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Some materlals taken from ISAPP

Conte ntS | | | 2022 W. Hofmann talk & K. Kosack
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Why? And how?

June 12th, 2026 CTAO, ISAPP 2026 - Th. Stolarczyk



P. and M. Curie, discovery of

COS m |C rays radium and polonium (1898)

e Discovered accidentally 1912 (V. Hess, 1912)

* a, B,y = cosmic rays
* Known as charged particles since (A. Compton, ~1930)

* Atmospheric showers ~10%> eV (P. Auger, 1937)

Still a mystery today

* Where do they come from?
 What is their composition?

 What are the objects producing the highest energies?

V. HeSS, August 7th 1912’ Historical ﬂ|ght 7 P

Hess on gondola in 1912 probably in test flight, The date and place is not clear at present
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The Cosmic ray origin(s)

* CR are deviated by magnetic fields (except at Pierre
Auger Observatory energies)

* They interact easily with matter

H .
1 Neutrinos

pw —e +v.+v,

— Use y-rays at high energies (> GeV)
* Atmosphere is opaque - satellites

* Note: neutrinos make the job but ~101° weaker cross

sections at 1 TeV Trajectories for three 1 GeV proton in the galactic ma

— Damien DOI’niC’S |eCture © Galaxie M51, NASA and The Hubble Heritage
Effenberger et al . A&A 547, A120 (2012
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Detecting y rays with satellites
Fermi Gamma-ray Space Telescope (LAT) - 50 MeV-1 TeV

8 yrs of data

A 4

» No assoclation m Pogsible association with SNR or PWN + AGN

4FGL Catalogue : 5064 sources
* 1336 unidentified (26%) Egiﬁgirmina region Sg:igzé:’l(::i:::roe :glf;ll'?bum o :z‘x:

5 = T .l o7 ..l bl Hr .I '.d T .l LI | e l‘.'-' T l.-'J' T s ..I.V .I & T | ol £ T
* 3624 AGN (87% blazars) B e R i 9:,,‘
° gismo l ;;O I 1(;0 l 1:‘50.l 1‘;0 l 1;0 - l;()l l 1110 l 1(;0 l 9;) I 8:3 l 7;) l 60
239 pulsars g )
E oy
e 17 PWN 3 L e LR AR :
g 60 50 40 30 20 10 0 350 340 330 320 310 300
a 5 T T el T 1 |l T T |l TY 07 "l ™ | |l |l \ S L § T L 1  hd
o ; T . TR - b
i 40 SN R © 0.?:"‘}’.,2 ‘;‘;' -?ﬁ?ﬁ:é " . 0, X .l- .'. g 03 . .u...', d'.-1_-<
F 1 L 1 1 1 1 g |0 | LN 1 il 1 r | L 1 1 |
, f?3()0 290 280 270 260 250 240 230 220 210 200 190 180
Jean Ballet’s lecture

Galactic longitude (deg)

Figure 14, Full sky mip (top panel) and blow-up of the Galuctic plane split into theee longitude bands (bottom panel) showing sources by source class (we Section 6,
no distinction i made between assoclations and identitications). AILAGN classes are plotted with the same blue symbol for simplicity. Other asseciations 1o o well-
defined elaws are ploted in red, nassociated sources and sources assoctted 1o counterparts of unknown niture are plotted in black
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https://iopscience.iop.org/article/10.3847/1538-4365/ab6bcb

Flenergy flux, log (8% dN/dE)

wWhere the Gammas come from? S il

Lepton/hadron scenario —>
high precision

Electrons Nuclel (CR) ; A==E
—> high statistics
+ Matter
-+ Ambiew’c/sa nehroton photons The real,itg] £ usuaLLg a
mixture of the two
—> models

[C = lnverse Comptow
SSC = self synchrotron
Comp‘caw

radio AV X Y Log( E)
Higher energies can be reached depending on the accelerator
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Where the qammas come from?

Ferml / LAT :
€, ax ~ 100 GeV (10™ eV)
S =1wmz

O{N/O{E"‘E_Q dN/dE’VE—Q

Reaching the knee
€' =100 TeV (10% iny)

wWith the same
sewsitiv’utg
S’ =10% m=2 (1 kwm?)

Flenergy flux, log (8% dN/dE)

radio AV X Y Log( E)
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Electromagnetic Showers

e

Larger mirror dish = Fainter showers



Electromagnetic Showers
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Night Sky background critical
Best response at high zenith angles



Gamma rays

T uration ~ 3
ota duration ~ %(I)l

Lateral view On the ground




Hadronic Showers

cosmic ray

cosmic

-

EM Cascade

EM Cascade

EM Cascade

EM sub-showers

Typically 1y (Crab, 1 TeV) for 10° protons



Cherenkov light

Proton
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Detecting y rays on ground
1989, The Crab nebula (E > 100 GeV)

Supernova Remnant (SNR)

90h of data
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10m-dish single telescope
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T. Weekes et al., ApJ 342 (1989) 379
“Observation of TeV Gamma Rays from the Crab Nebula using the Atmospheric Cherenkov Imaging Technique”
NASA, ESA, J. Hester and A. Loll (Arizona State University)
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https://commons.wikimedia.org/wiki/NASA
https://commons.wikimedia.org/wiki/ESA

Detecting y rays on ground
1989, The Crab nebula (E > 100 GeV)

Pulsar Wind Nebula

90h of data
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7 images — Nov 2000 to April 2001

T. Weekes et al., ApJ 342 (1989) 379
“Observation of TeV Gamma Rays from the Crab Nebula using the Atmospheric Cherenkov Imaging Technique”
NASA, ESA, J. Hester and A. Loll (Arizona State University)
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https://commons.wikimedia.org/wiki/NASA
https://commons.wikimedia.org/wiki/ESA

2003: H.E.S.S, Namibia 4 x 12m (since 2003), E>100 GeV

+1x 28 m(since 2012), E>50 GeV
(Southern hemisphere)




The Crab Nebula with H.E.S.S. (2020)

Resolving the Crab pulsar wind nebula at teraelectronvolt energies
H.E.S.S. Collaboration, Nature Astronomy volume 4 (2020)
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https://www.nature.com/articles/s41550-019-0910-0#group-1
https://www.nature.com/natastron

SNR RX J1713.7-3946 (H.E.S.S. 2003)

* Discovered in X-rays by ROSAT (1996)

* One of the first VHE extended source Hadronic model Leptonic model
protons + interstellar gas e + local photons
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Updated in 2018 : A&A 612, A6 (2018)
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https://www.aanda.org/articles/aa/abs/2006/13/aa4279-05/aa4279-05.html
https://doi.org/10.1051/0004-6361/201629790

2003 2009 I\/IAGIC Canary Islands

Major Atmospher‘rc Gamma-ray Imagmg Cherenkov TeIescope 2200 m E>20 GeV
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The Crab Nebula

Measurement of the Crab Nebula spectrum over three decades in energy with the MAGIC

telescopes

J. Aleksic¢ et al, JHEA, Volumes 5-6, (2015) 30-38,DOI: 10.1016/j.jheap.2015.01.002
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10-12

—— MAGIC data

Systematic uncertainty
—=— Fermi-LAT data
MHZ model (total)

E (GeV)

3 decades



https://doi.org/10.1016/j.jheap.2015.01.002
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C G | i | TeV Emissi f Galactic PI S ith HAWC d H.E.S.S.
HAWC Galactic plane  evemissionof calacic piane Sources with Hawc ar

H.E.S.S. original (E> 1 TeV, 0.1°)

HESS
Galactic latitude

— H.E.S.S. at 0.4° resolution

HAWC Original (1523 days)

HAWC
Galactic latitude
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https://doi.org/10.3847/1538-4357/abf64b

2005: LHAASO, Sichuan, China

Large High Altitude Air Shower Observatory, 4400 m, E >> 100 GeV
Successor of ARGO-YBJ




LH AASO Pevat rons Ultrahigh-energy photons up to 1.4 petaelectronvolts from 12

LHAASO Sky @ >100 TeV
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Extended DataFig.4 |LHAASOsky map atenergles above 100 TeV. Thecircles indicate the positions of known very-high-energy y-ray sources.
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y-ray Galactic sources
Nature, 594, (2021) 33
DOI: 10.1038/s41586-021-03498-z

12 sources above 100 TeV
Spectral analysis/fit for 3 /12 sources

Erorgy (TeV) Energy (ToV! Energy (ToV,



https://doi.org/10.1038/s41586-021-03498-z

LHAASO Pevatrons

Peta—electron volt gamma-ray emission from the Crab Nebula

Cao et al., Science 373, 425-430 (2021) 23 July 2021
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Note: The Crab Nebula is
mostly visible in the North




TeVCat: 332 y ray sources

3 order of magnitude in flux, 4 decades in energy: 50 GeV — 1 PeV

® (o
20% PWNe
o = *\ %\
® © © 42% unid.
Q
3 - ® 30% AGN

22% “SNR”

+30° -30°
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https://www.tevcat.org/
https://tevcat2.tevcat.org/

. GRB, Starburst, Superbubble
@ PWN, PWN/TeV Halo, TeV halo, Composite

© DARK, UNID, TeV halo

0 Binary, PSR, Gamma BIN, Nova,

. TeV halo

@ Massive Star Cluster, Globular Cluster

SNR, BIN

HBL, IBL, FSRQ, AGN (unknown type), FRI,
Blazar, EHBL, LLAGN, LBL

Shell, SNR/Molec. Cloud, Composite SNR,
Superbubble

Microquasar



https://www.tevcat.org/

Comparison

Energy Range
Field of View

PSF (E-dependant)
Energy Resolution

Duty Cycle

Sky Coverage

Short-Term Sensitivity

Cost

Scalable / Maintanable

Fermi-LAT

30 MeV — 300 GeV

IACTs (e.g. HESS)

30 GeV — 100 TeV

WCTs (HAWC)

1 TeV — 1 PeV

Effectively All-Sky

Small (2— 8°)

Large (90°)

good 0.1— 1.0°

Very good 0.01— 0.1°

fair 0.1 —» 0.3°

good =10% good =10% poor 20%-60%
very good Poor (10% — 15%) very good
full Half - Targetted half

pO%?O(g 1((033 (\32\/) Excellent (>100GeV) poor
Very high High Cheaper
No Yes Yes




 The Cherenkov Telescope
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Goals
e Benefit from the former generation (H.E.S.S., VERITAS, MAGIC)

* Create a unique World Wide community

Sensitivity x10 = More telescopes

Full-sky coverage = 2 sites
Extend the energy range (20 GeV to 300 TeV)

e = Catch fainter showers: large dishes

* = Increase statistics at HE: increase effective area

Extend the field of view (x2): Surveys

Few arc-min angular resolution : Physics!

Rapid slewing for transient follow-up

In the following: Intermediary configuration




LHAASO (4410 m) X
’

HAWC (4100 m)

SWGO (4800 m)

CTAO Precursors (still active)

Operating

[1 Projects
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CTAO North
(Canary, Spain)

CTAO consortium
30 Countries

O > 150 Institutes

~ 1500 Members

v Effort started in 2006
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CTAO South
(Chile)




60% Sky overlap
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FOV in diameter! 5 LST
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MST with NectarCAM Visit of the assembly hall next week
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NectarCAM

Rear Cable DAQ Tubular

Management Structure Structure Seeing

Components

Front Cable
i Management

Camera
Housing

Module
Holder

DTC

Struct -
FUClr® " Electrical Camera Mounting

Cabinets Rails Tabs
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Northern array

Observatorio del Roque de los Muchachos, IAC

28°45'N, 17°53' W

Island of La Palma, Canary Islands, Spain (alt. 2200 m)

Guelgué

Don Pedro

Llano Negro

Cueva
del Agua

Las Tncias

PN OF
LA VHOEN

Puerno de Puntagorda @ wl
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Observatoire du Roque de los Muchachos
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Northern array - o

Large-Sized Telescope

Medium-Sized Telescope ‘

CTAQ Operations Building &
Other Calibration Devices

e 4 LSTs, 9 MSTs (NectarCam)

e 4 LST almost complete

Weather Station

Stellar Photometer

e 1 MST foundation ready ot =
* Final goal: 4 LSTs, 9 + 6 MSTs il

configuration o

e von
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2
et

/)

3

P

)
_—

n"

June 12th, 2026 CTAO, ISAPP 2026 - Th. Stolarczyk












SO Ut h e rn a rray Vulcano Llullaillaco

Atacama desert, 2200 m 6739 m, 190 km east
24° 41'S, 70° 19" W — s e
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LEGEND

| Medium-Sized Telescope [MST) ’

Small-Sized Telescope [SST)

Large-Sized Telescope (LST)
Foundation

SST Feundation

©

4

@ -----
o

o
(¢}

Weather Statian
Stelar Photometer
Raman LIDAR

Othar Callbration Devices

3 km?

14 MST (FlashCAM), 37 SST
Funds for +2 LSTs approved
Goal: 2+2 LST, 14+11 MST, 37+ 33
2 MST pathfinders end of 2026
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* First units this year
* Quest for pevatrons

» L,é

fﬂﬂﬂ.&-ﬂﬂ.—;@m .
‘ 4 i _hf-\. i. . il



SCT prototype

pSCT Inauguration
January 17, 2019
Whipple Observatory

e Dual-mirror design

e SIiPMT camera

0 4 10 20 40 100 200 p.e.
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Southern array
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Southern array

16 km interconnection roads
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~ Performance
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D a ta p rO Ce S S | n g - See Federica Bradascio’s talk

| 1y (Crab, 1 TeV)
for 10° protons

A

1y (Crab, 1 TeV)
for 1 proton

Gammas Protons




CTAO point-like source sensitivity

o. Configuration, < 4 decades >
50h Of Observation L} 1 T lllll[ T 1 T llllll Ll L] I lllll] Ll T Ll lllll] 1 :?
5 E-bins per decade 10719 —e— CTAO Northern Array — s
- —a— CTAO Southern Array =
E u 18
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CTAO point-like source sensitivity

o Configuration,

50h Of Observation L) A=V lll'l[ Ll 1 Ll llllll T T I lllll] Ll l Ll llllll 1 :?
5 E-bins per decade 107° —*= B1A0 Nojie ey =
- —a— CTAO Southern Array =
— » E LSTs in North 1g
Sensitivity for a 5¢ e SEN g
detection with a S oM _ |z
minimum of 10 signal k) E —e— SSTsin South , 3¢
counts. £ B —a— x3) . 1 g
% i —— —— = ?
c -12 —— —— §
South Array has no LST S 107" E —-— =L
= —— —_— =5
> = = o
= = == s S 4%
U Taeiergy T e :
107" g —z
= - More in MSTs in South (x 2) =p=

: Differential flux sensitivity (50 h) , 1 =

1072 107" 1 10 102

Reconstructed Gamma-ray Energy ER (TeV)
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CTAO point-like source sensitivity - South

lill ) ) lllllll L) Al llllll' L\l ] lll'lll

10" —e— CTAO Southern Array
- o, Configuration
= 50 h of observation

—_

=
-
-

| llllll

hitps /Awww_cla-observatory org/science/cta-performance (prod5, v0.1)

E? x Flux Sensitivity (erg cm?s™)
)
""IN

= s ——
- ——
——
= . o
-13
10717 e TR TSN st
E ~ oty . 2
—  Differential flux sensitivity (50 h) Ll
= L IRk and: 1 I G e i i L d ¢ L Ll L LAl 1 L llllLll
167 10" 1 10 10?

Reconstructed Gamma-ray Energy ER (TeV)

~10 TeV, SWGO 5 years

June 12th, 2026 CTAO, ISAPP 2026 - Th. Stolarczyk



CTAO point-like source sensitivity - North

B ‘_'T L) ‘r“"l L) L) L) UT"Y' L] L) , 2 ER | l"' A Ll I3 2 "‘ll 2 3 :
100 —e— CTAO Northern Array &
- - \ % o. Configuration - g
q’m K _._Fe’(rhi‘-lp yrs - 50 h of observation S
£ ,
; 10'_11 = ; -~ "’ i
e - ;
2 = - N
e | Ge,,
x E ------------------------- * lllllllllll -\"‘ ---------------- -§
3 e —— 8
™ e —e— 8
P 1 ——
T.U 43............................................................ 1 A §
100 EL
E Differential flux sensitivity (50 h) l l : E
102 10" 1 10 10°

Reconstructed Gamma-ray Energy ER (TeV)
~10 TeV, LHAASO 1 year
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Pe rfO Frmance — PS F Point-source location accuracy < 3”
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June 12th, 2026 CTAO, ISAPP 2026 - Th. Stolarczyk



On time scales < 1 h:

Tl m I ng dan d tra N Sle nts 103 times (at 25 GeV) to 10° times (at 250 GeV)

more sensitive than Fermi

10°

— E = 25 GeV

* Max. Slewing time

10.4 wews £ =40 GeV
e IST<30s % Bsmtledllmes, Sttsal 0 e E=75GeV
10° e e E = 100 GeV
* SST<60s o
* MST<90s

107
10°
* Large field of view 0

* 4-10° - Serendipitous events 107"

.......

www _cta-observatory org/sdencelcta-performance/ (prod5-v0.1)

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

Differential Flux Sensitivity E°dN/dE (ergcm? s™)

* Real Time Analysis

* Alerts sent <1 minute
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ERIC signature : January 7", 2025 ‘ Europe CTI\‘O

T - o Austria

“=

Czech Rep
France
= Germany

Italy '
Poland Japan (J

CTAO North slovenis 3

(Canary, Spain) Spain
Switzerland
Australia
CTAO South v -
(Chile)
- CTAO ERIC (11 countries) - Telescope arrays >
) - Applying to ERIC Headquarter (Bologna)
- - CTAO consortium (30 countries) Science Data Manag! Center (Zeuthen)
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CTAO Science program

1. Cosmic Particle Acceleration
* How and where are particles accelerated?
 How do they propagate?

cherenkov

| telescope
| array

 What is their impact on the environment? “with the
2. Probing Extreme Environments Cherenkov
* Processes close to neutron stars and black holes? TEleSCO e
* Characteristics of relativistic jets, winds and N | “__,,P ...i\ ,
explosions? 7
. ]Eois.dmic voids: their radiation fields and magnetic
ields

3. Physics Frontiers
* What is the nature of Dark Matter?
* Is the speed of light a constant? | i
* Do axion-like particles exist? B g e

2017, full arrays

------
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Key Science projects

* 40% of guaranteed time to the ERIC members over 10 years
* Almost entire obs. Time the first 3 years.

cherenkov
telescope
array

I - Science
xcellent scientific case withithe . :
* Production of legacy datasets to a wider community
* Released after a proprietary period Cherenkov
* Clear added value of doing this as a KSP P Telescope |
* Too many hours for a Guest Observer; . O il A-rw T

* Coherent approach across multiple targets or pointings;
* Technical difficulty (collaboration expertise).

e Scenario to be optimised with time along with discoveries

 Starting point for more Science from Open-time
observations

 Will be defined after a call from CTAO-CO to the Science
Collaboration in 2027.

June 12th, 2026 CTAO, ISAPP 2026 - Th. Stolarcz




Key Science projects

cherenkov
telescope

array

Dark matter program — Emmanuel Moulin’s talk
Galactic plane* h e,
Galactic centre survey* Surveys - Science

" — with the . :
LMC survey Cherenkov

Extragalactic survey*

\

)

Transients
Cosmic-ray Pevatrons™
Star-forming systems L Specific objects

L 0 N O Uk WDNE

Active galactic nuclei
10. Galaxy clusters

Brand new: Stellar Intensity Interferometry
— Not presented here

June 12th, 2026 CTAO, ISAPP 2026 - Th. Stolarcz




CTAO publications since 2017

Prospects for y-ray observations of the Perseus galaxy cluster with the Cherenkov Telescope Array
» K. Abe et al, JCAP10(2024)004, DOI 10.1088/1475-7516/2024/10/004, ArXiv

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

* F. Acero, et al., Astroparticle Physics, Vol. 150, 2023, DOI : 10.1016/].astropartphys.2023.102850, ArXiv

* Sensitivity of the Cherenkov Telescope Array to TeV photon emission from the Large Magellanic Cloud
* A Acharyya et al., MNRAS, Vol. 523, Issue 4, Aug. 2023, DOI : 10.1093/mnras/stad1576, ArXiv

* Prospects for a survey of the Galactic plane with the Cherenkov Telescope Array
* S. Abe et al JCAP10(2024)081 DOI 10.1088/1475-7516/2024/10/081, ArXiv

* Dark Matter Line Searches with the Cherenkov Telescope Array
* S.Abeetal., JCAP07(2024)047, DOI 10.1088/1475-7516/2024/07/047, arXiv

* Prospects for dark matter observations in dwarf spheroidal galaxies with the Cherenkov Telescope Array Observatory
* K Abe, et al.,, MNRAS, Vol. 544, Issue 3, December 2025, DOI 10.1093/mnras/staf1798, arXiv

* Galactic transient sources with the Cherenkov Telescope Array
*  MNRAS, Vol. 540, Issue 1, June 2025, DOI: 10.1093/mnras/staf655, ArXiv

* Chasing Gamma-Ray Signals from Binary Neutron Star Coalescences with the Cherenkov Telescope Array: Prospects and
Observing Strategies

* S.Abe et al 2026 ApJ 1004 46, DOI 10.3847/1538-4357/ae658¢, ArXiv
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https://iopscience.iop.org/article/10.1088/1475-7516/2024/10/004
https://arxiv.org/abs/2309.03712
https://doi.org/10.1016/j.astropartphys.2023.102850
https://arxiv.org/abs/2303.15007
https://doi.org/10.1093/mnras/stad1576
https://arxiv.org/abs/2305.16707
https://iopscience.iop.org/journal/1475-7516
https://arxiv.org/abs/2310.02828
https://iopscience.iop.org/article/10.1088/1475-7516/2024/07/047
https://arxiv.org/abs/2403.04857
DOI 10.1093/mnras/staf1798
https://arxiv.org/abs/2508.19120
https://doi.org/10.1093/mnras/staf655
https://arxiv.org/abs/2405.04469
https://iopscience.iop.org/article/10.3847/1538-4357/ae658c
http://arxiv.org/abs/2604.08748

Galactic plane survey

* Goals: contribute answering / clarifying
* Mechanisms/efficiency of particle acceleration
* Maximum achievable energies,
* Nature of the accelerated particles
* Influence of source’s environment
* Evolution with the age
e Contributions to the Galactic CRs

e Sky model from known gamma-ray emitters +
physically-driven models

* PWNe (pulsar wind nebulae)
* SNRs (young and interacting)
e Compact binary systems

* Milky Way diffuse emission.

* Total observation time: 1620 hours, over ten years

* (Omega configuration)

June 12th, 2026 CTAO, ISAPP 2026 - Th. Stolarczyk

~500 sources

Number of sources (> Flux)

IGLAT| < 6 deg
[ binaries
1 PWNe

] young SNRs
=

el

+

interacting SNRs
all model sources |

known sources

= -+

|

GPS target
sensitivity

1

[y

o
o

ke

|
- m

Flux > 1 TeV (cm?s™?)

10'—ll:

— Galactic Sources in Pierre Cristof.




Galactic plane survey (10 years)

* The full plane
* Depth x 10 compared to precursors

* 510 cem?st @ 1TeV [ G
T o e

* X 300 the speed of current = ‘
instrument (large FOV, sensitivity) (150) (45-0,)‘ |

| (180) '(60)

* Optimised observation pattern Qbs‘er\{%atiO,h time (h),

South
HESS field of view North

0.
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Galactic plane survey (10 years)

Excess counts above the CR background
* 70 GeV-200 TeV

* 10vyrs

e |b|<6°

* Spatial bin width: 0.06°

* smoothed Gaussian at 0.03°

Latitude [deg]

Excess counts (0.07-200 TeV)
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Galactic plane: PWNe

20 [0 All synthetic PWNe
34.5 140 | mmm CTA PWNe detections
22 - mEm HESS GPS detections
T o 1207
10 1 »
34.0 _~ ot
% £ 100
v 3
5 e o
o — )
2 33.5 A ‘s 80
~ 0 e
> 3 QO 60 -
=8] 33.0 . £
£ >
e 3 < 40
=
325 & 20
- o -
—~45 s Synthetic PWNe -
@ Detected synthetic PWNe ® 0
S is g 5 8 L 9 = o 10-18 10-17 10-16 10-15 1014 1012 10~12 1011
X (kpc) Flux > 1 TeV (cm~2s71)

* Dominant source class
* CTAO covers the whole Galaxy > 2.2 10%* erg s

* Increase in population : x 7, 7 detected as Pevatrons
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10-10 4 x ® Synthetic shell SNRs
1 Synthetic iSNRs
| ® - Known SNRs
— =11 J ® x Detected SNRs
'T' 10 & e .
s i x
o~ ' X
g 107 % e % *
& 1e . ':9 By *. xx$ 0.' %
2 10-13 - > .'# o ® ®P
- e ® r - x ®
— » oSoo bt o0 o« ©
Xe o 2000 . a
A —14 | serennmnnnnnnisinnsseeenng i ‘ \.‘ ........ ’ ...............................
9 10 ] [ ® ® 5 ®
= Lo & ;% L .
_ @ o o
10 15 4 o P @ @
10-16 - . . . .
0 5 10 15 20 25

Distance (kpc) I

The other side of the Galaxy

* Second most detected population

* |ncrease x 2

* Most are seen as extended objects

CTAO, ISAPP 2026 - Th. Stolarczyk

5-10 times better than
the current TeV SNR
sample




Galactic plane survey: summary

e Distance reach of 20 kpc

Up to 500 sources (0.07-200 TeV)
e >x 6 HESS or HAWC catalogues.
* >200 PWne
e ~30 SNR, mostly seen extended
e Up to 30 Pevatrons candidates

Gam r}g;ray

Plane diffuse emission at TeV © TR luminodty 10% erg/s

Input to longer observations (KSP)

Legacy data set
* First full Catalogue released < 3 yr
* —> Seeds for guest observers

NASA/JPL-Caltech/R. Hurt

Prospects for a survey of the Galactic plane with the Cherenkov Telescope Array
* S.Abeetal JCAP10(2024)081 DOI 10.1088/1475-7516/2024/10/081, ArXiv

June 12th, 2026 CTAO, ISAPP 2026 - Th. Stolarczyk


https://iopscience.iop.org/journal/1475-7516
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' The Galactic Center. » shAd e .

o » :
- : b o4 !
e . 4
» . . ?'P.. ..
' . \;«? = ’:’ 2 . .'o
oo P
: : 3 s Wa
. B A SR . ™ ! . .,, d P e
.. = " : : L Xray o
X-Ray NASAICXCIRMass/D. Waid et al.
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The Galactic Center

A Long list of questions ! (Well suited for a KSP)

* What is the central VHE source?
e Winds from Sgr A*?
— Variability (1’ — 1h time scales) ?
* A pulsar wind nebula ?

» Diffuse emission along the ridge
* From a VHE accelerator ?

* Fermi Bubbles

* CR from SN explosion?
(10% of the SF rate in the Galaxy)

* Sgr A* past activity ?

— Disentangle diffuse emission and new sources
 Many PWNe, SNR expected



The Galactic Center

Acceleration of petaelectronvolt protons in the Galactic Centre
Nature volume 531, pages476—479 (2016)

Figure 1: VHE y-ray image of the Galactic Centre region.
From: Acceleration of petaelectronvolt protons in the Galactic Centre

+00.6
+00.4
+00.2 B

+00.0

.

Galactic latitude (degrees)

s

-00.8

01.0 00.5 ‘ 00.0 .5 I 3.0 .0 ‘ 3585
Galactic longitude (degrees) Galactic longltude (degrees)
The colour scale indicates counts per 0.02° x 0.02° pixel. a, The black lines outline the regions used to calculate the cosmic-ray energy density throughout
the central molecular zone, A section of 66° is excluded from the annuli (see Methods). White contour lines indicate the density distribution of molecular
gas, as traced by its CS line emission™™. Black star, location of Sgr A*. Inset (bottom left), simulation of a point-like source, The part of the image shown
boxed is magnified in b, b, Zoomed view of the inner -70 pc and the contour of the region used to extract the spectrum of the diffuse emission.
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Figure 3: VHE y-ray spectra of the diffuse emission and HESS J1745-290.
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-+« « Model: diffuse emission E &y, = 0.4 PeV

B HESS J1745-290

| lllllll 1 1 lllllll l 1

RaiRelicd

1 10
Energy, E (TeV)



https://www.nature.com/

Galactic centre (a possible scenario)

Centre
~500 h
Bulge
& extension
Y ~300 h

Galactic latitude

GP survey

Fermi Bubbles

Galactic longitude
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LMC survey

* Alaboratory for CR production and transportation
study

* 10% of MW star formation (2% vol.)
e Spatially resolved sources

* Some genuine VHE sources

e 30 Doradus, the most luminous HIl region of the local group
SN1987A remnant (in 30 Doradus)

 SNR N132B)

* The most powerful pulsar, PSR J0537-6910
* LMC P3, y-binary

* PSR J0540-6919 (GeV only)

e Superbubble, 30 Doradus C

* A target for Dark matter search?
* 50% of 10° Solar masses in a Dark halo

Dechnation

10°

64°00°

66°00'§

68°00' B

70*00

9600 88°00" 80°00' 12°00 64°00'
Right Ascension

Approximately face-on
No absorption, nor source confusien
Distance ~49 kpc, known at % level
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(Image from the Science with CTA, 2017)

o

LMC survey .-

_Current

Resolving regions down
to 20 pc in size

Tation

hr

Dec

E>200 GeV -

* Deep survey over 4 years (~300 h)
e Continued with 150h over 6 years for SN1987A, if detected

Sensitivity of the Cherenkov Telescope Array to TeV photon emission from the Large Magellanic Cloud
A Acharyya et al., MNRAS, Vol. 523, Issue 4, Aug. 2023, DOI : 10.1093/mnras/stad1576, ArXiv



https://doi.org/10.1093/mnras/stad1576
https://arxiv.org/abs/2305.16707

Cosmic ray pevatrons (SNRs)

* Galactic Sources emitting > PeV CR - > 100 TeV y-rays S9N
* SNRs preferred since a long time, through diffusive shock acceleration s e A

* First indications from H.E.S.S., LHAASO, HAWC but none are SNRs!

ic (A2/Al=100)
) 0

(¢) CTA leptonic (AZA1=0,01) ~ hadron

(b) CTA hadronic dominant case (A2ZA1=100)

(2) CTA leptonic dominant case (A2/A1=0.01)

vF, (ergcm? s1)
]
i

MC for hadronic/leptonic=0.1
[ hadronic/leptonic=0.1 .
Y 1Tl B == leptonic

| 11‘0 10°
Energy (TeV)

lllustrative

CTAO, IS
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https://www.aanda.org/articles/aa/abs/2006/13/aa4279-05/aa4279-05.html

Extragalactic survey

Radio-Loud Broad Line

Blazar Quasar Radio Galaxy

Narrow Line
Jet

' ‘-_\ x l /l( adio Galaxy
Narrow line

region
‘ d— Scyfert 2

\ Seyfert 1

Broad line _
region h

Black
hole -

Accretion

Dusty "
torus

Not to scale! Radio-Quiet Quasar

Centaurus A
X, radio, visible, z = 0.00183 (106 Lyr)

— Extragalactic Sources in Elina Lindfors’ lecture
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Extragalactic survey

* A blind (Uniform sensitivity) survey
e 25% of the Sky
* First time!

Former observations motivated by Known
counterparts or flaring states for 50% of the known
sources

e A first VHE catalog, Unbiased
determination of blazar luminosity
function

e Exploring
* Serendipitous (flaring) sources
* Dark sources (no signal at lower E)

* Connects to Galactic plane survey

* Covers Coma, Virgo, Cen A, & Fermi
bubbles (N)

June 12th, 2026
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- Fermi/LAT 2FHL catalog

« Detectable sources within CTA surveys
s AGNs detected by IACTs

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

galactic latitude (deg)
4
8

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

.gon
galactic longitude (deg)

Figure 8.3 — Proposed region of the extragalactic survey in Galactic coordinates: b > 5%; -00° < I < 90°,
25% of the sky, marked in a light blue. The Galactic Plane Survey is indicated by a darker blue. Red points
show a hypothetical example of the sources to be detected in the extragalactic and Galactic CTA surveys.
Extragalactic and unidentified Fermi-LAT hard-spectrum sources (2FHL catalogue [191]) are displayed as black
dots whereas green points show the AGN that have been detected so far by IACTs [204].



Transients (GRBs)

Compact object
coalescence
(Short GRB)

— See Diego Gobtz’s talk

Star
collapse
(Long
GRB) [0.1, 1000] s
Name Obs. O | Delay E range T90 (s) Eiso (erg) z

180720B H.E.S.S. 5.3 | 10hr | 100 - 400 GeV 49 6 x 10°3 0.65
190114C MAGIC 50 1' 0.2-1TeV 25 2.5x 103 0.42
190829A H.E.S.S. 22 | 4h20' 0.2-3TeV 63 2 x 1050 0.0785
201216C MAGIC >5 57" 100 GeV 30 5x10%3 1.1
221009A [LHAASO/CTAO|>250| 143” |200 GeV—7 TeV 1000 10 0.15




G R B 2 2 1 O O 9 A A tera—electron volt afterglow from a narrow jet in an extremely bright gamma-ray burst
Science, 28 Jun 2023 Vol 380, Issue 6652 pp. 1390-1396, DOI: 10.1126/science.adg9328
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GRB190114C .
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GRB detections

: _ . Work in progress
(Consortlum Paper Prellmmary) Z. Bosnjak, G. Ghirlanda, F. Longo, L. Nava, Th. Stolarczyk

Combined - Detected at 50 —(90% C.L.)

oml’x

Ll — rdel] 10 |l | 5 @ 50
s SuAlVBAT 1014w R | | 010 @ 100
10" —— e e e e e 3l 20 @ 5003
-—t + + + + et - + < + + 4+ e
i  —— 'l — T T I A °
............. a
. IS ] ~ 50 Swift alerts yrt o
Ih L 1l 4 b -.-..: 4 | o
=
= 1 o =
= Ll i 2] %
x 10¢ H z oy
. B 5 . 2
B Y ’ 3
] : :
. i<} ! o
1 | 3
: | | =
1 : : 5
1 H H w
0 1 ] i | '

1 = | |
10" 10" 10" 107 514 | 5

-2 -1 } ! ! !
Peak Flux [ph em™2 571 z ; 7 ] 3 5 10 10°

Redshift z

* 6-10 GRB long afterglows per year > 5 sigma (210 years of Swift alerts, ®cy1500ey> 1 Ph/C
« Potentially 50% with prompt detection (> 30s)

November 3rd, 2025 Th. Stolarczyk - Lepche meeting
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LST-1 Science papers

June 12th, 2026

A detailed study of the Very-High-
Energy Crab Pulsar emission with the
LST-1 telescope

Detection of the Geminga pulsar at
energies down to 20 GeV with the LST-
1 of CTAO

GRB 221009A: Observations with LST-
1 of CTAO and implications for
structured jets in long gamma-ray
bursts

LST1 Detection of OP313 (Quasar)

RS Ophiuchi: the first galactic
transient detected with the LST-1

SGR 1935 Observations by LST1 (SNR)
SN 2024bch with LST-1

GRB 221009A (during Moonlight time)
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Conclusion

* CTAO, a revolution for science at VHE
* Unprecedented sensitivity (x10) and angular

resolution between 30 GeV and 300 TeV Lo | —— x r)EtPSIIgIthub.com/stegan/KIUBE-RION 1ieasarc and Tevcat
. . . . —e— HE y rays |
* Overlap with existing Fermi legacy (E>30 GeV) —— VHE y rays 7 3 a
. =
* The end spectrum of the MWL astrophysics Fer %o\g o
104 Einstein & EXQSAT ML ar % P
. Fermi/LAT (3FGL)
* Answers to fundamental questions .
.. . O 463 _~TFermi/LAT
 Origin of PeV Cosmic Rays = H TR / (1rGL)
* CRinfluence on ISM and star formation 2 Uhuru (4U) /EGR'E‘iigg‘é’wr
. . 2 S
* Extreme environment physics ST E S o J ORI
. = X Rockets and 9 G0 &
* Fundamental Science (Dark matter, Lorentz 9 balioons / RES
inv., IGMF) 1E coseaco N
10 -—g Sounding eopaies " 2nd generation IACTs
= rockets / sas-2 Whipple, HEGRA, CAT,
i i s Wh'CAIN?mOI? Sg?)
* Tuned for transients and multimessenger : _/Winipple {4k 421)
0 N4 L
ast ronomy = ' McBreen et al. (Crab) Whipple (Crab)
* Low E threshold, short slewing time B &R 8 &2 M &N 4

— Markus Alhers’ lecture
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Timeline

e LST-1 already taking data
* 4 LST inauguration mid-October 26 Science Data Challenge
* MST pathfinders on South Site in 2027

* Early Science starting in 2027

* Construction completion in 2032
—> Start of Observatory operation

~ - Galactic Centre - Galactic Plane - O -
. Y oo SurveyfoooSurvey o
CMONIOrIng: iy e

Science Data Challenge T

. -75° Galactic longitude (deg)
7 years of data — all Science CTAO can offer, as far as FECC PNITHEE e
we know today

Under preparation, release expected by end 2026
Use prototype Science portal, includes user support

* Meanwhile,
Experience CTAO in realistic conditions!

Galactic latitude (deg)
: o

Exposure
1st CTA Data Challenge

High level data exploitable with Gammapy

June 12th, 2026 CTAO, ISAPP 2026 - Th. Stolarczyk
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