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Cascades and how to use them
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Detection by
fast cameras
in telescopes

Geometry = Photon direction
Intensity = Photon energy

Shape = Cosmic ray direction
Faint blue flash (nsec, few 10ph/m?)

mHz-Hz rate

T T T T T

- Gamma Cherenkov light |
emission along
(0-3 TEV) particle tracks

mHz - Hz Rate

-200 0

25

km

20

15

10

few 100 Hz rate

T T T T T

Proton K. Bernlohr |

(1 TeV)

Rl
fi» | | |
,,,,,,,, | S E | W ol SNSRIl WIS, . L, W

few 100 Hz Rate

-200 0 200







Key design of H.E.S.S

Telescope stereoscopy
Telescope sizes 15m-28m  “sweet spot” in energy
Large 5° field of view, uniform pixel size

Small 0.17° pixels ¢ 30m @ 10 km
Southern location (galactic plane)
“simple” telescopes

More than 9415 h of data taken and 6361 million events




“Real astronomy” 1n a new energy band

High sensitivity
3 orders of magnitude dynamic range in flux
Wide spectral range
>2 orders of magnitude coverage in energy, up to 10s of TeV
10-15% energy resolution
Resolved source morphology
~5’ angular resolution
10-20” source localization
Survey capability
H.E.S.S. Galactic Plane Survey:
2% Crab sensitivity
Well-resolved light curves
Minute-scale variability of AGN



H.E.S.S. physics program
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sky coverage & sensitivity
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Source classes

Unidentified/
dark

Pulsar wind
nebulae

27% 36%

SNR/molecular
cloud
15%

Star cluster/
star forming
region
9%

Why so many pulsars :

« The rotational energy of pulsars is an order of magnitude below the kinetic energy released in a
SNR

* But much of the energy goes into electrons and positrons which are much more efficient in
producing gamma rays compared to protons

» Also pulsars accelerate particles over a much longer time scale than SNR



. ‘Tytho’s SN

Do supernova remnants accelerate partlcles 0
To PeV energies ? B Rieea F &% "
With what conversion efﬁeleney‘7 S '.i"-j‘-" it
How in detail are CR accelerated ? |

What is the composition of accelerated particles?

How are they released from the remnant?

Can SNR account for flux and spectrum of galactic CR?
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SN 1006

H.E.S.S.
arXiv:1004.2124

(Credit:X-ray: NASA/CXC/
Rutgers/G.Cassam-Chenai,
J.Hughes et al.; Radio: NRAO/
AUINSF/GBT/VLA/Dyer,
Maddalena & Cornwell,;
Optical: Middlebury College/
F.Winkler, NOAO/AURA/NSF/
CTIO Schmidt & DSS) <€ O 40 >




To Pev energies ?

Particle acceleration to beyond 100 TeV

RX J1713

Index ~ 2.0

B Cutoff or break at ~20 TeV

Index constant across SNR

e H.E.S.S. data
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E? dN/dE (eV.cm? )

E? dN/JE (eV.cm>. s7)

---- Synchrotron

---- |ICon CMB
---- Bremsstrahlung
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With what
conversion
efficiency ?

Gamma rays from electrons

We = 3.3 x 1047 ergs
e =0.03%

SN 1006

Gamma rays from protons

Wp =3 X 1050 ergs
e =30%
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Gamma rays from electrons
Spectral index ~1.5
Rising SED

SN 1006

Gamma rays from protons
Spectral index ~2.0
Flat SED

Lower cutoff at ~mux/2




electrons or proton as origin of gamma rays”?

Fermi-LAT Collab.
arXiv:1103.5727

No protons accelerated?
Lack of target gas for

protons?

Spectrum modified by

diffusion effects?
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Cosmic-ray release
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SNR W28

VHE gamma rays

PSR 41001-23
HESS J1801-233

18h03m

Molecular clouds

£ m NANTEN '%CO(J=1-0) 10-20 km/s
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S . W 28 (Radio Boundary)
§ HES J1801-233

RA J2000.0 (hrs)
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Jet formation
powered by SMBH
accretion, Doppler-
boosted.
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One of the most violent blazars: PKS 2155-304

TeV Flux

isotropic luminosity 1046 erg/s
(luminosity of Milky Way: 1044 erg/s)

Time (minutes))

SMBH mass overestimated ( to accommodate the high 0)
or variability not only related to BH.



Extra-galactic Background Light

EBL attenuation to leave unique redshift dependent and energy dependent imprint :
E>5-10 Tev sharp cut-off (CIB UV re-emitted on the IR domain related)
100 Gev < E < 5-10 Gev weaker modulation (COB Optical emission due to nucleosynthesis)



EBL absorption

-+~ PKS 2005-489 / Mrk 421
-+ PKS 2155-304

-+ 1ES 0229+200 / H 2356-309 -
1ES 1101-232 /1ES 0347-121

Absorption feature detected at
high significance
EBL level = 1.27+0.184+0.25 x model

H.E.S.S.
arXiv:1212.3409

- . see also: Fermi
10 Science (2012)

Energy [TeV]




LIV searches

Fast transient phenomena providing a “time stamp’ for the“simultaneous” emission of different

energy y —rays.
Good source candidates are: GRB 991216
- Very distant Blazars showing fast flares

- Gamma-Ray-Bursts (GBR)

Rate (counts s™')

Use pulse-shape of giant AGN flare, to search for o EI =300 keV q
energy-dependent velocity of gamma-ray photons. ssonds e g
Ideal candidate: PKS 2155, 2006. ; R —

No hint for Lorentz invariance violation found. 95% CL upper limits (photon dispersion relatio):

Mly>2.1 1018 GeV Mdog> 0.5 101! GeV

AXx10n searches

Preliminary

\
\

H.E.S.S. exclusions at 95 % CL\ \\\"d

777 Intergalactic Magnetic Field (optimistic)

L Galaxy Cluster magnetic field (conservative)
— — CAST limit

source
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The Crab seen with H.E.S.S. 11

® Analyzed first data from the Crab il
Nebula taken with the new igearnnary

H.E.S.S. telescope
® Zenith angle: 46°

Declination
(J2000)

N

w

® Excess map with E > 50 GeV 2 .

21°

® Previously: H.E.S.S. I

measurements above 400 GeV .
05"35™00° 05"30™00°

Right Ascension (J2000)

(Aharonian et al. 2006)




Summary
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Implications for TeV neutrinos

® For systems with p - p - & =  H.ES.S. data
ray production (and no o fitted y spectrum
Y absorption) can %10-10 calculated v spectrum
predict neutrino fluxes: = — — mean atm. v spectrum
E
: x
p+trp—mn + X ci'-”10-11
1
§+ X ‘
i RX J1713.7-3946
oy 5 years, 1 km3
b e+ + J

>5TeV:3-7v
(background = 8 v)

® Brightest y-ray sources
are very marginal for
km? scale neutrino
detectors...

Kappes, Hinton, Stegmann, Aharonian 2007



Dark Matter : Sagittarius A
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« Power-law spectrum — looks like accelerated particles not Dark Matter
annihilation

- Astrophysical accelerator — but which one?



