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H.E.S.S. - basic data

—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 107m? collecting area, camera:
960 vacuum tube photo-multipliers, field of view ~5°% 1ns
sampling;

—1x28 m diameter parabolic mirror f=36 m, 614 m? area, 875
hexagonal mirror facets 90 cm (flat-to-flat), camera: 2048 photo-
multipliers, 1 ns sampling, field of view ~3.2°, 2.8 t

— duty cycle ~1000h/yr (moonless nights required);

—energy range: ~30GeV - >10TeV

—resolution: angular - 0.1°, energetic-15% @ 1TeV
—sensitivity: 1% Crab (50, 25h)
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weight: 580t

height of elevation axis: 24m

mirror dimensions: 32,6m x 24,4m
focal length: 36m (total height: 60m)
slew speed: 100°/min
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Cherenkov technique

1.1TeV photon creates a shower of secondary
~ particles. The shower contains around 10° e"e pairs
-~ and reaches maximum at an altitude of around
10km.

4. lmage of the air shower is
captured by the camera.

2. Particles emit Cherenkov radlatlon around 10
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 effective area of 50000m?*
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Cherenkov technique - stereoscopy
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Astroparticle research

Galactic sources: Fundamental physics:

- supernova remnants (SNRs), - dark matter (DM),

- pulsars and pulsar wind nebulae - Lorentz invariance violation (LIV),
(PWNs),

- mic-r R).
— star clusters, cosmic-rays (CR)

— Galactic centre,

— X-ray binaries (XRBs) and Physical processes:

MICroguasars. - particle acceleration to the

highest energies,

Extragalactic sources: - particle and radiation
- active galactic nuclei (AGNS), propagation in the intergalactic
medium,

- dwarf galaxies (DSs),
- structure of the magnetic field at

- extragalactic background light (EBL), different scales

- gamma-ray bursts (GRBs), o .
- radiation production

- clusters of galaxies. mechanisms at high energy.
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H.E.S.S. - some results z ®
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Vela pulsar with H.E.S.S. I
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Galactic Plane Scan
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Fig.17. Size — flux scatter plot for the sources in the HGPS, with spectral index shown in color. The size-dependent sensitivity of

May 1 3’ 201 5 Astro pa rtlcle P hyslcs [N the survey is clearly visible; the detection threshold is higher at higher flux for larger sources. The fact that there are no sources in 4

the upper left corner is not a selection effect, a source located there would have been detected.
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Sources in the Large Magellanic Cloud
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excess counts

photons cm

51

— LMC - 4% of the Milky Way
mass; 50kpc distance;
detected by Fermi but
sources not resolved; high
star formation rate,
numMerous massive star
clusters and SNRs (e.q.
SN1987A)

—210h exposure; three
sources detected: pulsar wind
nebula PWN N 1578,
superbubble 30 Dor C, and
supernova remnant SNR' N
132D

—no signal from SN1987A
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Sources in the Large Magellanic Cloud

PWN N 157B 30 Dor C SNR N 132D
—nebula of —VHE emission from —old SNR ~6000 yr
ultrarelativistic particles interaction of CRs with , o
driven by a pulsar PSR interstellar medium —its age liesin the gap
J0537-6910 (twin of the  (pion production) or between young (< 2000
Crab pulsar—4.9x 108 from IC upscattering of ~ Yr) TeV-emitting SNRs,
erg s) low energy photons by ~ 3nd old (>10000 yr) TeV-

quiet SNRs - an

th lati f
< >ame popu/ation O indication of how long

— but smaller magnetic :
. electrons which are . .
fField - 45uG vs. 124 uG responsible for the X-ray SNRs c;on}:am CRs with
energies in excess of 1013

of infrared radiation field
form nearby LH99 star
cluster

— right conditions to
accelerate some protons
to energies exceeding 3
X 1015 eV
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First AGNs detected by H.E.S.S. Il (mono)

PG 1553+113

H.E.5.5. Preliminary
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First AGNs detected by H.E.S.S. I
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Extragalactic background light

* Observed spectrum

Biteau & Williams 2015
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Redshift determination
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Fig. 3.— Spectral energy distribution of PG 15534113 1n v-rays as measured by the Fermi-
LAT and HEE.5.5. Red (resp blue) points and butterflies have been obtained during the flare 4

& Posterior Probability
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{resp. pre-flare) period.
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—for PG 15534113 redshift has been
determined to be z=0.49+/-0.04
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Pair halos and magnetically broaden cascades

— three regimes:

| — strong magnetic field (B>107Q)

synchrotron cooling of e+-e- pairs prevents the
production of secondary gamma-rays

Il —intermediate magnetic field

pairs are isotropised and accumulate around the
source, eventually giving raise to a pair halo (PH) of
secondary gamma-rays

difficult to detect due to isotropic emission

Il — weak magnetic field (B<107'4Q)

no pair halo, pair cascade continues to propagate
along initial beam direction, broadened by deflection
—magnetically broaden cascade (MBC); transfer of
energy between the electron and gamma-ray
components

FERMI Telescope

VERITAS
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PH and MBC limits
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Fig.2. Angular distribution of excess events of 1ES 1101-232
(top), 1ES 02294200 (middle) and the PKS 2155-304 low state
(bottom). The blue line is the H.E.S.S. PSF, the red line is the
Halo Model scaled to the number of excess events and the green
line is the maximum allowed halo component. The model inde-
pendent limit on the pair halo excess is calculated between the
vertical dashed lines at 0.0125 deg? and 0.02 deg?.
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Fig.4. Angular distribution of excess events of 1ES 1101-232
(top), 1ES 02294200 (middle) and the PKS 2155-304 low state
(bottom). The H.E.S.S. data (black points) is plotted against
the angular distribution of the Magnetically Broadened Cascade
Model for varying magnetic field strengths. The red, violet and
cyan lines correspond to the simulated cascade flux for magnetic
field strengths of 10~'4, 107" and 107'¢ G.
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PH and MBC limits

May 13, 2015

0.9 T : : ‘ '
H.E.S.S. upper limit ——

(]8 = T nuxicl ...........
0.7 +

S 06}

S

:_,3 05 F

=

S 04

o

{3 03 ]

& ..
v T ......................................... | -

0 k - 1 1 L

-16 -15.5 -15 -14.5 -14
log,o (B [G])

Fig. 6. EGMF constraints on PKS 2155-304. The blue dashed line de-
picts the expected fraction of MBC events in the VHE data depend-
ing on the EGMF strength. Black arrows are the maximum fractions of
MBC events not contradicting the angular profile data of PKS 2155-304
ata 95% C.L.
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Lorentz Invariance Violation (LIV)

—dispersion relation for light

c’p’=E°[1+E(E/M)+C(E/IM) =...]

—high energy photons propagate faster (super-luminal) or slower (sub-luminal) than low
energy photons
—dispersion parameter
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®,(E>300 GeV) cm?®.s!

Lorentz Invariance Violation (LIV)
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Gamma-ray Bursts (GRBSs)

— peak at keV-MeV, but known to GRB 100621A

show emission >100MeV — detected by Swift satellite,
—high energy emission delayed up z=0.542 from VLT

to 40s and lasts longer (> 20h for .
GRB130427A) —H.E.S.S. observations 683s after
o PRASES AT6 (2014

—some predictions for very high 10°
energy (>100GeV) emission due to
e.g. inverse Compton mechanism
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Fig.2. Comparison of the VHE upper limits (95% confidence level)
on the energy output above the energy threshold (in lighter colour) us-
ing the Band function extension model (no EBL correction applied)
with the XRT energy flux (in darker colour, de-absorbed, from the Swift
Burst Analyser, Evans et al. 2009, 2007). Horizontal arrows indicate the
start and end time of the observations from which the corresponding up-
per limit is derived.
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SUMMARY

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

—recent addition of CT5 telescope, mirror recoating and

camera upgrade will allow for further improvement in
performance

—H.E.S.S. is now a hybrid system —a pathfinder for the
Cherenkov Telescope Array (CTA)
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