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– High Energy Stereoscopic System;
– five telescopes 120 m x 120 m area;
– 4x13 m diameter spherical main mirror f=13 m, 362 circular 
mirror facets 60 cm diameter, 4 x 107m2 collecting area, camera: 
960 vacuum tube photo-multipliers, feld of view ~5°; 1ns 
sampling;
– 1x28 m diameter parabolic mirror f=36 m, 614 m2 area, 875 
hexagonal mirror facets 90 cm (fat-to-fat), camera: 2048 photo-
multipliers, 1 ns sampling, feld of view ~3.2O,  2.8 t
– duty cycle ~1000h/yr (moonless nights required);
– energy range: ~30GeV - >10TeV
– resolution: angular – 0.1o, energetic – 15% @ 1TeV
– sensitivity: 1% Crab (5σ, 25h)

H.E.S.S. - basic data
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Cherenkov technique

1. 1TeV photon creates a shower of secondary 
particles. The shower contains around 105 e+e- pairs 
and reaches maximum at an altitude of around 
10km.

2. Particles emit Cherenkov radiation – around 100 
photons per m2 reaches the ground in a circle of 250m 
diameter. Flash of Cherenkov light lasts several 
nanoseconds.

3. Cherenkov photons can be registered 
anywhere within the cone by an optical 
telescope (if enough sensitive) – this 
provides an efective area of 50000 m2

4. Image of the air shower is 
captured by the camera.
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Cherenkov technique - stereoscopy
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Hardware upgrades

– all CT1-CT4 cameras upgraded to CT1U-CT4U
– new electronics
– new light collectors
– new ventilation system
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Astroparticle research

Galactic sources:
– supernova remnants (SNRs),
– pulsars and pulsar wind nebulae 

(PWNs),
– star clusters,
– Galactic centre,
– X-ray binaries (XRBs) and 

microquasars.

Extragalactic sources:
– active galactic nuclei (AGNs),
– dwarf galaxies (DSs),
– extragalactic background light 

(EBL),
– gamma-ray bursts (GRBs),
– clusters of galaxies.

Fundamental physics:
– dark matter  (DM),
– Lorentz invariance violation (LIV),
– cosmic-rays (CR).

Physical processes:
– particle acceleration to the 

highest energies,
– particle and radiation 

propagation in the intergalactic 
medium,

– structure of the magnetic feld at 
diferent scales,

– radiation production mechanisms 
at high energy.
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H.E.S.S. - some results
FIRST GALACTIC PLANE SCAN

FIRST RESOLVED SNR

FIRST BINARY SYSTEM WITH VHE EMISSION

FIRST STAR CLUSTER WITH VHE EMISSION
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First AGNs detected by H.E.S.S. II (mono)

PG 1553+113 PKS 2155-304
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CT5 mono observations

– observations of the two bright blazars: PKS 2155-304 and PG 
1553+113 were carried out in “mono mode”

– results demonstrate for the frst time the successful 
employment of the monoscopic data lowering the gamma-ray 
energy range that may be probed by H.E.S.S

– reduction in the energy threshold allows to probe new low-
energy aspects about AGN fuxes and their attenuation on the 
EBL out to larger distances
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CT5 in mono mode - discovery

– in February 2015, the FSRQ PKS 0736+017 (z=0.189) underwent a 
bright faring episode at high energy (MeV to GeV) gamma rays, as 
observed with the Fermi LAT,

– the frst H.E.S.S. II discovery of a new extragalactic VHE gamma-ray 
source
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SNR RX J1713.7-3946



September 22nd, 2017 Astroparticle Physics in Poland 2017, Kraków 14/27

SNR RX J1713.7-3946

– the radial size of the supernova shell of RX J1713.7-3946 in gamma-rays extends further than 
in X-rays

– efects from accelerated particles leaving the main shoce region have been predicted in 
difusive shoce acceleration theory: the X-rays mare the end of the shoce region, the gamma 
rays are either from completely detached (escaped) particles or else from particles in the 
forward shoce (shoce precursor) region
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Vela Junior

– no clear preference for either leptonic or 
hadronic scenario

–  in the leptonic case, the magnetic feld strength 
within the Vela Junior region is relatively low - 
7 μG

– in a hadronic scenario, the total amount of 
energy in accelerated protons is less than about 
10% of the SNR explosion energy; ambient 
medium density - 1 cm-3 
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Galactic Plane Scan

– survey of +/- 3O lat and 250O-70O long
– over 2350h exposure
– over 50 sources (79 in ofcial H.E.S.S. 
catalog including extragalactic)
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Galactic Plane Scan

– survey of +/- 3O lat and 250O-70O long
– over 2700 h exposure
– 78 sources
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HGPS
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Galactic Centre
Aharonian et al. 2006
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Galactic Centre with H.E.S.S.

● molecular clouds (+250pc,-150pc)
● gamma-ray emission correlated with clouds density
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Galactic Centre with H.E.S.S.
dN/dE=Φ0 E-Γ; Φ0 = 2 x 10-12 TeV-1 cm-2 s-1; Γ=2.3; 
Lγ(>1TeV)=5.7 x 1037 erg s-1

leptonic model – inverse Compton emission from 
relativistic electrons

e- + γ  e→ - + γ

tdif=2x103 (R/200pc)2 (D/1030cm2 s-1) lat

tsynch=10 (B/100μG)-2 (E/100TeV)-1 lat
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Galactic Centre with H.E.S.S.

hadronic model – proton-proton interactions

p + p  → Π0 + …  Π0  γγ→
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– the inner 300 parsecs region of the Miley Way has been observed 
by the H.E.S.S. telescopes since 2004

– data analysis does not show any signifcant gamma-ray excess 
above the expected baceground in any of the annuli

– constraints on the DM velocity weighted annihilation cross section 
can be derived

<σv> = 6 x 10-26 cm2s-1 
at a dare matter mass of 1 TeV for DM DM  W→ +W- channel 

Dark matter in the Galactic halo



September 22nd, 2017 Astroparticle Physics in Poland 2017, Kraków 24/27

130 GeV line

– an analysis of a 5-year data 
sample collected by Fermi-LAT in a 
sey region close to the Galactic 
Center resulted in a hint for a line-
liee signal at an energy of 130 GeV

– a new search for dare matter line-liee signals in the vicinity of 
the Galactic Centre was performed with the complete HESS-II 
array
– no signifcant excess associated with dare matter annihilation 
was found in the energy range between 100 GeV and 2 TeV

C. Weniger, J. Cosmol. Astropart. Phys. 08 (2012) 007.
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Cosmic ray electrons

– frst measurement of cosmic-ray 
electrons up to energies of  20 TeV∼

– breae in the spectrum - the transition 
between a regime where a large 
number of sources contribute to the 
spectrum, to a regime where only a few, 
the closest ones from Earth, are able to 
contribute

– some model of pulsar emission 
excluded by data
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Extraterrestrial signal
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SUMMARY

– H.E.S.S. still performs very well in many aspects of 
astroparticle research

– addition of CT5 telescope, mirror recoating and 
camera upgrade allowed for further improvement in 
performance

– H.E.S.S. is still the only hybrid system – a pathfnder 
for the Cherenkov Telescope Array (CTA)

– the future of H.E.S.S. under discussion
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