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The imaging atmospheric Cherenkov fechnique

y inferacts in the atmosphere
Development of a particle shower

Emission of a brief (~ few ns) and weak
flash of Cherenkov light

Image of the shower with cameras at
the focal plane of telescopes

Orientation == Direction
Intensity = Energy

Shape == Discrimination




The H.E.S.S. array

* High Energy Stereoscopic System

- 4 telescopes of 107 m?2

- Cameras with 960 PMTs

- Field of view : &5°

- 100 GeV - 50 TeV (resolution ~ 10%)

- Angular resolution < 0.1°

« Real » astronomy at TeV energies

- A sensitive instrument (1 % « Crab ») ...
... On more than 2 orders of magnitude in energy
-  Morphology sfudies

- Survey capabilities

- Detailed light-curves



Instruments currently in operation




A soufthern hemisphere observatory




H.E.S.S. | : 10+ years of operation

tfevcat.uchicago.edu
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The HESS Galactic Plane Survey

 Goal : Map the inner regions of the Galaxy to discover new TeV
sources

- Search for the sources of Galactic Cosmic Rays
- Study of charged particles acceleration in astrophysical sources
- Study high-energy particles propagation in the Galaxy

- Connection to fundamental physics (Lorentz Invariance, Dark
Matter, Axions,...)

— Each new source of VHE gamma rays is a new laboratory |




The HESS Galactic Plane Survey

 Goal : Map the inner regions of the Galaxy to discover new TeV
sources

 First Survey (2004) :
- 230 h. of observation

* Since 2004 :
- x10 in observation tfime
- -120° to +80° in longitude
- -5° t0 +5° in lafitude

- Optimal H.E.S.S. visibility




The HGPS : Latest version

» « Final » HESS catalog of survey sources

- Data collected 2004 - 2013
- 2673 h after quality selection

 Available soon :

- Maps : Significance, sensitivity, flux (+errors) and upper limits
Maps




» « Final » HESS catalog of survey sources

- Data collected 2004 - 2013
- 2673 h after quality selection

The HGPS : Latest version

 Available soon :

- Catalog : Automatic pipeline for source extraction

o

Survey region split into overlapping Regions of Interest

Likelihood fit of emission by multiple Gaussian components + diffuse
lbbackground

Overlapping emission components combined

66 VHE sources + 11 complex sources (e.g. shell SNR)
excluded from pipeline



The HGPS : Latest version

Planck CO map

H.E.S.S. (2015) Preliminary
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Sensitivity (% Crab)

The HGPS : Sensitivity and Sources distributions

2.5 H.E.S.S. Preliminary
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The HGPS : Sensitivity and Sources distributions

2.5 H.E.S.S. Preliminary
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The HGPS : sources types

* More than 60 new sources detected at very high energies with H.E.S.S.
- Large variety of source types : supernova remnants, pulsar wind
nebulae, binaries...

Other _.
Binary

Massive Stellar Cluster

Unidentified SNRshell ) HGPS : on-going
additional studies

Population studies based on
HGPS maps :

- Supernova remnants
Fernandez et al., 2013 (ICRC)

- Pulsar wind nebula
Klepser et al., 2013 (ICRC)

...to be revised with follow-up H.E.S.S-Il and MWL observations 11



The HGPS : additional studies

« Study of diffuse emission in the Galactic plane

Total flux outside sources
regions versus Galactic
lafitude :

=5
'Tﬁd
>

23
2
£

21
5

T 0
-1
-2

~ 75% = Unresolved sources

12



Stellar VHE sources beyond the Milky way

« Cosmic accelerators in the Large Magellanic Cloud

- Galaxie of the local group (d = 50 kpc)

Milky Way

Large Magelﬂl/anif'&loud

HESS Collaboration, Science 347 (2015) 406

13



Stellar VHE sources beyond the Milky way

« Cosmic accelerators in the Large Magellanic Cloud

- Galaxie of the local group (d = 50 kpc)

30 Dor C

Milky Way

N 1578
* ’
-
SN 1987A

Large Magelﬂl/anif'&loud .

Detections :
- N 157B : PWN
- N 132D : SNR
- 30 Dor C : Superbubble

Limits :
- SN 1987A

13






The H.E.S.S. array — Phase 2

Array Trigger
modes :

@ £

CT5 "mono”:
lowest threshold
NO stereo views
~65% of events

H.E.S.S. Il : additional 5th
telescope at the center

- 28 min diameter, 600 m2, 36 m focal
length

- Energy threshold lowered to ~ 30 GeV

- Improved sensitivity and angular
resolution

O » O O

Clo+2>10of CT14 >2of CT1-4

“hybrid” ~5% of events
~30% of events

15



H.E.S.S. Il : Analysis

Event seen by the 5 telescopes in coincidence

First « hybrid » array of Cherenkov felescopes !

Upgrade of the H.E.S.S. | cameras planned in 2015/2016

16



H.E.S.S. |l : Performances (mono analysis)

NE - H.E.S.S. Preliminary
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In preparation : Combined analysis
- Mono analysis for CT5 only events

- Stereo analysis for Hybrid or « HESS 1 »
events

* Template (model/MC) based
photon reconstruction techniques
(de Naurois et al. 2009, Parsons et

al. 2013)

« Standard analysis (optimised for
steady sources) + PSR/GRB analysis
(for low E detections)
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Science with H.E.S.S. i

 Lower energy threshold :

- Pulsars
« MAGIC & VERITAS detection of the pulsed emission of the Crab
- H.E.S.S. Il detection of pulsed emission from Vela PSR :
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First H.E.S.S. Il (mono) results (Conferences, summer 2014)
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Science with H.E.S.S. i

 Lower energy threshold :

- Pulsars
- AGN less absorbed by EBL

> More objects !
> Part of the energy range common with Fermi
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Science with H.E.S.S. i

 Lower energy threshold :

- Pulsars
- AGN less absorbed by EBL

> More objects !
> Part of the energy range common with Fermi

- Dark matter constraints ee k. Mora's talk in DM session)

* |Increased sensitivity to variable/transient sources
- GRB detection ?

18



H.E.S.S. Array : ToOs

CT5 : Faster structure - re-pointing < 2 minutes

Fully automatic Target of
Opportunity alert system

it — — CT5(GRB analysis, ~ 20 GeV)
~ H.E.S.S. Prellmmary — — — CT5 (GRB analysis, ~ 50 GeV)
CT5 (GRB analysis, ~ 80 GeV)
— — Fermi-LAT (~ 25 GeV)

— — — Fermi-LAT (~ 40 GeV)
Fermi-LAT (~ 75 GeV)

— — CTA(~25GeV)

— — — CTA(~40GeV)

CTA (~ 75 GeV)
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Hopefully first detection of a GRB Time [s]
iIn VHE gamma-rays soon :-)

Adapted from Funk & Hinfon (2013)
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« H.E.S.S. | legacy survey of the inner Galaxy available soon
« First H.E.S.S. Il results already available (Vela PSR, Crab, AGNS)

« Many more H.E.S.S. results to come soon (ICRC 2015)

= HESS | & |l
e Exciting fimes ahead !




Galactic Y (kpc)

The HESS Galactic Plane Survey

Horizons for 10% and 1% of the Crab luminosity

|

Galactic

_10 |
.Crab nebula
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S. Carrigan et al., 2013 (ICRC)
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The HESS Galactic Plane Survey
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