5 mm/° 98 mm/°
4. Alignment complexity D80 across FoV Comatic Flat
5. Back Illumination

* Flat response across FoV
* Factor 2.5in focal length
 Factor 2.5 plate scale

 Factor~6in camera area

Camera compactness make dual mirror
telescopes cost-effective in :

* Realization (# sensors)

* QOperation (weight, power consumpion)
* Maintenances
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Drawbacks of dual mirrors Advantages of dual mirrors
. : . ASTRI
1. Vignetting/blind camers I
_ o _ Diameter M1 4m 4m
2. Double reflection — reflectivity accounts twice
Focal lenght 2.15m 56m
3. Filtering window complexity Plate scale 37.5 mm/° 98 mm/°
4. D80 across FoV Comatic Flat
o.

* Flat response across FoV
* Factor 2.5in focal length
 Factor 2.5 plate scale

 Factor~6in camera area

Ca pactness ma al mirror
copes cost-effective in :

* Realization (# sensors)

* QOperation (weight, power
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From 9 to 40 )

Array Concept

* Distance between telescopes is optimized by Monte Carlo simulation fine-
tuning on the basis of the energy of the target sources

 Telescopes FOV and PSF across FOV are crucial elements for this evaluation

 ASTRI telescopes guarantee PSF within a physical pixel on a field of ~10 deg

 ASTRI telescope can stand separation up to 250-300m!
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0.20

mm

o
” 0159
0.10

0.05

0.00

o 2. I3[d ] 4 5
-axIs angle eg
km oy
0.3 TeV
y ray 5
ASTRI Mini-Array 9 telescopes CTA-S 37 SST telescopes
Ground area~0.2 km?2 Ground area~ 3 km2
. : S— (% @
° ® © ‘g' (] © °
P @ ’ © @
® 000
----- @@Q'QO@@
e . ) od;o © L
® .. ©°
° ® e | © ) i
. ! t

}h Hinton JA, Hofmann W. 2009.
Annu. Rev. Astron. Astrophys. 47:523-65
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From 9 to 40

Array Concept

* Distance between telescopes is optimized by Monte Carlo simulation fine-
tuning on the basis of the energy of the target sources

 Telescopes FOV and PSF across FOV are crucial elements for this evaluation

 ASTRI telescopes guarantee PSF within a physical pixel on a field of ~10 deg

 ASTRI telescope can stand separation up to 250-300m!

1TeV
proton

km

ASTRI Mini-Array 9 telescopes

mm

— 0.25

0.20

o
” 0159
0.10

0.05

2 3
Off-axis angle [deg]

-2 0.00

CTA-S 37 SST telescopes

R

Hinton JA, Hofmann W. 2009.
Annu. Rev. Astron. Astrophys. 47:523-65

Ground area~0.2 km2 Ground area ~ 3 km2

7 o s

(] A ©

telescopesreducethe - -
number of required telescopes -«
to cover the array area
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The ASTRI Mini-Array - Performance -

=

ni-Array

Angular resolution: ~3’ (E~10 TeV)

i
Enorgy Rosouton
s E e

Energy resolution: ~10% (E~10TeV)

/é"h“ N + 015 _.1_‘_* e
e e RSN ++- o et T . .
' . : Ftrpgpopegrtit * Morphological and spectral studies
T e R E Ry oy o ey of extended sources at VHE
o, ErV) log (€ Tov))

10° field of view with excellent off-axis
performance

Normalized Integral Sensitivity

ASTRI 1: Crab Observation Campaign (2024-2025) ABTRI

Mini-Array

Scientific observations: >250h over 43 nights in various configurations:

« Standard and high-zenith observations

+ Off-axis pointings up to 3.5°

+ Moonlight conditions up to 70% lunar phase Details in Vercellone
& Giuliani talk (20/07)

Crab Nebula detection:

* ~100 detection in just Sh exposure

* Spectrum up to ~30 TeV (consistent with other IACTs)

* Position accuracy: 0.03° from nominal Crab location

Event rate: Cuabs
* 80-95 Hz in dark nights ' &7 h
* 50-60 Hz under moonlight —

Off-axis acceptance: w \-"*._:
* Flatupto 2.5°, ~“40% drop at 3.5°

Moonlight observations:

See talks by S. Scuderiand G. Tosti for project updates
See talks by S. Vercellone, A. Giuliani for early results * 14.6+ 2.1 events/h; annual observing time: ~1900 h
See allthe ASTRI Mini Array project talks and publication for details!! A.Segreto for the ASTRI projct, SPIE Astronamical Teescopes +Instsumentation 5~ 10 July 2026 Copenhagen

R )
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A‘ s T ﬂ I ASTRI-1/3: Crab stereo observation AETEHI

Mini-Array
- -
Details in Vercellone & Giuliani talk (20/07) and Vercellone talk (22/07
Mini-Array - ulani alk (20/07) /o7

===l 5  ASTRI

T ¢ = Mini-Array

¢y = 2470in22.5h
logparabola, 0.6 - 60 TeV

SRS SN

0.6-60 TeV

February 2026: first successful Crab stereoscopic observation with ASTRI-1 and ASTRI-3 e ———

L
* Signal-to-Noise (S/N) Improvement: Great improvement in terms of Signal/Noise ratio with respect to 3 ED
single-telescope results “\ .
* Lower Point Spread Function (PSF): Viewing the same atmospheric Cherenkov shower from two M g
distinct vantage points allows the more accurate reconstruction of the shower axis "*-\
* High-Energy Spectrum: significant spectral points in the 0.6-60 TeV with only about 22.5 hours SIS
L
A. Segreto for the ASTRI project, SPIE Astronomical Telescopes + Instrumentation 5 - 10 July 2026 Copenhagen L
i s ; ASTRI
First Results: Stereoscopic Events by
ni-Array

2022: ASTRI-1

- Example of atmospheric Cherenkov
- - showers recorded simultaneously by
B ASTRI-1, ASTRI-2, and ASTRI-3.
- = Confirms that both the optics and the
I . ‘ sensor array perform as expected
A. Segreto for the ASTRI project, SPIE Astronomical Telescopes + Instrumentat]

on 5-10 July 2026 Copenhagen

2026: 9 ASTRI telescope at ASTRI Mini-Array

See talks by S. Scuderiand G. Tosti for project updates
See talks by S. Vercellone, A. Giuliani for early results
See all the ASTRI Mini Array project talks and publication for details!!
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2027: CTA-SST installation will start at CTAO South site

* 10 CTA-SST telescopes completed in PNRR framework

© ) © ©
® A ©
® e ® @ ©
® : ' ’ y ®
© 0°0 0

“d ’ | See talks by by G. Tagliaferri, N. La Palombara for project
° ® 0 @ ® 0 ° updates and industrialization process
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2027: CTA-SST installation will start at CTAO South site

* 10 CTA-SST telescopes completed in PNRR framework

See talks by by G. Tagliaferri, N. La Palombara for project
updates and industrialization process

...we will start to join the dots

From 9to 40: the SST telescopes and gamma-ray science with ASTRI and CTAO, 22 July 2026



From 9 to 40 . XXX |

20 years ago Schwarzschild—Couder design was proposed for IACT

Itis no longer a promising concept. It is now an operational technology

Giorgia Sironi — From 9 to 40: the SST telescopes and gamma-ray science with ASTRI and CTAO, 22 July 2026
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