Highlights from the Southern
VHE gamma-ray sky with H.E.S.S.




High Energy Stereoscopic Sytem

Five telescope array in Namibia, > 1000 m2 mirror area
Telescopes operational since 2003, 2012, camera upgrades 2017, 2019
Operation in moderate moonlight, > 97 % efficiency, > 1400 h/a
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Cosmic Ray Measurements

Primary objective: VHE Gamma-ray studies.
VHE emission provides clues on CR.

CR e- and e+ are an unavoidable contamination of gamma-ray showers.
They are hard to discriminate in terms of shower image parameters.
Studying ‘background’, HESS (2008, 2009) derived e’/e* spectra < 4 TeV.
Break at ~ 1TeV, later confirmed by MAGIC (2011), VERITAS (2018)
and direct detection experiments (AMS-02, DAMPE, CALET).

New study by HESS (submitted) towards higher energies.
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CR Measurements

Analysis involves ‘run-wise’ simulations where
each ~30 min data-set (‘run’) is simulated with
actual pointing, NSB & calibration coefficients (px),

dead-time, ATC,

(hard spectrum (I'=1.3)) showers.

The particle identification is derived using the quality of the
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Electron candidates are cut at MSSG < -0.6. The contamination by hadrons is derived
from an analytic approximation to the MSSG distribution at each energy.
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No confirmation of 1.4 TeV break
(potential DM signal), Yuan et al.

No rise (hardening) above 5 TeV
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Systematic uncertainties

< 15% due to hadronic contamination
Compatible with other data
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Cosmic Ray e* Spectra

Spectral break at Ep = (1.17 £ 0.04 5¢at £ 0.1245) TeV
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Time resolved data

E* « Flux
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Testing stability and uncertainties
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cl ~, free normalization on runs, nights,
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Cosmic Ray Measurements

. 1081(Eror [erg])
>10 TeV electrons and break impose —50

limitations on cooling time (~ 100 kyr)
and propagation (~ few 100 pc).
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spectrum of propagation times.
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Stellar Clusters -
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Stellar Clusters

Westerlund 1 (HESS, AA 666, 124, 2022)
New: R 136, 30 Dor C (LMC), HESS, 2024
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Stellar Clusters

New: R 136 (LMC), HESS, 2024
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Young Stellar Clusters

A potential contributor also to UHE CRs
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Monitoring GR Binaries

Time domain program (GRB, Novae, AGN, GW, Neutrino, TDE, FRB, ...)
Binaries, e.g. 1259-63 (HESS, arXiv:2406.18167 plus current periastron)
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Other selected hlghllghts

Vela Pulsar (P2) | H.E.S.5. Mono

VHE pulsed emission from Vela — T e
Nature Astronomy, arXiv:2310.06181

Energy dependent morphology of Crab

E2dN/dE (ergcm%s~1)

A&A 686, A308 (2024) e
Resolved jets of microquasar SS433 i w

Science383, 402-406 (2024)

Limits on DM down to thermal limit
Phys. Rev. Lett. 129, 111101
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Other selected hlghllghts

VHE pulsed emission from Vela — e
Nature Astronomy, arXiv:2310.06181 e
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68% containment

Energy dependent morphology of Crab
A&A 686, A308 (2024)
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Resolved jets of microquasar SS433 T B - T sz
SCi e n Ce383 , 402 _406 (2024) = Fig. 7. Optical image of the Crab Nebula in green (credit: NAS.

Limits on DM down to thermal limit
Phys. Rev. Lett. 129, 111101
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Other selected highlights

VHE pulsed emission from Vela
Nature Astronomy, arXiv:2310.06181
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Significance (o)

Energy dependent morphology of Crab 2°°°'
A&A 686, A308 (2024)
Resolved jets of microquasar SS433 N
Science383, 402-406 (2024)

Limits on DM down to thermal limit
Phys. Rev. Lett. 129, 111101
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Other selected highlights

VHE pulsed emission from Vela
Nature Astronomy, arXiv:2310.06181

Energy dependent morphology of Crab 0 iy e TR
A&A 686, A308 (2024) i
Resolved jets of microquasar SS433 T o]
Science383, 402-406 (2024) E
107
Limits on DM down to thermal limit =
Phys. Rev. Lett. 129, 111101 07 v I,
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Preview

A major emphasis of HESS has been on surveys in various domains:

The HESS Galactic Plane Survey (2018) has been a key enterprise
during the first decade of HESS.
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HGPS 2.0 is in preparation and will ~double the number of sources
(caveat: what is a ‘source’ (vs. a ‘component’))? — source confusion

HESS Extragalactic Gamma-ray Survey (HEGS)
Inner Galaxy Survey
HESS LMC Survey
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Summary




