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ASTRI Mini-Array telescopes

Electromechanical structure
Optimized in terms of mass (reduced by 30%), 
functionality and maintainability

SiPM camera
§ 37 (8x8) matrices are 

arranged to adapt to the 
curved focal plane of the 
telescope

§ Wide FoV (~10°)
§ Small pixel-size (0.19°)

Sottile et al., 2023

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

Excellent performance 
also with moonlight
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Why building an array of telescopes?

An imaging atmospheric Cherenkov telescope (IACT) array will improve
• Effective area
• Background rejection
• Angular resolution
• Energy resolution

de Naurois & Mazin, 2015



The ASTRI Mini-Array project  
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• 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-
MI, IASF-PA, OAS, OACT, OAB, OAPD, OAR, OAA, IAPS, OATs)  
Italian Universities (Uni-PG, Uni-PD, Uni-TS, Uni-GE), 
INFN, Fundacion Galileo Galilei, IAC (Spain), University of 
Sao Paulo (Brazil), North-West University (South Africa), 
Université & Observatoire de Genève (CH).



ASTRI Mini-Array Project: organization

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 

On-site software: Andrea Bulgarelli

Off-site software: Fabrizio Lucarelli

Scientific SW: Saverio Lombardi
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ASTRI Mini-Array

End to end approach from design/implementation of all 
HW/SW components to dissemination of final  scientific 
products.

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

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

ASTRI Mini-Array will be operated remotely. 

Unprecedented performance and wide FoV (~10°) with 
excellent off-axis performance for observations at multi-TeV 
energies (1-200 TeV)
• Angular resolution: ~3’ (E~10 TeV)
• Energy resolution: ~10% (E~10TeV)

Credits: ASTRI 
Collaboration

~160m
~270m

~6
50

m
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End-to-end approach



ASTRI Mini-Array - Schedule

Autumn 2022

Summer 2021

Autumn 2024

ASTRI 1 
construction and 

calibration 

Site foundation

2024

2021

“Mono”
observations 

2024



Crab Nebula :  november 2024 - february 2025

Crab: from 11/2024 to 02/2025
○ Trigger Threshold = 7 pe
○ Dark
○ Offset: 0.5°
○ Low ZD (< 30°)
○ Subsample of selected good runs
○ 34.7 h of total exposure time
○ ASTRI1



ASTRI Mini-Array - Schedule

Autumn 2024

Autumn 2025

ASTRI 1 
construction and 

calibration 

ASTRI-2T
( + 5 Tels.)

Stereoscopic 
observations 



ASTRI Mini-Array - Schedule

Autumn 2024

Autumn 2025

ASTRI 1 
construction and 

calibration 

ASTRI-2T
( + 5 Tels.)

Stereoscopic 
observations 
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ASTRI-1 and ASTRI-3 stereo observations!

+++ Stereo Events +++

November
2025
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ASTRI Mini-Array

ASTRI-1ASTRI-2
ASTRI-3

ASTRI-5 ASTRI-4

ASTRI-7
ASTRI-6
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“Emilia storm” hit hard the Teide Observatory

Credits: David Nespral – IAC Credits: David Nespral – IAC

12-14 December 2025



Mrk 421

New Year’s fireworks



ASTRI Mini-Array - Schedule

Autumn 2024

Autumn 2025

ASTRI 1 
construction and 

calibration 

ASTRI-2T
( + 5 Tels.)

ASTRI-4T

Spring 2026 Early
Science



ASTRI Mini-Array - Schedule

Autumn 2024

Autumn 2025

ASTRI 1 
construction and 

calibration 

ASTRI-2T
( + 5 Tels.)

End 2026

ASTRI-7T

ASTRI-4T

Spring 2026

Start
Pillar 

Science



ASTRI Mini-Array - Schedule

Autumn 2024

Autumn 2025

ASTRI 1 
construction and 

calibration 

ASTRI-2T
( + 5 Tels.)

End 2026

ASTRI-7T

ASTRI-9T

2027

ASTRI-4T

Spring 2026
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Observing cycle
The ASTRI Mini-Array software is 
envisioned to handle an observing cycle, 
i.e. the end-to-end control and data flow 
system. The observing cycle can be divided 
into the following main phases:
1. Observation preparation: submitting an 

Observing Project that is turned into 
Scheduling Blocks (SBs) and Observing 
Blocks (OBs)

2. Observation execution: execution of 
Observing Blocks

3. Data Processing: produces calibrated 
and reconstructed data

4. Dissemination: Data and Science Tools 
are distributed for a scientific analysis 
of the Observing Projects.

ASTRI software support the full observing cycle

A. Bulgarelli
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• Supervisory Control And Data 
Acquisition (SCADA) System:
interfaces, controls, monitors, 
acquires data,  manage alarms of 
all software subsystems and 
assemblies of the Mini-Array

• On-site Startup System
• AIV/AIT and Engineering 

Software
• Archive System 
• Data Processing System
• Science Support System
• Simulations System

General software architecture

On-site

Off-site

A. Bulgarelli
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Supervisory Control and Data 
Acquisition System (SCADA)

• SCADA interfaces, controls, monitors, acquires
data, manage alarms of all software subsystems
and assemblies of the Mini-Array:

– automatically execute the whole sequence of
operations needed to perform an observation;

– react to critical conditions in an automatic way
to put the array system in a safe state.

• Software subsystems:

– Central Control;

– Control systems and Collector;

– Monitoring/Alarm/Logging systems;

– Data Acquisition and Quality systems;

• Supervised by an Operator with an HMI

Red and green are SCADA subsystem; blue boxes are
the ASTRI Mini-Array assemblies; yellow boxes are part
of the Archive System.
The << telemetry >> stereotype represents monitoring
points, alarms, errors, logs, and status information, <<
data >> stereotype represents the data flow. The <<
control >> stereotype represents the control flow.

AC3E

Universit
y of 
Geneve
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Supervisory Control and Data Acquisition System (SCADA)/2

• Central Control System coordinates the sequence of
operations, all software components and hardware
assemblies, the sequences of the startup, shutdown,
configuration and the status.

• Control systems, to control, monitor, and manage alarms
and the status of the telescopes (Telescope Control System,
developed by INAF based on the ASTRI-Horn experience),
the assemblies used to characterise the atmosphere
(Atmosphere Characterisation Control System), the
calibration system (Array Calibration Control System), the
telescope service cabinets (Telescope Service Cabinet
Control System);

• Collectors, to monitor and determine alarms and the status
of environmental devices (Environmental Monitoring
System Collector), of the Information and Communication
Technology (ICT) system (On- site ICT System Collector), the
power system (Power Management System Collector), the
Safe and Security System (Safety and Security System
Collector);

• Operator Human Machine Interface (HMI), the user
interface for the Operator, including an Operator Logbook
to save logs of the observations during the night.

A. Bulgarelli

Interfaces between hardware assemblies and SCADA: IEC 62541
standard OPC Unified Architecture protocol, plus

• SNMP for the ICT system

• Modbus for Power Management System
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Supervisory Control and Data 
Acquisition System (SCADA)/3

• Logging System, Monitoring System and
Alarm System, developed by INAF, monitor
the overall performance of the systems
through the acquisition of environmental,
monitoring and logging points and alarms from
instruments and generates status reports or
notifications to the Operator.

• Telescope Control System, to control a single
telescope, developed by INAF

• Array Data Acquisition System, developed by
INAF, acquires Cherenkov Cameras and Stellar
Intensity Interferometry Instruments data

• Online Observation Quality System,
developed by INAF, focuses on ongoing
problems and the status of the observations

Red and green are SCADA subsystem; blue boxes are the
ASTRI Mini-Array assemblies; yellow boxes are part of the
Archive System.
The << telemetry >> stereotype represents monitoring points,
alarms, errors, logs, and status information, << data >>
stereotype represents the data flow. The << control >>
stereotype represents the control flow.
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SCADA and software frameworks

• SCADA is developed using ALMA Common Software (ACS)†, Kafka, Cassandra, MongoDB.

– ALMA Common Software (ACS): a container component framework, designed for distributed
systems, with standardized paradigms for logging, alarms, location transparency, and
support for multiple programming languages: Java, C++ and Python.

• ACS has been used successfully for ALMA, which manages an array of 66 antennas on the
Chajnantor plateau in Chile.

• ACS is used for ASTRI-Horn, Sardinia Radio Telescope, CTAO.

– Kafka is used as a data backbone for all SCADA subsystems, except for data acquisition that
uses TCP/IP.

– Cassandra is used for the permanent storage of monitoring and data quality information,
synchronized with off-site data center

– MongoDB for observing plans and system configuration

†https://confluence.alma.cl/display/ICTACS/ACS+Documentation A. Bulgarelli
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ASTRI Mini-Array as precursor of SST-CTAO

SST-1 in DAL BEN SpA integration hall 
ready for qualification tests

SST-2 to 10 being assembled in a second 
integration hall 



Conclusions
- For the first 4 years the ASTRI Mini-Array will be run as an 

experiment dedicated to the Core Science Topics but with 
followup of some transients.

- Detection of Crab, Mrk 501 and Mrk 421. 
- The Early Science phase will begin next summer. 
- The ASTRI Mini-Array will start scientific observations in Fall 

2026 with at least 7 telescopes

- If you are interested in joining, please let us know, with 
the understanding that this would involve a commitment 
to concrete work. 

- Transition towards an Observatory period to open to 
observational proposals from the scientific community

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/
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EXTRA 
SLIDES


