
for the ASTRI Project

The ASTRI Mini-Array

11th International Workshop on Ring Imaging Cherenkov Detectors. Edinburgh 12-16 Sept 2022

S. ScuderiςIASF Milano



S. Scuderi, RICH 2022, 12-16/09/2022 2

Layout of the presentation

ÅThe ASTRI Mini-Array project
ÅPerformance
ÅScience & Operation concept
ÅASTRI Mini-Array technical description
ÅASTRIMini-Arrayimplementation



S. Scuderi, RICH 2022, 12-16/09/2022 3

The ASTRI Mini-Array Project

The ASTRI Mini-Array is the second step of project whose purpose is to construct, deploy 
and operate an array of 9 Cherenkov telescopes at the Observatorio del Teide in Tenerife 
(Spain) in collaboration with Instituto de Astrofísicade Canarias. 

More than 150 researchers belonging to
ÅINAF institutes (IASF-MI, IASF-PA, OAS, OACT, OAB, OAPD, OAR) 
ÅItalian Universities (Uni-PG, Uni-PD, Uni-CT, Uni-GE, PoliMi) 
ÅInternational institutions (University of Sao Paulo ςBrazil, North-West University ςSouth Africa, Instituto 

de Astrofísica de Canarias ςSpain, University of Geneva ςSwitzerland).

Italian and foreign industrial companies are involved in the ASTRI Mini-Array project with 
important industrial return.

ASTRI(Astrofisica con Specchi a Tecnologia Replicante Italiana) was born as άProgetto 
Bandieraέ ŦǳƴŘŜŘ ōȅ ItalianMinistry for Researchwith the initial aim to design and realize an 
innovative end-to-end prototype of the 4 meter class telescopes in the framework of the CTA 
observatory
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The ASTRI Mini-Array Project

ÅTheASTRIMini-Arraycanbeconsidereda newpathfinderof the arraysof Cherenkovtelescopes

ÅHostingagreementwith IACforesees4 + 4 yearsof operationsfor the ASTRIMini-Arraystarting
from beginningof operations

ÅDuringthe first 3 yearsof operationsthe arraywill be run asanexperiment

ÅThe ASTRIScienceteam is developinga strategy to concentratethe observationaltime on a
limited numberof programswith clearlyidentifiedobjectives

ÅAfter this initial periodthe projectwill graduallymovetowardsanobservatorymodel in whicha
fractionof the time will be assignedto scientificproposalsthrougha TimeAllocationCommittee
procedure
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aƛƴƛ ōǳǘ ƴƻǘ ǎƳŀƭƭΧ

Sensitivity: better than current IACTs (E ṃ3 TeV):
Extended spectrum and cut-off constraints

ASTRI Mini-Array expected performance

Energy/Angular resolution: ~10% / ~0.05̄ (E > a 
few TeV)

Characterize extended sources morphology

Wide FoVόҗ мл°), with almost homogeneous off-
axis acceptance

Multi-target fields and extended sources
Enhanced chance for serendipity discoveries

Largest Imaging Atmospheric Cherenkov Telescopes facility until CTAO will start to operate
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aƛƴƛ ōǳǘ ƴƻǘ ǎƳŀƭƭΧ

ÅWide-field stereoscopic observations in the 1 ς300 TeVenergy band
ÅRestricted number of targets/deep exposures (²200 h)
ÅGalactic sources: wide FoV­multi-target fields
ÅExtragalactic sources: survey of a few promising targets at > ~10 TeV scale
ÅFundamental physics: studies on LIV, EBL, Axion-[ƛƪŜ tŀǊǘƛŎƭŜǎΣ Χ

ÅStellar Hambury-Brown intensity interferometry in the visible band
ÅDirect measurements of cosmic rays

The ASTRI science team is developing a core science program
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ASTRI Mini-Array papers
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Operation modes

ÅNormal (science) observation mode: this is used to observe the targets as defined by the Science Operation 
Plan. Usually science observations require dark time, although it is also possible operate also during 
moderate moonlight conditions.  Calibration activities are included in the normal operation mode.

ÅToOMode: the science operation plan will identify some astrophysical targets that, giving raises to transient 
phenomena, will require a response from the night operator and a change in the night schedule. This means 
that no dedicated automatic software procedure to react to these transient phenomena is foreseen.  
Depending on the type of transient object the reaction time will vary from 1 hour to 1 day.

ÅCoordinated Mode: Synergies with the current VHE arrays (MAGIC, LST, VERITAS) in the northern 
hemisphere are foreseen in the science operation plan. This means that simultaneous observations will be 
possible. Usually, those observations, will be scheduled well in advance. 

ÅMaintenance mode: this mode deals with all activities necessary for the maintenance of the telescopes, the 
on-line control software, the monitoring, characterization and calibration devices, and the infrastructures 
(e.g. network, data center, etc). This is the only daytime operation mode.
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Science Operations

ÅNoreal time analysisof the data is foreseenbut only a dataqualitycheck. Dataanalysispolicyadoptedwill
then benextdayprocessing.

ÅNoarraytrigger(stereotrigger)will be implementedat the site. Anysearchfor Cherenkoveventsdetected
in coincidenceby more than one telescopewill be performed via software off-line at the RomeData
Centre.

ÅNosubarrayoperationis foreseen.

ÅNight scienceoperationswill be controlled remotely from LaLaguna@ IACor, eventually,from control
roomslocatedin Italy­ no peoplerequiredat the siteduringthe night.

ÅThe local control room at the Themis Observatorywill be used during commissioningand science
verificationphase,duringmaintenanceactivitiesor in caseof other specialactivities.
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The ASTRI Mini-Array locations

The ASTRI Mini-Array in Tenerife
ÅTelescopeArray & auxiliaries(Observatoriodel Teide - OT)
ÅLocal Control Room @ THEMIS building (OT)
ÅOn site Data Centre @ IAC Teide Residencia(OT)
ÅArray operation center @IACTEC in La Laguna

The ASTRI Mini-Array in Italy
Å Data Centre in Rome
Å Remote Array operation centers
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The ASTRI Mini-Array architecture: Product Tree

Infrastructure: composedby all thosepartsneededto makethe observationalsitesuitableto host the telescopesof the ASTRIMini-Array.
Safety& Security: an independentsystemfor the protectionof peopleandsiteassets
Telescopes: includemainly the hardwareusedto collectand imageCherenkovlight from air showersand the auxiliaryassembliesneededto
supportthis function.
ICT: includesall computing/storagehardware,the overall networking infrastructure (includingcablingand switches)and all systemservices
(operatingsystem,networkingservices,nameservices,etc.) necessaryon site andoff site to control andmonitor the arrayand to archiveand
analysethe scientificandengineeringdata.
Software: TheMini-Arraysoftwarewill provideto the usera setof tools from the preparationof an observingproposalto the executionof the
observations,the analysisof the acquireddataonlineandthe retrievalof all the dataproductsfrom the archive.
Monitoring, Characterizationand Calibration: the set of devicesthat allowsthe environmentalmonitoring the atmosphericcharacterization
andthe arraycalibration.
LogisticsSupport: includesall the hardware& softwarenecessaryfor the preventiveandcorrectivemaintenanceof the ASTRIMini-Array.
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The Teide Infrastructure

ÅCivilWork (includingfoundationsfor telescope
andauxiliaries,roads,trenches)

ÅPower supply network (including transformer
station,UPSandemergencypowergenerator)

ÅTelecommunicationnetwork

ÅControlroom @Themisobservatory

ÅOnsiteDataCentre@TeideResidencia

ÅServicecabinets
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LƴŦǊŀǎǘǊǳŎǘǳǊŜΥ ¢ŜƭŜǎŎƻǇŜΩǎ ŀǊŜŀ

Service cabinet
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Infrastructure: Power network
Transformationstation
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Infrastructure: Telecommunication network

Data Centre
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ASTRI Mini-Array telescopes in a nutshell

ÅOpto-mechanics (EIE, MLT, Flabeg, ZAOT)
ÅAlt-azimuthal mount
ÅModified Schwarzschild-Couderconfiguration
ÅPrimary Mirror: 4.3 m (18 segments)
ÅSecondary Mirror: 1.8 m (monolithic)
ÅF-number: 0.5
ÅAverage effective area > 5.0 m2

ÅOptical PSF ¢0.19 deg
ÅPost calibration pointing precision ¢7 arcsec

ÅCherenkov Camera (CAEN, EIE, NI, Hamamatsu, 
Weeroc)
ÅFront-end electronics based on CITIROC-1A ASIC
ÅSiPMsensors: 7x7 mm (series LV3 ς75 mm pixel size)
Å2368 pixels (37 matrices of 8x8 pixels)
ÅFilter Window with dielectric coating 
ÅAngular pixel size: 0.19 deg
ÅField of View: 10.5 deg 
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ASTRI-1 integration @ EIE labs
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ASTRI-1 on site integration

Telescope integration takes 2-3 
weeks (working days) including:
ÅBase grouting 2-3 days
ÅM1 panels integration 2 days
ÅM2 mirror integration 2 days
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Cherenkov Cameras

SiPMmatrix

Focal Plane

Front End ElectronicsBack End Electronics

Voltage Distribution Board

FPGA boardASIC board

Filter Window


