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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




Partners CTAO
(In-kind Contributors)

Telescope construction | Software development |
North Site Infrastructure

CTAO IC_Z%)TLLABORATION CTAO ggELABORATION CTAO (SJ(S)T_LABORATION

67 different institutions across International collaboration of International collaboration of
twelve countries: organizations from organizations from

Brazil, Bulgaria, Croatia, Austria, Brazil, France, Australia, Brazil, France,
Czech Republic, France, Germany, Italy, Poland, Spain Germany, ltaly, Japan,
Germany, ltaly, Japan, and Switzerland Netherlands, Switzerland
Poland, Spain

and Switzerland

Slide adapted from S. McMuldroch A



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 5



CTAO-Northern Array

Alpha Configuration

LEGEND
Large-Sized Telescope
Medium-Sized Telescope

CTAO Operations Building &
Other Calibration Devices

Weather Station
Stellar Photometer

Raman LIDAR

== Road

Gradient
MAGIC Telescopes

External Facilities

©
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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

- Located at Observatorio
Roque de los Muchachos (ORM),
Spain

« 4 LSTs+ 9 MSTs



CTAO-Southern

Alpha Configuration

LEGEND

Medium-Sized Telescope (MST) e

Small-Sized Telescope (SST)

Large-Sized Telescope (LST)
Foundation

SST Foundation

Array

~3km?

area covered by the
array of telescopes

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

- Located at Atacama Desert, Chile
« 14 MSTs +
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CTAO-Southern Array

Alpha Configuration+

- Located at Atacama Desert, Chile
@00 ;0 0g®. o -0 - 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 8




L CTAO
ensitivity
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Short-time Sensitivity cThe
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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
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CTAO-LSTH

« Operational since 2018 at ORM
 Producing Scientific Results

See talk by M. Teshima

i T

| : "
|

AT
Iy ‘_%@\0/

- H
- .

e Discovery of OP313 at z=0.997

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

e B.O.A.T. GRB 221009A at 40

e (LST Coll, Aguasca—-Cabot Gamma 2024)

 Nova RS Oph 2021 outburst
(LST Coll, Aguasca—Cabot SEA 2024)




c ! AO IC_B%TLLABORATION (+400 scientists and engineers from 67 institutions, 12 countries)

233g
Most sensitive Cherenkov array 2583
worldwide by end of 2025 -
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CTAO- Southern Array

Paranal (Chrle)



CTAO-Southern
Array

Getting ready for construction

* Topographical Survey:

complete

* Geotechnical study:
nearly complete

* 23kV electrical
Overhead Line: under
negotiation

* 10 kV Power
Conditioning System:
Out for tender

* Array Roads and
Telescope Foundations:
Contract late this year

Adapted from S. McMuldroch



Science Data Management CTAO

Centre

- Science data processing and

distribution

 Located in Zeuthen (near Berlin)
* Inauguration in October
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CTArD
Science Cases
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CTAQO Consortium
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+1500 members
~ 200 Institutes
25 countries

CTAO CONSORTIUM

(Created the CTAO concept\
- Science exploitation

- Key Science Projects

\ (CTA Consortium, 2019)J

with the

Cherenkov -

- 21
arxiv:1709.07997



Science Cases CTAD wwww CTAO

Galactic Plane
Survey

Theme 2:
Probing Extreme
Environments

- Cosmic rays

Theme 1:
Understanding the Origin

he C . Extragalactic
- PeVatrons el Paricion - S AanmmreT= :

Survey

- Star-forming LMC Survey

regions

--------

Theme 3:
Exploring Frontiers
in Physics

Galactic Centre
Transients
AGNs

.........

-, -~
ccccc

« Dark matter

- Fundamental physics Galaxy Clusters

Grst Consortium papers cm

KSPs already published
« Key Science Projects: multi-purpose observations designed to (Abdalla et al. 2021, Acharyya

et al. 2023, Acero et al.
(CTA Consortium, 2019) k 2023, Abe et al. 2024) J
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Galactic Latitude Galactic Latitude Galactic Latitude Galactic Latitude

Survey of the Galactic Plane  C€TAO

- Total of 1620 hours spread over ten years

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

Observing time

Sensitivity 0.07 - 1 TeV

Galactic Longitude

CTAO Consortium (accepted in JCAP) arXiv:2310.02828

210°

180°

log,o(Nexcess)
0 1 2 3 4

Excess counts (0.07-200 TeV) I
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Ec,proton = 3 PeV
Detection Probability

PeVatrons

1.8 0.8
- Can CTAO identify hadronic PeVatrons? g 052
- GPS: limited spectral sensitivity to g g
search for PeVatrons in scanning mode s £

(~1 Oh) - 0.2

- Detection if they have hard proton 0

= . _2‘360 80 100 120 140 160 180 200 220 240 260 280 300 320 340

Spectra and are pOInt Ilke Flux Normalization at 1 TeV [mCrab]

- Deep observations O(100)h in the case
of soft sources (['p = 2.3)

 Could be done with SSTs during
moontime with x2 time

Proton Index
Detection Probability

0.8
0.6:
0.4°
0.2
Yo o5

CTAO Consortium (2023)

240720 30 40 50 60 70 80 90 100 110 120 130 140 150 16
Flux Normalization at 1 TeV [mCrab)]



(Galactic transients

Microquasars (Cyg X-1)

10_10 .
T
& 1071
|
5
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o) o
5 .
& (-12 | e model for CTA
o MAGIC best fit
¢ MAGIC data (2006-09-24) .
4 CTA 30m simulations (North)
10-12 . — — -
10 10° 106 107
E [MeV]

* Detection of transient emission from i.e.:

* Microquasars
* Crab Nebula (flares)

* Novae

Flux [MeV/(cm- s)|
107° 107

1078

CTAO Consortium (subm) arXiv:2405.04469

1072

CTAD

PWNe flares

— CTA-N5h
- CTA-NLSTs 5h

Crab nebula (steady, 50h)

- F2011
- O.5XF2011

e ———— ———— -

102 10° 10* 10° 10° 10" 10°
Energy [MeV]
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DM line searches

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

data - model
,model

1000 [—

x10°

° Data (Simulation)
Power Law on Counts

+ Dark Matter x10

800—

200—

1072

CTAD

CTAO Consortium (2024)

: 95% C.L. Upper limits

—_— = Power law on flux
1o
20

Fermi LAT P8R3 Einasto (2015)
H.E.S.S Einasto 254hr (2019)
MAGIC Einasto 223hr (2022)

|

/

_IIII| /

Power law on counts (benchmark model)

28



CTAO
Perseus Galaxy Cluster

* Goal: Detect diffuse emission

NPT * SMASH

Dark Matter y-ray searches in Galaxy Clusters:
status and prospects - Cofunded by

the European Union

Judit Pérez Romero \ See talk by Jo PéreZ-RomerO

judit.perez@ung.si
k CTAO Consortium (accepted in JCAP), 2309.03712

Tl {CAP RICAP 2024 — Indirect DM Detection
LZé 26/09/2024

Al generated image combining different algorithms
interpreting:
“Gamma-rays from dark matter”

29
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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 31

-90°
galactic longitude (deg)



Large Magellanic Cloud
Survey

340 h survey

Including prospects for the detectability of:
- young remnant SN 1987A
- star-forming region 30 Doradus

« Known point sources

Potential detection of extra half dozen sources (PWNe,

SNRs)
DM annihilation

CTAO Consortium (2023)
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Transient & Multi-messenger: CGTAO
GRBs, neutrinos and gravitational waves

relative detection probability

CPs in prep
04251 ~_ — A
. \ e N Population Complact object Sl N Detection

0.400 4 >~ e, ® — coalescence bk sl e : ' Analysis

N NG Monte Carlo (Slcrt GRB)

4 e s Calibrated on Fermi-
0.375 RN \ GBM & Swift data ’ Y *
SO .,q' Lib
0.350 \-\f;#*e-— 1000 GRB - 44 yr y
' _ _ SoHAPPy
0.325 - Swift brlght GRBs, B»:::I::m with
P(15-150 kev) > 2.6 v Prompt
cm-2 571 Star erlssion AY’]T A i

0.300 A collapse -

CTA-N, 0.5 h fterglow
0.275 - CTA-S, 0.5 h Th. Stolarczyk

CTA-N,1h
0.250 - CTA-S,1h

CTA-N, 5 h
0.225 - CTA-S,5h

0.2 0.4 0.6 0.8 1.0 1.2 1.4

le-9 See talk by A. Stamerra

local source density (Mpc—3)

0. Sergijenko et al. 2024
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CTAO
Stellar

<3Nhite paper in prep.:>

Not a KSP but high interest in the community

PRELIMINARY

submas measurements of star’s diameters

¢ M2LST1 channel
¢ M1M2 channel
® MI1LST1 channel

Novae, fast rotators, binaries...

55

7 I » : LSTs-LSTs - : ; .
| 0.5 300 1 i 1 T LSTs-MSTs 0 20 40 60 80 100 120 140 160
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06 ‘ SSTs-SSTs 124
04 200 30 1.0 1
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i P
E , % g: 0.6
> - 10 ° g
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Coherence of a solar-type -200 i<
Sta r Wlth -~ 1 00 m |C ro- ’ “ * ” Project:(()j baselinem[om] e " 150
arcsec spots on the - - R E— =
surface (lnset) -300 -200  -100 0 100 200 ’ J. Cortina , CTAO SympOS ium
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L. Zampieri, CTAO Symposium



- CTAO is happening! \

 The first VHE observatory
 Improved sensitivity, short-time sensitivity for transient detection

- LST1 producing good science, LST2-LST4 coming soon

» Open a new era in VHE astrophysics

 New research lines

* Rich Science Program and wealth of new discoveries
« Multi-wavelength and multi-messenger synergies
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