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Antonio Stamerra, INAF-OAR

antonio.stamerra@inaf.it
antonio.stamerra@cta-observatory.org
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The (astro-)physical processes of the TeV Sl<y

WHAT cAN WE LEARN WITH TeEV OBSERVATIONS
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The (astro-)physical processes of the TeV Sl<y

WHAT cAN WE LEARN WITH TEV OBSERVATIONS

| Diagnostics
multi-band observations and
’ .;',CRFconnect correlations, SEDs, variability,
£ light curves, morphology
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. CTAD
CTAQO: 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).
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CTAO Northern array
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Southern Site: Paranal, Chile
51 telescopes: 14 Medium, 37 Small
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’ 13 telescopes: 4 Large, 9 Mediu

g
Chile

Southern Site: P ran,
151 telescopes: 14 Medium, 37 Small

=
*CTA+ ttalian prqject NRRP Improved Alpha configuration i";‘; ) .



CTAO North (LST)

LST1 LST4 LST2

Oct 2018 Mar 2025 Nov 2025
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BL Lac intranight fast variability (a few min)

-20 0 80 100 120

20 40 ©
MJD (+59435) [minutes]

OP313: discovery of the most distant VHE AGN Galactic Center 39hrs (Sgr A":, diffuse)

s Fermi Light curve
20{0.1 - 300 GeV i
{41, LST-1ToO Dec 2023

Index Flux [ph cm-2 s-1]

e O T .
_Hard-index state

60280 60300 60320

Credits to M. Teshima & the LST collaboration

Galactic Latitude

The CTAO prototype LST-11is
ready producing science

Symbiotic Nova RS Ophiuchi

Energy 1.00 TeV - 100 TeV

00' 359°30°' 00'
Galactic Longitude

Crab pulsar above 20GeV

303000 {
302000 {

04

025 050 075 1.00 125 150
Pulsar phase

Geminga pulsar above 15GeV

121 r P1 region,
Source-dependent (2d < 50 deg) 2 n, regi peaks(br’idgglei:
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C
CTAO in the TeV landscape

2025 2029
4

MAGIC

2026 2027 2028 2030 2032

VERITAS

ASTRI first tel ASTRI first 4 tel

HAWC

VHE gamma-ray astronomy

The end dates of the facilities are just indicative: the fate of these instruments is currently under discussion

TNAD

2035

SWGO staged



La timeline della scienza di CTAO

Internamente a INAF bisogna
sostenere La covx,sape\/oLezza suw queste

Step O: il Science Data Challenge (SDC) -> fine 2026 attivitd, che stanno iniziano ORAL

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)

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

Step 2- inizio KSP -> 2032 La preparazione della early science e, soprattutto dei KSP (che hanno

un tndirizzo Llegato alla money matrix/IKC) richiede una
preparazione scientifica e strategica da parte di INAF e ttalia

Guaranteed Early Science  Early Science Early Science
Early Science OP 1 OP 2 OP 3 OP1

2027 2029 2030 2031 2032



CTAND
INAF contributions to CTAO

Coinvolgimento Coinvolgimento

operativo/ sulle tematiche
* INAF is responsible for and leads the construction, deployment, and implementativo scientifiche
commissioning of the Small-Size Telescopes (SSTs, CTAO-South) and (RSNS) (RSN4)

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.



W Ministero . )
dall'Unione europea 1 dell’Universita [taliadomani
NextGenerationEU #35%> e della Ricerca PIANO NAZIONALE

DI RIPRESAERESILIENZA | @ W ISTITUTO NAZIONALE

DI ASTROFISICA

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

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

l‘ leted (May 2025)

process ongoing (foreseen end
. wDR(ouseen 0:(2 25)

b) CTAO-S baseline +5-14 SSTs (PI: Tagliaferri) w
c) + Multi-v follow-up enhancements: ™ ﬁa

i. VST polarimeter (PI: Schipani)

ii. TNG fast photometer (eSIFAP, Pl: Ambrosino)

iii. Fast vlbi radio (PI: Giroletti)

iv.  Stellar Intensity Interferometry (for ASTRI; Pl: Zampieri)

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

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

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



« 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 directl
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

PNRR
EXTENSION

EXTRA PNRR FUNDS




LST South Project
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First telescope fully integrated at the factory CTZAAD | &lssoration

SST-MEC #1 (INAF Tender):

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

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

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

e shipping to Chile in March,

eescope 18 !H‘ IS expece

integration on site expected in June PGS by June 2026







CTAD

INAF In-kind contributions to CTAQO
subsystems

Dynamic

Observation Scheduling

Planning
Control and

Acquisition

Proposal
Submission
and

Evaluation )
Realtime

Processing

From the teLescope
[S 3stems to

Next-Day
Processing

Dissemination
and Delivery

Science Data

Preparation Processing w_Process Flow

Status and Reporting

Reprocessing

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



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

CTAD

INAF In-kind contributions to CTAQO
subsystems ACADA

Array Control and Data

Dynamic Acquisition System
| Scheduling

Observation

Planning SAG (Science Alert

_ Generation) system
Proposal -
2o ’ Resp. INAF-OAS
Evaluation Reattime (A. Bulgarelli, N. Parmiggiani, G
Processing Panebianco, G. De Cesare, V.

SUSS

Fioretti, L. Castaldini, A. Di Pia
Science User Support

System
\ \© / NortDay DPPS
Co-Coordination : Data Processing and
C. Pittori (INAF-OAR, seconded CTAO) : _ : y, Preservation System
INAF Involvement in several packages it s BDMS (Bul

(Lucarelli, Lombardi Zacharis,Gallozzi,)

Science Data
Preparation

Processing " 4 Process Flow

Status and Reporting



CTAD

INAF In-kind contributions to CTAQO
subsystems

Observation

Planning
Control and

Acquisition
Proposal
Submission
1st open Science Data Eva?l:‘:tion
Challenge 4 Realtime
Processing
Open Science Data Challenge [ @ From the teLescope
Expected by end-2026 < 5 ctems to
Crucial contribution by INAF : Next-Day
through secondee-CTAO va §
Co-Coordination 'S4 |
A. Stamerra (INAF-OAR) gyt

Technical Team coordination:

P. Da Vela, S. Marchesi (INAF-OAS) Lol
Simulations: F. Pintore (INAF-Pa), Preparation Processing
Scheduling: C. Bigongiari (INAF-OAR)

k Reprocezsi.g _



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

Science with CA
CTAO-Consortium

* The international scientific
community currently shaping
CTAOQ's scientific goals and
exploitation

» Organised in scientific working
groups and publication /-
conference committe

* In agreement with CTA"»
influences decisions on
instrument performanc
performs simulations, d
analysis planning, and
wavelength studies £

.....



Science with G

TAO

CTAO-Consortiu

» 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 s = a..maw.,.fc?;r“ /A e
on GW-followups being submitted soon! | === e il o : -
CTAO-C GW-team led by A. Stamerra, o .J«“m‘:c‘::?m:‘m, e
INAF contributions by Lara Nava and Explora i parmtar e offia a7 [EAREN—
Barbara Patricelli (assoc.INAF) a faii M :P::x:m;;;m.:y

CTAD

CTAD

FLASHPGINT 4

de Marseille, CNRS, France

M

Credit

Ghosts of the Cosmos: CTAO's Quest for
CTAO-Consortium paper on CTAO RBEILQVYENRE]
perspectives for constraining DM . crio
from WIMPs annihilation most powerul observaor o Gamm.rayssvonomy.
Led by Michele Doro (assoc. INAF) Deta pubbicazions: 31 ot 2025
and Francesco Saturni (INAF-OAR)

Written by CTAO Consortium members Michele Doro, University of Padova & INFN
Padova; Francesco Gabriele Saturni, INAF Astronomical Observatory of Rome & ASI
Space Science Data Center; Gonzalo Fernandez Rodriguez, INFN RomaTor Vergata;
and Aldo Morselli, INFN RomaTor Vergata.

A Dedicated Study on the CTAO Si.
Prospects on GW Follow- ups t

+ Evaluate the amount of observing time

+ Observational parameters (time delays, exposures)
-

_ An evolved multi-messe qer scenario on GWs and TeV-GRBs



Recent CTAO non-consortium papers (2025)

Science with CLAL

N~ A . t ojects ~ .

CTAO - C ONSOrTIEEREy SGR 1935 with LST1

ast modified by £ amas on 2025/10/07 1

Title
* Several roles Of coordination Tne First TeV upper limits on the 0.1s short bursts of

(Se.g. Giacomo Bonnoli jus)t ended Constraints on the VHE counterpart of two binary black holes mergers observed by the MA( magnetar SGR 1935+2154 Wlth the CTAO LST ,1
cience coordinator role Authors

, Authors
# - Andrea Simongini anc Juan Jiménez Quiles, the CTAO-LST Collaboration
R W G. Panebianco, A. Lopez-Oramas, S. Mereghetti, A. Simongini, A. Bulgarelli

’ I NAF Con SO rtl =yl st b AN FOROREEp— CTAO Brief description of the project
CO ntrl b ute to SC I e n Ce W ' S e We report on the observations of the Soft Gamma Repeater (SGR) 193542154 performed with the Large-Sized Tele

# Edit + Create A Follow ble TeV count
alda a a alda .-. aa¥aY # v / SAPO v / Publication Frojects » / Morg .

Salactic ransiont sources with the Gherenkoy To Morphology of Young Massive Stellar Clusters ik
Ara:aac C ransient sources € Lherenkov 1€1esCope ko jiow-ups of Gravitational Wave alerts with the Cherenkov Telescope Arra with Next-Generation IACTs
y Observatory . R -

modified 148 on 2024, 508:18 st modife
This study focuses on optimizing the detection of TeV (very high-energy) gamma-ray emissions from binary n
#Edt +Create L Notset star (BNS) mergers using the upcoming Cherenkov Telescope Array Observatory (CTAO). Motivated by the la
joint detection of gravitational waves and electromagnetic signals from GW170817/GRB 170817A, and by th
detection of TeV emission from GRBs, the work aims to enhance strategies for identifying such multimesseng Title
events in the future. Using simulated data of BNS systems and gravitational wave localizations, we model po

Galactic transient sources with the Cherenkov Telescope Array GeV-TaV emissions—assuming these mergers produce short gamma-ray bursts (GRBs), including off-axis, s Morphok)gy of You ng Massive Stellar Clusters with Next-Generation |ACTs
A wide variety of Galactic sources show transient emission at soft and hard X-ray energies: low-mass and high-n  jets. Then, we have simulated CTAO'’s observational response under varying conditions, evaluating different ¢
X-ray binaries containing compact objects (e.g., novae, microquasars, transitional millisecond pulsars, supergian  and follow-up strategies to maximize the chances of detecting these transient sources. AUthOrS

E Y IS OGS DACHIGH SIS MIESIING S)VSITIR VRl ey, S IIAORGTAID B8 AR 86 ptlsa' ‘:':(d ":““‘ Results show that approximately 3% of simulated GW-associated short gamma-ray bursts produce detectat
yet tbeen detected in g . g Alberto Bonollo, Paolo Esposito, Andrea Giuliani, Patrizia Caraveo, Silvia Crestan, Giorgio Galanti, Michela Rigeselli, Sandro Mereghetti
TeV radiation for CTAO, with detectability sharply declining after 1-4 hours. Rapid follow-up and consideratio = P = v Horgro G el Viereg)

Although most of them can show emission up tc MeV and/or GeV energies, many have not

TeV domain by Imaging Atmosph s. In this paper, we explore the feasibility of detecting

Galactic transients with the Cherenkoy ope Array \) and the prospects for studying them witn Target of ~ @nd viewing angles are key to improving detection success. T = =

Opportunity observations. We prove that CTA will likely detect new sources in the TeV regime, such as the massi Brier aescription o1 tne project

microquasazs i the Cygrus ragion, low-mass Xcray binaries with low view'ng angle, faring emission from the G 5 pragnonding authors The next-generation ground-based Cherenkov telescopes will have unprecedented energy and angular resolution. Therefore, they will be able to resolve spatia
pulsar-wind nebula. or novas expiosions, amang others. We aiso diacuss the multi-wavelength synergles With oth sample of 5 YMSCs visible from either hemisphere with the CTAO cr ASTRI Mini-Array and their environments. We modeled the secondary gamma-ray emissid

instruments and lange astronomical faciities Alprisueuva’ order: Jarred (ireen, Lara Nava, Barbara Patricelli Fabian Schuessler, Monica Seglar-Arroyo, An sources. We devisad methods for classifying YMSCs that could be detected as unidentified extended TeV scurces and estimate the observational time needed

Stamerra sources
T el

Corresponding authors
P g We study the morphology of the sources in our sample in erder to identify their main features. We simulated observations of all sources with the instrument res]

Alphabetical order: Alicia Lopez Cramas We compare their emission distribution to the one of the TeV halos observed by HAWG. We parametrize their radial profiles in arder to develop methodologies §
hales based on their morphology. We then test them on a sample of sources of the first LHAASO catalog.

Based on our sample of sources, we find that our methodologies characterise well the morphology of YMSCs and are effective at separating them from other ¢

extension (TeV halos).
m———cesEnOR 2

Contributors ;

Alphabetical order: Aison Mitchell, Arnau A Cabot, Ashley Ruiter, Dimitns
Emma de Ona Wilheiml, Enrl; ue Mestre, Glovanni Planc ‘fta
Chernyakova, Olga Sergijenk >, Patrizia Romane, Pedro |. .que-Escan lla, Samuel McKeague, Sandro Mereghetti

Sadet, Lara Sidoll, Luca 7'\1 plerl, Masha




The IN

Exploi

AF Community for CTAO
tation

* 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.
| 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 CTAQO's early
science phase.

https://docs.google.com/document/d/1PWxU8

CTAD

Persona di contatto | Collaboratori/ Istituto/ Main activity or relevance of current work | Notes / links
/ contact person gruppo INAF Institute to CTAO Science or implementation (or
Collaborators/ construction - bridge with RSN5)
research group
L. Nava (INAF), B. INAF-OAR | follow-up of GW alerts, prospects and Lead GW-team
Antonio Stamerra Patricelli (UniPi) obs. strategies
Antonio Stamerra INAF SDC Team INAF-OAR | Contribution to the Public CTAO Science soC
Data Challenge (deliver: 2026) co-coordinator
(CTAO seconded)
Antonio Lead by Paolo Da INAF-OAR | Interest and perspectives for IGMF studies
Stamerra/Paolo Da Vela (INAF-OAS) INAF-OAS | on blazars and GRBs observed with CTAO
Vela
Patrizia Romano Stefano Vercellone | INAF-Brer | Observations of gamma-ray narrow-line Paper-1
a Seyfert | with CTAO Paper-2
Paper-3
Stefano Vercellone Patrizia Romano INAF-Brer | Multi-wavelength contribution to the Consortium Paper
a Consortium Paper “Variability Studies of in preparation
Active Galactic Nuclei with CTAO"
Alessandra Lamastra | S. Manon, E. INAF-OAR | Prospects for observing Seyfert and
Peretti, S. Celli starburst galaxies with CTAO
Carlotta Pittori INAF-OAR | Contribution to implement SUSS (Science Seconded CTAO,
User support system) in CTAP deputy SUSS
coordinator
Gabriele Ponti H. Zhang, Pareschi, | INAF-Brer | X-ray tracers for the physics of the Galactic
Tagliaferri, Tresoldi | a center (Sgr A* and the central molecular zone),
the Galactic outflow (Fermi and eROSITA
bubbles) and the micro quasars (e.g.,
super-PeVatrons)
Giorgio Galanti F. Tavecchio, M. INAF-IASF | Capability of CTAO and ASTRI Mini-Array to
Landoni, L. Nava Milano observe the effects of axion-like particles
(ALPs) on blazars/GRBs
Michela Rigoselli S. Recchia, S. INAF-Brer | Unveiling TeV halos among unidentified
Crestan, G.Peron | a extended TeV sources, and test the
capability of CTAO and ASTRI Mini-Array to
observe them
Domitilla De Ma... Papitto, Zampieri INAF-OAN | Gamma-ray novae, msec pulsar binaries
a
Fabio Pintore INAF SDC Team INAF/IASF | Contribution to the data simulation and CTAO seconded:
Palermo sky-model preparation for the Public CTAO | coordinator of the
Science Data Challenge (deliver: 2026) SDC data
simulation;



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

Theme

Science Themes and Activities by INAF () Groupactivity
Researchers related to CTAO Science
(partial and incompletel)

From the RSN4 dedicated Survey documents

PWN
observations
and modeling

Star forming
regions and

TeV halos

massive Acceleration and
GRB pop clusters processes CR extended
models and acceleration sources
MM probes SNe/SNR

Gamma-ray
novae

Galaxy, galactic
sources and
surveys

Multi-messenger
and transients

msec-

Acceleration

observations
and modeling

GW follow- AGN

up and variability AGN, blazars and
observing and MWL egalin MWL and
strategies studies

Seyfert and
SB galaxies

MM

pulsars models in
non-jetted SarA* and
AGN ; grA* an
Microquasars Fermi/

eROSITA
bubbles

ALP effects
blazars/
GRB

Galactic

plane,
survey

CTAD

Science Data
Challenge and
simulations

IGMF
effects
blazars/
GRB

Fundamental
physics and dark
matter

DM
searches


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

Section of the presentation CTAO
CTAO e INAF: una sfida strategica

per il prossimo decennio

* CTAO osservatorio di riferimento mondiale per la scienza gamma (~10 GeV — centina‘ia 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 operativita '

* Ruolo chiave dei Key Science Projects, definiti dalle nazioni coinvolte nella costruzione
* | prossimi anni sono cruciali per: .
o costruire una comunita INAF solida e coordinata
o sviluppare competenze multi-messaggero e multi-frequenza dedicate ai casi sci\entiﬁci CTAO
o formare giovani ricercatrici e ricercatori alla scienza basata sui dati CTAO ,l
* Laraccolta di competenze, interessi e potenzialita ¢ essenziale per: < / -

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

o massimizzare il ritorno scientifico di CTAO

26
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CTAD
. a distributed tacility

Science Data
Management Centre

: (site)
- A )
CTAO Headquarters in Q
Bologna, Italy
(Site) AVA e
Com
(¢ e The CTAO Becomes a
e European Research
CTAO-North (site i
TN el Infrastructure Consortium
‘... CTAO-North Array (site)
e CTAO-North Low Elevation
Office (site)
CTAO-South (site) .
(or CTAO-South Station) [ \ Array Sites Science Management
i+ CTAO-South Array (site) : o
o CTAO-South Operations
RuR Function: When talking
- about what they do
\-‘I ' Geographical: When talking
‘ about location 28



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.
| 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 CTAQO's early
science phase.

https://docs.google.com/document/d/1PWxU8

CTAD

Just an example

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)

E* Plux (erg em™ s™)
E* Flux (erg em™ 57)
H H

E* Flux (erg em™ ™)



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

CTAD

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
countrie

CTAO

contributing
parties

integrated over 10 yr

Frowm telescope
systems to the observer

Proposal
Submission
and
Evaluation

Data
Dissemination
and Delivery

Control and
Acquisition

Realtime
Processing

Next-Day
Processing

Preparation

Reprocessing




GRB 221009A: the most extreme GRB

* TeV (afterglow) emission: key findings

v
v

<

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

Energy flux [ergcm~2s571]

LST Collaboration - ApJL (2025)
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CTAD &
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todz 29.10.2025 Antonio Stamerra (INAF-OAR)

lightcurve

GRB 221009A

lllll

0 3-5TeV energy band

1 Ren+24 total=inner

. Zhang+25 total

m Struct.jet 5 inner
outer (FS)

models 3 Zheng+24 total

inner

outer

T . 2 LHAASO
T *k HAWC (GCN)

@ LST-1

*d I I # HESS.
y : ¥ Fermi-LAT (0.1-100 GeV)
t‘Ih H

AGILE (0.05-3 GeV)

g
=1 XRT (0.3-10 keV)

T T TTTTTO T T TTTTIT T T TTTTIg T TTTTIg T T TTTTI

LBSLELAULLLL DL R UL L LA LU O I | |||rI'| IIIIlIﬂ] T H

Jet break — jet angle ~1°

A
410 excess/ﬁz Tf F !

Limit on mogdels %
Lol Lrorarani Ll Lo

vl ol Lol
10! 10?2 103 104 10° 108 107
Time since Ty + 2265 (T") [s]

O T T T TTTTT

o

=

Constraints on models!




N & years rrom Nnow

= |[ACTs mm ASTRI

CTAO Northern array HAWG.
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N & years rrom Nnow

= |[ACTs mm ASTRI

CTAO Northern a rray :f.icvpc‘;so CTAO-North 1intermediate conf

10-10

10-11 With respect to current

IACT arrays:

» Sensitivity up to a

10-12 factor of two better

E2 dN/dE [TeV/cm2s]

« Angular resolution up

1013 to 40% improvement

0.1 1 10 100 1000
Energy [TeV]
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When will the scientitic
impact beqgin®

on-axis sensitivity ratio

current IACT arrays

sub-TeV multi-TeV
0.04 0.1 0.4 1 4 40 100

Energy [TeV]

CTAD

Intermediate arrays

@ 2LST
B 2LST+1MST
@ 1 MST +58ST
A 5SST

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

CTAO Performance

Full sky

CTAO
10-10 o LHCAIS\S.O Rl ?(? %R\I/ _
............................... _. HAWC _CTAO-North

mm CTAO-South: Alpha + 2 LSTs + 5 SSTs

HAWC
@10TeV
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The TeV gamma-ray sky

(E>~50 GeV-100 TeV)

Most oi these TeV sources are

INAF

ISTITUTO NAZION/
DI ASTROFISICA

Source Types

. TeV Halo PWN/TeV Halo
PWN

‘ Binary XRB PSR Gamma
BIN

‘ HBL IBL GRB FRI FSRQ
Blazar LBL AGN
(unknown type)

. Shell SNR/Molec. Cloud
Composite SNR
Superbubble

' Starburst
‘ DARK UNID Other

uQuasar Star Forming
Region Globular Cluster
Cat. Var. Massive Star
Cluster BIN BL Lac
(class unclear) WR

http://tevcat.uchicago.edu



http://tevcat.uchicago.edu

Prospects on GRBs with CTAO

357 Swift
with redshi

"CTAO horizon |

GRB 080916C z=4.3 z=4.3, E>30GeV, 0.5 sec time bin
(Stmulation) 60

z=4.3, E>30GeV, 0.1 sec time bin
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GRB 190829A
GRB190114C
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o
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Imprint of IGMF on the GeV-TeV gamma rays

e,

Excess at lower energies %
il_ ‘ /‘/ + S,
EO 7/ e

2 L. Y
E ~ I:'\. N
70 { _ TeV] GeV _\_ b frw
Neronov et al. 2009 Lz;“-\.\ [rJ‘I ; B-field

. . GeV M
Indirect detection of the IGMF [J-’“J

e Spectral features (cascade spectrum)

e Time delayed y-ray emission

Credit: Paolo Da Vela - INAF Bologna

280 todz 29.10.2025 Antonio Stamerra (INAF-OAR)



