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Next-generation ground-based gamma-ray observatory

One observatory, two sites, three types of telescopes
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Three types of telescopes

Medium-Sized Telescope (MST)

Large-Sized Telescope
(LST)

E=0.02-0.15 TeV
E=0.15-5TeV

Small-Sized Telescope
(SST)

i E=5-300TeV




Two array sites

~3km?

area covered by the
array of telescopes

Array Coordinates

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

CTAO-South
Paranal, Chile

CTAD

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 4



CTAO-Northern Array cTho

Alpha Configuration

CTAO-North
La Palma, Spain

~0.25km?

LEGEND area covered
by the array of
Large-Sized Telescope telescopes

| Medium-Sized Telescope °

CTAO Operations Building &
Other Calibration Devices

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

Weather Station
Stellar Photometer

Raman LIDAR

—| * Located at Observatorio
P Roque de los Muchachos (ORM),

MAGIC Telescopes

External Facilities [ S pal N
« 4 LSTs+ 9 MSTs




CTAO-Southern Array

Alpha Configuration

@ 0’00

Q@9 @, o0 , .

© 0 00

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

Large-Sized Telescope (LST)
Foundation

SST Foundation

~3km?

area covered by the
array of telescopes

14 MSTs +

Weather Station
Stellar Photometer
Raman LIDAR

Other Calibration Devices

Array Coordinates

Latitude: 24° 47 0.34” South
Longitude: 70° 18’ 58.84” West

CTAO-South
Paranal, Chile

CTAD

- Located at Atacama Desert, Chile



CTAO-Southern Array

Alpha Configuration+

- Located at Atacama Desert, Chile
@ o0 0 0g®. oo o * 14 MSTs + + 2 LSTs

o o CTA+: see talk by C. Aramo

LEGEND
Medium-Sized Telescope (MST) ¢ Weather Station L 4
Small-Sized Telescope (SST) Stellar Photometer A
Large-Sized Telescope (LST) Raman LIDAR *
Foundation

a

Other Calibration Devices
SST Foundation 7
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Short-time Sensitivity cThe

107°

— = 25 GeV
mmumn |E =40 GeV
v E =75 GeV
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=i E =250 GeV
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Differential Flux Sensitivity E°dN/dE (erg cm? s™)
www cta-observatory.org/science/cta-performance/ (prod5-v0.1)
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CTAO-Northern Array




CTAO-Northern Array

See talk by A. Berti
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CTAO-LSTHT

« Operational since 2018 at ORM
- Producing Scientific Results

* Discovery of OP313 at z=0.997

e (LST Coll, Otero-Santos, 11th Fermi
Symposium 2024 )

« B.O.A.T. GRB 221009A at 40

 (Abe et al. Subm.)

* Nova RS Oph 2021 outburst
(Abe et al. 2025)

See talk by A. Carosi
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CTArD
Science Cases
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" CT-I\\O CONSORTIUM
CTAO Consortium

~ 200 Institutes

25 countries
« Created the CTAO concept |
- Science exploitation "

e

+1500 members

\£
s »
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u CT!\\O CONSORTIUM
Science Cases

, = » Key Science Projects:

- Science i multi-purpose observations designed to
with the o
Cherenkov -
Telescope,, 5 ; CTAO

Array

efficiently address the science questions of

-
1_J, " o > £
- : o i

» Series of Consortium publications focused
on these topics

arxiv:1709.07997



Science Cases CTAD wwonm CTAO

« Galactic Plane
Survey

Theme 2:
Probing Extreme
Environments

« Cosmic rays

Theme 1:
Understanding the Origin

. - Extragalactic
- PeVatrons CoslcParcias = < A :

Survey

- Star-forming « LMC Survey

regions

--------

Theme 3:
Exploring Frontiers
in Physics

« Galactic Centre
« Transients
« AGNSs

« Dark matter

- Fundamental physics « Galaxy Clusters

« Key Science Projects: multi-purpose observations designed to
(CTA Consortium, 2018)
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Science Cases CTAD o CTAD

« Key Science Projects: multi-purpose observations designed to efficiently address the science
questions of CTAO (CTA Consortium, 2018)

e First Consortium papers on KSPs already published:

« Acharyya et al. 2021
« Acharyya et al. 2023
« Acero et al. 2023

- Abe et al. 2024a

- Abe et al. 2024b

- Abe et al. 2024c

- Abe et al. 2025

alpha configuration (first phase): omega configuration (ultimate goal):

North: 4 LST + 9 MST North: 4 LST + 15 MST
South: 14 MST + 37 SST South: 4 LST + 25 MST + 70 SST




Science Cases CTAD o CTAD

Journal of Cosmology and Astroparticle Physics
JOURNAL ARTICLE

Sensitivity of the Cherenkov Telescope Array to TeV

photon emission from the Large Magellanic Cloud @
A Acharyya, RAdam, A Aguasca-Cabot, | Agudo , A Aguirre-Santaella, J Alfaro , R Aloisio,

PAPER - OPEN ACCESS

Dark matter line searches with the Cherenkov Telescope Array
S. Abe, J. Abhir, A. Abhishek, F. Acero, A. Acharyya, R. Adam, A. Aguasca-Cabot, |. Agudo,

A. Aguirre-Santaella, J. Alfaro « Show full author list

Published 19 July 2024 - © 2024 The Author(s)

Journal of Cosmology and Astroparticle Physics, Volume 2024, July 2024
Citation S. Abe et al JCAP07(2024)047

DOI 10.1088/1475-7516/2024/07/047

Journal of Cosmology and Astroparticle Physics

PAPER - OPEN ACCESS

Prospects for a survey of the galactic plane with the Cherenkov
Telescope Array

S. Abe, J. Abhir, A. Abhishek, F. Acero, A. Acharyya, R. Adam, A. Aguasca-Cabot, |. Agudo,

A. Aguirre-Santaella, J. Alfaro « Show full author list

Published 25 October 2024 - ©® 2024 The Author(s)

Journal of Cosmology and Astroparticle Physics, Volume 2024, October 2024

Citation S. Abe et al JCAP10(2024)081

DOI 10.1088/1475-7516/2024/10/081

Journal of Cosmology and Astroparticle Physics

PAPER - OPEN ACCESS

Prospects for y-ray observations of the Perseus galaxy cluster
with the Cherenkov Telescope Array

K. Abe, S. Abe, F. Acero, A. Acharyya, R. Adam, A. Aguasca-Cabot, |. Agudo, A. Aguirre-Santaella,

J. Alfaro, R. Alfaro » Show full author list

Published 1 October 2024 - © 2024 The Author(s)

Journal of Cosmology and Astroparticle Physics, Volume 2024, October 2024
Citation K. Abe et al JCAP10(2024)004

DOI 10.1088/1475-7516/2024/10/004

R Alves Batista , E Amato , E O Angliner ... Show more

Monthly Notices of the Royal Astronomical Society, Volume 523, Issue 4, August 2023,
Pages 5353-5387, https://doi.org/10.1093/mnras/stad1576
Published: 26 May 2023  Article history v

JOURNAL ARTICLE

Galactic transient sources with the Cherenkov
Telescope Array Observatory 3

KAbe, S Abe, J Abhir, A Abhishek , F Acero, A Acharyya , R Adam , A Aguasca-Cabot,
I Agudo, A Aguirre-Santaella ... Show more

Monthly Notices of the Royal Astronomical Society, Volume 540, Issue 1, June 2025, Pages
205-238, https://doi.org/10.1093/mnras/staf655
Published: 24 April2025  Article history v

Journal of Cosmology and Astroparticle Physics

OPEN ACCESS

Sensitivity of the Cherenkov Telescope Array to a dark matter
signal from the Galactic centre

A. Acharyya, R. Adam, C. Adams, I. Agudo, A. Aguirre-Santaella, R. Alfaro, J. Alfaro, C. Alispach,
R. Aloisio, R. Alves Batista » Show full author list

Published 27 January 2021 - © 2021 The Author(s)

Journal of Cosmology and Astroparticle Physics, Volume 2021, January 2021

Citation A. Acharyya et al JCAP01(2021)057

DOI 10.1088/1475-7516/2021/01/057

Astroparticle Physics

Volume 150, August 2023, 102850

ELSEVIER

Sensitivity of the Cherenkov Telescope
Array to spectral signatures of hadronic
PeVatrons with application to Galactic
Supernova Remnants

+ others in prep.
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PAPER - OPEN ACCESS
G P S S u rve Prospects for a survey of the galactic plane with the Cherenkov
Telescope Array

CTAO Consortium (Abe et al. 2024): 10.1088/1475-7516/2024/10/081

Total of 1620 hours spread over ten years

Potential to increase the number of Galactic VHE emitters by a ~ factor of five

Observing time ) Iogm(Nezxcess)

3
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https://ui.adsabs.harvard.edu/link_gateway/2024JCAP...10..081A/doi:10.1088/1475-7516/2024/10/081

Ec,proton = 3 PeV
Detection Probability

1.0

—_
-

PeVatrons

- Can CTAO identify hadronic PeVatrons?

—_
co

<
oo

1.9 £
. _— g 0.6%
- GPS: limited spectral sensitivity to S s
search for PeVatrons in scanning mode : 042
(~10h) 2 :
0.2
- Detection if they have hard proton >
SpeCtra and are pOint like ~2350 80 100 120 140 160 180 200 220 240[260 28]0 300 320 340
Flux Normalization at 1 TeV [mCrab
- Deep observations O(100)h in the case 18
0.8
of soft sources (['p = 2.3) o .
» Could be done with SSTs during £ 20 052
. . . = A
moontime with x2 time Z 2 04l
Al ’ 8
2.2 3
Sensitivity of the Cherenkov Telescope CTA Consortium (Acero et al 0.2
Array to spectral signatures of hadronic 2023) “ 23
PeVatrons with application to Galactic 10.1016/
Supernova Remnants j.astropartphys.2023.102850 240720 30 40 50 60 70 80 90 100 110 120 130 140 150 160 23
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https://ui.adsabs.harvard.edu/link_gateway/2023APh...15002850A/doi:10.1016/j.astropartphys.2023.102850
https://ui.adsabs.harvard.edu/link_gateway/2023APh...15002850A/doi:10.1016/j.astropartphys.2023.102850

CTAD

(Galactic transients

Microquasars (Cyg X-1)

10719 5
] — CTA-N5h Crab nebula (steady, 50h)
— o - CTA-N LSTs 5h I F2011
i |
lUJ 10_11 9 b - 0.5xFy14

/= 1012 J wesss model for CTA

e —_—

Flux [MeV/(cm? s)]
107

N; - MAGIC best fit %
¢ MAGIC data (2006-09-24) . -
4 CTA 30m simulations (North)
10718 S —— — - T |
104 10° 106 107 - (ot ‘ ‘ R s
E [MeV] 10° 10° 10* 10° 10° 10" 10°

 Detection of transient emission from:

* Microquasars
* Crab Nebula (flares)
* Novae

Energy [MeV]

JOURNAL ARTICLE

Galactic transient sources with the Cherenkov
Telescope Array Observatory 3

CTAO Consortium (Abe et al. 2025)
https://doi.org/10.1093/mnras/staf655

24


https://doi.org/10.1093/mnras/staf655

25



DM line searches

PAPER - OPEN ACCESS
Dark matter line searches with the Cherenkov Telescope Array

CTAO Consortium (Abe et al. 2024)
10.1088/1475-7516/2024/07/047

« Gamma-ray signals -> annihilating or decaying dark matter
« Galactic centre (500h) and dwarf spheroidal galaxies (600h)

° Data (Simulation)

1000 [— Power Law on Counts

+ Dark Matter x10

800—

200—

model
o

o ©°

o O 4

data - model

~0.05
-0.1 E-

107%

95% C.L. Upper limits
Power law on counts (benchmark model)

— - Power law on flux

1o
20

Fermi LAT P8RS3 Einasto (2015)
H.E.S.S Einasto 254hr (2019)
MAGIC Einasto 223hr (2022)
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https://ui.adsabs.harvard.edu/link_gateway/2024JCAP...07..047A/doi:10.1088/1475-7516/2024/07/047

PAPER - OPEN ACCESS

I e rS e u S Prospects for y-ray observations of the Perseus galaxy cluster

with the Cherenkov Telescope Array
Galax ( :I uster CTAO Consortium (Abe et al. 2024)
10.1088/1475-7516/2024/10/004

» Goal: Detect diffuse emission
« Spatial and spectral modeling of the expected signal for both the DM and the CRp components
« CTAO should improve the current ground-based gamma-ray DM limits

 In the case of decay of DM particles, CTAO will explore a new region of the parameter space, reaching models
with T > 1027 s for DM masses above 1 TeV

Annihilation 95% C.L Upper Limits Decay 95% C.L. Lower Limits

Tobs = 300 h, North Array Tobs = 300 h, North Array

1027 ,

1026 |
—_
»
e
X
1025 |
/ 1
v '/ —— This work
/ ! - — MAGIC (Acciari+ 18), Perseus
!
1024 // ; —— Huang+11, Clusters combined
, ," ----Cirelli+ 12, Fornax
1
01 i 10 100 o7

m, [TeV]


https://ui.adsabs.harvard.edu/link_gateway/2024JCAP...10..004A/doi:10.1088/1475-7516/2024/10/004
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Active Galactic Nuclei (AGNs) CTAO
(+ Cosmology/Fundamental Physics)

* AGN population: of gamma-ray emitting, jetted AGNs ( cTA0 Consortium in prep.
 Variability: potential to discriminate between different scenarios ( ctao consortium in prep.
 Gamma-ray propagation: EBL, IGMF, ALPs, and LIV constraints ( ctao consortium (2021)

* Redshift determination: goal is to measure the redshift of blazars taking
advantage of large and small worldwide facilities (Non-consortium papers)

+90

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

« EGAL survey. 1000h , 2y CTAO Consortium in prep.

*Including key targets:

*VVirgo and Coma clusters
* CenA
*Fermi bubbles

-180°

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

galactic latitude (deg)

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

From E. Prandini 29

-90°
galactic longitude (deg)



Large Magellanic Cloud
Survey

340 h survey
Including prospects for the detectability of:

« young remnant SN 1987A

Declination

- star-forming region 30 Doradus
- Known point sources
Potential detection of extra half dozen sources (PWNe, SNRs)

DM annihilation

JOURNAL ARTICLE

Sensitivity of the Cherenkov Telescope Array to TeV
photon emission from the Large Magellanic Cloud @

CTAO Consortium (Acharyya et al. 2023)
10.1093/mnras/stad1576

Declination

-66°00'

-68°00'

-70°00'

-72°00"

-66°00'

90°00' 85°00' 80°00' 75°00' 70°00'
Right Ascension

E T e—
0.01 0.10 1.00
erg/cm?/s/sr le-9

-68°00'

-70°00'

-72°00'

90°00' 85°00' 80°00' 75°00' 70°00'
Right Ascension

I

0.01 0.10 1.00
erg/cm?/s/sr le—10


https://ui.adsabs.harvard.edu/link_gateway/2023MNRAS.523.5353A/doi:10.1093/mnras/stad1576

relative detection probability

Transient & Multi-messenger:

GRBs, neutrinos, gravitational waves

CPs in prep

0.425 -
0.400 -
0.375 1
0.350 A
0.325 1
0.300 A
CTA-N, 0.5 h
0.275 1 —— CTA-S5, 0.5 h
CTA-N,1h
02501 — CTAS,1h
—— CTA-N,5h
0.225 4 |— CTAS, 5h
0.2 0.4 0.6 0.8 1.0 1:2 1.4
le—-9

local source density (Mpc—3)

0. Sergijenko et al. 2024

Compact object
coalescence
(Short GRB)

.
z, B, Epeak- Liso
(Giancarlo G.)

Star collapse
(Long GRB)

;’f’ M
SoHAPPy

“ (Thierry S.)

[0.1, 1000] s CO”SiSStv‘:g%);?hECKS

(Zelika B.) (Lara. N) Fermi GBM, Fermi LAT*
TeV GRB

Many contributors over the last 6 years (see doi:10.22323/1.358.0598, ICRC 2019)

1h -

37m -

20m -

11m -

33s -

18s -

10s 4 i 1 1 1 1 1

R S R I O N S

to

(c) CTA North, 8yjeyy < 10°

J.

*help from J. Devin & F. Piron

Th. Stolarczvk

-1.0

-08 20m

Percentage of GRBs detected

texp
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N
[e)
@
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(d) CTA North, fyjey < 45°

Green et al. 2023
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o
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N
~
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Core-collapse SNe CTAO

Paper under internal review

Prospects for detecting extragalactic core-collapse supernovae
with the Cherenkov Telescope Array Observatory

The CTAO Science consortium!

* Investigating the detection rate of CCSNe with CTAOs

32



D ata C h aI I e n g e CTAO CONSORTIUM CTAO

« Galactic Plane
Theme 2: SU rvey

Probing Extreme
Environments

Cosmic rays

PeVatrons

) Theme 1: N ° EXtragalaCtiC
Star-formlng alr;l(r;dReorlsetz?gggtﬁczt?:gm > : ..... - Su rvey

Cosmic Particles

LMC Survey

et Galactic Centre

Exploring Frontiers
in Physics

Dark matter Transients

AGNSs

Fundamental

Galaxy Clusters

See talk by P. Da Vela

 Internal Science Data challenge as concept of proof

* Neutrino, GW follow-up, GRBs, microquasars, AGNs

» Preliminary results (internal to the Consortium) are promising
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Stellar |

(]Nhite paper in prep.:> <:Bata Challenge in prep::>

 Not included as KSP in CTA Consortium 2018
- Working towards implementation in CTAO

« submas measurements of star’s diameters

200

Squared Visibility

v [m]
o

0.0

~1000 -500 0 500 1000
um]

Coherence of a solar-type ~200
star with ~100 micro-
arcsec spots on the ~300

surface (inset)

L. Zampieri, CTAO Symposium

100 4

-1001

-300

LSTs-LSTs
LSTs-MSTs

MSTs-MSTs
SSTs-SSTs

—200

—-100

0
u[m]

100

200

55

40

30

r 20

r10

SNR

x 106

14

CTAD

PRELIMINARY

® M2LST1 channel
¢ M1M2 channel
® MI1LST1 channel

0 20 40 60 80 100 120 140 160
Projected baseline [m]

PRELIMINARY

0.8

go.s
04
® M2LST1 channel
¢ M1M2 channel
® MI1LST1 channel

\\

0 20 40 60 80 100 120 140 160
Projected baseline [m]

0.2

0.0

J. Cortina, CTAO Symposium
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Stellar I

CTAD

Status of Sll in MAGIC and CTAO-LST1

Among science cases:

* Novae
« Be stars
« Colliding wind binaries

O T—
MAGIC+LST-1 T Crb observations. 10 min snapshots. Assumed 3.3 mag

— Shock velocity 3000 km /s
.75 Shock velocity 4500 km / s
Shock velocity 6000 km /s

=== Baseline too large to determine diameter.
$  MAGIC+LST-1 10 min measurements

ABup/Bup

10—2.

10% error in diameter > + -

- y .
pu— - r
- ’ -
]
/’ *
’ > P
' v’ -
% + Pl
-
- -
\

- ’ %

3 ) S\ G \L.’
N\ }/‘
C,

//)’/// \P‘C\\

-
-
-
-
-

»
| Dark-time sensitivity (2.5h) I
Sensitivity during Full-Moon

ST S B S EEERE— EAW T RS TR RN

2 3 4 5 6
B mag
S. Abe, et al. 2024

Slide from PHYS report CTAO Meeting %



New Science Cases to consider

e. g PerS|stent TeV emission from mlcroquasars

above 100 TeV 3 25 100 TeV - , 1-25 TeV - -24.000 above 25 TeV : PN above 25 TeV

[ -24.500 B GRS 1915+105
L _25.000 V4641 Sgr '

i -25.500 : .
- -26.000 /
i -26.500 . ]
[ -27.000 O [ 10. O

.000 276.000 275.000 274.000 273.000 | . 289.5 289.0 288.5 288.0 287.5
bt T T S SR R

288 2875 287 286.5°
. L .

- 8.0

107 e | LHAASO 2024 arxiv: 2410.08988 [ "
'.-:; - - - - Hadronic | 7.0 MAXI J1820+070
e 107 — E BH-jet binaries i
S g ] are efficient particle Q , 7
g ool f e
T | Jet-medium interaction

10-14;(a)‘ N N N L is key

1 10 100 1000

Energy (TeV) 37
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Take-home message

- CTAO is happening! \

- The first VHE observatory

* Improved sensitivity, short-time sensitivity for transient detection

- LST1 producing good science, LST2-LST4 coming soon
« CTAO will open a new era in VHE astrophysics

- New research lines

» Rich Science Program and wealth of new discoveries

- Multi-wavelength and multi-messenger synergies

- New Science Cases appearing, update of scientific cases needed
to fully exploit the capabilities of CTAO
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