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H.E.S.S. TELESCOPES

*x 5°x 5° field of view

* ~50 GeV - 100 TeV

x 0.1° angular resolution

x 10-15% energy resolution

* Large background : Fov-scale diffuse emission very difficult
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GAMMA-RAY SOURCES

HESS observes a variety of sources
~ Galactic : supernova remnants, pulsars, ...
~ Diffuse emission
~ Extragalactic : blazars, starburst galaxies

See related talks by G. Puehlhofer, F. Aharonian, F. Brun

#50 HESS.
- Preliminary

33000}
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ASTROPARTICLE PROGRAM W/ H.E.S.S.

» Searches for WIMP dark matter
~ Galactic center
~ Dwarf galaxies
~ Search for lines

* Measurement of the extragalactic diffuse light
* Axions from mixing w/ photons around AGNSs
* [ests of Lorentz invariance

x Cosmic ray spectra
) S

{ Will focus on new results }




YWIMP DARK MATTER

DM is required to understand results from cosmological probes
e.g. CMB anisotropies/structure formation

[Same Universe

SLz0Lz0/Yd-onse ‘€00 e 19 uojuelg

# epochs
op/p o< a(t)
CMB very homogeneous :
[ 6p/p = 10—5] o) a(La(axies) -10% [EI galaxies : dp/p > 1}
4 A

= 84% of non baryonic dark matter

Standard Model Newommere > \WIMP candidate
photon

Primordial self-annihilations regulate cosmological density
- J
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ANNIHILATION PROCESSES

*x DM particle collisions produce standard particles
~ Quarks, leptons, gauge bosons

X ! X ‘
>¢,v< >< Mass & momentum
¥ r X Z

*x Standard particles produced at high energy
~ Further decay and hadronization

Include photons with
energy ~DM mass
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VWHERE TO SEARCH FOR DARK MATTER?

e (alactic center <z

e Galactic halo <=

e Clumps with baryons (dwarf galaxies)
e Bare clumps

A aye 2\

1
®py = Ny(E) <m;> 2 av's
. TN L Jk47TD PACA% 2/

Efficiency of g ray production
in WIMP collisions

Solid angle factor

Number of collisions within the
observed target
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GALACTIC CENTER REGION

603

* 10 years of observations, powerful central source

Galactc attuce

! longfucie (Sagreet [ nni".jn oroot|

H.E.S.S. Co//ab;, Nature 531, 476 (2016)

x Not dark matter dominated emission
~ 2006 : central source not dark matter Hess coliab, PrL 97, 221102
~ 2011 : constraints from halo rHess. conan, pre 106, 161301
~ 2008, 2011 : limits on IMBHs & clumps 552 Senss orong
~ 2015 : limits from halo w/ cored pl’Oﬁ le HESs. Collab, PRL 114, 081301
~ 2016 : improved limits from halo

P Brun, Ischia, July 2016



SEARCHES IN THE GC VICINITY

*x Most advanced analysis
~ Halo, w/ morphological & spectral likelihood

-~ 2 = =
g . Reflected position g %
3 h il
E: ik + Pointing position %
° c .o S
- Y Sgr A* U
08 vBr-uiéssn74
1 Excluded regions
. OFF region
1.5 . ONr
YT S -

* Best limits w/ ground telescopes, submitted to PRL
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LIMITS ON DARK MATTER PARAMETERS

102 E . 102
- 254h, DMDM — W'W - 254h, DM DM — 't
- Einasto profile C Einasto profile
107 107
- 102 = —~ 1024
oo - 0 -
o B £ C
N— — 3 —
/>\ 25 | ~
10 = > -25 -
l: -
ss|  — Observed, this work Thermal relic density 5 Thermal relic density
10 E_ ..... Expected 10-26 L .
- [ 68% Containment = - QObserved, this work
B [ 95% Containment - Exi)ected '
. — H.E.S.S 112h (2011) - [ 68% Containment
107 & 1077 [ ]95% Containment
055‘)“61 0I2 . Illlll!l 2I 3I4I-EI>IIII1|() 2I()3I()IIII EIIII| 1 1 IIIIII| 1 1 IIIIII| 1 1 111
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rnDM ( e ) mDM (TeV)

V. Lefranc, ICRC 2015
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EXTRAGALACTIC BACKGROUND LIGH

Background UV/IR photons

Energy (eV)
(o 102

10 1 1
ET T T

103 104
T T

E TeV y absorption

W m2sr-1
900C V8V “|p 12 9/00 'H

N A
L/l
‘.]‘/[./'1 10.1 Ll [ WA 111
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| -L
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1
ey

Pair production induces a gamma-ray
horizon z ~ 0.1 at 1 TeV
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EXTRAGALACTIC BACKGROUND LIGH

A
P

E Source

[ Absorbed
i el : >
. 1 TeV Energy

\/L/«
L/‘|/]/1 )
e~ i,

¢observed = ¢Source X exp(_T)
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FIRST MEASUREMENT

Assuming a SED, fit of the

background photon density
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MODEL-INDEPENDENT APPROACH

* VWith minimal assumptions on the EBL SED
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* Essential step to search for second-order effects
~ Cascade & primordial magnetic fields

~ AXIONS (now searched for by other means)
~ Lorentz invariance violation
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TESTS OF LORENTZ INVARIANCE

x Lorentz invariance breaking in photon sector

2 2
Ev_pviE7<

* \Would induce energy-dependent time lags

E, ) it
Errv

*x Here another approach : threshold distortions

n—+2
E’Y

Errv"
1 B3

€th — €th Z Er "

2014 flare of Mrk 501 =
z=0.034
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LORENTZ INVARIA

NCE W/ SPECTRA

- LogLikelihood

Mrk 501, 2014 flare

‘ Exclusion imits (95% CL) :

10}

== This study, Ew >28e+28eV, (229xE,_ )
H.E.S.S. time delays (PKS 2155-304)
Fermi time delays (GRB 090510)

Mrk 501, 2014 flare Exclusion limits (95% CL) :

- LogLikelihood

= wme ==+ This study, E = 7.5e420 eV
H.E.S.S. time delays (Mrk 501)
'''''''''''' Fermi time delays (GRB 090510)

9LOT dV DI "9 d 78 Z3Ua107 |

—EPIanck | :
1 2
|
’-p yal P R P | | : "
107 10% 107 g leV] €. s
(a) Linear case (b) Quadratic case
20 30 50
=1 | 2.8x10% eV (2.29 X Epanck) | 1.9 x 102 eV (1.6 X Eppanck) | 1.04 x 10 eV (0.86 X Epjanck)
n=2 | 7.5 x 10?° eV 6.4 x 102 eV 4.7 %107 eV
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Planck scale excluded for linear term

Best limit for quadratic term
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OTHER RESULTS

* Combined dwarf-galaxy dark matter search

H.E.S.S. Collab., PRD 90, 112012 (2014)
m I H.E.S.S. Collab., PRL 110, 0413017 (2013)
x Da r|< d tte r U nes Update & Fermi hot spot : Submitted, M. Kieffer ICRC 2015

* Lorentz invariance w/ time lags
~ PKS 2155-304 5 oo, stapart prye 3473 0
~ PG 1553 HESS Collab, Apj 802, 65 (2015) Still a lot
~ Vela pulsar m caretien, icrc 201 more soon !

* Axion-like Da rticles Hess. colb. PO 88, 102003 (2073

* Microscopic black holes s+ cicensten icac 201

H.E.S.S. Collab., A&A 508, 561 (2009)

*x Electron Spectrum H.E.S.S. Collab,, PRL 107, 267104 (2008)

Expect an update soon !
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