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The (astro-)physical processes of the TeV Sky

Synchrotron radiation

Inverse Compton

Particle collisions-
cascades
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Diagnostics
multi-band observations and 
correlations, SEDs, variability, 

light curves, morphology

Sources 
novae, SNe, SNR, star 
clusters, PWN, pulsars, 

magnetars, mQSO, blazars, 
GRBs, AGN, galaxy clusters, 

star-forming SB.
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CTAO: a diverse array
• Extended energy range (20 GeV-300 TeV) with telescopes of 3 sizes. 
• Improved sensitivity, up to 5-10 times than current IACTs. 
• Improved angular resolution (3’) and energy resolution (7% @1 TeV).

1 km 

2 km 

0.3 km 
CTAO Northern array

CTAO Southern array

Alpha configuration
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Northern site: La Palma 
13 telescopes: 4 Large, 9 Medium

Southern Site: Paranal, Chile 
51 telescopes: 14 Medium, 37 Small

Alpha configuration
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Northern site: La Palma 
13 telescopes: 4 Large, 9 Medium

Southern Site: Paranal, Chile 
51 telescopes: 14 Medium, 37 Small 

+ 2 Large + 14 SST *

*CTA+ Italian project NRRP Improved Alpha configuration
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CTAO Northern array

CTAO North (LST)
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CTAO Northern array
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The CTAO prototype LST-1 is  
already producing science

LST coll 2024 – LST1 performance paper

Credits to M. Teshima & the LST collaboration



LACT first 8 tel
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CTAO in the TeV landscape
2025

CTAO intermediate configurations 

2026 2027 2028 2029 2030 2032
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The end dates of the facilities are just indicative: the fate of these instruments is currently under discussion 4

LACT full configuration

ASTRI full configuration

2035

LSTs

ASTRI first tel       ASTRI first 4 tel



La timeline della scienza di CTAO

• Step 0: il Science Data Challenge (SDC) -> fine 2026 


• Step 0-1: guaranteed early science, LST north, SST south: —> 2027. 


• Step 1: Open Early science con gli LST e MST sito nord: —> 2029 (AO call)


• Early science al sito sud MST-SST: —> 2029  (LST to be approved first)


• Step 2: inizio KSP -> 2032

2029 2030 2031 2032

Early Science 
OP 1

Early Science 
OP 2

Early Science 
OP 3 OP1

La preparazione della early science e, soprattutto dei KSP (che hanno 
un indirizzo legato alla money matrix/IKC) richiede una 

preparazione scientifica e strategica da parte di INAF e Italia

Guaranteed 
Early Science 

2027

Internamente a INAF bisogna 
sostenere la consapevolezza su queste 
attività, che stanno iniziano ORA!



12

INAF contributions to CTAO
• INAF is responsible for and leads the construction, deployment, and 

commissioning of the Small-Size Telescopes (SSTs, CTAO-South) and 
of two LSTs-South (CTA+, PNRR) within the CTAO requirements. 

• INAF is involved in CTAO activities through in-kind contributions to 
different subsystems. 

• INAF is the second-largest contributor within the CTAO Consortium in 
terms of scientific support, carrying out studies on specific science use 
cases that define and advance the scientific perspectives of CTAO, and 
coordination (SAPO, PWG coordinators). 

• INAF is part of the CTAO-LST collaboration, contributing through 
observational shifts, data analysis and interpretation, proposal 
preparation, and scientific publications. 

• INAF includes a broad and distributed community of groups and 
researchers with expertise in CTAO science cases and a strong interest in 
using forthcoming CTAO data.

Coinvolgimento 
operativo/

implementativo 
(RSN5)

Coinvolgimento 
sulle tematiche 

scientifiche 
(RSN4)



Missione 4 • Istruzione e Ricerca Padova, 25/09/24

The CTA+ Program (PI: M.Cappi):
Main contribution is to enhance CTAO-S, opening/strengthening transient 
science in CTAO South i.e.: 

a) CTAO-S baseline + 2 LSTs (major effort) (PI: Antonelli) 

b) CTAO-S baseline + 5 14 SSTs (PI: Tagliaferri)
c) + Multi-𝛎 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; PI: Zampieri) 

d) + R&D new detectors for Cherenkov tel. or complementary 
(e.g. SWGO) 

e) + science & outreach in Italy and HQs (Resp.: Zanin) (co
mpleted or b

y ~end of Ja
n. 2026)

RSN5 for RSN4



• LST South is a project of the INAF/INFN 
CTA+ Program and is part of the LST 
Consortium.  

• In-kind contribution from Japan, 
Swiss, Germany, France 

• More than 50 INAF people directly 
involved in construction,  science & 
operations (37 authors in LST-
collaboration papers).  

• Telescopes will be finally delivered to 
CTAO south site. Shipping in 2027 and 
on-site integration + commissioning 
from 2027 to 2029/30 

Different design than LST-N to 
accomplish south site reqs

RSN5 for RSN4



LST South ProjectRSN5 for RSN4



First telescope fully integrated at the factory 
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SST-MEC #1 (INAF Tender): 

● first telescope fully integrated with 
the mirrors, TCS and camera to 
perform the tests on factory 

● The other 13 structures will be 
partially integrated and tested before 
shipment 

● we are now doing the on-factory AIT/
AIV activities to be concluded in 
February 

● shipping to Chile in March, 
integration on site expected in June

The integration of the first SST 
Telescope in Chile is expected 
to start by June 2026

RSN5 for RSN4
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INAF In-kind contributions to CTAO 
subsystems

From the telescope 
systems  to the observer

https://www.ctao.org/partners/in-kind-contributors/

https://www.ctao.org/partners/in-kind-contributors/
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INAF In-kind contributions to CTAO 
subsystems ACADA 

Array Control and Data 
Acquisition System

SAG (Science Alert 
Generation) system 

Resp. INAF-OAS  
(A. Bulgarelli, N. Parmiggiani, G. 

Panebianco, G. De Cesare, V. 
Fioretti, L. Castaldini, A. Di Piano)

BDMS (Bulk Data 
Management System), 

Resp.: INAF-OAR  
(S.Gallozzi, F. Lucarelli, et al.) 
Contributions in Calibration, 

WMS, et al.

DPPS 
Data Processing and 
Preservation System

Co-Coordination   
C. Pittori (INAF-OAR, seconded CTAO) 
INAF Involvement in several packages 

(Lucarelli, Lombardi Zacharis,Gallozzi,)

SUSS 
Science User Support 

System

RSN5 for RSN4
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INAF In-kind contributions to CTAO 
subsystems

https://www.ctao.org/partners/in-kind-contributors/

Open-SDC 
1st open Science Data 

Challenge

Open Science Data Challenge 
Expected by end-2026 

Crucial contribution by INAF         
through secondee-CTAO 

Co-Coordination 
A. Stamerra (INAF-OAR) 

Technical Team coordination:                    
P. Da Vela, S. Marchesi (INAF-OAS) 
Simulations: F. Pintore (INAF-Pa),  

Scheduling: C. Bigongiari (INAF-OAR)

From the telescope 
systems  to the observer

https://www.ctao.org/partners/in-kind-contributors/
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Science with CTAO 
CTAO-Consortium

• The international scientific 
community currently shaping 
CTAO’s scientific goals and 
exploitation 

• Organised in scientific working 
groups and publication / 
conference committee 

• In agreement with CTAO, it 
influences decisions on 
instrument performance, 
performs simulations, data 
analysis planning, and multi-
wavelength studies
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• Several roles of coordination 
(e.g. Giacomo Bonnoli just ended 
Science coordinator  role) 

• INAF Consortium members 
contribute to science working 
groups by providing modeling, 
predictions, and related 
publications.

CTAO-Consortium paper on perspective 
on GW-followups being submitted soon! 
CTAO-C GW-team led by A. Stamerra, 
INAF contributions by Lara Nava and 
Barbara Patricelli (assoc.INAF)

CTAO-Consortium paper on CTAO 
perspectives for constraining DM 
from WIMPs annihilation 
Led by Michele Doro (assoc. INAF) 
and Francesco Saturni (INAF-OAR)

Science with CTAO 
CTAO-Consortium
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Science with CTAO 
CTAO-Consortium

Recent CTAO non-consortium papers (2025)
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The INAF Community for CTAO 
Exploitation

• RSN4 dedicated Survey documents  
• From the survey, several INAF researchers and groups 

conduct studies that can benefit from the observatory’s data 
and capabilities, also with intermediate array configurations.                                                                          
I believe several more are interested as well, but they are 
scattered and lack an effective exchange of information 
and expertise. 

• The (limited…) survey already highlights themes of interest 
and ongoing activities that could exploit the CTAO's early 
science phase.

https://docs.google.com/document/d/1PWxU8mr9JFXVTLh-WaFsE2OkyMK4RpIN09myT8KJZQY/

https://docs.google.com/document/d/1PWxU8mr9JFXVTLh-WaFsE2OkyMK4RpIN09myT8KJZQY/edit?usp=drivesdk
https://docs.google.com/document/d/1PWxU8mr9JFXVTLh-WaFsE2OkyMK4RpIN09myT8KJZQY/
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Science Themes and Activities by INAF 
Researchers related to CTAO Science 
(partial and incomplete!)

AGN, blazars and 
egal in MWL and 

MM 

Acceleration 
processes

Science Data 
Challenge and 

simulations

Fundamental 
physics and dark 

matter

From the RSN4 dedicated Survey documents 

Acceleration 
models in 
non-jetted 

AGN

GW follow-
up and 

observing 
strategies

GRB pop 
models and 
MM probes

Gamma-ray 
novae 

Seyfert and 
SB galaxies

AGN 
variability 
and MWL 
studies

SgrA* and 
Fermi/

eROSITA 
bubbles

Star forming 
regions and 

massive 
clusters

Microquasars 
observations 
and modeling

CR 
acceleration 
SNe/SNR

TeV halos 
and 

extended 
sources

PWN 
observations 
and modeling

Galactic 
plane, 
surveyGalaxy, galactic 

sources and 
surveys

Multi-messenger 
and transients

ALP effects 
blazars/

GRB

IGMF 
effects 

blazars/
GRB

DM 
searches

msec-
pulsars

Theme

Group activity

https://docs.google.com/document/d/1PWxU8mr9JFXVTLh-WaFsE2OkyMK4RpIN09myT8KJZQY/edit?usp=drivesdk
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Section of the presentation

CTAO e INAF: una sfida strategica 
per il prossimo decennio 

• CTAO osservatorio di riferimento mondiale per la scienza gamma (∼10 GeV – centinaia di TeV) dal 2026–
2035 e oltre

• Contributo INAF sostanziale nella costruzione e nell’implementazione (LST-N/S, CTA+, SST) 
• Accesso privilegiato INAF alle osservazioni fin dal 2027 (Guaranteed Time), seguito da Open Early Science 

(2029) e piena operatività

• Ruolo chiave dei Key Science Projects, definiti dalle nazioni coinvolte nella costruzione

• I prossimi anni sono cruciali per:

◦ costruire una comunità INAF solida e coordinata
◦ sviluppare competenze multi-messaggero e multi-frequenza dedicate ai casi scientifici CTAO

◦ formare giovani ricercatrici e ricercatori alla scienza basata sui dati CTAO

• La raccolta di competenze, interessi e potenzialità è essenziale per:

◦ supportare i gruppi di ricerca INAF interessati alle osservazioni di CTAO e alla scienza collegata

◦ massimizzare il ritorno scientifico di CTAO

è già iniziata!





28

CTAO Headquarters in 
Bologna, Italy

(Site)

CTAO: a distributed facility

Computing Center at DESY 
(Germany)



29

The INAF Community for CTAO 
Exploitation

• RSN4 dedicated Survey documents  
• From the survey, several INAF researchers and groups 

conduct studies that can benefit from the observatory’s data 
and capabilities, also with intermediate array configurations.                                                                          
I believe several more are interested as well, but they are 
scattered and lack an effective exchange of information 
and expertise. 

• The (limited…) survey already highlights themes of interest 
and ongoing activities that could exploit the CTAO's early 
science phase.

https://docs.google.com/document/d/1PWxU8mr9JFXVTLh-WaFsE2OkyMK4RpIN09myT8KJZQY/

Establish narrow-line Seyfert galaxies as 
a new class of TeV emitters.  
Excellent targets for the CTAO 
guaranteed time and early science (low 
risk ToOs, high gain) 
(P. Romano, S. Vercellone)

Just an example

https://docs.google.com/document/d/1PWxU8mr9JFXVTLh-WaFsE2OkyMK4RpIN09myT8KJZQY/edit?usp=drivesdk
https://docs.google.com/document/d/1PWxU8mr9JFXVTLh-WaFsE2OkyMK4RpIN09myT8KJZQY/
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An astronomical observatory
An open proposal-driven observatory
• Proposals will be evaluated only on their scientific merit 
• Data with a proprietary period of 1 yr after that fully open

HOST  
GUARA 
NTED 
TIME 
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CTAO  
contributing  

parties

D
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40%  
KSP TIME

HOST 
countries In
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37%  
OPEN TIME

From telescope 
systems to the observer
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GRB 221009A: the most extreme GRB

★ TeV (afterglow) emission: key findings 

✓ GRB engine accelerates photons up to TeV 

✓ Evidence of a second energetic component 

✓ Energy budget and time evolution similar to the 
optical-X-ray component 

✓ TeV flux follows closely the X-ray flux 

✓ Constraints on the surrounding medium 

✓ TeV emission can last days 

✓ Gamma-rays up to 12 TeV from the GRB 221009A! 

✓ Indication on jet structure

31

GRB 221009A

2025

l i g h t c u r v e
LST Collaboration - ApJL (2025)

Results on GRB 221009A with 

LST-1 first CTAO telescope in 

operation!

Jet break → jet angle ~1o

4.1𝜎 excess 
Limit on models

Constraints on models!

Struct.jet 
models

1 
2 
3
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CTAO Northern array

In 3 years from now

1001010.1

10-13

10-12

10-11

10-10

Energy [TeV]

E2
 d

N
/d

E 
[T

eV
/c

m
2 s

]

1000

50 hr

1 yr

5 yr

50 hr

HAWC

IACTs ASTRI
LHAASO



33

CTAO Northern array

In 3 years from now
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With respect to current 
IACT arrays: 
• Sensitivity up to a 

factor of two better 
• Angular resolution up 

to 40% improvement
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When will the scientific  
impact begin?

2 LST

2 LST + 1 MST

1 MST + 5 SST

5 SST

Angular resolution up to  
40% improvement with  
respect to current IACT  
arrays
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Full sky

CTAO Performance
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The TeV gamma-ray sky 
(E>~50 GeV-100 TeV)

http://tevcat.uchicago.edu

308 sources in total 
93 are AGN-blazars/radiogalaxies 
5 Gamma-RAY Burst GRB

Most of these TeV sources are 
variable (minutes-to-months)

http://tevcat.uchicago.edu
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Prospects on GRBs with CTAO

• Lower energy threshold → larger distances/volume 

• Up to ten times better sensitivity → precision measurements 

• Fast slewing → TeV prompt emission?
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GRB 080916C  z=4.3 
(Simulation)
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www.worldscientific.com/worldscibooks/10.1142/10986
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Imprint of IGMF on the GeV-TeV gamma rays
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Excess at lower energies

Neronov et al. 2009

γCMB

γEBL

e+

e-
TeV

GeV
Indirect detection of the IGMF ● Extended γ-rays halos 

● Spectral features (cascade spectrum) 

● Time delayed γ-ray emission

B-field 
IGMF 

Credit: Paolo Da Vela - INAF Bologna


