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The ASTRI Mini-Array

The ASTRI MA is an array of 9 Cherenkov telescopes of the 4 meters
class under construction at the Observatorio del Teide in Tenerife

(Spain)

About 200 researchers belonging to INAF institutes (IASF-Ml,
IASF-PA, OAS, OACT, OAB, OAPD, OAR, OAA, IAPS, OATS, OAPA) Italian
Universities (Uni-PG, Uni-PD, Uni-CT, Uni-TS, Uni-GE, PoliMi), INFN,
Fundacion Galileo Galilei, IAC (Spain), University of Sao Paulo
(Brazil), North-West University (South Africa), Universite &
Observatoire de Genéeve (CH).

INAF/OAA
End to end approach, from design/implementation of all HW/SW INAF/OAR , INAF/OAB
components to dissemination of final scientific products
INAF/OACT
Unprecedented performance and wide FoV for observations at University of Sao Paulo

multi-TeV energy scale

. University of Geneva
Science Program : 4 (Core) + 4 (Observatory) North-West University o [NAF/OAPD

Important synergies with other Northern ground-based gamma-ray AR &
facilities (LHAASO, HAWC, MAGIC, VERITAS, CTAO-N) INAF/IASFMI 4

INAF/OAS INAF/IASFPA
INAF/IAPS  University of Perugia




ASTRI Mini-Array Project: organization

IAC CCl

e ——————————

Project Office

ASTRI - Horn

A J

Science and Program
Work Packages

Mini-Array

Principal Investigator: Giovanni Pareschi
Program Manager: Salvo Scuderi

Project Scientist: Andrea Giuliani

System Engineer: Gino Tosti

User Groups Coordinator: Stefano Vercellone
Proj. Committee Coordinator : Marco Tavani

Scientific SW: Saverio Lombardi
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ASTRI Performance

Mini-Array

Expected performance
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ASTRI Performance e

Mini-Array

Expected performance

-10 o_o o
107 = 3 Sensitivity: better than that of current IACTs (E > a few TeV)
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ASTRI Performance

Mini-Array

Expected performance
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ASTRI Science : overview

Mini-Array

Origin of Cosmic Rays

- PeVatrons
- CRs Acceleration and Propagation
- Pulsar Wind Nebulae and TeV Halos

Fundamental Physics

Intergalactic fields
Blazars
LIV, ALP and DM

Transient Follow-Up

Non gamma-ray science

The ASTRI Mini-Array of Cherenkov Telescopes at the Observatorio

del Teide JHEAP, 2022, 35, 52

S. Scuderi®*, A. Giuliani®, G. Pareschi®?, G. To
J. Becerra Gonzales™, G. Bellassai?, C. Bigongiari”, B. Biondo/, M. Boettcher”, GG. Bonanno?,

P. Bruno?, A.Bulgarelli¢, R. Canestrari, M. Capalbi, M.Cardillo*, V. Conforti®, G. Contino/,

M. Corporaf A. Costa?, G.Cusumano/, A. D’AY, E. de Gouveia Dal Pino’, R. Della Ceca®,

I:. Escribano Rodriguez®, D. Falceta-Gongalves®, C. Fermino’, M. Fior#*$, V. Fioretti¢, M. Fiorini%, |

- gﬁ ASTRI Mini-Array Core Science at the Observatorio del Teide

S. Incq
I Les 5. Vercellone®*, C.Bigongiari’, A.Burtovoi®, M. Cardilld

M.C.1 S.Lombardi®$, 1. Nava®, F. Pintore¢, A. Stamerrab, F. Ta JHEAP 2022 35 1
G.Ma E. Amato®, L. A. Antonelli”’g, G Arcaro""‘, J. Becerra GOrmron————rorrror A rocroTror—s
F.Pint G. Brunetti”, A. A. Compagnino®, S. Crestan®?, A.D’Ai¢, M. Fiori®, G. Galann A. Giuliani®,
G.Rol £ M. de Gouveia Dal Pino?, J. G. Green?, A.Lamastra?®, M. Landoni?, F. Lucarelllb'g, (. Morlino®,

G.Set g Olmi"¢, E. Peretti®, G. Planod G. Pontl‘” E. Poretti**, P. Romano®?, F. G. Saturni®#, S. Scuderi®,

L. Za:] A Tutone? & TTlmana? A Acacta-Pulidabtm P Raraid A Rnnnnnn" (: RanannaV p Rriina?

A.Bulgr Galactic Observatory Science with the ASTRI Mini-Array at the
e U Observatorio del Teide

Parle, JHEAP, 2022, 35, 39
G. Nale,tt« A.D’Ai%*, E. Amato®, A.Burtovoi®, A. A. Compagnino?,
P. Sangid Palombara?, A. PaIZISd G. Piano®, F. G. Saturni*¢, A.Tutone*", A.Belfiore?, M. Cardillo®,
N, Zywuc S. Crestan?, G.Cusumano®, M. Della Valle”/, M. Del Santo®, A.La Barbera®, V.La Parola®,

S. Lombardlf 8, S. Mereghettl" G. Morlino®, F. Pintore?, P. Romano‘ S. Vercellone A. Antonelllf

C Arcaro!, C. Bigongiari, M. Boettcher”, P. Bruno”, A.Bulgarelli®, V. Conforti’, A. Costa”, E.de |

SOU Extragalactic Observatory Science with the ASTRI Mini-Array at the

s Observatorio del Teide

. JHEAP, 2022, 35, 91

F. G. Saturni*?*, C. H. E. Arcaro®%¢/, B. Balmaverde®, J.
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M. Capalbi*, A.Lamastra®, S. Lornbardl“” F. Lucarelli*?, R. Alves Batista/, LA Antonelli%?,
M. de Gouveia Dal Pino™, R. Della Cecd, J. G. Green®?, A. Pagllaro , C.Right", F. Tavecchio”,
S. Vercellone”, A. Wolter, E. Amato?, C. Bigongiari“”’, M. Bottcher?, . Brunetti”, P. Bruno?,
A. Bulgarelli", M. Cardillo®, V. Conforti”, A.Costa?, G. Cusumano*, V.Fioretti”, S. Germani’,
A. Ghedina®, V. Giordano?, A. Giuliani®, F. Incardona?, A.La Barbera*, G. Leto?, F. Longo™*,

E.

G. Morlino?, B. Olm?’, N. Parmiggiani’, P. Romano”, GG. Romeo?, A. Stamerra®, G. Tagliaferri”,

V. Testa?, G. Tost¥!, P. A. Caraveo® and G. Pareschi”




240!

.
o

Galactic latitude (deg)

ASTRI follow up of LHAASO Sources

LHAASO Sky @ >100 TeV

Crab Nebula

Dec=60" Dec=50" Dec=40 Dec=30"
LHAASO J2226+6087 LHAASO J2032+4102 LHAASO J1956+2845 LHAASO J1908+0621

O
O O
O O
O

LHAASO J210845157 LHAASO J2018+3651 LHAASO J1929+1745

70 60
Galactic longitude (deg)

Dec=20r

Significance (o)

-120

Dec=10" Dec=0" Dec=-10°
LHAASO J1843-0338 LHAASO J1825-1326

>

LHAASO J1849-0003 LHAASO J1839-0545

50

Pillar-1
Pillar-2

+ 980

-200 limit



LHAASO Sources

LHAASO J1908+0621

~8
.

E2dN/dE (erg crre s77)

2 288 289
Right ascension (")
oGl o) B b3 i | l

LHAASO J1908+0621

SOuUrce

Number of

on-source events

number of

background events

exposure (hr)

1 llllll

10¢
Energy (TeV)

LHAASO JO534+2202
LHAASO J1825-1326
LHAASO J1839-0545
LHAASO J1843-0338
LHAASO J1849-0003

LHAASO J1908+0621
LHAASO J1929+1745
LHAASO J1956+2845
LHAASO J2018+3651
LHAASO J2032+4102
LHAASO J2108+5157
LHAASO J2226+6057

67
61
26
30
36

29
34
42
45
30

s B
3.2
4.2
4.3
4.8
5.8
6.1
6.3
6.7

6.4
6.2

2236.4
1149.3
1614.5
17154
1865.3
2058.0
2282.6
2461.5
2610.7
2648.2
2525.8
2401.3

Ultrahigh-energy photons up to 1.4 petaelectronvolts from 12 P-ray Galactic sources (LAHAASO coll.A Nature, 2021)




LHAASO )J1908+0621

Source counterparts

VERITAS (E>200 GeV)

=
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VLA (1.4 GHz)

S3lactic Lang tude




Follow up of LHAASO sources : the case of )J1908+0621

Mini-Array

ASTRI Mini-Array 200 hr simulation

(up to E~200 TeV)

e
of 2HWC J1908+063 =
=
3
D
Best Fit ¢ VERITAS O
VER J1907+062 LEe. Bher § FERMI
-== 90% $ ASTRI
! ———. 95%
:101
¢ 280.0 2880 287.0 286.0
W Right ascension
10

Energy [TeV]
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Follow up of LHAASO sources : the case of )J1908+0621 2

Mini-Array

ASTRI Mini-Array 200 hr simulation

(up to E~200 TeV)

=
O
of 2HWC J1908+063 -
-
O
D
Best Fit VERITAS -

VER J1907+062 e 8% $ FERMI

e SO% $ ASTRI

———. 95%
10"

289.0 2880 2870 286.0

E? Flux [erg cm™% s™1]

Right ascension

10 7

Energy [TeV]



Follow up of LHAASO sources : the case of )J1908+0621

- |C (total) — e HWC Abeysekara (2020)
IC (CMB) 2ZHWC Abeysekara (2017)
i IC (FIR) & VERITAS (Aliu et al. 2014)
‘ IC (NIR) ® MILAGRO (Abdo et al. 2007)
— SNC £ XMM (this work)
~ PionDecay @ FERMI (this work) - - ] - ]
'E Model Component d I | ) w Eqg Ep | P
o (Kpc) (erg) (TeV) (TeV) {PeV)
4 10~ -
"81 |-zone Leptonic 3 10+04 26+ 0.1 2x10*7 10 2.7 +0.7 7.1 +6.0
) .
.3’, |-zone Hadronic 3 1.0+ 0.1 2.1 +£0.1 T 10%7 30 28 4+ 08 3.0+09
(Ve
g 1 -zone Hadronic 9 1.1£02 2.1+0.1 2x10% 30 34+£12 1.9 +£ 0.5
S 107 ,
Y 2-component Leptonic 3 1.2 1.2 9% 10%° 10 0.2 0011
Hadronic 3 1.6 2.0 4x10*7 30 200 >1
Hadronic 9 1.6 2.0 1x10% 30 200 >1
10713
10° 10* 10° 10° 10%¢ Crestan et al. MNRAS, 2021
Photon energy [eV]
7°30' 7930"
00"
g 130 y e An Energy-dependent
00" a o
morphology (2 zone
5030l SO3OI
: model )
i 19"12MOo™ 0o8™ 06™ 04m 19h12MoO™ 8™ pe™ Q4m 19h12moOo™ p8™ pe™ Qg4m
1011 5 - ~11 _
; 1072 3 - can be resolved by the
ASTRI observations
1012 = 1012 E 10712 E
1013 — — —ry ——rrry ———r 1013 ey T e ey — 10-13 S _—
10° 1010 1011 1012 1013 1014 1015 10° 1010 1011 1012 1013 1014 1015 10° 1010 1011 1012 1013 1014 1015
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ASTRI HORN

ASTRI

Horn Prototype of small

telescopes, It was also a useful test
bed for ASTRI-MA's data reduction

and analysis software.

™

Galactic Latitude

-5°00" -

w
Q

-6°00" 4

30" -

\-7000' |

Crab Observations in 2022-2023

e Detection at ~7.20 In ~22.6 hr

* 0.05° location accuracy

e Spectrum in 0.8-10 TeV energy range
well modeled by a log-parabola

185°30°

T : _T—l'_ T
00’ 184°30° 00’ 183°30°

Galactic Longitude Leto et al., to be submitted

10—10-

e2dnde [ergs~*cm~?)
-
~

10—12

— Best-fit

— Crab - MAGIC (joint-fit) \

W Observed

10°

Energy [TeV]




ASTRI Telescopes

The current ASTRI telescopes are an evolution of the ASTRI-Horn
prototype telescope

The electromechanical structure was optimized in terms of
mass, functionality and maintainability (mass has been reduced
by 30% ).

Dual-mirror optical layout (Schwarzschild-Couder)
- Wide FOV (~10)
« Optimal PSF across the entire FoV

/ ASTRI Silicon photomultipliers camera
e 37 (8x8) matrices are arranged to adapt
to the curved focal plane of the
telescope.
e Small pixel-size (0.19°)
e Work also with moonlight

-




ASTRI Mini-Array - Schedule

Summer 2021

Site foundation

Autumn 2022

ASTRI 1 construction

and calibration

‘

“Mono”

Autumn 2024 .
observations




Telde Site

Mini-Array

NSB : Lower humidity and low light
pollution ensure a darker sky with less
background brightness compared to
Serra La Nave.

> oM S>QM3

20.9 | 20.8 21.3

S .: M

Minimal cloud coverage: Teide’s high
altitude keeps it above the inversion layer,
reducing cloud interference

Average hours

Nights hours of good weather

17



Counts

1200

1000-

800 -
|+
600

400 -

200 -

4
. +
.+++*#**ii?**%##Wﬁﬂ*ﬁqﬁﬁwﬁﬁﬁ

Timeoy = 34.7 h

Noy = 2128 £ 47, Norr = 1395 £ 16 aonjorr = 0.20
Nexe = 7133 £ 50

Nexc/Timeoy = 21.1 evt/h

Norr/Timeoy = 40.2 evt/h

Significance (Li&Ma)=16.4 ¢

02 04 06 08 10

6 [deg?]

Crab Nebula: november 2024 - february 2025

Mini-Array

Crab: from 11/2024 to 02/2025

O O O O O O

Trigger Threshold =7 pe

Dark

Offset: 0.5°

Low ZD (< 30°)

Subsample of selected good runs
34.7 h of total exposure time



ASTRI-1: Crab Spectrum

Mini-Array

Loeits 34.7 h
o :
eRA/DEC = 83.65°, 22.05° B,
¢(0.03"away from the position of Crab Nebula
: T
l
4 -8 g 10-11 -
lm ~
- 6 o
-
_s¢ 9
g - 4 @
£ o
3 | -
& _6° » N :
3 v 10712 - Best-fit logparabola model:
S 1 a=2.45+/- 0.15,
] e B=0.10+/-0.00, (Frozen)
T Norm = 2.65E-11+/- 3.04E-12 1/ (TeV s cm2),
reference = 1.00 TeV
1 == Crab - MAGIC-VLZA |0g-pa rabola
-8 M Data points (34.7 h)
PRELIMINARY 10-13 = :-
187° 186° 185* 184° 183°
Galactic Longitude 100 101
[ Energy [TeV]
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ASTRI-1 detection at increasing offsets AR

Mini-Array

We got firm detection at increasing offset position

-> This Is the indication that the camera's acceptance Is
guite flat up to an offset angle of 3.5°

Offset 1.5° Offset 2.5° Offset 3.5°

Timeoy = 3.3 h

xc/Timeony = 9.4 evt . = 4,
/Timeon = 6.2 evt/h 40 - Norr/Timeony = 3.0 evt/h
ignificance (Li&Ma)= 5.1 o Significance (Li&kMa)= 5.4 0

i Preliminary ﬂ irellmlnary

D 0.
62 [deg?]

Crestan et al., ICRC 2025, 70



ASTRI-1 detection with the Moon

Mini-Array

SIZE Histogram (Normalized by Duration)

: Timeoy = 1.6 h 100 - 1 1578
35 - Non =46 £ 7, Norr = 15 £ 1 aonjorr = 0.20 ] 1 1579
] Nexc =32 £ 8 [ 1580
‘ Nexc/Timeony = 19.4 evt/h [ 1581
30 +4- Norr/Timeon = 9.4 evt/h ] 1582
f Significance (Li&Ma)= 5.6 o 1583
Z g 1588
25 - 10 ] | 1589
| 1 1590
g 8
e 20 4 =
- 3
© ‘ O
{ —.=
21 102
] ——  ——
1 W =tul | mr it -r-JF +—+, 1T ~\~__
10 + L] o 4 ==1 T+ :—6—-.- EERElE ]]M
‘ 1IN
j + _._'L‘ 1=Lr
£ + 1g-3 il J
o 1 \"Jﬁilu
0.0 0.1 0.2 0.3 0.4 0.5 105
62 [deg?]
SIZE [pe]
Analysis :

Crab runs taken during the first night:

e 4 in moonlight condition e Baseline analysis configuration
o Offset angle: 0.5° * Not-yet fine-tuned Monte Carlo simulation
e Applied cuts: Size>150 , Leakage=0, Numisland=1,
ZD<30°, Gammaness>0.85, Th2<0.034 deg?



AETEER

Mini-Array

Not only Crab

Optlmum observing time, Telde Cbservatory J43.5033E 28.2917, year 2025 T 501 Spieictrs

Elevotlons at Mlddle-Dudt-Tme : 1073;
90 : ; : : ; ; ; Airmasa 5
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Mrk 501 (June 2025)

Mini-Array
~=~ Crab - HEGRA
0.7943 TeV - 5.0119 TeV
Q
9
2 =
5 .E
e S
& "
o o
&) -
>
3
v
10-]'.
65.000 64.000 63.000
Galactic longitude - . ; -
O ® O O P
Q07 0 Q I\ Q O 0 O 0 o0
. &' 0" 6" ¢% %" 0" 3 1 0 3
Weak detection of Mrk501!  (~ 0.5 Crab) 2 T % T 6® 6% Y Y 6T e
Q Q0 Q° Q° Q0 Q0 Q0 00" Y aF

Time [iso]

First source detected after the Crab with ASTRI-1.



[ Previous | Next |

ASTRI-1 detection of enhanced very high-energy
gamma-ray emission from Mrk 421 at TeV energies

ATel #17602; S. Crestan (INAF/IASF Milano), C. Quartiroli (INAF/IASF Milano), A.
Sunny (INAF/IAPS Roma), S. Lombardi (INAF/OAR Roma), F. Lucarelli (INAF/OAR
Roma), F. Pintore (INAF/IASF Palermo), for the ASTRI Project
on 15 Jan 2026; 17:41 UT

Credential Certification: Fabio Pintore (fabio.pintore@inatf.it)
Subjects: Gamma Ray, TeV, VHE, AGN, Blazar
Referred to by Alel #: 1 /622
3 Post

The ASTRI-1 telescope has observed an increase in the very high-energy gamma-ray flux
from the blazar Mrk 421 (z = 0.031). Observations were performed between 2026/01/15 -
2:00 UTC (MJD 61055.08) and 04:40 UTC (MJD 61055.20) for a total effective observation
time of approximately 2.5 hr. A preliminary analysis of the collected data reveals a
significant detection of 11 sigma. The detected gamma-ray flux between 0.8 and 5 TeV is
estimated to be 2.3 +/- 0.3 (stat) Crab Units.

Related
17622 Mrk 421: Upper limits from a

neutrino search with IceCube

17597 SST-1M detection of increased
very-high-energy gamma-ray
activity of Mrk 421

17595 SVOM/IECLAIRs Detection of
the Current Exceptional Very-
High Energy Flare from Mrk
421

17594 An Exceptional Very-High-
Energy Gamma-Ray Flare
From Mrk 421 Observed with
VERITAS

17535 LHAASO detection of
Markarian 421 in a TeV-active

state




Mrk 421

Mini-Array
le-10
1.6 <
=== Crab - HEGRA
0.7943 TeV - 5.0119 TeV
1.4 -
66°00°
Flare detection on - ko
January 14-16, 2026 @ : A
3 o0 EI-O‘
A dedicated paperis | © ee30 ’
IN preparation »
63°30' |
180° L SR
Galactic Longitude LT LA L A
) ) ) W\l
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Time [iso]



ASTRI Mini-Array - Schedule

ASTRI 1 construction

and calibration

Autumn 2024

ASTRI-2T
(+ 5 Tels.)

9TRI-4 :

rw- Ql B

Autumn 2025

Stereoscopic
observations

‘Data Centre

o
:
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ASTRI-MA now




- 1400

- 1200

1000

800

600

400

200

Stereo Events

- 800

600

400

200




ASTRI Mini-Array - Schedule

ASTRI 1 construction

and calibration

Autumn 2024

ASTRI-2T “9TRI-4 ' ,,m,. ;

(+ 5 Tels.)

Autumn 2025

‘Data Centre




ASTRI Mini-Array - Schedule

ASTRI 1 construction

and calibration

Autumn 2024

ASTRI-2T
(+ 5 Tels.)

9TRI-4 :

rw- Ql B

Autumn 2025

ASTRI-4T

Early
Science

Spring 2026

‘Data Centre

o
:




ASTRI Early Science
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Cygnus Region

Mini-Array
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According to the current implementation schedule

4 out of 9 should be operational next spring
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ASTRI Mini-Array - Schedule
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Conclusions

Mini-Array

= We are ready to tackle the sheer volume of data that is about to arrive. You are all welcome to help
with this challenge.

= The instrument performs as expected
= Detection of Crab, Mrk 501 and Mrk 421.

Next Summer plans

= The Early Science phase will begin next summer. The choice of a region of the sky on which to focus
observations will already allow for the study of LHAASO sources (Cygnus?).

More at :
= Astri web site : http://www.astri.inaf.it/

= On socials, search for ASTRIgamma (FB and Instagram)


http://astri.me.oa-brera.inaf.it/

