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Search for dark matter with gamma rays ﬁ ﬁ

Flux for annihilation...

dO(AQ, Ey) 1 (ov) dN, / o /

Ns | . B . | .
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Search for dark matter with gamma rays ﬁ ﬁ

Flux for annihilation...

dD(AQ Ey) 1 (o) dN
75 1 =7 < dEfY / dQ/ p*(r[s])ds
Y ﬂ-szM v JAQ l.0.s.

I I 10° ¢
10°

Particle physics factor:
o Differential photon yield mai
o DM particle mass E
o Cross section

Spectra computed from
Cirelli et al. JCAP 1103, page 51

P cut-off at
DM mass

E2dN/dE [GeV]

10! ¢

10° F /

- N O targ et d e pe n d e n Ce 10-? . Gamma-ray yield for one annihilation

— Uncertainties on the particle
physics model

mpm = 10 TeV

103 T BRI BT T PR
10-3 1072 107* 10° 10! 10?

E [TeV]

N
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Search for dark matter with gamma rays ﬁj ﬁ

Fqu for annihilation...

dCI)(AQ,EW) 1 (ov) dN, / dQ/ (r[s))ds
db- 4 QmDM dEy  JAQ l.0.5.

=y
o
]

1019

B 2
s o S
ge 103 Astrophysms factor: J-factor
4 5 o DM distribution in the target
2 10”-52" o Large uncertainties...
; < m Baryon feedback
‘°'°% m Tidal Stripping
8 m Clustering
10"

— Looking for the target with
the largest J-factor

_10" il I AR AN T | e 100 I A
—10—8—6—4—20246810

Q longitude [deg]
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Search for dark matter with gamma rays ﬁ ﬁ

Flux for annihilation...

dO(AQ, Ey) 1 (ov) dN, / o / s

Weakly Interacting Massive Particles (WIMPs)
e \Weak interaction mass scale and ordinary gauge couplings — right relic
DM density with no fine-tuning

97 3 .—1 9
X 1M @ _ _
(ov) My VP

e Mass scale at GeV-TeV
e Benchmark for indirect detection: thermally produced WIMPs

N | | - o | :
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Dark matter can be identified

=
O

ﬁ Gamma-rays

/Y{ e WIMPs might annihilate to SM model particles
% W7zig o\ " — Very High Energy (VHE, E > 100 GeV) y-rays
.
e u\v%‘i e Pointing back to the source
* e o ° Neutrinos — Reveal abundance and distribution of DM
)(: e Spectral features characteristic of DM
| e — Discrimination from background

+afew p/p, d/id
Anti-matter

\
QQQ
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Dark matter can be identified

=
O

ﬂ Gamma-rays

/Y/Y' e WIMPs might annihilate to SM model particles

% Wrzig o\ — Very High Energy (VHE, E > 100 GeV) y-rays
e

>ED+<_ o u\V{l‘i e Pointing back to the source

* e o ° Neutrinos — Reveal abundance and distribution of DM
\_i e Spectral features characteristic of DM
e.]%‘”e — Discrimination from background

+afew p/B d/d \ ¢

Anti-matter

@fication of DM s po@
\J
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The H.E.S.S. observatory
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The H.E.S.S. observatory

\
QQQ

H.E.S.S Q A. Montanari, for the H.E.S.S. Collaboration - Landscape of indirect DM detection with H.E.S.S. - 34th Rencontres de Blois




Targets to search for dark matter

Galaxy satellltes of ‘the M|Iky Way g
o Many of them within:100 kpc
/ W Hrgh BM conoentratlon expeoted
: Low astrophysrcs background ;

-

e A

o ' SRR Ve e
P ’ S * ;v‘ - s
SR 3 .

Galactlc Center —* e
. Very close( 8 kpc) ;-
° H|gh DM Concentratlon but i
-0 .-DM proﬂle'P Core? Cusp’?-g'-‘ ’ .
. Hrgh astrophysncal backgroundf e

;-
- =

' DM Subhalos in thé_-éalactic halo

o Low signal
Q_ : "I_-_'o_v"v_ 'astrdphys’ics background

Large statlstlcs S
Galaotlc diffuse background




Targets to search for dark matter

Galaxy sateltes of the Milky Way - . DM Subhalos in the-Galactic halo

o Many of them within: 100 kpe -0 anl x4 LO’W signa1 P
/ ». High BM concentration ex'oeCted /o Lowastophysics background
: Low astrophysrcs background s R i SR PR -

e IACT observational strategies for DI\/I search:
B - Deep observations of the Galactic Center region
- Observations of the most promising dwarf galaxies
- Observations of promlsmg DM subhalo candidates
2 Verydose( 8kpc) -— —
e High DM concentration, but Galachc halo L .

-o. ..:DM proﬂJe’P Core? Cusp"?__ & Large statrsncs . _
@ Hrgh astrophysncal background _:. o oy Galac’uc diffuse background

. -
> =

A. Montanari, for the H.E.S.S. Collaboration - Landscape of indirect DM detection with H.E.S.S. - 34th Rencontres de Blois




.

-

he

rc

.

S€

.

~

Galact

enter

N
L}

ic

kegion by‘ H.E

B
< D)
»®
B

S

S

0
.

eyed




-

-

- Galactic Center searches .~~~ -

o

.~

"',..‘;. i o surveyed _regibn by H.E:S.S.

2014-2020 H.E.S.S. d:

Galactic Latitude [°]
Exposure [m? s]

0
-1 -2 -8 -4 -5
Galactic Longitude [°]



The Inner Galaxy Survey

e The Inner Galaxy Survey (IGS,
2014-2020)
— 546 hours of high quality data

e H.E.S.S. multi-year observational
program of the inner few degrees
around the Galactic Center, conducted
with the full five-telescopes array

e One of the motivations: to reach the
best sensitivity possible to DM
annihilation signals

2014-2020 H.E.S.S. dataset

Galactic Latitude [°]

129, 111101 (2022)

{ O =] =2 B =4 =5

Galactic Longitude [°]

H.E.S.S. Collaboration, Phys. Rev. Lett.

\
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Constraints on the continuum ﬁ

b

1072
e No excess compatible with DM signall DNDM —+ e

— Computation of upper limits on
the annihilation cross section
e Most constraining limits for TeV

|

H.E.S.S. Collaboration, Phys. Rev. Lett.

129, 111101 (2022)

10—23

AN

T 0L
mass range for the channels " : T
tested: :%\10_%: 4 CLUDED T
o annihilation into the W*W" \E/

Thermal relic density

channel{ov)= 3.7x102° cm?3/s at
1.5 TeV 1=
e Comparing w/ other experiments

—— HESS, this work Fermi-LAT dSph (2015)
—— PLANCK (2018) —— HAWC GC (2017)

Fermi-LAT GC (2017), DMDM — bb H.E.S.S GC (2016)
10—27 o Lol Llaanl [

Lo b ||
0.0 0050102 05 234540 50
IMpnM (TGV)

\
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b

254 h, DM DM — yy

Constraints on the line ﬁ
e Using H.E.S.S. | data, collected T

-2s|  Einasto profile
between 2004 and 2014, for a total of ~
254 hours I
e No excess compatible with DM signal 107

— Computation of upper limits on

(6 V) (cm’s)
H.E.S.S. Collaboration, Phys. Rev. Lett.

oo
S
the annihilation cross section 107} 3
e Limits for above 300 GeV: - S
L . . - e}
o annihilation into the yy 102k =
- B Observed, thi k
channel{ov)= 4x102 cm?®/s at : e
E [ 68% Containment
1TeV - Thermal relic [195% Containment
107 | = HESS.112h (2013)
0.05 0:1 '0:2 1 2 345 10 20
Moy (TeV)
Q(]
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Constraints on the continuum

=
0

1072
e No excess compatible with DM signall DNDM —+ e

— Computation of upper limits on
the annihilation cross section

|

H.E.S.S. Collaboration, Phys. Rev. Lett.

129, 111101 (2022)

10—23

\

* Mostconstn _ post constraining limits at the TeV mass
mass range range with the IGS for the continuum
tested: - Challenging thermal values for the /
o annihilati annihilation cross section S
channel{ovy= 3.7x707° cm?/s at - - T
1.5 TeV 107 5_— H.ES.S., this work Fermi-LAT dSph (2015)
e Comparing w/ other experiments e e 1y ], Rl e ARSI P

10_27 L bl [ R
0.01 0.050.1 0.2 05 1

3 345 10 50
IMpnM (TGV)
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Searches towards dwarf galaxies
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Observations of DES dwarf galaxies

]

=

c
G O Dark Energy Survey (DES)
Wi"man 1 CVn ' .Boo I“ | KOpOSOV 4 = = -.-Leo“ .
e Booﬁ% ik g dwarf galaxy satellites
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> 4 peia OD3E1E0 DY
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No observed positive excess

:
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Constraints on the continuum
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H.E.S.S. Collaboration, Phys. Rev. D 102, 062001 (2020)

Combined
limits of
H.E.S.S.
observations
of Ret ll, Tuc
I, Tuc lll, Tuc
IV, and Grus ||
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Constraints on the continuum

=

]

H.E.S.S. Collaboration, Phys. Rev. D 103, 102002 (2021)

e Complementary targets are dwarf 1-i8
irregular galaxies WLM, W* W~ channel
. . 10—19 §
e 18 hours of observations with H.E.S.S. of & T T T
the Wolf-Lundmark-Melotte galaxy “’g 10720 T EXCLUDED
e DM distribution well parametrized bya = ;x|
O
coreNFW 2
n 107%%4
t>) Expected
— Improvement of a factor at least 10 15723 Joeerved
w.r.t. previous limits from other - 2 0 error
experiments 0.1 1 10
m, (TeV/c?)
N
\§ | | . o | .
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Constraints on the continuum ﬁ ﬁ

e . ﬁwﬁ'""‘f"f"v"&;v' :L‘”"' S H.E.S.S. Collaboration, Phys. Rev. D 102, 062001 (2020)
Ursa Minor Leo IV Leol & LgoT . :
Stacked \ \ e N
0 0 ST a0 - I
- Limits from H.E.S.S. competitive with other instruments

see - Limits from H.E.S.S. complement Fermi-LAT, for the

range of masses not accessible by the latter /
- Ongoing work on the multi-instrument analysis of 20 dSphs - /
=g

Dec (J2000)

combined limits from Fermi-LAT, HAWC, H.E.S.S., MAGIC
and VERITAS

A ncui
4 102 v\/\//\/
‘ - W*W’ channel
10—24 1 Lol 1 1 Lol 1 T B |
0.2 1 2 3456 10 20 30
03"50™00° 03"40™00° 03"30™00° 03"20™00° mp,, (TeV)

Q RA (J2000)
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Selection of the most promising DM subhalos Sy Na]

Ref. Ajello et al., Astrophys. J. Suppl. 2017, 232, 18

Thorough selection of
the most promising
unassociated
sources in the
Fermi-LAT catalog as
DM subhalos - the
unidentified Fermi
objects (UFQOs)

4 observed by

+ SNRs and PWNe # BL Lacs o Unc. Blazars s Other GAL [v  Unassociated| HESS
% Pulsars & FSRQ@s 4 Other EGAL < Unknown o Extended

\
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UFO spectral energy distribution

]

=

e Fermi-LAT flux points and upper limits

e DM-induced emission models are viable
according to Fermi-LAT measurements

e Need massive DM because no energy
cut-off is seen from the Fermi-LAT data
analysis

3FHL J0929.2 - 4110

10~2

=
o
|
()
o

[

Q
(=]
=

10—12

E2 dN/dE (TeVcm~2s71)

10—13

10714

—¥—This work mpw (TeV) (ov) | (GeVZem~2s71)
DMDM - t*T1~

ahal. 10 3x1072
—— 3FHL ......... 1 3)(10‘4
——H.E.S.S., Obs. DMDM - W* W~
—&—H.E.S.S., Mean exp. ~—-10 2"10:2
EEWH.ESS. 68% Cont. B,

H.E.S.S. 95% Cont. *f

(] !,--"'

Pl
S
£ 3

104 103 10-2 10! 109  10°
E (TeV)

H.E.S.S. Collaboration, Astrophys. J. 918, 17 (2021)

\]
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H.E.S.S. upper limits

]

3FHL J0929.2 - 4110

\ . . 10~
e Fermi-LAT flux points and upper limits —v—This work mow (TeV) (V) (GeVzem™2s™)
. ) ) ) 4FGL DMDM - t¥ 1~ ,
e DM-induced emission models are viable Lo-10] ——3FHL o R
according to Fermi-LAT measurements = —$HES SO0, iy T S
. K ——H.E.S.S., Mean exp. o % e
e Need massive DM because no energy ¢ ] - 5.455% Cont
. , H.E.S.S. 95% Cont. %
cut-off is seen from the Fermi-LAT data 3 f
—
analysis . R i
y 5 107" A 'CtupEDT;‘
% 2 \\'\,\/- 4
— H.E.S.S. upper limits (no excess found) “ =~ - !; ==
constrain some viable DM-induced Yy <__,
emission models for Fermi-LAT 10-14 H.E.S.S. energy range
104 1@ 102 10~* 100 10!
E (TeV)
H.E.S.S. Collaboration, Astrophys. J. 918, 17 (2021)
27
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DM-induced models excluded f%lv ﬁ

3FHL J0929.2 - 4110

. . o 10~
e fermi-LAT flux points and upper limits —v—This work mow (TeV)  (ov) J (GevZem2s™)
) ) ) ) 4FGL DMDM - t¥ 1~ .

e DM-induced emission models are viable 10| —e—3FHL — e

accor [P el 1 AT e PR — 10 —&—HFSS Obs DMDM — W* W~
o . . . . 2x10‘:

e Need| From the statistical analysis and N-body cosmological simulations: [
cut-o] - High J-factor values to explain UFO emissions as from DM =
analy: (assuming thermally-produced DM particles) |

| — UFOs excluded as DM subhalos down to ~300 GeV S,
with H.E.S.S. limits
—> H-E-S.s ™71 A} 7 TO = T =27 T oy
constrain some viable DM-induced /,‘/,'.’gil?j--”'
emission models for Fermi-LAT 10-14 H.E.S.S. energy range
104 1@ 102 10~* 100 10!

E (TeV)
H.E.S.S. Collaboration, Astrophys. J. 918, 17 (2021)
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Assessing the sensitivity to dark matter signal

Mock dataset of H.E.S.S. IGS observations

| — WHw-

— 500h and 1000h of flat exposure 102k .
Most up-to-date setup:
o  Andvanced calculations for theoretical gamma-ray DM —
annihilation y|e|dS oL; 10-24k Einasto profile
o Recent DM profiles determination from measurements of = |~ %
the MW rotation curve g
Cautun et al., MNRAS, 494.3, (2020) .
10725 ]
o  Background modeling considering residual and T N :
conventional TeV astrophysical background [~ . Thermal relic density ]
L T BTG
mpwm [TGV]
AM, Emmanuel Moulin and Nicholas L. Rodd, Phys. Rev. D 107, 043028 (2023)
30
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Assessing the sensitivity to dark matter signal Sy @] .

e Mock dataset of H.E.S.S. IGS observations _
— 500h and 1000h of flat exposure 1025

e Most up-to-date setup:

o  Andvanced calculations for theoretical gamma-ray DM —

annihilation yields

o Recent DM profiles determination from measurements of —=

| — WHw-

|f/l
o 10—24 .

—~

the MW rotation curve g
Cautun et al., MNRAS, 494.3, (2020) .
o  Background modeling considering residual and v
conventional TeV astrophysical background [ __:’,:;/;’_ _______ Thermal relic density ]
— Assessing the ~ final sensitivity reach of the 10t SR
current generation of IACTs mpy [TeV]

AM, Emmanuel Moulin and Nicholas L. Rodd, Phys. Rev. D 107, 043028 (2023)
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Prospects for canonical DM models

=
b

1072 prrrry S SR———
= Thermal : —— Expected Einasto, 500h
- N 68% Containment )
Wlnos 10724 | 95% Containment — LO cross section
excluded ——— NLL cross section é‘
i i _— E Higgsino
- Higgsino T g5 Z
" =
DM masses £ 2
excludedat = 2
T
around 6.5
~—
Tev 10—27

AM, Emmanuel Moulin and
Nicholas L. Rodd, Phys. Rev. D
107, 043028 (2023)

1072 p

mpwM [TGV]

L N PR SR S S A | N 1 PR T A T Y
100 10! 1C

mpmM [TGV]
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Prospects for canonical DM models

=

1072 prrrry co R 1z =
- Thermal 3 —— Expected Einasto, 500h
. L N 68% Containment ]
WIHOS 10-24 - 95% Containment -k — LO coss section -
eXCIU A F ——— NLL cross section 1F 3
- Higgy - Realistic results of the sensitivity to DM signals from the
mass current generation of IACTs
R Statistical uncertainty is still dominating
roun — More statistics can still improve the performance
‘"' _, The thermal Higgsino model maybe in the reach of the :
TeVv current H.E.S.S. sensitivity
| \J :
AM, Emmanuel Moulin and 10-28 & A__ = -
Nicholas L. Rodd, Phys. Rev. D E - R VA & | e i AV
107, 043028 (2023) 10° 10! 10? 10° 10’ 1C
mpmM [TCV] mpmM [TCV]
\
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After more than 20 years of observations with H.E.S.S.

— Most constraining limits at the TeV mass range with the "=, .}
H.E.S.S. IGS, for the continuum

— Competitive limits from H.E.S.S. observations of
dwarf galaxies

= Ongoing work on the multi-instrument analysis of 20 dSphs”

1072

— Excluded DM subhalo interpretation for the brightest
candidates down to ~300 GeV with H.E.S.S. limits
— Statistical uncertainty is still dominating
= The H.E.S.S. IGS observations are ongoing
— The thermal Wino DM model is already excluded
— The thermal Higgsino model maybe in the reach of the
current H.E.S.S. sensitivity

2
DMDM — W W

Summary and outlook

;J 0

N, 3FHL J0929.2 — 4110

—¥—This work mow (TeV)
owmom
AFGL 10 3x107?
—e—3FHL S
—#—H.ESS., Obs. w
——H.E.S.S., Mean exp. ==l
mH.ES.S. 68% Cont. e
H.E.S.S. 95% Cont.

10-10
lelelele
aaaaaa

m
=
o

‘ E? dN/dE (TeVem~2s71)
51 =

— W'W-

1072
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Thank you for your attention!
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After more than 20 years of observations with H.E.S.S.

— Most constraining limits at the TeV mass range with the "=, .}
H.E.S.S. IGS, for the continuum

— Competitive limits from H.E.S.S. observations of
dwarf galaxies

= Ongoing work on the multi-instrument analysis of 20 dSphs”

1072

— Excluded DM subhalo interpretation for the brightest
candidates down to ~300 GeV with H.E.S.S. limits
— Statistical uncertainty is still dominating
= The H.E.S.S. IGS observations are ongoing
— The thermal Wino DM model is already excluded
— The thermal Higgsino model maybe in the reach of the
current H.E.S.S. sensitivity

2
DMDM — W W

Summary and outlook

;J 0

N, 3FHL J0929.2 — 4110

—¥—This work mow (TeV)
owmom
AFGL 10 3x107?
—e—3FHL S
—#—H.ESS., Obs. w
——H.E.S.S., Mean exp. ==l
mH.ES.S. 68% Cont. e
H.E.S.S. 95% Cont.
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Search for dark matter with gamma rays

=
0

Flux for decay...

dd(AQLE) 1 1 dN, /
= 0 d
dE'7 47 mpmMmT dE,Y . AQ d lo.s. IO(T[S]) >

If the source is distant:
o every point in the source is distant - r ~ R
o the flux depends approximately ~ M/R? (M total mass of the source)
o strongest signal from targets with the largest DM mass and also quite close
— strongest constraints from galaxy clusters observations

\
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Gamma-rays from dark matter annihilation

=

\
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ﬁ Gamma-rays

Y
-

/ Y

0
W/Ziq

’—‘V}’v \Y

L A
WH/Z/q e’\

\n Neutrinos

Vu
\
e
VuVe
e

+afew p/p, d/id
Anti-matter

e WIMPs might annihilate to SM model particles
e Particles in the final state
— Very High Energy (VHE, E > 100 GeV) y-rays
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Gamma-rays from dark matter annihilation

=
O

ﬂGamma-favs e WIMPs might annihilate to SM model particles

2
-
Ao e Particles in the final state
X W7/Zlq )
. — VHE (E > 100 GeV) y-rays
;t;-<vu\,e e VHE y-rays point back to the source
e v
% WHzig e\ _ — Reveal abundance and distribution of DM
4 W Neutrinos o Spectral features characteristic of DM
“‘Nve — Discrimination from background
o

+afew p/p, d/id
Anti-matter

\
“\s o
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Dark matter can be identified

=
O

\
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W/Z/q )

ﬂGamma-favs e WIMPs might annihilate to SM model particles

2
4,7 e Particles in the final state
. — VHE (E > 100 GeV) y-rays
F{vwe e VHE y-rays point back to the source
wzg”) i ei o — Reveal abundance and distribution of DM
X Y e Spectral features characteristic of DM
:Nve — Discrimination from background

+ a few p/B, d/d o . .
Anti-matter Identification of DM possible:

- y-rays distribution — DM density distribution
- y-rays spectrum — reaction processes and DM mass

A. Montanari, for the H.E.S.S. Collaboration - Landscape of indirect DM detection with H.E.S.S. - 34th Rencontres de Blois 41



The H.E.S.S. observatory

-Energy res@iutro_nl_'y 0% 468%

oy oo

- Angular resolution ~Ol(1°/gefmma A0 . .
Effective detection area A ~10° ;:?;gk,at 1e\ energles > R

1300 hours.of observahons/year ’/‘ =

Observations: prefer’red for zenith aﬂgles 2 6 O°
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IACT observational
strategy:

Pointed
observations or
systematic
scans of limited
regions

#5510 nanosecond snapshot
0.1 km? “light pool”, a few photons per m?

A. Montanari Credits: CTAO/ESO



Search for dark matter with gamma rays ﬁ ﬂ

Flux for annihilation...

dD(AS), EV) 1 (ov) dN, / dQ/ o)ds
dE, 4 QmDM dEy  JAQ l.0.s.

I

Particle physics factor: Astrophysws factor: J-factor

o Differential photon yield o DM distribution in the target
o DM particle mass o Large uncertainties...
o (Cross section m Baryon feedback

m [idal Stripping
m Clustering

QQ : , o o : 44
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Data analysis with Test Statistics

]

=

N / NOFF
L(Ns, Ng|Non, Nogr, ) = s }LVNB') O —(Ng+Np) (Ng + alNp)
ON'

o~ (Ng+aNp)

Norr!

Counting experiment, measured events

Expected events in the ON and OFF regions

Ratio between the angular size of the ON and OFF regions

Comparison of hypotheses through Log-Likelihood Ratio Test Statistics (TS)
o Signal against background-only

LLRTS = —2 In (i—;)

e No significant excess in the dataset
— Upper limits (U.L.) on the free parameter that we want to test

\
N3 P
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=

Upper limit determination with the TS
10 |
e Comparison of hypotheses through — T8 :
Log-Likelihood Ratio Teslt; Statistics (TS) | T x
LLRTS = —2 In (—1) """" o=t |
Ly !
6 ;!

No significant excess in the dataset

(
— Upper limits (U.L.) on the free
parameter that we want to test

LLRTS

" Einasto profile !
!
I

DMDM -» W*W~

LLRTS (1dof) = 2.71 for 95% C.L. UL

Ref. Cowan, G., Cranmer, K., Gross, E. et al. Eur. Phys. J. C 71, 1554 (2011)

Example for Dark Matter search

BT

(ov) [cm3s71]

46
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Systematic uncertainty v ﬁ
6—5(N§+aN

[B(Ng + Np)]Vox . —B(Ns+Np) [B(N + aNp)|VOFF

L(Ng, Ng|Nox, Nopp, o, B) =
(Ns, Ng|Nox, Norr, @, ) N Nowr]
10 T
— TS i
L , ---- TS, 03=0.01 L
e No significant excess in the dataset oL == TS, 05=0.03 i
— Upper limits (U.L.) onthe free |77 15, 0=04 i
parameter that we want to test !
" T Einasto profile i
. i £ | DMDM - W*W- i
Upper limits for 1% systematic -~ - _ — | mpu=1TeV i
uncertainty: 20% less constraining B S i
Using a nuisance parameter in the Likelihood L 95%CL._~.= 'I;,,L __________
2k o
Refs. H., Silverwood, et al., JCAP 03, 055 (2015)
E. Moulin, et al., CTA Dark Matter Programme (2019)
185 10_'26. """" — T B T T

V. Lefranc, et al., Phys. Rev. D 91, 12203 (2015)
(ov) [em3s71]

\]
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Constraints on the continuum

=

10-%

e No excess compatible with DM signal
— Computation of upper limits on

— Observed, this work
——— Expected
B 68% Containment

the annihilation cross section 10-24 95% Containment

=== Expected, no syst.

e Most constraining limits for TeV o
mass range for the channels tested: "

o . ) -25|
o annihilation into the W*W' S
channel{ov)=3.7x10® cm?®s %  [----= e
at 1-5 Tev \/10—26 - V
3 546h, 2014-2020
- DMDM — W+W~-
B Einasto profile
10—27 | o b | LIl 1 Lol
H.E.S.S. Collaboration, Phys. Rev. Lett. 02 05 1 2 345 10 50
129, 111107 (2022) mpy (TeV)

\
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Searches towards dwarf galaxies

]

=

CV.n 1} T=—Cgm

Wilman 1 cvni ® .B°°Z'“| Kopctspvf1 °T = ®ieol . , . .
i o e A Jseoue Modeling the DM distribution:
JUrsa Minor / Leo IV L°°'. L3°1k\\\
UM orsco Hor ; . > - Pressure-supported
| ¥ Koposovz\ N
' Systems
Sk [ AT - Use kinematic tracers of the
e | garea gravitational potential
N X ®mc .
N Roces o' T% sve @) - Works very well in
= ) Sl DM-dominated
2 .Sculplor '
o | | environments, e.g. dwarf
De’termlﬁa’uon| for Ret.|cu|urr.1 I p galaxies, via the Jeans
- - r . .
Stellar velocity dispersion — J-facto equation modeling
H.E.S.S. Collaboration, Phys. Rev. D 102, 062001 (2020)
NN
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Limits and uncertainty on the J-factor

CV.n Il Cgm

L
cvnil * JBoo I"I Koposov-1 4~ = @ g0 _

e SR L S H.E.S.S. Collaboration, Phys. Rev. D 102, 062001 (2020)
Ursa Minor P Leo IV Leol & L0l &
UMall ® 'D,aw -~ ®Sextans >
el Results for various annihilation channels
1=180° | 1=0°, b=0° 1=-180° . H H
| and including the uncertainty on the J-factor
\\ Segue 3 » 95""3
\ ®mc .
<. \éegusz Pisces Il Grusil e W smc rQ " r ---- Mean expected . 16 band . ---- Mean expected . 1o band
T\.lciluc 10— =
Fen ® Fomax E — Observed D 20 band — Observed I:I 20 band
.Sculplor C
g 10-2! :_ Bl ; Reticulum Il
3-52“ T, E E t*7t" channel
8 e r -
[=] S N L
§1 02 3 2e
10*23;— 'E
L Reticulum I, W*W’ channel L
1 II\IIIIJ 1 \JI\IIll 1 | I
0 g s e w02 2 adse 0 20
Moy (TeV) mg,, (TeV)
03"50™00° 03"40™00° 03"30™00° 03"20™00°
Q RA (J2000)
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Limits and uncertainty on the J-factor

1072

CV.n 1} I Cgm
[ )
Willman 1 Cvnl OBOO-“l Koposov-1 “g~= -®-1go1) _~
/ i -~
uMal © - ) Boo Il / LeoV i ‘339“91
JUrsa Minor 7 Leo IV ool & LgoT>~
L] | ® S
~ UMall E'a ey Her Vi Sextans e
L / =
| 4 Koposos 228
/

 1=180° . [ 1=0° b=0° 1=-180°
\ Sagittarius

\ ]

D Segue 3 Garina
N\
R .
o ® Mc
S . Segue2 sces Il e
N g @“"T%NSMC@
2P 3 ) , uc I
e @ Fornax
o & Sculptor

Determination for Reticulum ||
- Stellar velocity dispersion — J-factor
— Uncertainty on the J-factor included in the limits

H.E.S.S. Collaboration, Phys. Rev. D 102, 062001 (2020)
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1072

— Observed D 2c band

Reticulum Il, W*W’ channel

---- Mean expected LE » |

10720

1072

(ov) (cmss'

0—22

1072

10724

L Reticulum I
L W*W’ channel
E with o,
L. ----Mean expected l 1o band
- — Observed |:| 26 band
1 | | I\ 1 1 I | I| 1 1 | -
0.2 1 2 3456 10 20 30
mp,, (TeV)
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Constraints on the continuum

e (Complementary targets are dwarf
irregular galaxies

e 18 hours of observations with
H.E.S.S. of the
Wolf-Lundmark-Melotte galaxy

e DM distribution well parametrized

by a coreNFW

— Improvement of a factor at least
10 w.r.t. previous limits from
other experiments

H.E.S.S. Collaboration,

Phys. Rev. D 103, 102002 (2021)

-3

- -

‘‘‘‘‘‘‘
_________

et
-
-
e
—
f“
-

-
-
- -
T rrcea=—-

HESS W*W~-

HAWC W * W ~ rescaled
H.E.S.S. bb

HAWC bb rescaled
HESSEx =

HAWC t* 1~ rescaled

1 10 100

my (TeV/c?)
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DM-induced models for UFO emissions

e Combination of Fermi-LAT 1077

and H.E.S.S. datasets | \
e 95% C.L. combined U.L. on T: 10744

the product between the ‘T'E

annihilation cross section and N;’ 10759 _

the J-factor S 7

§

e Some viable models to 2

R 10

T N R, - - 25
explam the stacked S&rgaine(;l/vqa;/a_set —— H.E.S.S. -30
Fermi-LAT datasets and 10774 —————

. . 0.1 1.0 10.0
considering the H.E.S.S. U.L. mpy (TeV)

H.E.S.S. Collaboration, Astrophys. J. 918, 17 (2021)
J
s -

H.E.S.S\J
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Allowed J-factors for the UFOs

e Assuming thermally produced
WIMPs, we fix the annihilation
Cross section

e J-factors allowed given
combined H.E.S.S.

e But, high J-factors for the
UFOs from cosmological
simulations

— DM induced emission for the

UFOs very unlikely,
according to the H.E.S.S.
constraints

1022 -

) (GeVZcm™)
=
o
S

1018

Combined dataset - H.E.S.S.

DMDM -» W*W~

0.1 1.0 10.0

Mpm (TeV)

=10

-30

H.E.S.S. Collaboration, Astrophys. J. 918, 17 (2021)
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Assessing the sensitivity to dark matter signal ﬁ ﬁ

e Mock dataset of H.E.S.S. IGS observations .
— simulating 500h and 1000h of 10-2% ]
flat exposure
e Most up-to-date and andanced =
calculations for theoretical gamma-ray DM Ew‘“; Dbl o
annihilation yields T
e Recent DM profiles determination from N
measurements of the MW rotation curve Rl S ':
Cautun et al., MNRAS, 494.3, (2020) R Thorme rele donslly
e Background modeling considering residual i S
and conventional TeV astrophysical ; . — [Tl(f;] v
g background AM, Emmanuel Moulin and Nicholas L. Rodd, Phys. Rev. D 107, 043028 (2023)
HQESQSg A. Montanari, for the H.E.S.S. Collaboration - Landscape of indirect DM detection with H.E.S.S. - 34th Rencontres de Blois 95
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Prospects for canonical DM models

- The Quintuplet, TeV scale state =TT T
. ’ \/ ! [
charged under representation 5 of / — NLL P!\Lt i %
SU(Z) 1024 \ /1 \\ / \n\‘ _%i H
Ref. for the spectra Bauer, C. W., Rodd N. L., and Webber B. R., — \ ,' \\,,/ \.\ .g l
JHEP 06, 121 (2021) il \ | \ O
mw 10~ 25 \ / \\/‘/E
- Thermal Quintuplet excluded within £ ¢ £
the present sensitivity & 10-20
- A few non-thermally produced g

Quintuplet models are still available 10-27 |
above several ten TeV masses :

10~28
AM, Emmanuel Moulin and B N PSSP,
Nicholas L. Rodd, Phys. Rev. D 10° 10! 102
107, 043028 (2023) mpum [TeV]

\]
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Limits from galaxy clusters

- Observations of the Fornax galaxy k] -
cluster N o

- 14.5 hours of total live time v

- Possible enhancements to the 10

gamma-ray flux are considered:
- DM substructures
- Sommerfeld effect 102

0%

NFW, Burkert SR10 a,

IIIIIII| I IIIIIH' T IIHIIII | llllllll | IIHIIII T TTT

e Seine
- Limits for different particle models e
and annihilation channels E o
— reaching{ov)~ 10~%22 cm?/s I Y T AR
at1TeV S ! 10 mo(Ted)

H.E.S.S. Collaboration, Astrophys. J., 750, 123 (2012)
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=

Points of the p9MSSM in the (6%, ov,) space

1072 . ‘ ,
I CTA h trino fl .
9-parameter MSSM framework | Pt W
- Reference irreducible neutrino floor 7 | Biggains
wino-bino
(m}( = 2 Te\/) 10- | bino-higgsino |

- H.ES.S. limitsat my = 2.5 TeV
- CTA projected limitsat my =1 TeV =

110724 |
g 1
9, f e
P | SRR ST, i____-________-_______________.ﬁ___H_.E.g._s._un_nis_.
. . S : o
Points are upper limits on ¢° o o g R P A secsiivti
sensitivity from XENON1T 1077 [ 9 e 1 .
iz
1027 g%
:g pOIMSSM
li Einasto profile
1077615 10-12 R T 10-10 109 10-%

o, [pb]

Hryczuk A., Jodlowski K., Moulin E. et al., JHEP, 43, 1910 (2019)
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Landscape of photon indirect detection ﬁj ﬁ

My GeV

107 10-6 107° w0 10 1072 1071 Y 10! 102 10% 10! e 106
N i ™ i ARGk R Wk Wi Mo WG Wi W Wi ‘,
1019 Sorile: Nositraio: DM L2 Dark Sector DM WIMPs Ultra-heavy DME
10M
107 .
High-Energy Photon Landscape
116 =
= 10 3 Present % Future
g 108 o
= (75!
~ 104 <
X <
&y 1018 e
ATHENA =
102
i s
101
10"
AS " . : " - . : d 4
1077 0" 107° 10 1072 10! 10 10! 107 1 10 10? 1008
E. [GeV]

Boddy, Lisanti, McDermott, Rodd, Weniger et al., arXiv: 2203.06380

\
QQQ

H.E. S.S.Q A. Montanari, for the H.E.S.S. Collaboration - Landscape of indirect DM detection with H.E.S.S. - 34th Rencontres de Blois 59



Constraints on DM from PBHs evaporation

=

]

e Limit on Primordial Black Holes (PBHS)

evaporation
e Number of gamma-rays from PBH : s o2 oo
evaporation scales as /At L Iy ¢ e ot ove
e Background increases as At 5 e Aot et
e Optimal time window of few tens of Ty
seconds B I :
.................. Pty
— Signature of PBH, burst of few ¥ ! e
gamma-like events arriving T T T TR 12 IR
coincidentally B

— Upper limits on the burst rate

H.E.S.S. Collaboration, JCAP 04 (2023)
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Constraints on DM from PBHs evaporation

=

]

e Limit on Primordial Black Holes
(PBHSs) evaporation

e (Constraints on initial fraction of
DM in PBHs:

— Order of 0.1 Q_ ,
assuming PBH initial mass
power-law distribution

— Subdominant fraction of DM

Qpgiy

Qpy

10° 4

10—1 r

— 95% CL UL

2.0

2.2 2.4 2.6

B

H.E.S.S. Collaboration, JCAP 04 (2023)

3.0

\]
NYQF
A. Montanari, for the H.E.S.S. Collaboration - Landscape of indirect DM detection with H.E.S.S. - 34th Rencontres de Blois

H.E.s.s\

61




