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30 years ago

The High-Energy Gamma Ray Sky (1989)

E > 100 GeV (Galactic coordinates)

Sackground colours indcating northam | souhom sky



The TeV sky

Today: >250 sources - /

’
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Major TeV observatories Cla

VERITAS O O LHAASO
4 Medium-Sized Tel. ("MSTs) O Particle-detector water tanks
2007: Full operation MAGIC + 18 Small-Sized Tels (‘'SSTS')
2009: Relocation of T1 2 Large-Size@ el LSTS) since 2018
2012: PMT upgrade 2003: MAGIC-] HES.S |

HAWC 2009: MAGIC-I1 , MSTS (5003)
Particle-detector water tanks (2015) 20i2: PMT upgrade +1LST (2012)




Why to build CTA?
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Why to build CTA? Key Capabilities

CTA North@4
ORM La Palma,

@ CTA South
'ESO, Chile



CTA Science Questions in Astrophysics and beyond ( EHGRHEF e 1T

Theme 1: Cosmic Particle Acceleration
= How and where are particles accelerated?
= How do they propagate?

= What is their impact on the environment?

Theme 2: Probing Extreme Environments

* Processes close to neutron stars and black holes?

= Characteristics of relativistic jets, winds and explosions?
= Cosmic voids: their radiation fields and magnetic fields

Theme 3: Physics Frontiers

= What is the nature of Dark Matter?
= |s the speed of light a constant?

= Do axion-like particles (ALPs) exist?




Initial CTA Array: a-configuration Cta

Science-based optimization Shower-based optimization
North: extragalactic oriented (high-E/z absorption) LSTs ~20-200 GeV, MSTs 0.2-2 TeV, SSTs >2 TeV
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CTA Science and Design

© R. Zanin

* Parabolic optical design

®* 23 m mirror diameter

* PMT camera

e ~4 deg FoV

® 4 LSTs at the array center

[ )
Davies-Cotton optical design

12 m mirror diameter
PMT camera

~7 deg FoV

MSTs are workhorse
~1km? area covered

Schwarzscild-Couder
optical design
4 m dual mirror

SiPM camera
~8 deg FoV

>50 SSTs
~4km? area coverage



CTA Science and Design

TeV

EBL

Surveys
Morphological
studies

Dark matter

UHE neutrinos
Extreme blazars

20 GeV 500 GeV 1TeV 10 TeV 300 TeV




CTA Science and Design:

© R. Zanin

X

CBPF contributed to ‘

optical alignment
system of LST-1

» TeV

o

IFSC contributes to
the development
and building of

.| camera support

structure

Brazil @ Cta

|to-end construction

of the ASTRI
precursor telescopes



CTA comparative performance C a

a-configuration
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CTA comparative performance

On time scales <1 h

CTAO is 103time5(@256eV) TTTTT] T T T T TTIT] L B B R T T T T rTrT

to 10° times (@250 GeV) more
sensitive than Fermi-LAT
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https://www.cta-observatory.org/science/cta-performance (prod5, v0.1)



CTA comparative performance C a

a-configuration
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CTA Angular Resolution Cta
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CTA Performance: FOV & Resolution Cta
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cta

cherenkov telescope array

CTA Science Questions in and beyond Astrophysics

Theme 1: Cosmic Particle Acceleration
= How and where are particles accelerated?
= How do they propagate?

= What is their impact on the environment?

Theme 2: Probing Extreme Environments

* Processes close to neutron stars and black holes?

= Characteristics of relativistic jets, winds and explosions?
= Cosmic voids: their radiation fields and magnetic fields

Theme 3: Physics Frontiers

= What is the nature of Dark Matter?
= |s the speed of light a constant?

= Do axion-like particles exist?
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Key Science projects

Galactic Centre — i

Galactic Plane Survey
Cosmic Ray PeVatrons
Star Forming Systems
LMC Survey
Extragalactic Survey
Active Galactic Nuclei
Transients

Clusters of Galaxies

Dark Matter Programme

.
F A

arXiv:1709.07997
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Science e

™
with the

Cherenkov
Telescope  ~



See “Science with the Cherenkov Telescope Array”

CTA I(ey SCience PrOjeCtS book by World Scientific, also @ arXiv:1709.07997
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Cosmic Particle Accelerators ( Cta

Particle acceleration to very high energies is associated with extreme
environments:
= SN explosions, neutron stars, black holes, relativistic outflows

Major Questions:

= Are SNR the main CR accelerators in our Galaxy?

= Where in our Galaxy are particles accelerated to PeV (10% eV) energies?
=  What are the sources of UHECRs (E>10%8 eV): AGNs?

To answer:

= Galactic and Extragalactic Surveys

= Deep Observations of nearby sources, galaxies and clusters

= Precision measurements of bright targets to probe physical processes



Cosmic Particle Accelerators

a census of cosmic
particle accelerators

Rag
Cygnus

M31

ACROSS ALL
COSMIC SCALES

M82 ‘ — —
e s Coqu@ﬂa'.
. GRBS




Galactic Plane Survey ‘ Cta

H.E.S.S.

CTA, for same exposure

expect ~500 detected sources

Distance reach ~20 kpc



Latitude (deg)

Number of sources (> Flux)

Galactic Plane Survey
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Search for PeVatrons in the Galaxy ( Cta

= CR able to produce 100 TeV photons should have E; ~ PeV:
PeVatrons

= Photons with E~¥100 TeV: produced preferentially by hadronic process
(proton-photon, proton-proton interactions)

= Cross-section for IC interactions electron-photon decreases very
quickly for E> 10 TeV (Klein-Nishina effect)
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cherenkov telescope array

Cosmic Ray Interactions (cascading)

Hadronic

Leptonic
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LHAASO discovered PeVatrons @ Galaxy

Cao et al., 2021, Nature

ar

Source name RA (°) dec. (°) Significance above 100 TeV (x0o) E, .. (PeV) Fluxat100TeV (CU)
LHAASO J0534+2202 83.55 22,05 178 0.88+ 0 1.00(0.14)

LHAASO J1825-1326 276.45 -13.45 16.4 0.42+016 Im'i
LHAASO J1839-0545 279.95 -575 77 0.21+0.05 070(0.18)

LHAASO J1843-0338 280.75 -365 8.5 0.26 —0.10'016 073(0.17)

LHAASO J1849-0003 282.35 -0.05 104 0.35+0.07 074(0.15)

LHAASO J1908+0621 28705 6.35 17.2 0.44+0.05 L3608 |
LHAASO J1929+1745 292.25 1775 7.4 0.71-0.07016 0.38(0.09)

LHAASO J1956+2845 299.05 28.75 74 0.42+003 0.41(0.09)

LHAASO J2018+3651 30475 36.85 104 0.27+0.02 0.50(0.10)

LHAASO J2032+4102 308.05 4105 105 142+ 013 0.54(0.10)

LHAASO J2108+5157 31715 51.95 8.3 0.43+0.05 0.38(0.09)

LHAASO J2226+6057 33675 60.95 136 0.57+019 1.05(0.16)

Discovery of 12 sources emitting at several hundreds of TeV, up to 1.4 PeV

Candidates: SNRs, galactic center, pulsar wind nebulae, young stellar clusters?

CTA -> can identify, probe morphology and spectra



CTA Galactic Plane Survey Science Cta

Primary goals of CTA Galactic Science

* Provide a census of the VHE Galactic source populations (identify unknown
and new sources)

— Massive stars
— Compact objects: galactic NSs and BHs
— Pulsars and PWNe
— Supernova remnants
— Microquasars, binary systems
— Young stellar clusters
* |dentify PeVatrons among them

e To be performed down to ~ 2mCrab in the inner Galaxy and around the
Cygnus region, and ~ 4mCrab elsewhere in the Galactic Plane

* Detailed Study of the diffuse emission
e Multi-purpose catalogue and legacy datasets

45



Galactic Particle Accelerators: ex. SNR C a

Resolve sub-structure within SNR shell important for understanding acceleration and emission

(a) CTA lepton-dominated case (Ap/Ae=0.01) (b) CTA hadron-dominated case (Ap/Ae=100)

DEC (J2000) [degree] Ap/Ae 0.01
-39.0 gamma = 2.0
cutoff 300 TeV

DEC (J2000) [degree] Ap/Ae 100
32 gamma = 2.0
cutoff 300 TeV

5 pc
-40.5 RA (J2000) [degree] RA (J2000) [degree]
259.5 259.0 258.5 258.0 25753 259.0 258.5 258.0 257.5
I | I |
0.00 3.75 7.50 11.25 15.00 0.00 2.75 5.50 8.25 11.00
Counts pixel ™! Counts pixel™!

Simulated CTA TeV-bright supernova remnant RXJ1713-3946 for 2 emission scenarios:

CTA will be able to differentiate between these scenarios



cta

cherenkov telescope array

Large Magellanic Cloud Survey

= Global view of a near star-forming galaxy at TeV energies
= More than 60 SNRs

= Resolving regions down to 20 pc size

= Diffuse emission view of particle transport

54700

4H600'

nation

Dec

Observatidn-ti‘rﬁe:
about 300 hours

96700 8OO0 L ol 2*ov 400
Right Ascenson
. ]
1 1
countsipxel

Current (H.E.S.S)



The extragalactic Survey Cta

The first ever in the VHE band 0o

- Fermi/LAT 2FHL catalog
» Detectable sources within CTA surveys
= AGNs detected by IACTs

=  Unbiased survey of the sky
— Coverage of 1/4 of full sky
— Performed over 10 years

-180°

galactic latitude (deg)
+
3

AGNSs in CTA ExGal Survey: 123
Sources CTA Gal Plane Survey: 488

e Complete to 5 mCrab

— Blazar Luminosity Function

Sources in Fermi/LAT Catalog: 320
AGNs detected by IACTs: 59

— Probe new sources, e.g.:

= Extreme blazars

-90°
galactic longitude (deg)

= Galaxy Clusters
= Serendipity transients discovery and follow-up potential, e.g. GRBs, TDEs, FRBs,...
=  Monitoring (multi-band) and Follow-up of strong AGN flares
=  Multi-messenger science: GW and neutrino triggers

48
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Differential Flux Sensitivity E°dN/dE (erg cm? s™)

CTA Differential Flux Sensitivity Cta

o-configuration

107®

107 & |

CTA will be a high-energy
transient monitor

107°

-6
10 - E =25 GeV

107 5 E =75 GeV
108 == E=100 GeV o Orders of magnitude
Southern Array .
' advantage over Fermi-
107" = CTAO Arrays (AIpha) g wrmenaes ntag )
46 'll'|”|”'.""|.H'H.umn||||nm T LAT In Intra_ ay
10 |l|...'.“l l.ll‘ .uulunuun“ 1" H
L — timescales: GRBs, AGN
10°" Sy, flares, binaries
''''''''' ) .
10_12 1 min 10 min 1 hour
10—13 1 Il R A | 1 1 [N A | 1 Il 111111
10 10° 10° 10*

Time (s)

CTA -> ability to probe very short timescales in gamma-rays



Transients & Variability Phenomena ‘ Cta

Transients are a diverse population of
astrophysical objects. Some are known to be
prominent emitters of high-energy gamma-rays,
while others are sources of non-photonic, multi-
messenger signals such as cosmic rays, neutrinos
and/or gravitational waves.

Possible classes of targets

Credits: The LIGO Scientific
Collaboration « Gamma-ray bursts

« Galactic transients

« High-energy neutrino transients

« Gravitational wave transients

« Radio, optical, and X-ray transients

« Serendipitous VHE transients

« AGNSs, PWN, binaries, accretion & relativistic outflows



Variability with CTA Cta

CTA ability to probe very short timescales in gamma-rays:
 explore connection between accretion and ejection phenomena in compact objects
study phenomena in relativistic outflows: GRBs, AGN, PWN, binary systems

In GRBs: high-statistics measurements for the first time >10 GeV; detect ~2 GRB/yr

50

40

30

lea(> 50 GeV) [ 10° cm2 s7]

20

Excess [/Bin]

10

40‘ . ‘60‘ . ‘80‘ . ‘100‘ . ‘120‘
Time [min]

CTA simulated light curve flare of PKS 2155-304 Time from GRB [sec]

provides access to timescales << light-crossing CTA Simulated light curve GRB 080916C, z =4.3
time of the supermassive black hole



AGN monitoring

What is the jet made of?

How is it launched?

What causes the variability?

What is the acceleration mechanism?

Long-term monitoring of
selected AGN over 10 years
Follow-up of flaring AGN
High-quality measurement of
selected AGN spectra

otal observation time:
about 3000 hours



AGN monitoring

What iS the JEt made Of? ‘/ from: Science with CTA
o www.worldscientific.com/worldscibooks/10.1142/10986
How is it launched?

What causes the variability?
What is the acceleration mechanism?
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AGN Variability Cta

cherenkov telescope array

Where is emission region? Jet launching? Acceleration Mechanism?

e . e, . £oie FIRTEC - high flux strong . " ’
- I T AR AR Doppler boosting *
“AGN Blazars: most frequerit w0 e (jetbulk™s5-10) %
 .extragalactic gamma ray SREKARROSRE TR V =2
3 eml‘tters Gor e w e 2wl ' 8 #’
- T SRS AR Bl S | e
! ‘,.:"' d - A :'_ » > /I ¢
. , 5 . . , ‘... .' ‘::-:'v' . £
Str rlablllty in time at TeV: t "'200 s : , N T
-> ver compact and fast e(_hltters Fem>500- AT P
b ® i;; 'l'q‘,'. ‘~. :’ . o |
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AGN Variability Cta

cherenkov telescope array

Shock or Magnetic Reconnection Acceleration?

hlgh fluxstrong o .
. Doppler boosting ©
# u (jet bukI'~5-10) *
TR g e :

: .
L S T ’
‘o " T
. re ¢ . . b » )"
It 1%, . . —
-~
M
f -
.
[
)
-

Str rlabll. Ly m Jme a

' A Magney. "
‘ o
-> verg COmpact and fast Pn..‘*ors

1(>200 GeV) [ 10° em? ™)

Time - MJD53944.0 [min]

N PK52155 304 (Aharonlan etal. 20%7) 2
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Particles are accelerated stochastically - Fermi process

Shock Acceleration Reconnection Acceleration

t _ As in shocks: 1st-order Fermi
1st-order Fermi (de Gouveia Dal Pino & Lazarian 2005;
(Bell 1978; Begelman & Eichler 1997): del Valle, de Gouveia Dal Pino, Kowal 2016):

<AE/E> ~vl/c <AE/E> ~ v, c



Magnetic Reconnection acceleration may prevail

Particels are accelerated by. magnetlc reconnectlon
up to 1016:20 eV @ inner magn'exjcally domlnated

Neutrmo

‘ reglons ¢ 8 S S e S v N R :
s ',’ 2
. Medma Torrejon s de Gouvela Dal Pino+, ApJ 2021 A
Medina- Torrejon de Goﬁvela DaI'Pmo, Kowal 2023 LS
. "'A 5 - -.-‘ o She > "
T4 o b - . ¢ e v, N



Gamma-ray absorption by F’tta;p 3
extragalactic background light (EBL)

= Extragalactic Background Light (EBL): integrated IR and optical emission
from stars and galaxies through evolution of the universe (very hard to
measure)

= EBL interacts with gamma-rays: photon-photon -> pair production

starlight

TeV gamma ray photon

w

Absorption depends on the
intensity of background light

CTA:
= measure EBL precisely @ z=0 for large number of objects
= |arge sample of blazars z=0-2: evolution of EBL
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Gamma-ray absorption by
extragalactic background light (EBL)

arXiv:2010.01349

Luminosity distance, Dy, |Gpc]

el 1 10
| | |
% CTA (stat.) CTA (stat. & sys.)
2.0F - ‘ -
Bestatz~ 0.2:
J“[" —
5 + 5% 0 £ 12% oy

1.0

EBL) normalization, o

f().()— ¢ H.E.S.S. 2013 ¥ Biteau+ 2015 # MAGIC 2019 -

. Constraints limited b
<+ Fermi-LAT 2012 -¥ Armstrong+ 2017 Biasuzzi+ 2019 onstrains 1mrea oy

instrument systematics

l | | [ 5
0.02 0.06 0.2 0.6 2
~v-ray source redshift, z CTAC 21




Gamma-ray propagation & absorption: Cta

pair echo and halo & cosmic magnetic field BRI I

Pair production by TeV photons interacting in voids: allows to measure weak magnetic
fields (IGMF)

= Secondary gamma-rays produced by primary pairs via
inverse-Compton scattering on the EBL -> cascade from
further pair and inverse-Compton interactions

= Deflections of secondary pairs in the IGMF form:
- pair halo (around the primary source) TeV gamma ray

- pair echoes: that arrive with time delay relative to '
primary emission T

starlight
photon

" |GMF > 1012 G: full isotropisation of the emission: pair halo
" |GMF < 1012G: extended emission

CTA will detect secondary pair emission for IGMF ~ 1016 - 10-12 G (for sources @ ~ 100Mpc)
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Gamma-ray propagation & absorption:
pair echo and halo & cosmic magnetic fields

10-“)" eI T "‘ A j*"'v.vl o 'r""f"_‘ AL :

B=1015G = [ fmibiotc = Wwe-0s 4 wss ]

Observables = = ki :
1) Time delays P _‘\\& il
- 163 N Es E

At ~ 3 yrs (E/0.1TeV)(B/ 1075 o ! -:
Useful for low B-field, N A | z | r L 2
limited by variability pattern,.>. " 38 o <

. .

2) Spectrum & morphology 107 107 107 10
E, ~ 80 GeV (E,/10 TeV) Energy ITeVl 4 1502294200

Degree-scale extension scaling as B
whose shape depends on jet parameters:



Gamma-ray propagation: Cta

cherenkov telescope array

photon-axion oscillations

= Axion Like Particles (ALPs): massless particles predicted
by quantum chromodynamics (and also DM candidates)

= ALPS: convert into photons (and vice versa) when
traverse ambient MF

= For very distant AGN: conversion of ALP into gamma-

ray enhances the TeV photon flux (which competes
with the absorption on the EBL)

= (Clue:
To probe ALPs we need distant AGN embedded in measurable MFs ->
a distant AGN in the center of a galaxy cluster: e.g. NGC1275 in Perseus cluster (75 Mpc)



Gamma-ray propagation:
photon-axion oscillations

cta

10710

10—ll

10—13

CAST

ALPSTI

SN1987A 'l
y-ray burst /|
CTA IV
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Fermi LAT
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2
o

Ll

HAYSTAC

WD cooling hint
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Fermi LAT Galactic S
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CTA constraints on ALPs:

m, versus ALP-coupling to photons g,

0

.

T T T

Green regions: exclusion in the
ALP parameter space by CTA from
flaring state of the radio galaxy
NGC 1275

Purple and blue: exclusion regions
from current-generation
instruments

: hints for ALPs from
additional cooling of white dwarfs
(WD) and increased transparency
of the Universe to TeV y-rays

Green lines: other projected
sensitivities

: parameter space for
QCD axion

arXiv:2010.01349

cherenkov telescope array



Searching for Dark Matter annihilation ( Cta

:“ b >
)oes dark matter annihilate producing garm
2 What is the (dark) matt




Dark matter searCh in galactic center ‘ cherenkov telescope array

Weakly Interacting
Dark Matter Particles (WIMPs)

Annihilation

cross section . _
“known” from Characteristic spectral signature
Dark Matter known from particle physics

abundance



Dark matter annihilation
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24 -

N 500 h, W "W’

B Aar, 30 GeV threshold
= = Statistical errors only
26 -

-~ —— HESS GC halo (112 h)

N Fermi dSph stacking (10 dSphs, 4 yrs)

L Galactic Halo
27 Sculptor dwarf
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cta

Canonical
Cross section

arXiv:2010.01349
arXiv:2007.16129



Gamma-Rays & DM in galaxy clusters Cta

= Galaxy clusters able retain VHECR for Hubble time-> produce gamma-rays

1071 _ CTA will probe gamma-ray and DM:
= CTA-South Blazars Clusters (this work) i
— —— CTA-North = misaligned-AGNs ~ —— HAWC-DGRB Perseus cluster (In prep,)
o 1072 4 == LHAASO = SFGs @ Fermi-LAT 2015
L - HAWC | cAsA-MIA
n
-3

"I' 10 log(B/G)
Nu‘) 10-4 -5.84
I

3 -6.94
5 105 .
% -8.04
= 107° -
— E -9.14
g 107 E 10.2
NG. 10—8 _:
Wy 1173

1072 - L] I LA B L] R BRI
1010 1011 1012 1013 1014 1015

E [ eV] Figure 1. Trajectories of CRs through a cluster of mass
~ 10'3 M, selected from our background simulation. The
thick line corresponds to a CR with energy of 10 PeV, and

Diffuse Gamma-Ray emission from clusters z=0-5 " ininetoa CR with energy 500 Pev.

(Hussain, Alves-Batista, de Gouveia Dal Pino & Dolag, Nature Comms. 2023, in press)



Photon propagation: LIViolation ‘ Cta

arXiv:1101.3650
arXiv:0810.3475
arXiv:2007.16129

y ‘

= Quantum Gravity effects (at Planck scales): arrival time delays
between photons of different energies travelling large distances (due
to wavelength dependent refractive index of the vacuum)
-> LIV - variation of light speed

1ES0229+200
Mrk501

GRB, AGN

At ~ ( Ak )aé Ep = /hc/Gy ~ 1.22 x 10" GeV

éocEPl C
a~1-2 ioc - factor of Planck energy for QG
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I I Mini-Array

A CTA Precursor @ Tenerife

9 SST-2M telescopes:
INAF (Italy) + Brazil, South Africa,
Spain, Switzerland

nnnnnnnnnnn

3 structures: Brasil - IAG-USP
(FAPESP funding)

Currently in construction

Installation Teide Observatory

(Tenerife, Canary Islands):
2022-2025

o
RTRN

¥ Credits: M. Leone -
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ASTRI mini-array: mini but not small...

Expected performance:

* Sensitivity: better than current IACTs (E > 10 TeV):
e Extend spectra of already detected sources and measure cut-offs
e Characterize morphology of extended sources at the highest VHE

* Energy/Angular resolution: < ~10% / < ~ 0.05° (E ~ 10 TeV)

* Wide FoV (2 10°), with homogeneous off-axis acceptance
e Optimal for multi-target fields, surveys, and extended sources
* Enhanced chance for serendipity discoveries




AST

=1 Mini Array Performance

cta

cherenkov telescope array

We extend current IACTs differential sensitivity up

to several tens of TeV and beyond
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Investigate possible spectral features at VHE,
such as the presence of spectral cut-offs or the
detection of emission at several tens of TeV
expected from Galactic PeV sources
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Stefano Vercellone, ASTRI & LHAASO Workshop, 7-8/03/2023
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£

Angular Resolution [deg]

Energy Resolution

> SprrrrTrrrTTe T i B S

2
‘ T f ? 4.5 ——a— ASTRI mini-array (50 h), E>2 TeV

@
0
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Sensitivity: better than current IACTs (E = 3 TeV)
T o e * Broad-band spectrum
- ] * Spectral cut-off constraints
-+ ] Energy/Angular resolution: ~10% / ~0.05° (E ~10 TeV)
NS .. * Extended sources morphology
L \.—:'""'__._ -—o—-'_._._._. - |
P e . N .
- 5 10° field of view with excellent off-axis performance
- 1 * Multi-target fields
T S e Ry = * Serendipitous discoveries
Iogw(E [TeV])

Stefano Vercellone, ASTRI & LHAASO Workshop, 7-8/03/2023
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I8 Science with the ASTRI Mini-Array
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> 0 0O

Pillar 1
The origin of cosmic rays

Quest for PeVatrons
Particle propagation
PWN HE emission
UHECR from SB galaxies

>

Pillar 2
Fundamental physics

IR EBL constraints
Probing IGMF
Blazars & hadron beams
Test on ALPs & LIV

Time-domain

Non y-ray

GRB, GW, v

UHECR measure
SI3

weanio Vercellone, ASTRI & LHAASO Workshop, 7-8/03/2023

Synergies

MWL, Legacy



ASTE

L LHAASO Sources at PeV energies
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Cao et al., 2021, Nature

Source name RA(°) dec. (%) Significance above 100 TeV (xa) E,.(PeV) Fluxat100TeV(CU)
LHAASO J0534+2202 83.55 22.05 178 0.88+0M 1.00(0.14)
LHAASO J1825-1326 276.45 -13.45 16.4 042+016 3.57(0.52)
LHAASO J1839-0545 279.95 =575 17 0.21+0.05 0.70(0.18)
LHAASO J1843-0338 280.75 -3.65 8.5 0.26 -0.10'0-16 073(0.17)
LHAASO J1849-0003 282.35 -0.05 104 0.35+0.07 0.74(0.15)
LHAASO J1908+0621 287.05 6.35 172 0.44+0.05 l 1.36!0.18! l
LHAASO J1929+1745 292.25 1775 14 0.71-0.0710-16 0.38(0.09)
LHAASO J1956+2845 299.05 2875 14 0.42+0.03 0.41(0.09)
LHAASO J2018+3651 304.75 36.85 104 0.27+0.02 0.50(0.10)
LHAASO J2032+4102 308.05 4105 105 [ 142:013 0.54(010)
LHAASO J2108+5157 31715 51.95 8.3 0.43+0.05 0.38(0.09)
LHAASO J2226+6057 336.75 60.95 136 0.57+019 l 1.05(0.16) l

and spectra

The ASTRI Mini-Array will investigate these and future UHE
sources, providing both the opportunity for their precise
identification and important information on their morphology

Discovery of 12 sources
emitting at several hundreds of
TeV,upto 1.4 PeV

Crab aside, the majority of

remaining sources represent
diffuse y-ray structures with
angular extensions up to 1°

The actual sources responsible
for the ultra high-energy y-rays
have not yet been firmly
localized and identified (except
for the Crab Nebula), leaving
the origin of these extreme
accelerators open



=2l Gamma-Ray Bursts with Mini-Array
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GRBs confirmed as a new class of TeV emitters thanks
to the MAGIC detection of GRB 190114C (z=0.42)

SSC component extending into the TeV energy range
LHAASO detection of GRB 221009A (z=0.15) well
above 10 TeV challenges the standard physics model

The ASTRI Mini-Array

might have detected emission from GRB 190114C

is able to confirm afterglow emission at £ >1 TeV from
close (z < 0.4) GRBs if observations start within the first
tens of seconds up to few minutes from the onset of
the burst

can measure the spectral cut-off, either originated by
the EBL absorption or intrinsic, if greater than 1 TeV

The expected number of follow-ups on observable GRBs
is about 1 per month

1073

107”7

107°

—
o
1

—

—

10—13

E2 x2X [erg cm~2 s71]

10—15

10—17

—-= Best Fit
— Input Model
4+ Spectrum

= 7 =(0.078
2=0.25

— 7 = (.42

10 100
Energy [TeV]

Simulation of the emission from three GRB
190114C-like bursts, at three different redshifts

(z=0.078, z

Simulations

=0.25and z2=0.42)

of GRB 221009A will start very soon
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ASTRI mini-array: mini but not small...

The ASTRI Mini-Array will start scientific observations in 2025 from the Observatorio del Teide
with a 4 (core science) + 4 (observatory science) year programme

Its 10° field of view will allow us to investigate both extended sources (e.g., SNRs) and
crowded/rich fields (e.g., the Galactic Center) with a single pointing

Its 3’ angular resolution at 10 TeV will allow us to perform detailed morphological studies of
extended sources

Its sensitivity extending above 100 TeV will make it the most sensitive IACT in the energy range
5-200 TeV in the Northern hemisphere before CTAO-N



Brazil in the construction Cta
of SSTs for CTA-South o elescape sy

Brasil in the SST-CTA Program:

Currently: ~60 members in CTA-Br ( ~29 -> in SST-CTA
from IAG-USP, EACH-USP, Mackenzie, UFABC, IFUSP,
CBPF)

Aim: production in Brazil of optical support of the 40
(ASTRI based) SST structures of CTA-South array (o.-
configuration) (FAPESP)



CTA Observatory is coming

31 Countries
200+ institutes

1 1400+ members
One aim!



CTA Observatory is coming

31 Countries

200+ institutes
1400+ members

One aim!

by Summer / September 2023
e |ast about 5 yr
Early science operations foreseen during the construction phase
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