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Dark matter search with VHE gamma rays

d® (A, F 1 dN.
( y ’7) . (0”0) Y X / dQ/ pz(T[S])dS
E’Y AL l.o.s

o 2
dE., 4T 2m7y,, d
\ Y Y )
Particle physics: Astrophysics: J-factor
o Cross sections — DM distribution in the target

o Differen’FiaI photon yield Large uncertainties (baryon
o DM particle mass feedback, tidal stripping,
clustering, ...)

QQQ Emmanuel Moulin . Astroparticle Physics with H.E.S.S. — Ricap 2018 4
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Dark matter search with VHE gamma rays ===

d®(AQEy) 1 (ov) dN, x/ dQ/ S (r[s])ds
E’y AS) l.o.s

/

o 2
dE., 4T 2m7y,, d
\ Y Y )
Particle physics: Astrophysics: J-factor
o Cross sections — DM distribution in the target

o Differen’FiaI photon yield Large uncertainties (baryon
o DM particle mass feedback, tidal stripping,
clustering, ...)

No target dependence Hunting for the
: but huge uncertainties largest J-factors
No lack of options... on the particle Physics
model
\]
QQQ Emmanuel Moulin . Astroparticle Physics with H.E.S.S. — Ricap 2018 5
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Dark matter search with VHE gamma rays

d®(AQEy) 1 (ov) dN, o
dE,  4m2m3, dE, /AQ ds? /l P (rls])ds

= Weakly Interacting Massive Particles (WIMPs)
— The weak interaction mass scale and ordinary gauge couplings give
right relic DM density without fine-tuning.

_ _ 2
3 x 10727 cm3s™! o _ _
(ov)w ~ — ~ 3 x 107 *%cm’s !

(ov) My VP

— Mass scale GeV-TeV, makes them Cold Dark Matter
— Provides benchmark for indirect detection: thermally-produced WIMPs

Qpuvh? =

QQQ Emmanuel Moulin . Astroparticle Physics with H.E.S.S. — Ricap 2018 6
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DM spectral and spatial signatures in VHE
gamma rays

4 N\ §=> ( R )
SM:b, W, Z,t*,...| 53 | ™ V8PV, ...
Primary channels 5z Final (sit)ates
SM: b, W-, Z, t, ... §8 - v e, p,V, ...
- _/ © %
\]
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DM spectral and spatial signatures in VHE e
gamma rays

4 )
SM: b, W*, Z, t*, ...

Primary channels

SM:b, W-, Z, ., ...
\_ J

"power law"
background

[ gamma-lines
at different
energy resolution

cut-off at
DM mass

mp Y, €7, ([_)), V, ...
Final states

\

—

2 factordGeVaem ke

—

10'®

10'°
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DM spectral and spatial signatures in VHE
gamma rays

, O )
mp YV, €7, P, V, ...

Final states
L2 e',(|_3), v, ...

4 ) 4

DM SM: b, W*, Z, t*, ...
Primary channels
DM

SM:b, W-, Z, ., ...
\_ J

Hadronisation
and/or decay

/

= VHE (E> 100 GeV) gamma rays do not suffer from propagation effects at
Galactic scale : they point back to the source

— Can reveal the abundance and distribution of DM

= Characteristic spectral features may be present in the spectrum
at these energies
— Good discrimination from background

= |dentification of DM is possible
— the gamma-ray distribution in the sky can tell us the DM density distribution
— the gamma-ray spectrum can tells us the reaction process and DM mass

QQQ Emmanuel Moulin . Astroparticle Physics with H.E.S.S. — Ricap 2018 9
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Targets and challenges
4 Likelihood of Strong signal

Galactic Centre

Galaxy clusters Galactic Center halo

= =
Large Robust Constraints
Uncertainties Dwarf Galaxies

Qqq Emmanuel Moulin . Astroparticle Physics with H.E.S.S. — Ricap 2018 10



Targets and challenges
4 Likelihood of Strong signal

Galactic Centre

Galaxy clusters

Galactic Center halo

<
Large

Uncertainties

Maximize the quantity of
DM signal (close distance
and large DM density) wrt
background
(astrophysical sources)

\J
QQQ

H.E.S.S\J

>
Robust Constraints

Dwarf Galaxies
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Targets and challenges
4 Likelihood of Strong signal

Galactic Centre

Galaxy clusters Galactic Center halo

H.E.S.S. observational strategy: ‘
= Deep observations of the Galactic Center region
= Observations of the most promising dwarf galaxies

Maximize the quantity of
DM signal (close distance
and large DM density) wrt
background
(astrophysical sources) \

QQQ Emmanuel Moulin . Astroparticle Physics with H.E.S.S. — Ricap 2018 12



Observations of the GC with H.E.S.S. |

= H.E.S.S.isin an ideal location to observe the Galactic Center region

= GC is a very crowded region in VHE: HESS J1745-290 coincident
with Sgr A*, TeV diffuse emission, SNR HESS J1745-303, PWN
G09+01, ...

QQQ Emmanuel Moulin . Astroparticle Physics with H.E.S.S. — Ricap 2018 13



gfgrsnsa;iy 254 live hours of observations
8 with HE.S.S. | (2004-2014)

= Region of interest: circle
of 1° radius around GC,
split in 7 sub-regions (Rol)

HESS J1745-303 Of Wlth 01 °

= Exclusion masks on
regions with standard
astrophysical sources

Galactic
Longitude

Emmanuel Moulin . Astroparticle Physics with H.E.S.S. — Ricap 2018 14



Observations of the GC with H.E.S.S. |

= H.E.S.S.is in an ideal location to observe the Galactic Center region

= GC is a very crowded region in VHE: HESS J1745-290 coincident
with Sgr A*, TeV diffuse emission, SNR HESS J1745-303, PWN
G09+01, ...

ERed 254 [jve hours of observations

r—

DM analysis with H.E.S.S. now makes use of both the spatial and
spectral information of both signal and background
—2D-binned likelihood test ratio statistic technique

of with 0.1°

= Exclusion masks on
regions with standard
astrophysical sources

HESS J1745-303

N
QQQ Emmanuel Moulin . Astroparticle Physics with H.E.S.S. — Ricap 2018 15



8

/

CEA - Saclay

DM line search at the GC with H.E.S.S. |

C - A LY,
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[ 254 h, DM DM — yy ~ DMDM —yy  *
- . A A
105 Einasto profile 10% 4 s,
E - A L A A
107 107
o F oo F
g B g B v
= L vV F Y
~ 27 - ~ -27 | __ Vy e ®
o0 F S10TE R v N AN 3
N e E vV .w 9\
L “_VVVV y ——g
—-28 | —
107°E e Observed, this work 102V )
- ; E;F;egtedtal ! it e  This work, Einasto profile
L _ % Containmen - ™ This work, NFW profile
102 Tinima oo [C195% Containment _29 Thermal relic A MAGIC Segue 1
E|1||| | e 1 .IHI.EI.IS;SI.II112hI(2OI131)IIl 10 ;lnl ' i ||||||v lFelrmli-erlTlle.lsy,PlaSSlsl il
0.05°0.4 0.2 :n (2Tef/)45 100 =0 0.05 01 0. 1 2 345 10 20
DM MaAna (TeV)

= Caveat: for kpc-sized core profiles, limits weaken by two
orders of magnitude
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DM line search at the GC with H.E.S.S. |
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» Fermi and H.E.S.S. provides strong limits in the mass range
from few GeV up to several ten TeV
The GC region is the only DM target for which IACT sensitivity
can probe the natural annihilation cross-section expected in
- QWIMP models

QQQ

H.E.S.S\J
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DM line search at the GC with H.E.S.S. |

- : A A -. h
- 254 h, DM DM — yy - DMDM — yy 4 * ol I
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1075 Einasto profile 108 4 . o ™% ZU
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- i o’ >
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GC H.E.S.S. measurements are powerful probes of TeV DM modzls
— they feature characteristic prominent line-like structures
in their annihilation spectra

ermi and H.E.S.S. provides strong limits in the mass range
from few GeV up to several ten TeV

= The GC region is the only DM target for which IACT sensitivity
can probe the natural annihilation cross-section expected in

QWIMP models
QQQ Emmanuel Moulin . Astroparticle Physics with H.E.S.S. — Ricap 2018 19
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Nearby dwarf galaxy satellites

Pl “‘\ No recent star formation
Villman 1 o pl PO
e ® T S  Very low gas amount

S - N < “Clean” target in VHE y-rays
a‘ /'/ Draco Her / .
Vae—_ ¥, ¢ BN — they could give
, \ unambiguous detection
/|=o°, b=0° | L 11800 \q
Sagittarius “ | '
Garina
Y L e //
o / 7 2
Grus ||Tu:IIBI eV SMC el // /
P OFornax\
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Dwarf galaxy observations with H.E.S.S.

Y !ﬁ" No recent star formation
Villman 1 o pi | NOPRO
Mai ®° e , Very low gas amount

fo e T N “Clean” target in VHE y-rays
Draco Her / .
LV Ny, . ‘BN — they could give
h unambiguous detection
5gittarius '
- v* - .-Lliﬂici ‘/*~\\ ///
GrusII o Tuc I\’ oMG /: Observed by
e C o Tucn® Ret”, /i H.E.S.S
S 'ME - :
N\ .rnax >
‘Iptor

* Long-term observatlon program towards nearby dSph
= Dataset on LMC and SMC

QQQ Emmanuel Moulin . Astroparticle Physics with H.E.S.S. — Ricap 2018 21
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Dwarf galaxy observations with H.E.S.S.

Pl “‘ No recent star formation
Villman 1 ® oo PO
Mar ®° T S  Very low gas amount

fo e T N “Clean” target in VHE y-rays
7 7=y oL PR — they could give
. unambiguous detection
10, b=0° L 1=180° \;}
Sagittarius “ | '
Sarina ’
I o e ———N, //
Gr”s ”Tu:u}c W v Sue Re%ll / 4

TME I

e d Fornax S
Sculptor

* Long-term observatlon program towards nearby dSph
= Datasets on LMC and SMC
- New DES (candidate) dSphs observed

QQQ Emmanuel Moulin . Astroparticle Physics with H.E.S.S. — Ricap 2018 22
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Searches towards dSph in TeV DM models

= Combined limit using 5 dSph datasets at the level of 5x10-2°cm?3s™
for monoenergetic DM line from 1 TeV WIMP mass

= Tests of specific models: pure WIMP 3plet and Splet
— full y-ray spectrum including WW, ZZ, yy, Zy contributions

QQQ Emmanuel Moulin . Astroparticle Physics with H.E.S.S. — Ricap 2018 23
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Searches towards dSph in TeV DM models =2

= Combined limit using 5 dSph datasets at the level of 5x10

5cm3s-1

for monoenergetic DM line from 1 TeV WIMP mass
= Tests of specific models: pure WIMP 3plet and 5pl¢
— full y-ray spectrum including WW, ZZ, vy, Zy co

10—20

10*

% LA lidlela;llllll LI | l:_{:”_% Cl 1 l_l{:ll\: >l ? ; purle WIMP 3plet
- - og=15% EEEE=S8 s B
10° g=xlie=g 5o
10 | S N\
> = = 10722 L
2 n = g
= 10t 3 \‘
g é 2 10723
> | o i
% 1 3 . Fornax
. = g - Carina
- o
W arl S 1074 E Sculptor
10 E E & ~Coma Berenices :
45 E - = ‘ I
10-2 2 10 L 7| Combined
3] E r) !
3 'l P ﬁ E excludedD :
10° ' 26 :
_3 _2 _1 10 I I I T I | | Al | I AN N I A |
10 10 10 1 10 1 10
Photon Energy  E, [TeV] DM mass [TeV]
N
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Combining all IACT dSph observations

Aim: Produce a global DM result
combining all dSph observations
by HESS, MAGIC and VERITAS
- Also exploring including
Fermi-LAT and HAWC

GLORY DUCK

QQQ Emmanuel Moulin . Astroparticle Physics with H.E.S.S. — Ricap 2018 25
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Aim: Produce a global DM result
combining all dSph observations
by HESS, MAGIC and VERITAS
- Also exploring including
Fermi-LAT and HAWC

Combining all IACT dSph observations

“ The Glory Duc 'l"%' rqup

|

GLORY DUCK

= First meeting in Berlin last July, many decisions taken: working group, targets,
analysis, inputs (spectra, J-factors), treatment of systematic uncertainties (J-
factor, background estimation), sharable likelihood table formats, publication
policies...
(some TBC by governing boards of the participating collaborations)

= Stay tuned: estimated time of completion ~1 year

QQQ Emmanuel Moulin . Astroparticle Physics with H.E.S.S. — Ricap 2018 26
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Search for Lorentz Invariance Violation

= Lorentz invariance might be broken at energies close to the Planck
scale Eppo = 1.22 x 1028 eV

= Effective parametrization of LIV B2p2c? |1 +( E )n
with modified dispersion relation for photons ~ \Eqc

\]
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Search for Lorentz Invariance Violation

= Lorentz invariance might be broken at energies close to the Planck
scale Ep, o = 1.22 x 1028 eV
E n
1+ (—=—
<EQG)

= Effective parametrization of LIV £2.p2 .2
with modified dispersion relation for photons P
VERY SMALL
EFFECT, BUTIT

CUMULATES ON
= Main observables in VHE gamma rays: LARGE DISTANCES

» energy-dependent time delay in the arrival time of gamma rays

traveling over astrophysical distance
Amelino-Camelia et al. 1998 ; Ellis & Mavromatos 2013

= deviations in the spectrum for LIV-modified pair production

process w.r.t standard EBL absorption
Stecker & Glashow 2001 ; Jacob & Piran 2008

QQQ Emmanuel Moulin . Astroparticle Physics with H.E.S.S. — Ricap 2018 28



LIV search with Mrk 501 — temporal study

= Energy-dependent time lag:

At,, n+1 1 “ (1+2z")" ,
~ dz

~ S
" 2Hy Epg Jo /O, (1+2) + On

Energy lever arm

Tn

QQQ Emmanuel Moulin . Astroparticle Physics with H.E.S.S. — Ricap 2018 29



LIV search with Mrk 501 — temporal study

= Energy-dependent time lag:

At,, n+1 1 (1+2z")" ,
In = 75 n - n
Ep —E} 7 2Hy E}g 0O, 1+2)P+Q

Source distance parameter

QQQ Emmanuel Moulin . Astroparticle Physics with H.E.S.S. — Ricap 2018 30



LIV search with Mrk 501 — temporal study

= Energy-dependent time lag for two photons emitted at the same time:

At,, n+1 1 g (1+2z")" .
dz

Th = = S+
Er-E " 2H, Epg Jo Vo, (12T 0
Prerequisite for sources : Flaring blazars are promising
- Dls’fant | target to look for LIV
- Varlable.or transient signatures:
- Energetic = Bright flares detected at very
high energies
Caveat: = Short-time flux variability (down

to minute timescale)

= Flares happen randoml
PP y = (Good statistics with IACTs

= Hints of intrinsic temporal effects
* Details of emission mechanisms poorly understood

QQQ Emmanuel Moulin . Astroparticle Physics with H.E.S.S. — Ricap 2018 31
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LIV search with Mrk 501 — temporal study

= Energy-dependent time lag: ( e - TH

At, n+1 1 ((1+z")"
=g = I EQJO H(z') 2 ul A\ Co. | AT
o\ sl )\

= Target : Markarian 501, blazar at a redshift z=0.034
= flare detected in 2014 up to 20 TeV energies

- evidence for multi-TeV flux variations on timescales of
minutes

- no significant time lag in two energy bins
— used to constraint E

Qqq Emmanuel Moulin . Astroparticle Physics with H.E.S.S. — Ricap 2018 32
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LIV search with Mrk 501 — temporal study

= Energy-dependent time lag: é VoE o OT”:\
At +n+1 1 jz(1+z)nd
mIRAET T T2 Egg)y H(Z) | AT | N

= Target : Markarian 501, blazar at a redshift z=0.034
= flare detected in 2014 up to 20 TeV energies

95% C.L. lower limits

Eqc (GeV) Linear Quadratic
case (n=1) | case (n=2)

 Improvement due to the
high energy sample
— good prospects for
the future studies
 One of the best limit
with a blazar

Subluminal 3.6 x10"77 |8.5x101

Superluminal | 2.6 x 10"7 | 7.3 x 100

QQQ Emmanuel Moulin . Astroparticle Physics with H.E.S.S. — Ricap 2018 33
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LIV search with Mrk 501 — spectral study

= The observed VHE spectrum of a blazar at redshift z

* |ntrinsic spectrum o o e
= EBL attenuation effect obs(Ey) = Pint(Ey) Xx €

= Optical depth of gamma- rays from pair production on EBL

“e dl dnEBL
E, s ) — d_ d
Yy

Threshold photon energy for pair production Pair production cross section

QQQ Emmanuel Moulin . Astroparticle Physics with H.E.S.S. — Ricap 2018 34



8

/

LIV search with Mrk 501 — spectral study

= The observed VHE spectrum of a blazar at redshift z

* |ntrinsic spectrum o e e
= EBL attenuation effect obs(Ey) = Pint(Ey) Xx €

= Optical depth of gamma- rays from pair production on EBL

eoodl [ d
T(E~, 25) :/ dzd— de nEBL / d,u—.
0 2

Threshold photon energy for pair production Pair productlon cross section

= The perturbation from LIV in the dispersion relation propagates
into the EBL optical depth :

- the center-of-mass energy squared s, and

- the threshold energy for pair production are modfiied with an extra term
Tavecchio & Bonnoli 2016

QQQ Emmanuel Moulin . Astroparticle Physics with H.E.S.S. — Ricap 2018 35



LIV search with Mrk 501 — spectral study

E?x dN/dE [ TeV cm?s™]
3
3

107"

1072

PRELIMINARY B

%

- Energy spectrum observed
[ from the 2014 flare
[ of Mrk 501

ElTevl

Best-fit EBL-attenuated power
law

Expected spectrum for the
same intrinsic shape
considering subluminal LIV
with EQG,n=1 = EPlanck

Emmanuel Moulin . Astroparticle Physics with H.E.S.S. — Ricap 2018 36
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LIV search with Mrk 501 — spectral study

:_-' I I I I I LI ll I I .
oo . = Best-fit EBL-attenuated power
E r PRELIMINARY & law
>
P 1070 EBL SED of Franceschini et al. (2008 )
% -
2 I
ot ——= Expected spectrum for the
i same intrinsic shape
1011 ~ considering subluminal LIV
- i With Eqg n=1 = Epianck
- Energy spectrum observed T
| from the 2014 flare ]
of Mrk 501 [ * No significant deviations with
1012 | ! ) ool )

respect to standard EBL
attenuation at energies above
Caveat: Excess of transparency of the

Universe to rays could also be caused 10 TeV _
by the conversion of photons to axion- — put constraints on Eqg
like particles in magnetic filelds

1 10
ElTeV]

QQQ Emmanuel Moulin . Astroparticle Physics with H.E.S.S. — Ricap 2018 37
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LIV search with Mrk 501 — spectral study

= Optical depth of gamma- rays from pair production on EBL

oo dl [ dngs: /2 p
E . ~8 — d ., ; T
"By = [ @ /d = (e,2) [ duly o ()

€

95% C.L. lower limits
Eoc (GeV) | Linear Quadratic In the linear case, E, is excluded at
case (n=1) | case (n=2) the 5.80 level

Subluminal 26x10" |[7.8x10M

» These Planck-scale limits on linear LIV are competitive with the
best limits obtained considering time delays with GRBs

= Best existing limit on quadratic LIV perturbations to the dispersion
relation of photons.

QQQ Emmanuel Moulin . Astroparticle Physics with H.E.S.S. — Ricap 2018 38
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Cosmic-ray electron+positron spectrum

= Only small fraction of Cosmic Rays are electrons:  f«= =~ e
— Very low fluxes at TeV energies AN

= Energy loss by inverse Compton scattering

and synchrotron radiation y P
. . . 1{]_"’:_ - >
= Propagation of TeV e-/e+ limited to ~1 kpc S5
r O g
= TeV ex must have been injected not much longer 28 \\%
:: @) 5--""’“‘{ \
than ~10° yr ago "8 ot
\]
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Cosmic-ray electron+positron spectrum

CEA - Saclay

= Energy loss by inverse Compton scattering and synchrotron radiation
* Propagation of TeV electrons/positrons limited to ~1 kpc
= TeV ex must have been injected not much longer than ~10° yr ago

= Only limited number of nearby

. @

accelerators can contribute gy vemeom 18

L ET 1 & FERNMI (2009 4

to the overall spectrum, [ Gumoi ooy © [

PPB-BETS (2008) ~

e.g. Vela, Monogem o | T ST il |2

DA gt . .5 =, 5

) " 3

= Shape of the spectrum very £ 19 i

sensitive to both propagation & \f R

characteristics and source © I R

. " \ 1L

properties: = | i N

L ,‘/ \\ . ‘_'\)\

= distribution and number of sources / 1 '§

in our Galactic neighbourhood, their 10'L . ... £ 0 o L TS

- individual properties E (GeV)
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The H.E.S.S. CR electron spectrum

% H.E.S.S. Coll., A&A 508, 561-564 (2009) = Discovery of break at 1 TeV
o PENL | { ;o » Measurement dominated by
c » + } _ ¢ AEz15% _ o
N : d systematic uncertainties due
% to hadronic interaction model
202 ¢ * and atmospheric uncertainties
Z10%L
Tu i l
A ATIC T .
» :PE;BET: +
& remiv . *
&  HESS
B a H.E.S.S. - low-energy analysis
[ Systemalic error
[ Systematic ervor - low-energy analysis
.......... Broken power-law fit
| 1 Ll 1 1 1
3
10° 10 Energy (GeV)
\J
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The H.E.S.S. CR electron spectrum

% H.E.S.S. Coll., A&A 508, 561-564 (2009) = Discovery of break at 1 TeV
Z A = Measurement dominated by
@ J systematic uncertainties due
g . to hadronic interaction model
3 f * and atmospheric uncertainties
©
Tu e |
c : = Between 2008 and 2018:
©aTe I + : increased data set- 239 h —
PPB-BETS_
R I 1186 hours
| . hEss. vy i = |mprovements in the analysis
|: Systemalic erro . . .
— :g:;:“:o:':fw'f‘;t“"""‘)"“'y“‘ methods yielding a higher
e 10° hadron rejection

Energy (@e¥)  » Discrimination based on

goodness of fit
— standard H.E.S.S. analysis

QQQ Emmanuel Moulin . Astroparticle Physics with H.E.S.S. — Ricap 2018 42



8

/

CEA - Saclay

The new H.E.S.S. CR electron spectrum

| Kerszberg et al. H.E.S.S. Coll, ICRC2017 PRELIMINARY
= , D '
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> | —4— HESS LE (2009) _ jl
S | | —4— MAaIC (2011) i h,
= —#— AMS-02 (2014) | .
s | | —&— VERITAS (2015) u % 4 o +
2 —4— Fermi-LAT LE (2017) LRI I
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L - CALET (2018)
L | & HESS (201D
B [ ] Stat. + sys. errors
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Energy [TeV]
= Broken power-law spectrum without any significant structure up to 20 TeV

= confirmation of the energy break at around 1 TeV
= H.E.S.S. is consistent with both, AMS & CALET and Fermi & DAMPE
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The new H.E.S.S. CR electron spectrum

| Kerszberg et al. H.E.S.S. Coll, ICRC2017
PPV PRELIMINARY
= m&%&m@%@g i
:‘5 10— i “:ﬂ‘ségﬁ&l °°
' - 1 ° °
ng - Systematic uncertainty band
— —%— HESS HE (2008) . . .
¥ - L HEsSLE ((2009, include , proton contamination,
o —&— MAGIC (2011) o .
zgm _ AMS.02 (201) variation of atmospheric
s L | veRmAS @15 conditions, ...
© —4— Fermi- .
o —4— Fermi-LAT HE (2017) * Energy scale uncertainty: 15%
= — —i#— DAMPE (2017)
g 10 = CALET ((2018, * See recent VERITAS measure-
— — & HESS (2017 .
- |0 stat + ey errors ment arxiv:1808.10028
| I| | 1 | L1 11 I| | 1 1 L1 11 II | | | L1 11 II
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Energy [TeV]
= Broken power-law spectrum without any significant structure up to 20 TeV

= confirmation of the energy break at around 1 TeV
= H.E.S.S. is consistent with both, AMS & CALET and Fermi & DAMPE
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What can we learn ?

= There are no features of local accelerators in the spectrum
= Very existence of TeV electrons points to an accelerator
within ~1 kpc
= Constraint to local source
model

= No apparent features of
dark matter

-
o
™

—+— HESS HE (2008)
—+— HESS LE (2009)
—4— AMS-02 (2014)

- —4— Fermi-LAT (2017)
—5— DAMPE (2017)
—4— CALET (2018)
—4— HESS (2018)
---- H.E.S.S. best fit

1 I| | | L1 1 IIII 1 1 | || Illl
-1
b Energy[‘l‘eV]'I

Flux E? %%[Gevz-m-ﬁ.s-'-sr']

= Nature of the break at 1 TeVV?
= Related to the accelerator?
* Propagation effect?
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= What room is there for continuation of the spectrum?
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CR electron anisotropy ?

= Expected at VHE energies due to limited number of sources,
Increasing with energy

H.E.S.S. Coll. M. Kraus, et al. |
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y 10 E  —e— Method 1, LLRUL ] = 2 ——-a--- Fermi 2017
O E T Metads o F T . < ~---- Fermi 2010
2 ™ --#-- Method 2, Bayesian UL e . i 2 40 H.E.S.S. Vela
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% 1025 — wonogem ey = B
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(m)] | .y . | b
Fermi-LAT Collaboration, PRL 118, 091103 (2017) = =
10—4 i L 1 gl : L L ! gl 3 L L 1 10_2 f" | | f N 1 ) ' ! | |
10 10 107 Energy [TeV] / Energy Treshold [Tev] 1
Energy (GeV)

= Upper limits on dipole anisotropy by e.g. AMS (up to 100 GeV),
Fermi-LAT (up to ~1 TeV)
= Challenging for ground-based instruments:

= pointed observations/ sensitivity based on pointing pattern
= normalisation uncertainty due to systematics
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H.E.S.S. Astroparticle Physics programme ™8

= Strategy for WIMP Dark Matter searches
= Galactic Center
- H.E.S.S. is pursuing an Inner Galaxy
Survey (IGS) programme up to
several degrees from GC

Galactic Latitude (deg.)
(=]
o
o

= Dwark galaxies o ees 000
- Combination of dSph observations by H.E.S.S., MAGIC
and VERITAS P T
- New (candidate) dSphs detected by W s 1A N
DES have been observed e\l = 1Y)
- Will focus on the most promising dSphs "
= Specific DM models with TeV spectral features can be tested
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H.E.S.S. Astroparticle Physics programme m

= Axion-like particle searches with AGN 0
= Search for spectral irregularities g
= Bright AGNs located in galaxy clusters .t
- with high meaured central magnetic field ;;‘;‘:; __Unbmodspeetum \\
'O"F — Binned spectrum \3
= Tests of Lorentz Invariance R e “
" Bright and flaring distant sources, e.9. AGN : fress collinprep. |
- follow-up of alerts issued by other exp. ; a— -
- combination of data from H.E.S.S.,
MAGIC and VERITAS ‘:
* Intergalactic magnetic fields : | Z
= Bright and Hard spectrum (" < 2) sources: "' *
- extreme HBL blazars
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Summary and outlook

= H.E.S.S.-l observations of the inner GC halo put the strongest
constraints for TeV dark matter

= Combination of dSph observations by H.E.S.S., MAGIC and
VERITAS started

= A survey of the inner Galaxy is being carried out by H.E.S.S.
= First CR electron spectrum measured up to ~20 TeV
= Spectral studies for linear LIV searches probe the Planck scale

= The rich H.E.S.S. astroparticle physics programme will hopefully
continue over the next few years till the advent of CTA
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