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Centaurus A

Radio galaxy (NGC 5128) of FRI 
type

Nearest active galaxy at a 
distance of 3.7 Mpc

Detailed morphological analysis 
(1◦ ≃ 65 kpc).
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Conferences on ONE single object
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Une galaxie Particulière

Elliptical galaxy collided with a 
relatively smaller spiral galaxy

Discovered James Dunlop 
in 1826.

Thin dust layer noticed in 
1847 by John Herschel

Old star in the bulb

Layer is a star forming region
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Centaurus A

X-ray: NASA/CXC/SAO; optical: Rolf Olsen; infrared: NASA/JPL-Caltech; radio: NRAO/AUI/NSF/Univ.Hertfordshire/M.Hardcastle

Centaurus A's dusty
core is apparent in 
visible light…  

… but its jets are best 
viewed in X-ray and 
radio light.
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Morphology at low energy

Detailed 
morphological analysis 
(1◦ ≃ 65 kpc).

Giant radio lobes

Core

EHT / Janssen et al.

TANAMI Radio data
Müller et al.



Paris, 13/12/2021 David Sanchez, LAPP, Annecy 7

AGN

Black Hole 

Torus, Cloud, Jet 
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Source of UHECRs?

The Pierre Auger Collaboration 
Centaurus A as a 
source of UHECR ?

Correlation of UHECRs arrival with AGN?

BUT AGN trace latter and then sources
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Source of UHECRs?

The Pierre Auger Collaboration, 2018 

Centaurus A as a 
source of UHECR ?

Starburst galaxies 
seems better 
counterpart



Centaurus A at Gamma-ray energies
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Astromomy
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Fermi-LAT

Characteristics
• Launched 11 June 2008
• All sky monitor
• 100 MeV- 300 GeV (Few TeV)
• Data and software publicly available
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Fermi Gamma-ray Imaging of a Radio Galaxy

Γ = 2.52 (+0.16/–0.19)

Γ = 2.60 (+0.14/–0.15)

Giant Lobes of Cen A

10 months of all-sky
survey

Similar properties
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Centaurus A par Fermi

Visible et rayon Gamma (magenta).
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Le Coeur de Centaurus A

Second radio galaxy at TeV energies

115.0 h  of data -> 5.0σ

Γ = 2.7 ± 0.5stat ± 0.2sys

EGRET  observations

Γ = 2.90 ± 0.11 ± 0.07

X-ray to High-
energy peak

F. Aharonian, et al 2009



Paris, 13/12/2021 David Sanchez, LAPP, Annecy 16

Le Coeur de Centaurus A
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Centaurus A5.5 months of Fermi-LAT observations

TS = 308

Γ = 2.90 ± 0.11 ± 0.07

Mismatch of the spectra

Second radio galaxy at TeV energies

115.0 h  of data -> 5.0σ

Γ = 2.7 ± 0.5stat ± 0.2sys
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Le Coeur de Centaurus A

4 yr of  Fermi-LAT data

TS = 1978

P(χ 2 ) < 2 × 10−5
Γ = 2.74

Γ = 2.12

Sahakyan et al; 2013

Γ = 2.7 

Second radio galaxy at TeV energies

115.0 h  of data -> 5.0σ

Γ = 2.7 ± 0.5stat ± 0.2sys
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State of the Art

H.E.S.S. and Fermi collaboration 2018

Second component : origine ?

8 yr of  Fermi-LAT data

H.E.S.S. 2004-2010 

Inner jet model?
Extended emission ?
DM ?



H.E.S.S. Instrument
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H.E.S.S. :
Array of 4+1 Cherenkov telescopes 
located on Khomas Highland, 
Namibia 
(1800m asl, 23°16‘ S, 16°30‘E)
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H.E.S.S. phase 1:
• 4 telescopes CT1-4
• 12 m diameter
• Stereoscopic reconstruction
• 960 PMTs/camera
• FoV:  5 degrees
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H.E.S.S. phase 1:
• 4 telescopes CT1-4
• 12 m diameter
• Stereoscopic reconstruction
• 960 PMTs/camera
• FoV:  5 degrees

H.E.S.S. phase 2:
• Addition of CT5
• 28 m diameter
• 2048 PMTs/camera
• FoV:  3.5 degrees
• Mono or Hybrid
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Sous les étoiles

Credit : Bastien Foucher. 
https://www.bastienfoucher.com/
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Principes des IACTs

Particle shower

Gamma-ray

10 km

Detection of high-energy
Gamma-rays
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Principes des IACTs

Particle shower

Gamma-ray

10 km

Detection of high-energy
Gamma-rays
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Particle 
shower

Gamma-
ray

10 km

Detection of high-energy

Gamma-rays

Stereoscopy: 
• Better Gamma-Hadron separation

• Better Point Spread Function (PSF), 

energy resolution, etc... 
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Résolution angulaire

Size of the target

PSF

Why do we need to have precise psf

RXJ ?? 



Paris, 13/12/2021 David Sanchez, LAPP, Annecy 28

H.E.S.S. camera

H.E.S.S I camera consist of 960 PMTs
good image of the shower. 
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Effets des pixels “broken”

“Broken pixel” can change the direction of 
the reconstructed events

Simulations of an images using photoshop



Paris, 13/12/2021 David Sanchez, LAPP, Annecy 30

Effets des pixels “broken”

First attend to highlight this effect:

• Centaurus A data
• Simulate the true state of the camera for each run

• Compute for the perfect and the ‘real’ camera the reconstructed direction

Distance a la source 

Perfect Camera “Real” Camera
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Towards run-wise simulation

M. Holler, M. de Naurois, J-P Lenain, D. Sanchez

Current framework

Simulations
• Nord-Sud
• Several fixed zenith angles
• Several set of efficiency and 

NSB<<

Interpolation

Instrumental responses

Holler M. et al, 2020. arxiv 2007.01697



Paris, 13/12/2021 David Sanchez, LAPP, Annecy 32

• Actual tracking
• Actual telescope and camera state
• Actual sky

Holler M. et al, 2020. arxiv 2007.01697
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Summary of the RWS framework

Pixel-wise
• Broken Pixels

• PMT Gain

• HI-Lo ratio

• Flatfield Coeffient

• NSB

Array-wise
• Telescope Tracking 

• Source Position

• Transparency Coefficient Telescope-wise
• Camera focus

• Trigger Settings

• Live-Time fraction 

More realistic simulation approach 
• Simulating each observation run of a data set 

• Using actual observation and instrument conditions 

Holler M. et al, 2020. arxiv 2007.01697
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Run wise simulations acchievement

• Small source extensions
– Good understanding of the Point Spread Function (PSF)

-> Crab Nebula extension
-> point-like AGNs  

• H.E.S.S. PSF from MC
– PSF asymmetry measurement

-> Elliptic shape

Allowed by the use of the new 
simulation framework

H.E.S.S. 
Preliminary

Picture of the PSF for Cen A Obs.



Paris, 13/12/2021 David Sanchez, LAPP, Annecy 35

Results on Mrk 421

CT1- 4 data set of the AGN Markarian 421 

Holler M. et al, 2020. arxiv 2007.01697



Morphology of Centaurus A with 
H.E.S.S. I telescopes

Paris, 13/12/2021 David Sanchez, LAPP, Annecy 36



Paris, 13/12/2021 D. Sanchez 37

Re-analysis of the H.E.S.S. phase I data

Detection significance: 13.1σ 
S/B ratio: 0.5

Challenging data set
– Long exposure over several years
– Different hardware states
– Different obs. conditions
– Low S/B ratio

Deep H.E.S.S. Observations from 2004 to 2013
• 202 hours of live time 
• Change in hardware state, observation conditions

H.E.S.S. 
Preliminary
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1D-projection of the event map

Projection along the radio jets
• Minor axis: no extension 
• Major axis: PSF folded with the 

best-fit width from the 2D fit
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Point-like Sym-Gauss. Elliptic-Gauss.

• Gaussian width of semi-major axis:  0.041 +/- 0.006°
• Point-Like in the transvers direction
• Aligned with radio jets

Sym. Gauss. vs. 
Point-Like

Elliptic. Gauss. vs. 
Point-Like

TS : 6.1 TS : 19.4
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Radio surface brightness (21 cm) VLA 
map * H.E.S.S. PSF

VLA contours

Jet size 2.2 kpc

H.E.S.S. 5 σ contour

H.E.S.S. PSF H.E.S.S. Best Fit



Paris, 13/12/2021 David Sanchez, LAPP, Annecy 41

Publication
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Press release images

Optical data

Radio surface brightness
(21 cm wavelength) VLA 
map

HESS best fit
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Implications
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What do we have in hands

• First VHE extragalactic extended source

• Size of the jet : 2.2 kpc

• Most of the VHE emission arise far  from the black hole

• VHE emission probably due to IC of electrons accelerate 
along the jet

• Target photons ?
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Source of soft photon fields

External soft photon fields

• dust (peaking @ νp～3 x 1012 Hz): 
νVHE～ ɣ2νp (Thomson) ⇒ ɣ～ 107

• host starlight (νp～5 x 1014 Hz):
νVHE～ ɣmec2 (KN) ⟹ ɣ～ 106

• CMB and SSC contribution negligible(Credit : ESO/WFI)
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Emission of the kpc jet

IC emission of 
the kpc-scale jet 

Core
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Relevant timescales in the jet 

Faster cooling

Increasing energy
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Relevant timescales in the jet 

Faster cooling

Increasing energy

IC lost
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Relevant timescales in the jet 

Faster cooling

Increasing energy

IC lost

Synchrotron 
lost

X-ray Photons

TeV Photons
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Relevant timescales in the jet 

Faster cooling

Synchrotron 
lost

This correspond to < 100 pc
The acceleration mechanism 
as to be distributed along the 
kpc x-ray jet
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• VLA radio (8.4 GHz) 
emission (contours) 
correlates with X-rays.

• X-rays are continuously 
emitted throughout jet.

• X-rays due to 
synchrotron (?), 
electrons need to be 
accelerated everywhere 
(short cooling timescale 
for ɣ～108)

(Credit: Schwartz 2010, Hardcastle et al. 2003)

Chandra X-ray image of the first kpc of Cen A’s jet.
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Conclusions
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Conclusion : echelles

<

<
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CTA

More information on Cen A morphology 
RWS ?



Saclay, 13/12/2021 David Sanchez 56

ORM

drone picture taken during LST-1 
inauguration, October 2018
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Semi-remote operation

Implementation of semi-remote operations
• Always people at ORM
• Japan and Europe allow full coverage of a night
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Detection of several blazars and Crab pulsar

https://pos.sissa.it/395/872/
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Construction of the LST 2-4

LST2 -> End of 2021- early 2022
LST3-4 -> completed end of 2023
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Future LST 2-4
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And Mother Nature says no

Activities currently stopped

Peoples and Telescopes 
are safe at ORM

Credit : ESA

(DESIREE MARTIN / AFP)
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Build your own LST

The LEGO model is made of 423 pieces and 
can rotate around its axis as the real one

https://www.youtube.com/watch?v=Xun9GZQ3BN4


