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¥ -ray enters the
atmosphere

Electromagnetic cascade

0.1 km? “light pool”, a few photons per m?.

Credit: R. White (MPIK) / K. Bernlohr (MPIK) / DESY
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Distance:
GLON:
GLAT:

Source Name:
Source Type:

GRB 180720B
IGRB | XGal | GRB
z=0.654

94.8406

-63.0678

Select Catalogs ~

Map Projections ¥ Map Tools ¥
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Re? Table Columns ¥ Sync To Map \ Filter Selected

Name RA & Dec Type Tags Distance Catalog

GRB 180720B 00 02 06.87 -02 55 05.2 IGRB,XGal,GRB z=0.654 Default Catalog
CTA 1 00 06 26 +72 59 01.0 PWN,Gal,PeV,.. 1.4 kpc Default Catalog
1LHAASO J0007+565... 0007 26.4 +57 00 00 Gal,UNID,Dar... Default Catalog
SHBL J001355.9-185... 00 13 52.0 -18 53 29 XGal,AGN,Blzr... z=0.095 Default Catalog
Tycho 00 25 21.6 +64 07 48 Gal,SNR,Shell 3.5 kpc Default Catalog
KUV 00311-1938 00 33 36 -19 21 00 XGal AGN,Blzr... Default Catalog
1ES 0033+595 00 35 16.8 +59 47 24.0 XGal,AGN,Blzr... z=0.467 Default Catalog
NGC 253 00 47 32.54 -2517 25.4 *Brst, XGal 2500.0 kpc Default Catalog
1LHAASO ]0056+634... 00 56 24 +63 46 12 UNID,PeV Default Catalog
GRB 201216C 01 05 28.88 +16 30 58.0 IGRB,XGal,GRB z=1.1 Newly Announced
S2 0109+22 0112058 +22 44 39 XGal, AGN,Blzr... Default Catalog
RGB J0136+391 01 36 32.5 +39 06 00 XGal,AGN,Blzr... Newly Announced
RGB J0152+017 01 52 33.5 +01 46 40.3 XGal,AGN,Blzr... z=0.08 Default Catalog
3C 58 02 05 31 +64 51 00 PWN,Gal,SNR 2.0 kpc Default Catalog
1LHAASO J0206+430... 02 06 48 +43 03 00 Gal,UNID,Dar... Default Catalog
Peanut region J0201+... 02 06 48 +43 08 24 PWN,Gal,UNI... 3.15 kpc Default Catalog
1LHAASO J0212+425.. 02 12024 +42 54 36 Gal,UNID,Dar... Default Catalog
TXS 0210+515 0214179 +51 44 52 XGal,AGN,Blzr... z=0,049 Default Catalog
1LHAASO J0216+423.. 02 16 24 +42 37 48 Gal,UNID,PeV Default Catalog
S3 0218435 02 21 05.5 +35 56 14 XGal,AGN,Blzr.. z=0.954 Default Catalog
3C 66A 02 2241.6 +43 02 35.5 AGN,XGal,Blzr.. z=0.34 Default Catalog
MAGIC 10223+403 022312 +43 00 42 UNID Default Catalog
1ES 0229+200 02 3253.2 +20 16 21 AGN, XGal,Blzr.. z=0.1396 Default Catalog

Sources Listed: 322




T TeVCot

Login

Home Select Catalogs ¥ Map Projections ¥ Map Tools ¥
Home
RESET - - VIEW LEGEND "z
Recently Viewed 0 Silte Type JAND
| []1AND
TeV Astrophysics — —_—
Reset Table Columns ¥ Sync To Map Filter Selected
Tools
Name RA & Dec Type Tags Distance Catalog
About TeVCat GRB 180720B 00 02 06.87 -02 55 05.2 IGRB,XGal,GRB z=0.654 Default Catalog
CTA 1 00 06 26 +72 59 01.0 PWN,Gal,PeV,... 1.4 kpc Default Catalog
TeVCat Labs 1LHAASO J0007+565.. 00 07 26.4 +57 00 00 Gal,UNID, Dar... Default Catalog
SHBL J001355.9-185... 00 13 52.0 -18 53 29 XGal,AGN,Blzr... z=0.095 Default Catalog
Tycho 00 25 21.6 +64 07 48 Gal,SNR,Shell 3.5 kpc Default Catalog
KUV 00311-1938 00 33 36 -19 21 00 XGal AGN,Blzr... Default Catalog
1ES 0033+595 00 35 16.8 +59 47 24.0 XGal,AGN,Blzr... z=0.467 Default Catalog
NGC 253 00 47 32.54 -2517 25.4 *Brst, XGal 2500.0 kpc Default Catalog
Source Name: GRB 1807208 1LHAASO J0056+634... 00 56 24 +63 46 12 UNID,PeV Default Catalog
Source Type: IGRB | XGal | GRB GRB 201216C 01 05 28.88 +16 30 58.0 IGRB,XGal,GRB z=1.1 Newly Announced
Distance: z=0.654 S2 0109+22 0112 05.8 +22 44 39 XGal,AGN,Blzr... Default Catalog
GLON: 94.8406 RGB J0136+391 01 36 32.5 +39 06 00 XGal,AGN, Blzr... Newly Announced
GLAT: -63.0678 RGB J0152+017 0152 33.5 +014640.3  XGal,AGN,Blzr.. z=0.08 Default Catalog
3C 58 02 05 31 +64 51 00 PWN,Gal,SNR 2.0 kpc Default Catalog
1LHAASO J)0206+430... 02 06 48 +43 03 00 Gal,UNID,Dar... Default Catalog
Peanut region J0201+... 02 06 48 +43 08 24 PWN,Gal,UNI... 3.15 kpc Default Catalog
1LHAASO J0212+425.. 02 12024 +42 54 36 Gal,UNID,Dar... Default Catalog
TXS 0210+515 0214179 +51 44 52 XGal,AGN,Blzr... z=0,049 Default Catalog
1LHAASO J0216+423.. 02 16 24 +42 37 48 Gal,UNID,PeV Default Catalog
S3 0218435 02 21 05.5 +35 56 14 XGal,AGN,Blzr.. z=0.954 Default Catalog
3C 66A 02 22416 +43 02 35.5 AGN,XGal,Blzr.. z=0.34 Default Catalog
MAGIC 10223+403 022312 +43 00 42 UNID Default Catalog
53.2 +20 16 21 AGN,XGal,Blzr... z=0.1396 Default Catalog

Sources Listed: 322

322 very high energy sources listed

2/3 Galactic
1/3 Galactic

(SNRs, Pulsars, microquasars, unidentified+)
(AGNSs, Blazars, +)
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Credit: F. Acero (CNRS/CEA/FSLAC)
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25 countries ~ 1500 people working on CTAO




25 countries ~ 1500 people working on CTAO

France ~ 12 labs, 80/100 people on all aspects (design,
construction, analysis, SST, LST, camera, software, access to
data, early science
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https://www.cta-observatory.org/science/cta-performance (prod5, v0.1)
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CTAO Key Science projects

Understanding the Origin and Role
Relativistic cosmic particles

Probing extreme environments

Exploring Frontiers in Physics

Science with CTA 2017



CTAO Key Science projects

Understanding the Origin and Role
Relativistic cosmic particles

Sites and particle acceleration

Feedback star formation/ Galaxy
evolution

Probing extreme environments
Black holes/neutron stars

Jets, winds, explosion

Intense radiation fields
Exploring Frontiers in Physics

Dark matter

Axion-like particles

Lorentz invariance violation

Science with CTA 2017



CTAO Key Science projects

Supernova remnants

Understanding the Origin and Role

e L . : Pevatrons
Relativistic cosmic particles

Sites and particle acceleration Pulsar Halos

Feedback star formation/ Galaxy Active Galactic Nuclei

evolution Transients and follow-up

: : Galactic Plane survey
Probing extreme environments

Black holes/neutron stars Novae

: . Star forming systems
Jets, winds, explosion I°Y

Intense radiation fields LMC survey

. o . Extragalactic survey
Exploring Frontiers in Physics

I
Dark matter Galaxy clusters

Axion-like particles Galactic center survey
Lorentz invariance violation Dark Matter program

Science with CTA 2017



CTAO Key Science projects
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: .. , Extragalactic survey
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Dark matter Galaxy clusters
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Lorentz invariance violation Dark Matter program

Science with CTA 2017
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Supernova remnants
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Supernova remnants

"H.E.S.S. (2016) RX J1713.7-3946, E > 2 TeV
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Supernova remnants

"H.E.S.S. (2016) RX J1713.7-3946, E > 2 TeV
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Supernova remnants

16) RX J1713.7-3946, E > 2 TeV
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Supernova remnants
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Supernova remnants
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The Galactic center

s L o
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Spectral index
SARAO, Heywood et al. (2022) / J. C. Mufioz-Mateos N
1.8 -1.0 0 1.0

MeerKAT 2022



Supernova remnants
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Supernova remnants
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Supernova remnants M. = 1AM,
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The duration of the acceleration phase

310 SNRs (+21 since 2019 mostly reclassifying Hll regions)

(a) all SNRs
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Figure 3. Distribution of SNRs with Galactic latitude and longitude: (top) all remnants; (bottom) the 66 ‘bright’ remnants.
Note that the latitude and longitude scales are different.

Green 2025 A&A



The duration of the acceleration phase

310 SNRs (+21 since 2019 mostly reclassifying Hll regions)

(a) all SNRs
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Figure 3. Distribution of SNRs with Galactic latitude and longitude: (top) all remnants; (bottom) the 66 ‘bright’ remnants.
Note that the latitude and longitude scales are different.

Naive estimate:
VSN X Tena = 3/century x 50 kyr = 1500
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~25-30 associated with A

pulsars

Electron/proton pevatrons?

Almost no supernova remnant

Case of SNR G106.3
(PC et al. 2026)
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LHAASO catalog Cao et al. 2024
43 sources >100 TeV
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The Case of SS 443
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LHAASO 2024

+ hadronic contribution (to produce >100 TeV)?
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dec. (J2000)

Particle acceleration in jets of AGNs

CTAO: VHE patrticles, acceleration and variability

SKAQ: electrons, synchrotron spectra, polarization, magnetic field
geometry -> turbulence level, shocks, plasma, particle transport
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Synergy with CTAO

Cherenkov Telescope Array ObServatoryﬂ a
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Synergy with CTAO
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Cherenkov Astronomy Data School (CADS) 2026

| Observatoire de Paris Nov. 2-6th 2026

https://indico.obspm.fr/event/2993/

(free! support from Observatoire de Paris/C}eht,re Jules Janssen)



https://indico.obspm.fr/event/2993/




Credit: Gabriel Pérez Diaz (IAC)
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2. The origin of Galactic cosmic rays protons
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Pevatrons in the last 10 years

« Science with CTA 2017 »

Key Science project : detection of pevatrons

[100 TeV gamma ray PeV protons]

~25-30 associated with pulsars

Almost no association with potential SNR pevatrons SLN AT I
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LHAASO catalog Cao et al. 2024
Vannoni et al. (2007), Brehaus et al. (2021) 43 sources >100 TeV



