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Contents CTAD

1. Intfroduction to TeV Gamma-Ray Asironomy

gamma ray interacts with the atmosphere
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The High-Energy Universe

CTNAD

» Violent processes in the Universe accelerate particles up to high energies

» High-energy cosmic messengers allow us to study these processes

/ Galactic sources \

Supernova remnants

Pulsar wind nebulae

\ and more

/

\_

Extragalactic sources

Starburst galaxies

and more

Active galactic nuclei

\
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Gamma-Ray Production CTAO

Inverse Compton

low-energy -ray
hoton

» Gamma rays are tracers of particle acceleration

- —
» Leptonic processes = lectron >

» Acceleration of electrons & positrons

» Gamma rays from inverse-Compton scattering
» Also Bremsstrahlung and synchrotron radiation

» Hadronic processes
» Acceleration of cosmic rays (atomic nuclei)
» Gamma rays from neutral-pion decay
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The Multimessenger Connection CTAD

» Cosmic rays (p)
» Energies up t0 3x102% eV =~ 48]

» Deflected by B — origin unknown!

» Gamma rays (y)
» Produced in leptonic & hadronic processes
» Easy to detect but easily attenuated

» Neutrinos (v)
» Smoking gun of hadronic interactions
» Not attenuated but hard to detect

» Gravitational waves
» Can be coupled to acceleration processes

[lceCube/NSF]
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Observing the Gamma-Ray Sky CTAD

Low energy High energy Very-high energy Ultra-high energy
(satellites) (satellites) (1ACTs) (Cherenkov tanks)

AGILE VERITAS _

%
INTEGRAL Fermi-LAT
i o o \%

LHAASO
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This talk
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Imaging Air-Cherenkov Telescopes

Link to video

y-ray enters the
atmosphere

> iInduce EM showers
in atmosphere

» Telescopes collect resulting
Cherenkov emission

> Stereoscopy
» Multiple telescopes

» Reconstruct arrival direction, energy,...

10 nanosecond snapshot
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0.1 km? “light pool” — a few photons per m?


https://www.ctao.org/
https://www.ctao.org/wp-content/uploads/How_CTAO_Works.mp4

)’ p [Aharonian+ (2008) Rep. Prog. Phys. 71 096901]

Image Types in IACTs

— Camera Images of Events in IACTs ———

Gamma Ray ~ Cosmic Ray

» Stereoscopy is key for NSB . Fengwst foe | FiStronls Showe!
rejection at trigger level :

» Cosmic rays (atomic nuclei) B LA r .
are main background L compactamigned - emaraSaterd
> Hadronic showers S MuonRing it . Night Sky Background | "
> Messy Imoges V M;::l‘.f.\l::i _ NSB Noise |

» Image reconstruction is key e ‘3-«.\. e
for cosmic-ray rejection e Dty

. . - . Bright Circular Ring
> Muon rings can also be exploited T T —————

at highest energies

_~[ChatGPT]

Pablo Correa | Exploring the VHE Gamma-Ray Sky with CTAO | HEP@VUB Seminar | 5 March 2026 8


https://iopscience.iop.org/article/10.1088/0034-4885/71/9/096901/pdf

Contents CTA D

1. Intfroduction to TeV Gamma-Ray Asironomy

2. The Cherenkov Telescope Array Observatory
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Cherenkov Telescope Array Observatory CTAO

» Three IACT types distributed over two arrays C_

» Wide energy range: 20 GeV - 300 TeV
» Complete sky coverage

[CTAQ]

E
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https://www.ctao.org/

Large-Sized Telescope (LST) CTAD

» Low energies: 20 GeV -3 TeV

Pixel size (imaging) 0.1 deg
Photodetector type PMT

Telescope readout event rate
after array trigger

>7.0 kHz

Telescope data rates
(readout of all pixels; 24 Gb/s
before array trigger)

Positioning time to any
point in the sky (>30° elevation)

Pointing precision <14 arcseconds
Observable sky Any astroPhy5|caI object with
elevation > 24 degrees
[CTAQ]
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https://www.ctao.org/

Medium-Sized Telescope (MST)

> Intermediate energies: 80 GeV - 50 TeV NectarCAM

Optical design Modified Davies-Cotton
Reflector diameter 11.5m

Effective mirror area 88 m?
(including shadowing)

Focal length 16 m
Total weight 89t

Field of view
(FlashCam / NectarCAM) pAed vl

Number of pixels
(FlashCam / NectarCAM) L i

Pixel size (imaging) 0.17 deg
Photodetector type PMT

Telescope readout event rate
before array trigger >6 kHz / >7.0 kHz
(FlashCam / NectarCAM)

Telescope data rates
(readout of all pixels; 12 Gb/s
before array trigger)

Positioning time to any %05
point in the sky (>30° elevation)

<7 arcseconds
Any astrophysical object with
I
CLECRE Dy elevation > 20 degrees
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https://www.ctao.org/

Small-Sized Telescope (SST CTAD

» High energies: 2 TeV — 300 TeV

Optical design Modified Schwarzschild-Couder
Primary reflector diameter 43 m
Secondary reflector diameter 1.8m
Effective mirror area >5 m?
(including shadowing)
Focal length 2.15m
Total weight 17.5t
Field of view 8.8 deg
Number of pixels 2048
Pixel size (imaging) 0.16 deg
Photodetector type SiPM
Telescope readout a:vent rate 600 Hz
(before array trigger)
Telescope data rates
(readout of all pixels; before array trigger) i Ehe
oning time to any p 70's

the sky (>30° elevation)

<7 arcseconds

Any astrophysical object
with elevation > 24 degrees

Observable sky

[CTAQ]
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CTAO-North: Alpha Configuration CTAD

C I 1.. o 6 LEGEND
» Completion in ~6 years ©
p y \ Large-Sized Telescope (LST)
| 2
9 MSTS Medium-Sized Telescope (MST) ‘
» 4 |LSTs CTAO Operations Building & ((’) )
Other Calibration Devices :
Weather Station L 4
Stellar Photometer A
|
TR Raman LIDAR
La Palma, Spain "
Roa =
. Gradient ——
i 2
~0.25km MAGIC Telescopes
External Facilities D
area covered
by the array of
telescopes
Array Coordinates
Latitude: 28° 45' 43.7904” North Roowsst \ g
Longitude: 17° 53’ 31.218" West Ti{
[CTAO]
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CTAO-North: First Intermediate Array

» By ~2028
» 1 MST
» 4 |LSTs

CTAO-North
La Palma, Spain

~0.25km?

area covered
by the array of
telescopes

Array Coordinates
Latitude: 28° 45" 43.7904" North
Longitude: 17° 53’ 31.218” West

Pablo Correa | Exploring the VHE Gamma-Ray Sky with CTAO | HEP@VUB Seminar | 5 March 2026

[CTAO]

CTNAD

LEGEND
Large-Sized Telescope (LST) @

Medium-Sized Telescope (MST) ‘

CTAO Operations Building & (Q)
Other Calibration Devices

Weather Station *
Stellar Photometer A
Raman LIDAR ®
Road —
Gradient —

MAGIC Telescopes

External Facilities D

15



https://www.ctao.org/

CTAO-North: Current Status CTAD

Link to virtual tour

» LST-1 taking data since 2018

» LST-4 in commissioning phase
» Finished construction in 2025

» LST-2 & LST-3 under construction
»To be completed in 2026

[Credit: M. Nievas Rosillo]
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CTAO-South: Alpha Configuration CTAO

Array Coordinates

Latitude: 24° 41’ 0.34” South
Longitude: 70° 18’ 58.84"” West

» Completion in ~6 years

>

» 14 MSTs
» 4 | ST foundations

CTAO-South
Paranal, Chile

~3km?

area covered by the
array of telescopes

[CTAQ]

LEGEND
Medium-Sized Telescope (MST) @ Weather Station L
Small-Sized Telescope (SST) Stellar Photometer A )
Large-Sized Telescope (LST) 7% Raman LIDAR @
Foundation

Other Calibration Devices @
SST Foundation v
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CTAO-South: First Infermediate Array

» By ~2028

Array Coordinates

Latitude: 24° 471’ 0.34” South
Longitude: 70° 18’ 58.84"” West

[CTAO]

| 4
» CTAO-South
Paranal, Chile
» 2 MSTs
~3km?
area covered by the
array of telescopes
LEGEND

Medium-Sized Telescope (MST)
Small-Sized Telescope (SST)

Large-Sized Telescope (LST)
Foundation

SST Foundation

Weather Station

Stellar Photometer

Raman LIDAR

8 @ > o

Other Calibration Devices
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CTNAD
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CTAO-South: Current Status

» Foundations for pathfinder array (2 MSTs + 5 SSTs)
under construction

» Pictures from January 2026

[Credit: A. Jardin-Blicq]
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CTAO Performance CTAD
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CTAO Performance CTAD
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CTAO Performance CTAD
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CTAO Performance CTAD

10_3 — = 25 GeV

1074 =mus |E =40 GeV

- wan E =75 GeV

> Angular resolution < 0.05° 10° e E- 00 Gay
apove 1 TeV 10 -
> Energy resolution of 5-10% 107
above 300 GeV n

Transient sensitivity improves by factor

102-104 compared to Fermi-LAT

..............

-
....................

lllll
llllllllllllllll
-l||..“. lllllllllllllllll
ir

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

1 hour

10*

Pablo Correa | Exploring the VHE Gamma-Ray Sky with CTAO | HEP@VUB Seminar | 5 March 2026 23

www .cta-observatory.org/science/cta-performance/ (prod5-v0.1)


https://www.ctao.org/

Contentis

1. Infroduction to TeV Gamma-Ray Asironomy
2. The Cherenkov Telescope Array Observatory
3. Science with CTAO: An Incomplete Overview

CTNAD

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

DEC (J2000) [degree] Ap/Ae = 0.01

S gamma = 2.0
cutoff = 300 TeV

DEC (J2000) [degree] Ap/Ae = 100

R gamma = 2.0
cutoff = 300 TeV

RA (J2000) [degree] -40.5 RA (J2000) [degree]
259.5 259.0 258.5 258.0 2515 259.5 259.0 258.5 258.0 251.5
I 0 ] S 0
0.00 3.75 7.50 11.25 15.00 0.00 2.75 5.50 825 11.00
Counts pixel™ Counts pixel™
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Science with CTAO \ o

» CTAO Consortium leads scientific activities
» Over 1500 members in ~200 institfutes across 25 countries

CTNAD

» |[dentified various key science projects (KSPs)
» All details in Science with CTAO book

» This talk: Very biased & incomplete overview Understanding the Origin

and Role of Relativistic

» With a focus on star-forming systems Cosmic Particles

Theme 2:
Probing Extreme
Environments

o

e o e

. SCience ,._"‘j.“ v A Theme 3:

: Exploring Frontiers
withthe . ;

in Physics
Cherenkov
Telescope - = -

Arrgy . " <% .

- -

[CTAO (2019) World Scientific Publishing]
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Galactic Latitude Galactic Latitude Galactic Latitude Galactic Latitude

ANONA
SeN%

Galactic Plane Survey CTAD

log,q(Nexcess)
2

1 3
» 1620 hr over 10 years Excess counts (0.07-200 TeV) —— ' |
> 1.8-4.2 mCrab sensitivity

» Expect ~500 VHE sources

» Factor 5 imprOvemenﬂ 180 170 160 150 140 130 120 110 100 90

Observing time

50
30 <
10

Sensitivity 0.07 - 1 TeV

4° 207
2° 15 o
g: 1.0 £
- o
2 05 3
(0]
Sen5|t|V|ty 1- 14 TeV le—13 -
4 45 n
. 35 9
9% 25 €
2 15 ¢

-4° 05 9 —

5 5 =

9]

S

Sen5|t|V|ty 14 -200 Tev le—12 . =

4° 2.0 1, g

3 15 o 5

g: 1.0 £ =
- o

-a° 55 8
! (]

150° 120° 90° 0° 30° 0° 330 300 270 240 210° 180° -90 —-100 -110 -120 —-130 —-140 —-150 —-160 -170 —-180
Galactic Longitude Longitude [deg]

[CTAO (2024) JCAP 10 081]
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https://arxiv.org/abs/2310.02828

Galactic Plane Survey

» Perform population studies
» Pulsar wind nebulae & supernova remnants

» Detect rare VHE sources

» PeVatrons, gamma-ray pulsars, binary systems...

e Synthetic PWNe
@ Detected synthetic PWNe

-15 -10 -5 0 5 10 15

X (kpc)

CTNAD

- 34.5

- 34.0

33.5

33.0

w
N
(03]
log;o(Luminosity > 1 TeV, s71)

32.0

SNRs
10710 4 x ® Synthetic shell SNRs
Synthetic iISNRs
® Known SNRs
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Distance (kpc)

[CTAO (2024) JCAP 10 081]
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Extragalactic Survey CTAD

» Scan 25% of Sky with 1000 hr over ~3 years Blazars are AGN with jet pointed to observer
» 6.2 mCrab sensitivity
N

» Expect 30-150 blazars in survey (unbiased catalog)

» Expect handful of other VHE sources: starburst galaxies,...

o T 1 Tttt r rrrrrrrrrrrrrr -
&l | T | ] - Fermi/LAT 2FHL catalog
g | ',_I : : TeVundetected 1 Blazars « Detectable sources within CTA surveys
S gl : : : ] = AGNs detected by IACTs
g N 1 1 1
S 1 1 1
-3 : | |
E S 1 i | i >
Z I 1 )
I I [
[ I I §
° ettt ey £ o _1a0°
0 i i 1 ] = +180 180
- 1 1 117 % ] -
1 1 Jﬂ TeV detected 1 2
§ : : : 1 8 AGNs in CTA ExGal Survey: 123
39 i K i \ I \ - S Sources CTA Gal Plane Survey: 488
@ 1 1 [ 1
k] 1 1 1 1
] L 1CTA 1 CTA | ! ~current 100 % ] : : .
2 LI Ion-source ! extragalactic | 1 7 - ] Sources in Fermi/LAT Catalog: 320
3  sensitivity : z::ls?t)i(vity : sensitivity 100 % 1 AGNs detected by IACTs: 59
limit o 1 limit 100 %)
: : limit [ N .
o = — ; | I B B RSP
-13 -125 -12 -11.5 -11 -10.5 -10
-90°
L f 2 g1 : : . . -
09(Vpen peadlErg €M% 7] galactic longitude (deg) [CTAO (2019) World Scientific Publishing]
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Transient Sources

» Extragalactic transients

CTNAD

Light curve of the BOAT GRB including LST-1 data

> GOmmO_rOy bUrS'I'S, Core_collgpse SUpernOVOe,. . T T T T T LR R T Ty 10"3;;51_'_%'\;'}:6;9");?;;‘(;l”_
10_5 Zheng+24 Fotal
» Galactic tfransients e
. 10_6 inner E
» PWN flares, microquasars,... outer (FS) 3
— P LHAASO
T 10_7 o HAWC (GCN)
° [} LST-1
» Realtime analyses & alert follow-ups o & = :
Fermi-LAT (0.1-100 GeV) :
» Multimessenger & multiwavelength ;5-; 10-8 ! S e
g -
Transient sensitivity in Galactic Plane  o1<g <o02mevi, to = 600 [sec) - % 10~ i
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— 8.5 [ .
)] w N
S 80 o 10-10 3
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[CTAO (2025) MNRAS 540 205]
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Blazars are AGN with jet pointed to observer

Active Galactic Nuclei | 0 CTA D

Detectability of Fermi-LAT blazars

» CTAO will primarily observe blazars ; e
° o L etecte O
» Population studies of blazar subclasses up 1o z ~ 2 y >
< @
» But also expect to detect other AGN types £25 % z
I g P 5
» Long-term monitoring of selected sources £ 2 e X
» Distinguish hadronic vs leptonic scenarios - bl ' =
» Study spectral variability from minutes to years i -3 ~g s
logyo(F1o/Ph em™ 571) (5:5\un+ Pos ICRC2021 887]
_ PKS 2155-304 time variabilify [CTAO (2019) World Scienﬂﬁch:blishinq] PKS 2155-304 specirum
s 50 __ o oy I- I -I 2,L,- Ik __ h - hadronic scenario leptonic scenario
t - 25 * { PR . -105
° a0 , ‘ 20f B = 105}
S - * ’:\M : "i%' ! 15 * . o 11E
g ¥ - s | :l"!'ll 'll'll" | \ 50 51 52 E 6
3 = vl i ‘ . 5-11.5_
& 20— g ¢ 8 I \ — = f
5 - 14 ‘ K g " . E 12}
10 iy — 8-12.52
[aasesascscssscssscsssscssscsssssssssssssmssssssssssssssssssesssesssscTET = 135 :
0= I4I0I I IGIOI I I8I0I I I1(I)0I I '1é0' I Euu."l../u/u/uu|||||||||||||1~“'|-["|\‘Ii||| N T
Time [min] 1357 24 25 26 27 28 23 24 25 26 27 28
log (v [Hz])

Pablo Correa | Exploring the VHE Gamma-Ray Sky with CTAO | HEP@VUB Seminar | 5 March 2026 30


https://arxiv.org/abs/1709.07997
https://pos.sissa.it/395/887
https://pos.sissa.it/395/887
https://pos.sissa.it/395/887

CTNAD

Primack et al. (2005)
Stecker et al. (2006)

Exiragalactic Background Light

Kneiske et al. 2002 (modified)
Energy Threshold of MAGIC -

Opacity For Gamma Rays
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» Gamma rays get absorbed by EBL

» Cumulative emission from all galaxies in the Universe
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Exitragalactic Background Light CTAD
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Physics Beyond the Standard Model CTAO

» New physics can be probed using deep observations of blazars & GRBs

» Lorentz-invariance violation » Axion-like particles
» Dispersion in photon arrival times » Photon-ALP oscillations in B: y1

14+ E < E )n
o Epjvn
n

LST-1 limits on LIV

1 -
E? = p%c? x - v,(E) #c Loy = _ZgawaFquw

CTAO sensitivity to ALPs
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Dark Maltter CTAD

» Indirect detection of WIMP annihilation * Y

» Main targets: Galactic Center & neighboring dwarf spheroid galaxies

Galactic Center, 500h
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| 95% C.L. Upper limits ]
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https://arxiv.org/abs/2403.04857

Stellar Intensity Interferometry CTAD

» CTAO can be used as an interferometer
Stellar diameters observed with MAGIC

» Correlate intensity measurements from all telescope baselines 2
° ° CM //
» Spatial resolution <100 pas for completed array 05 + UM
» Observe star diameters, binaries, novae, ... i eps O +
gam Ori e
. . 2 +  bet CMa <
» Sl successfully applied on previous IACTs E070 4+ gamcr
» MAGIC+LST studies ongoing at CTAO-North < Lo
g z ,"/
MAGIC+LST angular uncertainty improvement £0.6 et Oph Pas
o A7 * =05
P .
P s 041"
7 4 W 0.4 05 0.6 0.7 0.8
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P b Dark-time sensitivity (2.5h)
////o’ + Sensitivity during Full-Moon “\/\AGK: (2024) MNRAS 539 4387]
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https://arxiv.org/abs/2402.04755
https://www.ctao.org/
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1. Infroduction to TeV Gamma-Ray Asironomy
2. The Cherenkov Telescope Array Observatory
3. Science with CTAO: An Incomplete Overview

4. Probing Star-Forming Systems with CTAO
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Galactic Star-Forming Systems CTAO

» Stellar remnants are VHE tracers of star formation Sensitivity to Cygnus OB2 (130 hr)
> SNRs, PWNe, microquasars, ... —— —

0.03-0.1 TeV 0.1-0.3 TeV

» Resolve star-forming regions with many VHE sources
» Cygnus region, Carina nebula, Westerlund 1 cluster

» Study interplay of cosmic rays and star formation
» Acceleration, propagation, escape into ISM, feedback,...

1-30 TeV

[ESA] [CTAO (2019) World Scientific Publishing]
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https://www.esa.int/Science_Exploration/Space_Science/Herschel/Cygnus-X_the_cool_swan_glowing_in_flight
https://arxiv.org/abs/1709.07997

Neighboring Star-Forming Galaxies CTAD

» Resolve local star-forming galaxies LMC survey (340 hr: >200 GeV)
» Andromeda & Large Magellanic Cloud oy

» Probe diffuse vs localized VHE emission
» Study cosmic-ray injection & diffusion across entire galaxy -eacoo-

Herschel + Spitzer IR image of LMC
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-70°00' y
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[ESA/NASA]
[CTAO (2019) World Scientific Publishing]
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https://www.esa.int/ESA_Multimedia/Images/2015/03/The_tumultuous_heart_of_the_Large_Magellanic_Cloud
https://arxiv.org/abs/1709.07997

Starburst Galaxies CTA D

Spitzer IR image of NGC 253

» Starburst nuclei in centfral ~100 pc
» Typically triggered by galaxy interactions & bar instabilities

» Enhanced star-formation rates SFR ~ 10 Mg yr~! (L;z ~ 101°L)

» Study equipartition of cosmic-ray reservoir
» Energy balance between cosmic rays, magnetic fields, radiation

[NASA]
H.E.S.S. image of NGC 253
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https://svs.gsfc.nasa.gov/30980/
https://arxiv.org/abs/1709.07997
https://arxiv.org/abs/0909.4651

(Ultra)-Luminous Infrared Galaxies CTAD

» Most extreme starburst galaxies

T/Tpp

Cop

> LIRGs: Ljg = 101 Lo ULIRGS: Ljg = 10%2L Calorimetric conditions in U/LIRGs
>»SFR = 10-100 M, yr~1 ' U/LIRG
i " N 2 A .
» “Perfect” calorimeters 35 .
» Aim for first U/LIRG observations af VHE _ ="
T 0.6
JWST IR image of Arp 220 ~10E =
* CTAO sensitivity to Arp 220 X "
> I | 3 0.4
ﬁ,m-n - MAGIC 3 ¢ ULs (15.4 hrs) >
: | |
82 | - | TT | ! . 0.2
= KR Work @ VUB

10° 101 102 103 104
n[cm™3]
[Merckx+ (2023) PRD 108 023015]

_.
o '
\

[CTAO (2019) World Scientific Publishing]
1 \\\\\H‘ 1 \\\\\H‘ 1 \\\\\H‘ 1

Ll
3 4

10 10
Energy (GeV)

10 10°

— T T TTTTI

[ESA/NASA/CSA]

Pablo Correa | Exploring the VHE Gamma-Ray Sky with CTAO | HEP@VUB Seminar | 5 March 2026 40


https://arxiv.org/abs/1709.07997
https://www.esa.int/ESA_Multimedia/Images/2023/04/Webb_captures_the_spectacular_galactic_merger_Arp_220
https://arxiv.org/abs/2304.01020

The IR-VHE Connection CTAD

Scaling relation across (extra)galactic star-forming systems

» Scaling relation between IR and VHE o ofe
. 10"} I
» Infrared traces star formation: Ljp « SFR ol P
» SFR yields supernova rate: SFR « SN rate = Lol . t—
. . ero . «» ' .“gga\a*\e —r
> SNe drive cosmic-ray energy density: SN rate o« L, 2 103} e oS 1
\: 10%7} sxa"““mm M L
» LIRGs have not been explored yet S i
» Build upon starburst model by Y. Merckx (VUB) Sonp T = I
» Target GOALS galaxies (nearest U/LIRGs) ot -
» Test feasibility of CTAO detection 1o N pypiodiinmidiating
H)'AL | —L Calorimetric prediction|
Work to start soon by intern @LPNHE T 10 0 0 10 T o'

Estimated SN rate (yr!)

[CTAO (2019) World Scientific Publishing]

Pablo Correa | Exploring the VHE Gamma-Ray Sky with CTAO | HEP@VUB Seminar | 5 March 2026 41


https://arxiv.org/abs/1709.07997

Contents

Infroduction to TeV Gamma-Ray Asironomy

The Cherenkov Telescope Array Observatory
Science with CTAO: An Incomplete Overview

Probing Star-Forming Systems with CTAO

A S

Summary

Pablo Correa | Exploring the VHE Gamma-Ray Sky with CTAO | HEP@VUB Seminar | 5 March 2026

CTNAD

42



Conclusions & Outlook

4 A

» CTAO is the next-generation
instfrument for VHE-gamma astronomy

Summary

» CTAO science covers high-energy
astrophysics, BSM, stellar physics,...

» CTAO will probe star formation
across all scales

\_ /
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> First will start
taking data by 2028
» CTAO will be

» Study feasibility of
with completed CTAO array
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