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The ASTRI Mini-Array |

Mini-Array

. The ASTRI Mini-Array is a next-generation ground-
based gamma-ray experiment including nine
identical 4-meter class Imaging Atmospheric
Cherenkov Telescopes (IACTSs).

. It aims to explore the largely uncharted 1-200 TeV —

energy range with exceptional angular and spectral iy =

performances and wide field of view. A 4/ -

Gioyanni Lombardi/INAF
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ASTRI Mini-Array Project: organization

- About 200 researchers belonging to INAF institutes (IASF-MI,
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 Geneve (CH).

IAC CCI

I

INAF

ASTRI Board

Project Office

: A h 4 A 4
' Project Support Principal

INAF Cherenkov

- Astronomy Advisory

ASTRI - Horn

Mini-Array

Principal Investigator: Giovanni Pareschi
Program Manager: Salvo Scuderi

Project Scientist: Andrea Giuliani

System Engineer: Gino Tosti

PA — Quality Manager: Nicola La Palombara
User Groups Coordinator: Stefano Vercellone

Work Breakdown Structure

WP 12 000 On Site Integration & Verification

WP 1 000 Project Management

WP 11 000 Logistics Support [—

Monitoring Characterization

WP 10 900 and Calibration System

\\ / _——1 WP 2 000 System Engineering
/ WP 3 000 Product Assurance

System Work Packages
Information &
Infrastructure Safety & Security Telescopes Communication
————
Monitoring :
Software Characterization & | | Logistics Support of’afd‘t: '".tﬁeg';;'nm
Calibration
_ ﬁ —_—

Science and Program
Work Packages

Science
Science &
Education & Public

Outreach

ASTRI Mini Array
~—— WP 4 000 Science

WP 9 000 Software // \
WP 8 000 ICT |— |
% o

WP 7 000 Telescopes

WP 5 000 Infrastructure

WP 6 000 Safety & Security System
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ASTRI Mini-Array Science

A rich menu of scientific topics will be

accessible with the Astri Mini-Array

Origin of Cosmic ray:
» PeVatrons
* CR acceleration and propagation
* Pulsar wind nebula and TeV Halos
 Blazars

Fundamental Physics
» Intergalactic fields
* LIV, ALP and DM

Transient Follow-up

Non-gamma-ray science (e.g., Stellar
Interferometry)

Mini-Array

The ASTRI Mini-Array of Cherenkov Telescopes at the Observatorio

del Teide

S. Scuderi®®, A. Giuliani®, Pareschi®, Tosti®, O. Catalano/, & Amato”, | A. Antonell®,
Becerra Gonzales™, C. Bellassat’, C. Bigongiari®, 1. Biondo/, M. Boeticher", (. Bonanno?,

I Bruno®, A. Bulgarelli®, K. Canestrari’, M. Capalbi, M.Cardillo', V. Conforti®, ¢i. Conting' JHEAP} 2022’ 35’ 52

M. Corpord, A\ Costa’, (i Cusumane’, A DAV, I de Gouveia Dal Pino/, 1. Della Ceca®,

I Escribano Rodriguez”. 1. Falceta-Gongalves®, . Fermine/, M. Fionts, V. Fiorenti®, M. Fiorini*, L

. (- N $ o ™~ al . - . -

. o8t ASTRI Mini-Array Core Science at the Observatorio del Teide

S Inet

| Ley 5 Vercellone®*, . Bigongiari®, A Burtovoi, M. Cardillo’, O. Catalano®, A. Franceschiny,

MO 1 S Lombardi®*, | Nava®, I' Pintore®, A Stamerra®, I Tavecchio®, | Zampieni®, R Alves Batista',

G MO E. Amato™, L. A Antonelli®®, C. Arcaro™, J. Becerra Gonzélez*™, ;. Bonnoli

I Pl G Brunetti®, A. A Compagnino®, S Crestan™, A D'Ai*, M FioriV, . Galan JHEAP 2022 35 1
' '.{q I-. M. de Gouveia Dal Pino?, | (. Green®, A Lamastra™, M. Landoni®, I'. Luctten—;

G.56 & ()lml I, Peretti®, | Pt.mu" (. Ponti*, I Poretti*, P Romano®, I (i Saturni®f \Ludm

' l"* \ TUI)‘*" '-llm.n I A Ar~netn D-lu‘ﬂlv‘- D Ra l~¢ A Roananna’ 1 Roananna DR vienat

\ Bulga Galactic Observatory Science with the ASTRI Mini-Array at the

S‘:’ “2 Observatorio del Teide

Parola®, . -
. ate \ y A A B . ¢ M ‘ A
: I\ulew D’Ai**, E. Amato®, A Burtovoi®, A. A Compagnino®’, M. Fiori

aaliooad N1 o
D : P.alombara“ \ Paizis?, G Piano®, I . Saturni®, A Tutone®*, A EA
I’ Sangio » . ? ;
N 7,)-5‘. 5. Crestan®, G Cusumano®, M. Della Valle”, M. Del Santo®, A La JH P’ 2022’ 35' 39
4 5. Lombardi*®, 5. Mereghetti’, i. Morlino®, I'. Pintore®, I’ Romano', S~ vercenone™, 7= ANONenY,
C. Arcaro, C, Bigongiar, M. Boettcher”, P Bruno”, A. Bulgarelli®, V. Conforti®, A. Costa”, L.de L
Gow Extragalactic Observatory Science with the ASTRI Mini-Array at the
!

L
. 8§ Observatorio del Teide

A
.G, Satumi®®*, C. H. E. Arcaro™*/, B. Balmaverde®, J. Buurru (mnmlu (uuuml.,a’

M. Capalbi*, A. Lamastra®, 5. Lombardi**, I. Lucarelli*”

M. de Gouveia Dal Pino™, R. Della Cec#/, J. (i. Green®?, I |
S. Vercellone”, A Wolter/, I Amato”, ( Bigongiari"- JHEAP 2022 35 91

\. Bulgarelli’, M. Cardillo’, V. Conforti", A. Costa?, . Cusumano®, V. Fiorett”, 5. Germany’,
\. Ghedina®, V. Giordano?, A Giuliani*, I Incardona?, A LaBarbera*, G. Leto?, I Longo™,
(. Morlino®, B. Olmi*, N. Parmiggiani’, I Romano”, (. Romeo?, A. Stamerra®, . Taghaferri”,

V. Testa®, (. Tost¥’, P. A Caraveo' and (. Pareschr”

Science Program : 4 (Core) + 4 (Observatory)

Important synergies with other Northern ground-based
gamma-ray facilities (LHAASO, HAWC, MAGIC, VERITAS, CTAO-N)

See talks by: Vercellone, Quartiroli, Sunny, La Palombara,Vercellone, Carosi, Zampieri
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ASTRI Mini-Array: Locations

Mini-Array
The ASTRI Mini-Array in Tenerife The ASTRI Mini-Array in Italy
» Telescope Array & auxiliaries (Observatorio del Teide - OT) « Data Centre in Rome
» Local Control Room @THEMIS building (OT) « Remote Array operation centers

» On site Data Centre @IAC Residencia (OT)
 Array operation center @IACTEC in La Laguna
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ASTRI Mini-Array: A Complex Infrastructure

AET

Mini-Array

The Astri Mini- Array is being realized with an end-to-end approach, from design/implementation of all HW/SW
components to dissemination of final scientific products.

11 Logistics Support -

=
s

11. 1 Maintenance Tools |
[&]

11. 2 Spare parts |
[5]

11. 3 Occupational Safery and Health Equipment |

11. 4 Material-handling Equipment |-
5]

11. 5 Computar Maintenance Management System

10 Monitoring

Calibration
&

10. 1 Environmental Monitoring System
)

10. 2 Atmospheric Characterization System

5]

10. 3 Array Calibration Instrument |-
@

Y
b )
\ ®

Characterization & ——_

9 Software

I
S

9.1 Supervisory Control and Data Acquisition System
@

4. 2 Archive System |+
3

9. 3 Data Processing System |
]

9. 4 Science Support System |
]

9.5 Simulation System |
0]

9. 6 Local Control Software |
]

9.7 On site Startup System |-
]

9. 8 AIT/AIV & Engineering 5W |~

— 5 Infrastructure
/ 5
i/ o
5.1 Civil Work
[}
/ — 5 2 Power Supply Network
/ [

— 5.3 Telecommunication network

\ 1 5.4 Control Room @ THEMIS
% II|I @
'. | 5.5 Data Centre @ Residencia OT

—
|

' 5.6 Service Cabinets #1-3
| |
\ | 5. 7 Facilities @ IAC La Laguna
| / )

' ' _—— b Safety & Security

]

— 6.1 Integrated Safety System

®

B, 2 Integrated Security & Alarm System

]

/’f I". | B.3 Cyber Security
\
/’ \ S
- 5‘-.. e — 7 Telescopes #1-9
H'H‘ | | | | l:ll_\ | | | |
\ T1 T2 T3 T4 TS TG T7 T8 TS

T 8ICT

=
5

—| 8.1 On-Site ICT
@.
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8. 3 Time Synchronization System
@.
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Transformation Centre = e LIDAR

(= ASTRI-3 ASTRI-4
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Telescope » -
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’ 3
»
—_— g : ' 4 ASTRI-1
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Astronomico del Teide
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ASTRI Mini-Array: Telescope

« Dual-mirror optical layout
First time for Cherenkov telescopes
Schwarzschild-Couder optical design (see Sironi’s talk)
Optimal PSF across the entire FoV

» Silicon photo-multipliers camera (see Contino’s talk)
Small pixel-size (0.19°)
Can work during moonlight condition

« Wide FoV (>10°)
Important for surveys and multi-target fields
Important for extended sources
Serendipity sources

» Single telescope performance (see Vercellone’'s talk)
Energy threshold around 1 TeV
Energy resolution < 25%
Angular resolution < 0.25°
Sensitivity 1 Crab @5 in few hours

Gioyanni Lombardi/INAF
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ASTRI Mini-Array — Array Performances

Mini-Array

We extend current IACTs differential sensitivity Spectral features at VHE, such as spectral cut-offs

up to several tens of TeV and beyond
Detection of emission up to (100-200) TeV

Broad-band spectra expected from Galactic PeV sources
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ASTRI Mini-Array — Array Performances

Mini-Array
7 0.3 [ | [ [ [ E 0.3 | | [ [ [ -
5 ¢ E ;! : Angular resolution: ~3’ (E~10 TeV)
5
B gal — @ o, -
% E T E : : - ~ ~
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TFagr N 44 SR e | .
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of extended sources at VHE
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ASTRI Mini-Array: Telescopes

Mini-Array

Contribution to opto-mechanics design and production from several companies:
DAL BEN SpA, EIE Group Srl, Media Lario Srl, Flabeg, Vetrolamp, Cilas, ZAOT

/ Pointing Monitoring Camera

M2 support structure

Cherenkov Camera

« Alt-azimuthal mount
| « Total weight: 17.5 tons
et « Dimensions: 8.6 m pointing at zenith, 7.5 m
| pointing at the horizon
« Modified Schwarzschild-Couder configuration
* Primary Mirror: 4.3 m (18 segments)
» Secondary Mirror: 1.8 m (monolithic)
* F-number: 0.5
« Average effective area > 5.0 m?

Central Tube

M1 dish

M1 mirror panels

Azimuth Fork

Counterweight

10
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Cherenkov cameras

Contribution to camera design (mainly INAF) and production from several companies:
CAEN SpA, EIE Group Srl, Nuclear Instruments, Hamamatsu Photonics, Weeroc, UMAS

- SiPM sensors: 7x7 mm (series LV3 — 75 um pixel size)

- 2368 pixels (37 matrices of 8x8 pixels)

« Angular pixel size: 0.19 deg

* Field of View: 10.5 deg

« Power consumption: 1600 W

« Weight: 100 kg

* Filter Window with multilayers dielectric coating

« Thermal control system based on TEC (no chiller)

* Front-end electronics based on CITIROC-1A ASIC - signal
shaping not sampling

« Dynamical range 1 - 2000 pe-/pixel

* Event Rate =21 kHz

e Variance channel

follow Contino’s talk for details

11
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Commissioning just started

follow Fiori and Zampieri talk for - ",C_?_Ll\_flﬂdgle + Front End
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ASTRI Mini-Array: Weather Stations

Dashboard for real-time data visualization for night-shift operators
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ASTRI Mini-Array: All Sky Camera

Mini-Array

 (6) Home > Dashboards

allsky Cloud Cover
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ASTRI Mini-Array: LIDAR soon at Teide

Mini-Array

l)' o . .
- g L3 . . :
| o AR
IS Telescope o, ST .
\ \ o \ AU : .
‘ o Lvﬂ, ~ L 4 |

| e

\."ali"il‘}iﬂ'.m...

LIDAR .

t |

)
/ o\
I,’

\_ASTRI-3
@6, N :
7‘\ ‘\\ '

LIDAR “Tenerife” INAF
two-wavelength elastic-Raman monostatic LIDAR
— laser emissions in the UV (355 nm) and visible (532 nm) regions

— four detection channels: 355 nm elastic and N2 Raman channel at
386 nm, elastic P/S polarized at 532 nm,

— advanced scanning system, providing three-dimensional and high Pinstallation almost readyg

precision measurements.
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ASTRI Mini-Array: Illuminator

Mini-Array

Calibration of the optical throughput of ASTRI
telescopes by illuminating them uniformly with a
given pulsed reference flux covering the
Cherenkov spectrum.

We can illuminate more than one telescope

(credit A. Segreto)

G. Tosti - From nine to forty: the SST telescopes and gamma-ray science with ASTRI and CTAO- Sexten 2026 16



ASTRI Mini-Array: Software systems

Mini-Array
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follow Panebianco’s talk for details
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Startup System: manage the sequence of the startup and shutdown of the
critical on-site systems before the start of the Mini-Array operations.
AIV/AIT and engineering software: used during the AIT/AIV phases and
during the maintenance activities.

Supervisory Control And Data Acquisition (SCADA) System: devoted to
control all the operations carried out at the Mini-Array site. SCADA
Interfaces and communicates with all equipment and dedicated software
Installed On-Site.

Archive System: provides storage and organization for all data, data
products, and metadata generated for and by the Mini-Array and defined by
the Mini-Array Data Models.

Data Processing System: used to calibrate and reduce the data acquired.
This software Is also used to check the quality of the final data products.
Science Support System: provides the main point of access for the exchange
of science-related data and information with the ASTRI Science Users, and
supports the whole science-related workflow, from the Observing Project
submission to the access to the archived high-level Mini-Array science data
products and the corresponding Science Tools to support data analysis.
Simulations System: runs Monte Carlo simulations to provide simulated
data for the development of reconstruction algorithms and for the
characterization of real observations.
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ASTRI Mini Array: SCADA software system (on-site

Logic Architecture

Operator HMI
Night supervision

-’_'_‘_,_,.,-'-""F

Startup System

SCDB

Mini-Array

ASTEN

SCADA HMI

A Home &£ Operator ~ & System ~ ® Sky ~ il Monitoring ~ Messages ™8 Support ~

@ €@ O strwp (andrea) [

CS ssssessess Kafka s Cassandra « InfluxDB « Rest sese Alarms o | Off-site »

(© 21:58:51 uT

Connections| SCDB +s| SS Alarms sss Logs s Cassandra ss InfluxDB s Rest see Collectors ssessssssssss | SCADA

Teide Observatory [Q, Env, ENV_OBSERVATION_CONDITION ] [e, Atmo, ATM[LOBSERVATION?CONDITIUN] Temperature, 19.2 °C Humidity, 20.1% Wind, 22.5 km/h = Wind Peak, 19.0 km/h < Dust, 0.0137 m™ Pressure, 776.8 mbar

& Rain: No  2026-07-05 21:53:01 UT

Observation | IDLE | ((SB 2026-07-05_CygnusRegion_JUL26_T9 ) (© CygnusRegion_w0.50p045 || CygnusRegion_W0.50p225 12T 000006

——— 9.4/40m

can 1363 Hz - 17.7 me/s | ([fR

SCADA Array Telescope 00Qs System Services Legend Startup System
SCADA sequence progress 13/13 - 100%
Step 13/13 - Central Control Turn On completed
SCADA version TCS_DEBUG_STATUS SCDB_HWCONFIGURATION
(latest) dev_v5.11.0 v | Set Real Mode (0b100000010000) v | Set ASTRIN23 v | Set Stop SCADA

SCADA topology C

CC/CentralControlManager

Readiness & bootstrap Configuration
— 3
Central Control System
ACS components + state
machines
- ~, - * 4 - -
Collectors ADAS + 00Qs

Telescope Control Env/ICT / Power / Safety

systems

/ Service cabinets

Data and quality
feedback

-

OPC-UA endpoints, ACS
components, SNMP/Modbus
devices

Telescopes and site assemblies

Kafka + AVRO +
InfluxDB/Cassandra
Monitoring, alarms, logs, data

archives
M vy

follow Panebianco’s talk for details

Infrastructure Monitoring/Alarm
Internal subcomponents
Kafka MongoDB Cassandra InfluxDB ACS Mgr MON COL MON STO
No internal state data available
OP_NOMINAL OP_NOMINAL OP_NOMINAL OP_NOMINAL OP_NOMINAL OP_NOMINAL OP_NOMINAL
ACS REST Cont REST Sve REST ° LOG COL LOG STO EMSC/EmscManager
OP_NOMINAL OP_NOMINAL OP_NOMINAL NOT CONNECTED OP_NOMINAL OP_NOMINAL Assemblies
WS1 (WeatherStation) v
KSR A WSStella (StellaWeatherStation) v oV
entral Control .
c c WS2 (WeatherStation) v Vv
OP_NOMINAL OP_NOMINAL
Atmos Col
ALARM Environmental monitoring points ENV_OBSERVATION_CONDITION
RM cC OP_DEGRADED Interactor REST
General State: Yes Temperature: 20.5 C
EMS Col OP_NOMINAL OP_NOMINAL ) . -
OP_NOMINAL OP_NOMINAL Gradient Temperature: 0.0 C/h Relative Humidity: 20.0 %
OP_NOMINAL Pressure: 777.3 mbar Dew Point: -3.3C
Wind Speed: 17.7 km/h Wind Speed 10min: 24.1 km/h
TCS-1 TCS-2 TCS-3 TCS-4 TCS-5 TCS-6 1CS-7 TCS-8 TCS-9 Wind Gust 10min: 27.4 km/h Is Raining: No
Rain 1h: 0.0 mm Rain Daily: 0.0 mm
OP_NOMINAL OP_NOMINAL OP_NOMINAL INITIALIZED INITIALIZED INITIALIZED INITIALIZED INITIALIZED INITIALIZED )
- - - Timestamp: 2026-07-05T20:42:56.310244880Z
ADAS-1 ADAS-2 ADAS-3 ADAS-4 ADAS-5 ADAS-6 ADAS-7 ADAS-8 ADAS-9 ACCS/AtmosphereManager
OP_NOMINAL OP_NOMINAL OP_NOMINAL INITIALIZED INITIALIZED INITIALIZED INITIALIZED INITIALIZED INITIALIZED Assemblies
SQM3 (SkyQualityMeter) v X
SQM1 (SkyQualityMeter) v
00QS-1 00QSs-2 00Qs-3 00QS-4 00Qs-5 00QS-6 00QSs-7 00QS-8 00QS-9 SQM2 (SkyQualityMeter) v
OP_NOMINAL OP_NOMINAL OP_NOMINAL INITIALIZED INITIALIZED INITIALIZED INITIALIZED INITIALIZED UNKNOWN

Atmospheric monitoring points

General State: Yes
Sky Brightness: 13.4 mag/arcsec?
Timestamp: 2026-07-05T20:42:56.004543438Z
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ASTRI Mini-Array: ICT infrastructure

site ICT

Service cabinet

%‘———'/ﬂ—— . 5

8 fhmummEE N

Offsite ICT

Mini-Array

Onsite data center
Master Clock (GPS receiver)-PPS/NTP signals
distribution

4G Backup link for emergency

Fiber-Optic network backbone

Service cabinets ICT equipment (Telescope Area)
Telescope ICT Equipment

Control room (@Themis)

White Rabbit timing system

Offsite data center

::::

Control room @ Themis

The onsite ICT supports the full remote operation of the Array

G. Tosti - From nine to forty: the SST telescopes and gamma-ray science with ASTRI and CTAO- Sexten 2026
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ASTRI Mini Array — Archive & Offsite Data Analysis and
Simulations (OAR) Mini-Array

ASTRI & Miniarray Archive System - AMAS

AMAS-LDAP |/ AMAS-PH.S. / AMAS-Gateway / LST-CTAO-Gateway

Simulation and Data Analysis

ACDC Database See Casaburo and La Parola talks

ASTRI-Horn (all) MiniArray (all) LST-CTAO (all) FITS Database RAW Database

— 37.755 k-files » see

. 128 -files » see —~ 32.79 k-files » see ~ 12.19 k-files » see

~ 18.214 k-files » see - 52.269 k-files » see

l& ASTRI-Horn and Miniarray Datasets l# Data Type and Level Datasets

B ASTRI (%) B Miniarray (% M.Call (%) N ACDC (%) B TS + MCFEs (%) I RAW (% Simtel+Corsika+Root (%) [ DLev>0 (%)

P

The ARCHIVE automatically:
1. takes RAW data from TEIDE

2. performs pre-reduction (DLOfits + calibs
SEB/scitech)

W

3. execute Pipeline (DLO—->DL3)
@ AMAS Files processed (totsize=8622 CB) = AMAS Users' Interactions 4- pe rfOrmS Quallty CheCk
[ s Processed —p— 5. save, Backup & Replica for all data products
300000 6. save logs, alert and notify
\ / 2025 Statistics (11/2025)
| ‘ | - | | B ] e 290k interactions
2017 2019 2021 2023 2025 2017 2019 2021 2023 2025 ° 101k flles processed (~1OTB)
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ASTRI Mini-Array: Current Status

ASTRI1 Full operational since
autumn 2024

Galachx Latitude

PRELIMINARY

1R 1RAS 185* 184* 183"
Crestan et al., 2025 Galactic Longitude

Crab detection during commissioning:
Nov 2024- Feb 2025

|
Daniel Lopez/IAC

G. Tosti - From nine to forty: the SST telescopes and gamma-ray science with ASTRI and CTAO- Sexten 2026 21



ASTRI Mini-Array: Current Status ASTERE

Mini-Array

Installation of the
9 telescopes completed!

i e b ‘| : B 1 ’.
i ~ay Vil § T | : " - ¥ i
1 e Ag»m:{ , u ot : \' ol -
=] : : e | LA s i
- [, ' h| ¢ 45
: s ) : ‘f.j;‘ i . == .
3 g : 3 k
® ASTRI-7 - . | 3 i\
[ ] ~ASTRI- SRR ST A“T. “ATTRI-27: 2326-07-13 17-42:5% > I,-‘_.':‘.l NERL” € Sell Vg 0t
Meteo- 6 : T
1 o
Control g N
room
- ° 1'/ L3 : : B
Transformétion - LIDAR el : : A ; ' R P #\ ! , ‘.v_-\"
« Y R P A\ % 4o P X & § AN
Centr —._ = ASTRI-3 “*ASTRI-4 ® ASTRI-5 ' PR R ‘ , - - ‘: '
GREGOR Solar g4 " = . . : . ' ) A ,
Telescope é- ] \ A ‘
. 9 | ! . *
» & ’ B . L \ :'
bt 3 \ . ‘
Telescomb gatun . 8 ASTRI- 1 = Rt w
- e * g3 TASTRI- 1 o ASTRI-2 o - (=l :
=g o “p & 9 Meteo- » IR vt F o ey, B Big yiee P ' ?
‘&‘,/ & 7 l | { " - P o e R e S i ! 3
b " g 2 P~ 2 ;.~ . x,_f..‘?,_ Al taa -- “ :“ : ~+--.',I =
: Siooh Teide o N Y e 7, O S Y ILSLAN AW s L
& Observatory (STO) . : : SR, B3 ‘ a0 B eSS : L]
o : D s W = : £ Bhoy) : v { Oube _
: : “ASTRI-8 L . ' e = . Sy *E" REUIE | S
- B ’ TASTA1-41: 2026-37-1% 17:47 33 o N S 1 0 | i - ABTEIN 75T wors 1msss B T ) e - ARBTEI
@ - = . ” : .
- / ; ) N
Observatorio ) / '
Astronomico del Tede. §'#Data Centre ,
By 5,

e —Ft | } .
| o ‘ 3
) [ e E‘A\, ' .,- \
'] <y i -
: A u 5
- - D e (
| s o s b | P
e & o~ ¥
J 2% M = et = : >
: wma)

3
-3

|
?/

&1 i
.I
20

(”-
o 245

.
[ I8 | | _ —y

CaT131-77 2026-37-1% 17:37-33 UM , — = PN L 3 1 A DA S AETEI *a5121-31; 2126-01-

AETEN AETEI

15 17:32:45 TASTRA-5": 2020-07-13 17:42:30
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ASTRI Mini-Array: ASTRI-2 to 9 Commissioning

3.6 arcsec)

=
E
@
T
=
o
i
2

Mini-Array

ASTRI-3

2025-11-25 21:56:50 2.083m ASTRI3 PMC_ASTROMETRY_TRACKING_AZ ERROR Telescopes

2025-11-25 21:55:00 2025-11-25 21:56:00 2025-11-25 21:57:00 2025-11-25 21:58:00 2025-11-25 21:59:00 2025-11-25 22:00:00

Validation tests of the telescopes cover all the functionalities associated to their subsystems

and integrated system
Positioning and tracking - complete tuning of the motion control loop
Procedures assessed on ASTRI-3 to be applied to all other telescopes

All tests, telescope pointing model and mirror alighment performed on ASTRI-2 and ASTRI-3

Partial tests performed on telescopes ASTRI-4 to 9

G. Tosti - From nine to forty: the SST telescopes and gamma-ray science with ASTRI and CTAO- Sexten 2026
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ASTRI Mini-Array : ASTRI-2 to 9 commissioning

AIT/V Engineering GUIs were developed to control telescopes and cameras and monitor all main parameters

Mini-Array

& ASTRI Mini Array Camera AIV AIT Client » - (=} X
File Expert Help
Site & Time Information
i State Machine: GO TOSTATE ~  Hardware Subsystems B CAUBRATION SYSTEM (BLUE LASER) ~ | I CALIBRATION SYSTEM (GREEN LASER) ~ | LD ~
Housckeeping ¥ @ Variance (HG/LG) ¥ @& ¥ Operating Mode
STANDBY ) 7 ( & Status SiPM Temperature 1 « | View: '® Camera Sky | (@ ADCA2 pet2 View: ® Camera Sky (@ ADCA2 pe*2 Scientific
VDB Temperature - Scale: @ Auto Manual: | 2 1000 |) Scale: @ Auto Manual: [ 2 1000 | ] Time Threshold 7 pe
Numeric | Histogram | Color Scale : Charge Threshold dac

Status MAINTENA?

Mount LCS State Az Motors Suate [ JETNINR € Motors Seste  [ZXCVI Motion Type BSOLUTE w2 [ E i o 7 [ I __ L
- —_ Trigger Type:  Topolegical ~ | Pixel number for majonty/topological 5 pixel
LCS State Phase Az Brake State Disengaged El Brake State Disengaged Az Motion State I
MountOp. Mode nevwkse  ZCTCR o poksote (TN € otion sote TS N 514 | 1502 1499 —
ount Op. Mo x Park State NPARKED ark State € Motion State topped 5 502 499 v Auto stop acquisition after 450 | seconds START STOP
NTP State Az Motor Error £l Motor Error Lyra Status _ ‘

14.61 15.28

Az Enc Status Az STO Status £1STO Status Gate Status Commands Status R14058
&

Telescope Position and Velocty » Thermal Control System | [{]

14.74 15.19 14.66 15.08

Az Position Az MotEnc Pos Vi El Position

0.00000 0.00000 : 0.00000

» Calibration System

v Lids  [i]

OPEN | CLOSE HOME | STOP

ASTRI

28301

o 1525 1477, 1517 | 1480 | 14830 1519 1526

Siew & Tracking
2362.730

2023-05-28
UTC Time 16:08:05.504
60092 67228
07:25:49.41

Move Po

New Target Current Targst Info

15.03 15.38 14.64 15.15 14.46

Azieruth (dy

Map/Catslog Vs SolarSystem Target Name RA Status OPEN  Device Status 3 3

Eevaton e 1 2 e -
. Switch Status 1 0 | 0 Locker Status LOCKED

14.62 15.24 15.07 Scientific (HG / LG)

Telescope RA View: (@) Camera Sky | (@) ADC pe Vidw: (@) Camers Sy (@) ADC pe Motor Position 67039 68290 Motor Demand Position 042 042
C Y Al ¢ y ADC -

Sun
Telescope Dec i X 271.46

= e M Velocity 00 0,00 Motor Demand Velccity 0.00 0.00
Scale: '@ Auto Manual: | 2 409¢ |] Scale; ® Auto Manuak: [ 2 409 |1 otor Velocity 0. 0 Motor Demand Velccity 0 (4

1517

Telescope Az 4217
06:10:20.00

Motor Torque 0.00 0.00 Motor Demand Torque 0.00 0.00

Telescope ZA

19'56:31.00 v CAMERA Motor Current 200 6.00 Input Voitage 25044.00 24953.00

slascope Ei Rate 74 Total Rate 75 | Dead Time 1.00 Device Temperature 28.30 2970 Logic Voltage 0.00 0.00

Moon

e t Az i X 097.82 Motor Temperature 0.00 0.00 Microcontroller Temperature 27.30 22,70

Avg Rate 64.00 Avg Rate Tot 65.00 Avg Dead Time 1.98
6015

13:43:44.00 Total Events 13573 ' Lost Events 205 | Time To Send | 248 )

02:06:12.00

» BEE -
Neath nfo Control
Weather Info PMC Contro . 6065 % ’

» ZYNQ ~

Exp.Time {(s)

Name Status : 08.32 days

v

Artix7 Data oy ol
Target 1

00:00:00.00

» Artix7 Trigger Bt ¥
ek

+00:00:00.00

+000.000
r Oy .

Set Az Offset ty (%) Single Exp, Start Seq g +000.000

Set © Offset +000.000

~+000.000
+000.000 Date:2023-05-28 Time(UTC).16:08:05.505 LST-07:25:48.41 State: OBSERVING w7  Process: GET_TEC_ MON_TERMALIZED = Thermal State: [l termalizing_on_sipm  HKCnt: 202 VARHG Cnt: 147 VARLG Cot 147 | SCI/CAL Cot: 13415 1] B waming [l eror [l Degraded [l Local Mode [l Camera Connection | [l DAQ Connection  UTC Date Time: 36

Stop Seq

180 (S)

Kinematical parameters of all telescopes to allow them to reach the same [|e Selection of the available cameras

position of the sky all at the same time  Control all camera subsystems
Compare positioning and tracking of all telescopes to reach the same . Slow-control operations through an OPC-UA interface

accuracy. e (Camera parameters monitorin
Autoguider with use of the Pointing Monitor Camera P 5

Pointing Model tools;
M1 & M2 integrated control for their aligmments

G. Tosti - From nine to forty: the SST telescopes and gamma-ray science with ASTRI and CTAO- Sexten 2026 24



ASTRI Mini-Array:Telescope calibrations

Alignment between PMC and Telescopes Offset between PMC and Cherenkov Camera (ASTRI1)

Mini-Array

ASTRI6 ELEVATION
-9.0 ,
max-min. 1 8 arcmin -== Median (6g=-3.1")
= max + min i ' ot
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@) = ks .
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s — e |
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+ I
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STRI and CTAO- Sexten 2026
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ASTRI Mini-Array: Pointing & tracking

AETEER

Mini-Array

(arcsec)

EL resudilas

Cad
=

Pointing model
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ASTRI Mini-Array: Mirrors Alignment

AETER

Mini-Array

Y [mm]

Y [mm]

ASTRI-2

-10

X [mm]

3

10

PSF CENTROID
*  X=0.62, Y=0.77

] R80 =3.19

20

30

14000 i M1 S16 (0.28, -0.49)
1 *  TXx=-330 TY=-89 P=-0.00

] R8O = 2.86

12000

10000

6000

4000

2000

-30 -20 -10 0 10 20 30
X [mm]

Normalized Encircled Energy [a.u.]

R80 =3.01 mm

== R80 =301 mm

200

400

Radius [px]
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ASTRI Mini-Array: Monitor of Optical PSF

D80 [deg]

Optical Camera Measurements

ASTRI-1 ASTRI-2
0.30 0.30
SST requirements
0.25 {======m e m e e ————— 0.25 === === e — e - ————
@
: . .
020 1 ASTRI Camera Pixel size ]
O SReEEE NI aa S S MR R .00 (RS T (R TS T ATSS 0 WD (D @D T TP .0 aR a5 8 .--“-------------—---_--"’---- -----------------
o .E. .
3 °
© ©
0.15 - S 0.15 1
0.10 - Wheel 0° 0.10 - Wheel 0°
®  Wheel 90° ® - Wheel 90°
-== ASTRI pixel -==_ ASTRI pixel
=== CTA pixel at === CTA pixel Data taken on 05-21
0005 L] Ll ¥ 0-05 T 1 L T
0 1 2 3 4 0 1 2 3 4
FoV [deg] FoV [deg]
o ]
Moun rings Analysis
1.13 T T T T T T T | | | T |
N | | i
8, 05[20241 2025 | 2026 |
— | |
R : -
— Lo3} ' : .
= | |
o I |
= = ' .
E I |
o 098} : } | : o
= i h ) rq tt h F } i t F‘ {1 Mineo et al.., 2026, SPIE, 14151-89
=
2 093} ¢+ | -
N tho _
5 I I
:E 0.88 |- j I .
= I | I _
= I [
2ossf | : -
* i : ASTRI1 ! _
0.78 ] | I | I | ] | I | ] |
" 260 20 100 180 260 340 420

Day of the year 2025

D80 [deg]

ASTRI-3
0.30
.25 700000000 0. S iU S S S SO S S S S8 S S S SR S S0 0 S0 S e
e
0.20 -
L
0.15 -
0.10 - Wheel 0
®  Wheel 90°
-== ASTRI pixel
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0-05 1 T 1 1}
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- 20

[Event39281]

See Mineo’s Talk
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ASTRI Mini-Array: Array commissioning (single telescope)

Mini-Array

Off-axis offset angle 3.5°

Crab (mono mode)
Noy = 60 £ 8, Norr = 24 = 2 aonjorr = 0.20
Nexe = 37+ 9
1 - 1 . 1 1 =g 1 1 1 - 1 e Nexc/Timegy = 4.4 evt/h
q Best-fit logparabola model: 40 - Norr/Timeoy = 3.0 evt/h
1077 F P R E Ll M | NARY a = 2.344/- 0.14, E Significance (Li&Ma)= 5.4 o
g = 0.10+/- 0.00, ]
- ~ Morm = 2, 57E-11+/- 3.32E-12 1/ (TeV s cm2), 1 e
' reference = 1.00 TeV _ 30 - . .
g T Preliminary
10w - == Crab - MAGIC-VLZA __ 3
i = e HH Data points {28.5 h) f >
E [ — Z 20+ T
s -t T : i t ; ﬁ
Z 1071 . 10- T i i + * ¢
g | | + }
s | |
v |
oo = 01 02 03 04 05
10-17 | . 62 [deg?] . o
| N Moon offset angle: 0.5
Timeoy = 1.6 h
35 - Noy =46 = 7, Norr =15+ 1 AoNJOFF = 0.20
Nexc = 32 £ 8
104 — | ; ; ; — e ; ; ; — Nexe/Timeon= 19.4 ev/h
' ' 30 ¢ Noer/Timeony = 9.4 evt/h
_ S E— Significance (Li&Ma)= 5.6 o
TR N o 7
E 25_
A —— =
e — €20, Preliminary
S
4 100 101 | 10° 151
Energy [TeV] Crestan et al., 2025, PoS(ICRC2025), 617 + i__ ‘ ‘ il i ——+
10 - . - 1
Lombardi et al., 2026, SPIE, 14155-100 Jr—|— + * ‘|‘ H‘J:
) 5 - g + =
See Vercellone’s Talk
%.o' o1 02 03 04
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ASTRI Mini Array: Array Commissioning - ASTR1-3 integrated in SCADA A &R

Mini-Array

ASTEI

SCADA HMI

A Home &£ Operator ¥ &8 System ~ ® Sky ~

Connections| SCDB s« | SS

Teide Observatory (Q, Env, ENV_OBSERVATION‘CONDITION] [@ Atmo, ATMO_OBSERVATION*CONDITION]

Observation | IDLE | ( SB 2026-07-05_CygnusRegion_JUL26_T9 )

SCADA

ASTRI Mini-Array Status: Central Control System | OP_NOMINAL

£ ASTRI-1

00QS OP_NOMINAL

SCADA | TCS OP_NOMINAL ADAS OP_NOMINAL

SC-1 ﬁ Mount R 306.90 PMC
D 41.45
OP_NOMINAL OP_NOMINA A 56.3 OP_NOMINAL
L E:31.2

btelescope_cb_feedba.. 3-ONLINE/3-ACTIVE

AzTrk- -+ ElTrk-
Trk©o Pto 1InvoO

Camera Cherenkov 19 Hz
ON MOUNT PWR TRUE (ON) - TH TRUE (ON) CC TRUE (ON) - [object Object] LID 2 = OPEN

TEC . 12/12 - min 14.8 °C - max 15.1 °C - stable 12/12 - RH 23.0% Timing
SYS_UP — - CLK_OK —
14.8 14.9 14.9 14.9 14.9 14.9 15.0 15.0 15.0 14.9 15.1 15.1

£/ 0|~ @] tg) 58

A Camera rate - mount errors

Camera rate
19.4

0.0

21:32:00 21:35:00 21:37:00 21:39:00 21:41:00 21:43:00 21:46:00 21:50:55

Mount az/el error
RA 306.8991 - DEC 41.4474 - AZ 56.333 - EL 31.152

No mount az/el error

AETEN

[ASTRI-1]: 2026-07-05 21:50:53

ili Monitoring ~

Alarms see LOgs e Cassandra se INnfluxDB s Rest sse Collectors sessssssssssss

Temperature, 19.2 °C

&CygnusRegion_WO.SOpOtts] CygnusRegion_W0.50p225
-_—

Array

Messages ™@§ Support ~

SCADA CS sesssesse Kafka s Cassandra e InfluxDB s Rest

Wind, 20.3 km/h =% Wind Peak, 17.7 km/h

Humidity, 20.2%

1.6/40m

Telescope 00QsS System Services Legend

Env. Mon.: OP_NOMINAL Atmo Mon.: OP_DEGRADED

£ ASTRI-2

00QS OP_NOMINAL

SCADA | TCS OP_NOMINAL ADAS OP_NOMINAL

SC-2 ﬁ Mount R 306.90 PMC
D 41.45
OP_NOMINAL OP_NOMINA 1 6.3 OP_NOMINAL
L E 31.2

btelescope_cb_feedba.. 3-ONLINE/2-?
AzTrk- + ElTrk-

Trko Pt o InvO

Camera Cherenkov 23 Hz
ON MOUNT PWR TRUE (ON) - TH TRUE (ON) CC TRUE (ON) - [object Object] LID2 = OPEN

TEC @ 12/12 - min 14.9 °C - max 15.2 °C - stable 12/12 - RH 27.2% || Timing
14.9|[15.0][15.0|[15.1|[15.1|[15.0|[15.1]|[15.2|[15.1|[15.0][15.1][15.1] || SYS-UP — - CLK_OK -

£/ 0|~/ @] tg) 58

A Camera rate - mount errors

Camera rate
236

0.0

21:32:00 21:50:55

21:35:00 21:37:00 21:39:00 21:41:00 21:43:00 21:46:00

Mount az/el error
RA 306.8991 - DEC 41.4474 - AZ 56.334 - EL 31.188

No mount az/el error

AETEI

[ASTRI-2]: 2026-07-05 21:50:41

ees®

< Dust, 0.0138 m™®

@ ‘ @ Startup (andrea) E—) ’ (0. 21:51:02 Uit

Alarms o | Off-site «

Pressure, 776.7 mbar

e 1 1 1L I I

@ Rain: No
55

Startup System

e

£ ASTRI-3

SCADA  TCS OP_NOMINAL ADAS OP_NOMINAL

sC-3 ﬁ Mount R 306.90
D 41.45

OP_NOMINAL OP_NOMINA A 56.3
L E 31.2

btelescope_cb_feedba..
AzTrk- -« ElTrk-
Trko Pto 1InvoO

Camera Cherenkov

ON MOUNT PWR TRUE (ON) - TH TRUE (ON) CC TRUE (ON) - [object Obje

TEC @ 12/12 - min 14.8 °C - max 15.0 °C - stable 12/12 - RH 18.4%

14.8 14.8 14.9 14.8 14.8 14.8 14.8 14.9 14.8 14.9 15.0 15.0

A Camera rate - mount errors

Camera rate
1861.5

0.0

21:32:00 21:35:00 21:37:00 21:39:00 21:41:00 21:43:00

Mount az/el error
RA 306.8991 - DEC 41.4474 - AZ 56.333 - EL 31.183

No mount az/el error

[ASTRI-3]: 2026-07-05 21:50:47

2026-07-05 21:43:01 UT

CAM 1884 Hz - 24.4 MB/s m

00QS OP_NOMINAL

PMC

£ 0 N @ B B

OP_NOMINAL
3-ONLINE/2-?

ct]

Timing
SYS_UP — -

21:46:00

1825 Hz
LID 2 = OPEN

CLK_OK —

£/ 0|x| @] tg] 58

21:50:55

AETEI
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Array commissioning (Multiple telescopes)

Mini-Array

ASTRI-1 & ASTRI-3 (stereo mode)

10-9 | PRELI M I NARY o IBt;.stl—filt Iogparab-:}l;': mc:dellz N 4+ Ny, =916+30
3 a = 2.54+/- 0.09, E
F ] Noss = 304.4x7; a = 0.2
[ B =0.10+/- 0.00, . off ;
: ~ Norm = 2,96E-11+/- 2,74E-12 1/ (TeV s cm2), 1 800 - P R E LI M I NARY =+ Nexe = 611%30
reference = 1,00 TeV | Time = 22.5 h
_ 10710} ~=- Crab - MAGIC-VLZA . EE:;: ;:’::123?. ::)114::51 h
lg ' ¥ Data points (22.5 h) ' + Significance (Li&Ma) = 24.70
; 600 -
o
2 1071
g w
3 S
o 5 400 -
Q
10—12 -
| —+
+
[ ' 200 - —
10713 ] : : — : : — + o pun B _|_++_|-‘-|- _l-‘-|-|-|—+_|__l_+_:_-'-l-l__:_ -
3 1 LT +
Q
= 0 —_I_ i i —|—=%‘———— I I 0 +—b ﬂ—
= T === s F= IR T il Sl pet S
‘.‘E 1t | + ++ _I_I_+ + +
~ 100 T T 0.0 0.1 0.2 0.3 0.4 0.5
Energy [TeV] Theta2 (deg2)
4 | -
See Vercellone’s Talk Lombardi et al., 2026, SPIE, 14155-100
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Mini-Array

Summary of status of ASTRI Mini-Array AETERI

et ASTRI-7
ASTRI-1 - Operational with Cherenkov camera _ 300 4

ASTRI-2 - Operational with Cherenkov camera
ASTRI-3 - Operational with Cherenkov camera
ASTRI-4 = Telescope tuning and mirrors alignment (g July) 'STe'eS“)peg; i
ASTRI-5 - Telescope tuning and mirrors alignment (i@ September) Y G

ASTRI-6 - Operational with SI3 IRLRECREL A 2 s R
ASTRI-7 - Telescope tuning and mirrors alignment (SI13) ' b MIRE e AST.;'..‘S
ASTRI-8 - Integration @ Teide ongoing (g end of the year) N @ ' "
ASTRI-9 - Integration @ Teide ongoing (@R end of the year) i

Auxiliaries

 Weather stations operational

* All sky camera not operational since Emilia storm
* LIDAR ready for installation

e [lluminator operational - SR
ICT - Operational L g
SCADA software - Operational T er S

O r i C.b‘": .
4’): y : Q’ =
Q> SHELL'A:Robotic LAY 34,
@bservatory/="AlP e\ SRR

(s ASTRI-9 ASTR)H - ASTRI-2

| . 3
ASTRI-8 = | &
| Google Maps
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ASTRI Mini-Array people
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ASTRI Mini-Array

Mini-Array

THANK YOU

Daniel Lopez/IAC
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