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CTAO: next-generation Cherenkov
Telescope Array facility

Originally envisioned: ~ 100
telescopes of 3 different sizes
Alpha configuration (defined

2022): 64 telescopes
Expected to improve sensitivity by
~ factor 10 compared to existing
facilities (H.E.S.S., MAGIC,
VERITAS)
Extend energy coverage:

~ 10 GeV - >100 TeV
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Science Data Management Centre
Zeuthen, Germany

3

3
Headquarters (‘
* Bologna, Italy i
CTAO North ~

83 3
o

La Palma, Spain

cilities

CTAO South
Paranal, Chile

v Current status:

see talk by Alicia
Lopez Oramas »
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CINFN

Masahiro Teshima
recently elected new
spokesperson

SOnEEEE T TR
g \ ity

« CTAO/CTAC General Meeting

Naples, Italy ~ 14-18 November 2022
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CTAO Alpha Configuration + CTA+ CTAO
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The CTAO in context: southern alpha configuration performance
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Courtesy of CTAO simulation team

3 types of telescopes:

e LST (23m diameter)
e MST (12 m diameter)
e SST (4m diameter)

CTAO-S => 14 MST + 37 SST
(from Italian PNRR: +2 LST + 5 SST)
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The CTA+ Program in the PNRR context.

> PNRR Proposal approved in June 2022: 71.5M<€ to be spent in 30 (+6) months (2023-25). Project KO on Jan. 15t 2023.
> Main contribution aimed at enhancing CTAO-S, opening/strengthening transient science in CTAO South i.e.:
a) CTAO-S baseline + 2 LSTs (CTA+ major effort) (PI: Antonelli)
b) CTAO-S baseline + 5 SSTs (PI: Tagliaferri)
c) + Multi-wavelength follow-up enhancements:
i. VST polarimeter (PI: Schipani)
ii. TNG fast photometer (eSIFAP, PI: Ambrosino)
iii. Fast vlbi radio (PI: Giroletti)
iv. Stellar Intensity Interferometry (for ASTRI; Pl: Zampieri)
d) + R&D new detectors for Cherenkov telescopes or complementary (PI: Marsella)

e) + science & outreach in Italy and HQs (Resp.: Zanin)

C. Aramo — RICAP 2024 Missione 4 e Istruzione e Ricerca
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Proposal CTA+ editorial board:

@D INAF M. Cappi (Coord.), A. Antonelli, A. Comastri,
. , G. , E. ) E.
“ INAF+Uni G. Pareschi, G. Tagliaferri, E. Pian, E. Capellaro
@ INFN (INAF) R. Zanin (CTAO), N. Giglietto, G.
. Marsella, R. Paoletti, C. Aramo (INFN)
=50 INFN+Uni

Program
Office I

LSTs South Optical/radio &D Scienc

Follow-up

1200

1.14 M€ ~56.18 M€

Project Office Coordination

m WP 1310 Office WP 1410

Mechanical Mechanical VST Polarimeter

structure structure MAIT/V

. TNG O/NIR Fast
Mirrors and Mirrors !

actuators Photometer RS . CTAO HQ
MAIT/V : J

RadioFast VLBI

WP 1340 MAIT/V

Project Office

Intensity Interferometer
NB: ~56 M€ @ INAF LosrTSRSITs, prototyped on
and ~12.6 M€ @ INFN, + Uni MAIT/Y

Ay
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PB S LST-South

AIT/V &
Infrastructure

Mechanical

Structure Mirrors Auxiliary Camera

Camera
Calibration
Boxes

Mechanical Site

g Primary Mirrors Structure Infrastructures

Front Plane
Instr.

Optical Support Mechanical

Structure A llluminators

= LST Integration

Camera Access Local Control Control Digital Signal
Tower Software Software Processing

Auxiliary Auxiliary
Systems Systems
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LST-South workflow

»  CTAInfrastructure I

Box

Calibration Systems

-
hh“‘*-k —
|! Energy Storage Sys
L Mount /7 In-kind contribution
Mirrar fac_et FE Mirror facet Mirror facets fx“' +
analysis prototype /»
V Telescope AV
J AMC boxes -
Optics Actuators motors Actuators In-kind contribution e /
. J
/
e ciory Y/
Mechanical structure ——— Camera fa —  Camera shipping /
- integration
_ T /
_— = i /
PhotoMultipliers — e /
7 //’ / Auxiliary system ] /
PACTA, LOfL1 T > y /
In-kind contribution Electronic boards // /// T f:’;
Electromic - e Front entrance wind. ,fr
Camera compenents In-kind contribution /
\ / J
s
INuminatar /
i
Camera Calibration Pointing & TCS SW

In-kind contribution

* Mount to be adapted to
cope with CTAO-S site
conditions

e Optics will keep LST-N
overall concept
(hexagonal mirror facets
supported in very similar
ways)

 Camera and
auxiliaries will be as in
LST-North
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LST South tenders strategy

* The chosen strategy was to take an end-to-end approach with few
tenders.

* A fair approach was essential to ensure that all bidders were on a
level playing field in the tenders.

* We used the CTAO requirements and specifications tailored for the
southern site as mandatory parameters (in the sense of "applicable
documents") and the openly available documentation as "reference
documents”.

C. Aramo — RICAP 2024 Missione 4 e Istruzione e Ricerca
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LST-South camera

LST South CTND INFN

HE W N &t S

WP1210
|.5T-5 Pl'ﬂj'!tt Dfﬁt! ............................................................................................................................................... .
wWp1220 WP1230 WP1250 WP1260
WP1240
L5T-5 Mechanical Structure LST-5 Optics L5T-5 Auxiliary LST-5 AIT/Y
LST-5 Camera

. & Raw Processing ’
ils & SRR & EEEEE S EEEER fE EEE S SR (L SRR e SR el (Riccardo Pacletti, UNISI}] - rrrrsssannsnmemsnnrrsasaansnnsssrnonsrssasanssnnsrrnnnnnnnan® )

WP1240-1 WP1240-2 WP1240-3 WP1240-4 WP1240-5 WP1240-6

LST-CAM LST-CAM LST-CAM LST-CAM LST-CAM LST-CAM

5/5 Management Mech Structure Front Plane Instr. Signal Processing Auxiliary Systems Integration
(Gaia Verna, UMISI) {Serena Loporchio, POLIBA) (Leonardo Di Venere, INFN-BA) {Pietro Ottanelli, INFN-P1) {Leonardo Orsini, INFN-P1) (Renato laria, INFN-CT)
Tender 1 Tenders 3 and & Tenders 5 and & Tender 2 Tender 7
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Tender 3: PMTs Tender 5: Active components

Tender 1: camera mechanics
] procurement

Tender 6: DRS4

Tender 4: Cluster electronics production & assembly

Tender 2: auxiliary system + Tender 7: Integration facility in Catania

Outcome: 2 fully equipped LSTs + 470 spare modules (PMT + readout + backplane) + 1 spare cooling unit

C. Aramo — RICAP 2024 Missione 4 e Istruzione e Ricerca
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SST: the actors

SST Camera Consortium

DE: MPIK, DESY, ECAP

UK: Universities of: Durham, Leicester,
Liverpool, Oxford

NL: UVvA, Groningen
JP: Nagoya
AU: Universities of: Adelaide, Western

Sydney, Sydney, Australian National,
New South Wales, Monash, Curtin

The IAG-USP Institute from Brazil will contribute
to the AIT/AIV activities in Chile
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Coordination with SST ESC
Liaison with CTAO PM

ISTITUTO NAZIDMNALE

LN ASTHOFISICA

Management and technical coordination
Product, Quality and Safety Assurance
RAM and Risk Management

AIT/V approach and coordination
On-Site AIV

Support exploitation

VVVVVVVVVY

SST Camera
Management Support

SST CAMERA
Consortium

Design & Analysis
CAD and FEM

VVVVVVVVYVYYY

Development and AITV
On-Site TEL AIT support

Italiadomani

INAF

ISTITUTO NAZIONALE
DI ASTROFISICA

SST TELESCOPE COORDINATION (ON BEHALF OF SST Consortium)
Responsible of SST PRO Organization and Management

Interfaces coordination (STR/CAM, TEL HW/CTA Infra TEL SW/ACADA)

SST Structure

» Product, Quality and Safety Assurance
» Design & Analysis

¥ CAD, FEM & Optical Analysis

» Interfaces with CTA INFRA and ACADA
» Subsystems procurement

» SW development coordination & HW/SW integration
» SST CAM Accommodation

» RAM and Risk Management

» Development and AIT/V

» On-Site TELAIT

Product, Quality and Safety Assurance,

Interfaces with CTA INFRA and ACADA
Subsystems procurement

Software development and HW/SW integration
Input to CAM Accommodation on STR

RAM and Risk Management

Contribution in SST-MECH serial production
Management Support
Product, Quality and Safety Assurance
Design & Analysis
CAD and FEM

e | PSL@]

Slide G. Tagliaferri

. Aramo — RICAP 2024

Input to SST STR for design
RAM and Risk Management
Development and AIT/V
On-site AIT/V support

>
»
»
>
» Interfaces with SST MEC
>
>
»
»
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Industrial Contracts Status

SST-MEC Tender #1: INAF 25 SST-MEC, the first 5 from CTA+ will be completed by 31/12/2025
* selected the Dal Ben company

* The contract has been signed with Kick-Off on June 3™, 2024, activities ongoing

» Next important milestone is the CDR (December 2024/January 2025)

SST-MEC Tender #2: CNRS 12 SST-MEC + Telescopes Integration
e call for tender to be issued by the end of 2024

SST-OPT Tenders (INAF):

* Primary mirrors (M1): selected the Media Lario Company, the activities have just started
« Secondary mirrors (M2):  contract is on going (for the first five mirrors)

Slide G. Tagliaferri
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SST: input from ASTRI, lessons learnt and solutions directly tested

See talk by G. Pareschi

I\/Iechanlcal CAI\/* mmunte&
on, A\W Fefl in Tenérlfe-s -
f(N‘ov’ember 2023)
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SST Programme Status

Now we are here

The integration of the
first SST Telescope in
" Chile is expected to start
by the end of next year

Bridging Phase Consolidation Phase
1 10
r 28 R
c v
DVER BKO Product Review KO Tenders KO CDR
July2020 > July 2021 February 2023 > June2023 > May/June 2024 > Jan 2025
o= 2 Final Design
Preliminary Design Pre;:\fli::rga[:;sngn
fodepied Accepted
Production
Production and On-site AIT/V ommissioning /
Phases Science Phase
. I\
( , | Y )
/ / / /
/ / O-TRR ACRV
TRR /  TRBI/PSR / / /
>/ —Y f——>/ 0Oct2025- /——> Feb2026- ——» FAR
June 2025 Sept 2025 Mid 2028

mid 2028 |

Authorise test
on first telescope
on Factory

/ /
Consent to Shipment

Authorise Integration
and Tests On-Site

Provisional
Acceptance
Certificate

Final
Acceptance
Certificate

A\ 4

Assuming a successful
CDR and that the

Events Closed

/
/

7
/

construction of the
southern site in Chile
starts early next year

/ SST-PRO Milestones /

CTAO Review
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CTA+ outreach program

» The CTA+ program also includes many outreach and
science communication activities, with events for
the general public, but above all with activities for
students and training for teachers to bring them
closer to the fascinating world of gamma rays and
astroparticle physics.

Among all these activities, | will briefly describe two
courses dedicated to Italian high school teachers,
also using the Cosmic Ray Cube telescopes,
founded by CTA+ program

C. Aramo — RICAP 2024 Missione 4 e Istruzione e Ricerca
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Discovering cosmic rays for in-service
high school physics teachers

From 10 to 13 December 2023, 17 secondary
school teachers from all over Italy attended the
"Discovering Cosmic Rays" a course at the Gran
Sasso National Laboratories.

The 2.5-days residential course was an
opportunity to learn more about the fascinating
topic of cosmic rays and gamma rays, the
experiments that observe them and the
messages they can bring us from space.

C. Aramo — RICAP 2024 Missione 4 e Istruzione e Ricerca
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During the practical sessions, participants were actively
involved in building a muon telescope, performing a muon
flux measurement and analysing the data.

i1 35 e

The aim of the course was to provide an overview
familiarise themselves with the activities, experience them first hand and build on their prior
knowledge and skills, thus facilitating immediate implementation of the activities in the classroom.

C. Aramo — RICAP 2024 Missione 4 e Istruzione e Ricerca
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Second Teachers' Course INFN and Department of Physics and Astronomy, University of Padua.

—
» From September 9th to 11th, 30 physics teachers from INFN istituto Nazionale di Fisica Nucleare

Secondary SChOOIS a” over Italy partiCipated in the HOME ISTITUTO v STRUTTURE v ESPERIMENTI ¥ COMUNICAZIONE~ PNRRv OPPORTUNIT.
l' . . . . 'l
course "Discovering the High Energy Universe". —_——

INSEGNANTI ALLA SCOPERTA DELL'UNIVERSO DELLE ALTE ENERGIE D

Al via oggi, 9 settembre, fino all'11 settembre, il corso ﬂ
promosso dall'INFN “Alla scoperta dell'universo delle alte

energie” dedicato a docenti delle scuole superiori di tutta Italia. Tre
giorni di seminari, analisi di dati astrofisici e studio delle sorgenti di
raggi cosmici di altissima energia, il tutto nella cornice del

Dipartimento di Fisica e Astronomia dell'Universita degli Studi di
Padova e della Sezione di Padova dell INFN.

» During the three days, seminars were held to deepen
the knowledge of cosmic rays and the extreme events
that produce them, such as blazars

Dopo il successo della prima edizione, lo scorso anno, questa volta
sono stati selezionati, tra 180 docenti candidati, 30 docenti da 15

» There was space for experimental activities through
. regioni italiane, con l'obiettivo di far loro conoscere pil da vicino I'affascinante tema dei raggi cosmici per conoscere gli esperimenti
t h e U S e Of a St ro n O m I Ca I p O rta I S to a Cce SS d ata fro m che li osservano e le sorgenti astrofisiche che li producono. Le docenti e i docenti stanno partecipando in prima persona all'analisi di
dati di osservatori astronomici attraverso |'uso di portali dedicati. Il corso ha, infatti, anche I'obiettivo di consentire ai docenti di

astronomical observatories, perform data analysis ke cochone n ase U romerkoskpcaiv s ik o et ez  ar B G|
activities, and develop educational pathways for use

docenti potranno osservare da vicino le attivita sperimentali in corso.

Il corso viene proposto nell'ambito del progetto PNRR Cherenkov Telescope Array Plus CTA+ come attivita del progetto dell'INFN OCRA

i n t h e Cl a SS ro O m - Outreach Cosmic Ray Activities che coordina a livello nazionale le attivita sulla fisica dei raggi cosmici dedicate alle scuole e al
. pubblico, coinvolgendo, in tutta Italia, ogni anno oltre 1500 studenti e docenti.
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Conclusions

CTA+ will improve the performance and scientific output of the CTAO South Array

The larger and most ambitious goal of the CTA+ programme is to implement two LSTs and five SSTs at the CTA
South site in about three years, using an end-to-end approach.

The two telescopes will be realised using the same basic design as the northern LSTs, with the exception of the
modifications required to meet the environmental requirements of the southern site and to further reduce
construction risks and costs.

The production of the auxiliary instruments, cameras, mirrors and mechanical structures will be realised
through large industrial contracts overseen by the CTA+ management with the support of the LST
Collaboration and the CTAO.

Some international partner countries of the LST Collaboration also provide in-kind contributions to the
realisation of part of the telescopes.

CTA+ is carrying out an R&D programme for future CTAO detectors and ancillary instruments.

The science and outreach programme is well integrated and developed.

C. Aramo — RICAP 2024 Missione 4 e Istruzione e Ricerca



Finanziato 23 Mini
dall'Unione europea 5 dell'Universita INFN
NextGenerationEU > e della Ricerca

Acknowledgements

This work has been realized with the EU funding program "Next Generation EU" in the context

of the PNRR-IR "CTA+". The acknoledgements for CTA Consortium are listed here: https://www.
cta-observatory.org/consortium_acknowledgments/ . We gratefully acknowledge financial support
from the following agencies and organisations listed here: https://www.Ist1.iac.es/acknowledgements.

Questions?

C. Aramo — RICAP 2024 Missione 4 e Istruzione e Ricerca



	Diapositiva 1: The Italian Program PNRR CTA+ for the Cherenkov Telescope Array Observatory South Site
	Diapositiva 2
	Diapositiva 3
	Diapositiva 4
	Diapositiva 5: The CTAO Consortium
	Diapositiva 6: Expected Sensitivity
	Diapositiva 7
	Diapositiva 8
	Diapositiva 9: The CTA+ Program in the PNRR context.
	Diapositiva 10
	Diapositiva 11: PBS
	Diapositiva 12
	Diapositiva 13
	Diapositiva 14
	Diapositiva 15
	Diapositiva 16: SST: the actors
	Diapositiva 17: Industrial Contracts Status
	Diapositiva 18: SST: input from ASTRI, lessons learnt and solutions directly tested
	Diapositiva 19
	Diapositiva 20
	Diapositiva 21
	Diapositiva 22
	Diapositiva 23
	Diapositiva 24
	Diapositiva 25

