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Dark matter  what go we know

- makes ~ 26% of total
content
- 82% of total matter
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Dark matter  what go we know

A
_ . %
- makes ~ 26% of total - neutral particle %
content - cold or not too warm 0,0*"%
. 80Y% of total matter 1 - Very feebly interacting %%,,0
- stable or very long liveo %@ %,
| - possibly a relic from the early universe %
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Dark matter  whnat we don't know
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Dark matter  whnat we don't know
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Dark Matter - thermal WIMIFPS

= [he weak interaction mass scale and ordinary
gauge couplings give right relic DM density
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Works in the ~10 MeV/ - 100 TeV/
mass range
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Dark Matter - thermal WIMIFPS

10°

= [he weak interaction mass scale and ordinary g
gauge couplings give right relic DM density s 1¢° | \ E
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= Provides benchmark for indirect detection: x=m/T

thermally-produced WIMPs

L ook for Standard Model particles - e,Wq,..
electrons/positrons, photons, neutrinos,
protons/antiprotons - produced when DM S~ W,
particles collide or decay.
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Production at colliders
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Dark Matter - thermal WIMIFPS
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Dark Matter - thermal WIMIFPS
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Dark Matter - thermal WIMIFPS
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Dark Matter - thermal WIMIFPS
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VWhy VHE gamma rays
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Wy VHE gamma rays

(. N\ §= ( O )
DM SM: b, W*, Z, t*, ... T S - , P, V, ...
Primary channels 5 g al (sit)ates
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= VHE (E> 100 GeV) gamma rays do not suffer € J-factor ”

from propagation effects at Galactic scale :
they point back to the source
— Can reveal the abundance and distribution of DM
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VWhy VHE gamma rays
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Wy VHE gamma rays
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Identification 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
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Nearby dvvarf ga\axy satellites of the MW

o | = No recent star formation
- g NGO = \ery low gas amount
' — . | "Clean” target in VHE
gamma rays
— they could give
unambiguous detection

4 Galactic

= Sample of known Milky Way satellites has grown from ~25 to ~60 since
2015 with deep optical imaging surveys

= Current IACTs performed extensive observation program (>a few hundred
hours) towards the most promising dsphs
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Nearby dwart galaxy satellites of the MW
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Nearpby dwart galaxy satellites of the MW

MAGIC, Phys. of Dark Universe, 35 (2022) 100912

MAGIC observations
of 4 dSphs:

Segue 1, Ursa Major |
Draco, Coma Berenices

- A combined analysis of 4

dSph datasets for a total

of 364.3 h
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HAWC observations of 15 dSphs

- Combination in a joint likelihood analysis,
507 days of observations
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H.E.S.S. observations — 80 hours

- A selection of Milky Way ultra-faint
satellites by the Dark Energy Survey (DES]
- Some without spectroscopic J-values
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Nearpby dwart galaxy satellites of the MW
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Even for classical dSph galaxies like
Fornax (about thousand stars detected)
we may be lacking of data to disentangle
between core and cusp profiles
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Gombining all dwarf galaxy observations

o ermi %WC Q(]q n N

Gamma-r ray
/SpaceTelescOpe High \| | (I ruk H E S S

= Combination of the observation results
towards 20 dwartf spheroidal galaxies
(olSphS)
Significant increase of the statistics ->
INncrease the sensitivity to potential dark
matter signals

Cover the widest energy range ever
investigated : 20 MeV - 80 TeV
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Combining all dwarf galaxy observations

Bm %ﬁ QQQ n ¥

\ SpaceTeIescope High Altitude Water Cherenko u 1\\ (h crenko H E S S

=  Combination of the observation results 10720
towards 20 dwarf spheroidal galaxies (dSphs) Al i 3&
- Significant increase of the statistics ->
INncrease the sensitivity to potential dark 108

matter signals 0
- Cover the widest energy range ever £ 10-24/
investigated : 20 MeV — 80 TeV Tg'

= Common elements :

- Agreed model parameters 107 |
- Sharable likelihood table formats Xx-+bb oo contammers
) , . , , _og ' ' - T}:ermal relic (ov} ’
- Joint likelihood test statistic 107*% % e 104 To5

my [GeV]
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Combining all dwarf galaxy observations

Bm %ﬁ QQQ Y

SpacereSCOPe High Altitude Water Cherenko Altitude Water Cherenkoy H E S S ‘_ L

10—20

= [his analysis framework allows us to
oerform multi-instrument and multi-

target analysis 10722
2

= No significant DM signal was § 1024
observed 3

e b T p— - -

10-26.
= Combined limits range from &5 GeV

mmmm H> 68% containment —— HESS.

1 1 o —’bB H>95% containment o vﬁ;s
to 100 TeV and improve individual . “ s
imits up to a factor 2 to 3 10* 10 10° 10* 10°
my [GeV]
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An alternative: selec

Objects as Dark mat

‘er subhalos

ed Unidentitied Fermi-LAT

/Dark Matter subhalos in
the Galactic halo
o Lower signal than the GC region
o No astrophyiscal background
\©0 Location not known ...

~

4
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An alternative: selected Unidentified Fermi-LAT
Objects as Dark matter suphalos

/Dark Matter subhalos in \
the Galactic halo
o Lower signal than the GC region
o No astrophyiscal background

\©0 Location not known ... -

200 unassociated over 1556 sources in
the catalogue;

— Selection through the Third catalog of
Hard Fermi-LAT sources (3FHL) to obtain the
most promising UFQOs for the IACT
observations.

+ SNRs and PWNe » BL Lacs o Unec. Blazars & Other GAL v Unassociated
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An altermative: selected Unidentified Fermi-LAT
Objects as Dark matter suphalos

= DM-induced emission
models are
viable according to
Fermi-LAT

measurements

= Need massive DM
Decause no energy cut-off
IS seen from the Fermi-LAT

— QObservations at VHE with
IACTs needed
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An altermative: selected Unidentified Fermi-LAT
Objects as Dark matter suphalos

= DM-induced emission
models are
viable according to
Fermi-LAT

measurements

= Need massive DM
Decause no energy cut-off
IS seen from the Fermi-LAT

— Strong constraints
from IACTs
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An altermative: selected Unidentified Fermi-LAT
Objects as Dark matter subhalos

= Combination of the Fermi-LAT and
HE.S.S. datasets

-—10

= Assume thermally-produced
WIMPs

— UFQOs excluded as DM subhalos
down to ~300 GeV with H.E.S.S. : _
|Combined dataset H.E.S.S. —-30

Imits 1018 \DMDM > W W= -
0.1 1.0 10.0
Mpm (TeV)
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Central region of the Milky Way

= A prime target to detect dark matter in Wide-Field Radio Image of the

Galactic Center

VHE gamma rays SR A =90 cm

- Proximity and expected high DM
content

= A complex astrophysical region

» HE.S.S. particularly well located to
obverse the central region of the Milky
Way under very favorable conditions

- Long-term observation programme
carried out by H.E.S.S. in the GC
region
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Central region of the Milky Way

» HE.S.S. is performing a survey of H.ES.S. coll, Phys. Rev. Lett. 129 (2022) 111101 _ o
2014-2020 H.E.S.S. dataset

the inner few degrees of the Galactic
Centre region since 2015
— provide unprecedented
sensitivity to diffuse emissions
- search for Dark matter
signals
- search for TeV outflows from

the Galactic Centre

Galactic Latitude [°]
Exposure [m? s]

= The first ever conducted VHE
gamma-ray survey of the
Galactic Center (GC) region.
5 4 3 2 1 0 -1 -2 -3 -4 -5

Galactic Longitude [°]
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Central region of the Milky Way

» HE.S.S. is performing a survey of the
inner few degrees of the Galactic Centre
region since 2015, i.e., Inner Galaxy Survey
— provide unprecedented sensitivity to
to dark matter
— study In greater details the central
diffuse emission
— search for TeV outflows from the
Galactic Centre

= The first ever conducted VHE
gamma-ray survey of the Galactic
Center (GC) region.

I
oM

2014-2020 observations

Galactic latitude [°]

50

0

5 4 3 2 i 0 -1 -2 -3 -4 -5

Galactic longitude [°]

25 ROls

Set of exclusion regions for DM
search to mask conventional
gamma-ray emission

ES.S. coll, Phys. Rev. Lett. 129 (2022) 111101
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o
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S

100

Emmanuel Moulin — H.E.S.S. Symposium 2022 33



(c
rrrm

Dark matter search with the Inner Galaxy Survey

= No excess compatible with searched w4
DM signal is found in any ROI for the

whole energy range

— 95% C.L. upper limits on <ov>

H.E.S.S. coll., Phys. Rev. Lett. 129 (2022) 111101
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Dark matter search with the Inner Galaxy Survey

10—22

= Comparison with
Fermi-LAT dSph and

GC, HAWC dSphand 107
GC, MAGIC Segue T,
PLANCK CMB, o 1921
HES.S. GO (2016). co;
QO
— Most constraining  —o~1g-2
imits in the TeV- L
mass range
10~ 26

10~ 27

H.E.S.S. coll., Phys. Rev. Lett. 129 (2022) 111101
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Dark matter : thermal WIMPS

= The identification of DM Is a multi-faceted problem which requires the
synergy of complementary approaches

_ DM DM , DM SM
Direct Indirect
Detection Detection

SM SM DM SM

, SM DM
Particle
Colliders

SM

DM
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Dark matter : thermal WIMPS

= The identification of DM Is a multi-faceted problem which requires the
synergy of complementary approaches

_ : DM SM ,
Direct Indirect Particle
Detection Detection Colliders

DM SM

. P fd -

S

;g JACTs, WED, Fermi-LAT

Underground Ground-based telescopes Colliders
experiments: and satellites
nuclear recoils standard particles from oroduction of DM

annihilation or decay
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Dark matter : thermal WIMPS

= [he identification of DM requires the synergy of complementary approaches

_ DM DM _ DM SM , SM DM
Direct Indirect Particle
Detection Detection Colliders
SM

SM SM DM SM DM

= Some of the simplest classic WIMP models remain unconstrained - DM
could still interact through the W and Z bosons!

= WIMP candidates provided in simple extension of the Standard Model of
particle physics remain out of reach of direct detection experiments and/or
collider searches
- LHC searches have ruled out Wino masses below ~500 GeV
- Higgsino : even ~400 GeV is a highly optimistic goal for the full LHC dataset
- thermal masses are out of reach for the LHC for both candidates, and potentially difficult
to discover even at future 100 TeV colliders, e.g., FCC
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Dark matter : prototype eV DM models

Hryczuk, et al., JHEP 1910 (2019) 043

Thermal Wino out | CTA reach vs neutrino floor
of reach of direct  w-=} " == ' T A ligpsion
detection " > v
Wino within the £ |
reach of current gro= b S T e
IACT sensitivity . )

1077 e ffdoe. o
Higgisino is very o OARERE,
challenging to 10 Jos e g

orobe
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Dark matter : prototype TeV DM models

Montanar/ Moulin, Rodd, submitted to Phys ReV. D

NFW, 5000 § |

Expected
B 68% Containment

95% Containment
—— NLL cross section

—— LO cross section

Thermal Higgsino DM

Thermal Wi

T T T BT
mpwm [TGV] mpwm [TGV]

— Wino DM masses are excluded to up about 10 TeV
— Higgsino DM masses are excluded at about 6.5 TeV
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Proepectg for anninilating Dark Matter

~ « 2 sites: La Palma/ Chile

@+ A factor ~10 increase in flux
sensitivity

« Energy coverage 30 GeV —
300 TeV

« Arcminute angular resolution

« Energy resolution up to 5% in
the TeVs
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Prospects for anninilating Dark Matter

CTA-South artistic view

105 = e 1025 Rinchiuso et al., Phys.Rev. D. 103, 023011 (2021)
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= The thermal Higgsino is within the reach of CTA
= even for 1 kpc core DM profile can be probed
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Sensitivity reach with current IACTs In the Inner
Galactic halo e

= The GO region is a very large data set for
H.E.5.5 (+800 hours), obtained over

many years with changing
camera/telescope configurations

| S| (] . |
00.5 00.0 359.5 359.0

Galactic longitude (degrees)

200 Bubbles template low latitudes

= [hisis a crowded region : Fermi
Bubbles, an hypothetical population of = - ~®
milisecond pulsars, ...
with extended structures beyond single
fov and/or source confusion

= Challenges in treating systematics in a
large dataset, background estimation
and — rejection as well as separation of
sSources

o The Galactic Centre
S [xcess seen by
Fermi-LAT
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Sensitivity reach with current IACTs In the Inner
Galactic halo o ,

= The GC region is a very large J—————y |
data sets for H.E.S.S (+800 Py .

hours), obtained over many - mEE A MSP

years with changing - WM A FBs

camera/telescope configurations 7 jg-» ="

= Sengsitivity is statistics

dominated

— continued data collection 107
with existing IACTs remains i
. | NF'W profile
mportant (Vs
with the highest control of Lo -
systematics (00)in; [em3s™]
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Multi-messenger dark matter searches

= Multi-TeV DM models searches for heavier DM
IS Inherently multimessenger

= |ACTs can probe final states that are
traditionally the focus of neutrino telescopes

ike lceCube and ANTARES
= Even two-body neutrino final states do not

simply produce a neutrino line, but can
further produce a considerable flux of
ohotons

+

VY Vre— L |ACTs

— Neutrino
telescopes
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Multi-messenger dark matter searches

= Multi-TeV DM models searches for heavier DM
IS Inherently multimessenger
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= |ACT searches are competitive to search for
these channels
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Summary

IACTSs bring stringent constraints on a variety of targets for TeV dark matter
The Galactic Centre region is a prime target for TeV dark matter detection
Dwarf galaxies could be used to cross-check a potential DM signal in the GC

H.E.S.S. Is probing thermal-relic TeV dark matter
Some of the simplest thermal TeV DM models remain still out of reach

CTA should bring decisive information to the thermal-WIMP paradigm




Thanks for your attention
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Central region of the Milky Way

-~

x10°

Portail et al. MNRAS 448, 713 (2015)

Plocal = 04GeV/cm3 R, =20 kpc
Reore =0, 1, 2, 3, 4 kpc

Modelling of the DM distribution in the GC region: =
«  Mass modelling using kinematic tracers (stars, 7'l
gas, ...) <7
- careful modeling of the baryonic component 2|
and has associated large systematic zg
uncertainties, E j
o Hydrodynamica| N_body /\//o//torez‘a/ MNRAS 447, 7&54031(2“075)%
simulations: e
- Physics of baryons plays a 5 8\
crucial role at small scales :
- Baryonic feedback on the E |
DM halo — large uncertainties i \
- the resolution limit of simulations = * \
becomes relevant o e o +
—21.0‘ 205 00 05 10 15 20 53
Log,y( r/ kpc)
= DM distribution not firmly predicted from

simulations nor constrained by observations
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