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Evidence Candidates...
Mass
[eV] +— Mo
Primordial
black holes .
Bullet cluster
e, W, q, ..
1030
* Doesn’t scatter/emit/absorb light. +— Mp er, W, q, ..
* Does have mass (and hence gravity). 1020
* Isabout 84% of the matter in the universe.
* Forms the primordial “scaffolding” 1010 WIMPs
for the visible universe. Vg _
* Forms “halos” around galaxies. 1 > s
* Interacts with other particles weakly or ., Y
not at all (except by gravity). 100 Axion-like particles
10-20

E{‘XL
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9 Introduction: WIMPs & Indirect Dark Matter search in gamma rays

Candidates ...

« Cold Dark Matter paradigm ";':;; — Mo
Primordial
- Focusing on Weakly Interactive Massive Particles (WIMPs) ol

« WIMPs created thermally in the Early Universe
« Annihilation cross section expected N e,
for thermal WIMPs (<ov>,=3x1072% cm?3 s71). 107
1010 WIMPs
Vs

10-10 . . .
Axion-like particles

10-20
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9 Introduction: WIMPs & Indirect Dark Matter search in gamma rays

« Cold Dark Matter paradigm
» Focusing on Weakly Interactive Massive Particles (WIMPs)
« WIMPs created thermally in the Early Universe

« Annihilation cross section expected for thermal WIMPs (<ov>,=3x1072% cm? s71).

y |

 WIMPs can self-annihilate DM SM: b, W¥, Z, u* =>v, €%, p, v

and produce Standard Model particles
in the final states

Primary channels Final states

Hadronisation
and/or deca

= SM: b, W-, Z, i =y, et v J

|

A. Montanari — DM search with the H.E.S.S. IGS — IRN Terascale @ Bonn — 29" March 2022




a4

Introduction: WIMPs & Indirect Dark Matter search in gamma rays

il
Satellites — AGILE, Fermi-LAT ik

~20 MeV — 300 GeV

» Cold Dark Matter paradigm 25rrov
. \ . . % duty cycle .
« Focusing on Weakly Interactive Massive Particles (WIMPs) Anguiar resoltion 01635 Primary
« WIMPs created thermally in the Early Universe Sensiity a fow % Crab L e
« Annihilation cross section expected | {18
for thermal WIMPs (<ov>y,=3x107%° cm? s71). WEDSs — HAWE

~100 GeV — 1 PeV
90% duty cycle Extensive Air Shower
~sr FoV

angular resolution 0.2 - 0.8°
energy resolution ~50%

WIMPs can self-annihilate sensitivity 5-10% Crab flux " e /: E::E:;;RAW; onnsom
and produce Standard Model particles S SN
in the final states eventually =
detectable by satellite (Fermi-LAT) T

and ground-based experiments {fECF;sT;SH.E.s.s., MAGIC,

(HAWC, H.E.S.S., MAGIC, VERITAS). 00V - ey

Duty-cycle: 10-15%

Angular resolution <0.1°
Energy resolution ~10% A
sensitivity 1% Crab flux S g 0ot 1 it o 5, o, CORSRAShowr s 0%

IMAGING ATMOSPHERIC
CHERENKOV TELESCOPE
ARRAY
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@ Introduction: WIMPs & Indirect Dark Matter search in gamma rays

« WIMPs can self-annihilate and produce

— gamma-rays eventually detectable by H.E.S.S. 10° ZZM
10* tt
* Assuming annihilation process almost at rest; hh

10?

— A smoking-gun signature for DM is a very distinct
energy cut-off, close to the DM particle mass.

102
10?

10°

E2IN/dE (GeV)

Gamma-ray flux expected from DM annihilations:

10!

= (Ey,A0) = =2 3 Bry o Ny L) (a0)
1072

Mppy = 0.76 TeV
. ) 1072 < ——ry R R — — —_—
:’M 1073 102 10~1 10° 10! 10%

physics factor E (TeV)

Spectra computed from Ref. Cirelli et al., JCAP 1103, page 051
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« WIMPs can self-annihilate and produce
— gamma-rays eventually detectable by H.E.S.S.

—
A
2(.0

=)
per bin 0.020;0.02 deg

_Einasto profil

* Assuming annihilation process almost at rest;
— A smoking-gun signature for DM is a very distinct

latitude [deg]
[00]

[22]
T[T T[T T[]

energy cut-off, close to the DM particle mass. 4
2 1017'_‘
« Gamma-ray flux expected from DM annihilations: . £
%
dcpY (ov) de 2 1068
(E ,AQ) = P z By ](AQ) /: 5
s £
Astrophysical e 10'®
factor J(AR) = [ p? (r(s, 0))dsdQ: -
* Model needed for the density profile; 191:6' L ._16. s n— .Jl. . 'é' . 'é' -
» Dependence on dark matter halo modeling. longitude [deg]
N\
TN L q|
("““555 % = lesqsg A. Montanari — DM search with the H.E.S.S. IGS — IRN Terascale @ Bonn — 29" March 2022 i
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Introduction: WIMPs & Indirect Dark Matter search in gamma rays /)
\ Galaxy satellltes of the erky Way
I\/Iany of them vvrthm the 1@0 kpc frem GC "4:. e
: e Ier S|gnal than from the _-__ ' ’ g
Mkt i Q' ~Low astrophyetcal backgr e

Cosmological simulation of a Milky Way- I|ke galaxy e iy
Aquarius, Springel et aI Nature 2008 ‘
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b

\ Galaxy satellltes of the erky Way \ Dark Matter subhalos in

I\/Iany of them vvrthm the 100- .kpc.frem GC .the Mil Wa halo'
Ier S|gnal than from th."" "'.-_.; .-__ | ’ ky Y

t' Q Low astrophyetcal backgr

: o Lower 51gnal thanthe

i '-"’._ e region i

- o Noother wavelengths. -
. 'Corﬁ/ehhonal counterpart .

S o ~ No Conventlonal astrophyisical
'background

- e

Cosmological simulation of a Milky Way- I|ke galaxy e iy
Aquarius, Springel et aI Nature 2008 ‘
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b

\ Galaxy satellltes of the erky Way \ Dark Matter subhalos in
, I\/Iany of them vvrthm the 1QO kpc fr@m_GC ’the Mllky Way halo:

Ier S|gnal than from the "
: e L ; % b k Lower srgnal thanthe
WL B Q - Low as rophyetca ac gr 5 GC reglon

e .o Nowother Wavelengths -- |
GaIaCtIC Centre (GC) S * conVentional counterpart -

2 PrOX|m|ty (r8kpc) - ' S No Conventlonal astrophyisical
o - Possibly brightest source of Pt 'baokground

DM annlmlatlon signals: " '

DM proﬁle core?. cusp'? e & ' '
o High astrophysrcal bR w Inner GaIQC'tIC han

bck/source confusron v » Large statisfics *
: S e e b Galactic diffuse

. e T Cpackdrounds

Cosmological simulation of a Milky Way Ilke galaxy ; } e i
Aquarius, Springel et aI Nature 2008 B : ’
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« The first ever conducted VHE gamma-ray survey of the Galactic Center (GC) region.

» Aim: to provide unprecedented sensitivity to DM signals in the GC region.

14
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« The first ever conducted VHE gamma-ray survey of the Galactic Center (GC) region.

» Aim: to provide unprecedented sensitivity to DM signals in the GC region.

PRELIMINARY

« Dataset: 2014-2020 observations of the GC region
with the full five-telescopes H.E.S.S. array.

n
(o)
o

Galactic latitude [°]

o —_ N W BaN a (2]

N

o

. o
Time exposure (hours)

« 2014-2020 exposure map with IGS pointing positions:
* Exposure up to b = 6°;
» Total 546 hours of high-quality data;

Galactic longitude [°]

\J
NJ< .
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« The first ever conducted VHE gamma-ray survey of the Galactic Center (GC) region.

» Aim: to provide unprecedented sensitivity to DM signals in the GC region.

PRELIMINARY

« Dataset: 2014-2020 observations of the GC region.

n
(o)
o

Galactic latitude [°]

o —_ N W BaN a (2]

« 2014-2020 exposure map with IGS pointing positions:

» Exposure up to b = 6°;
Total 546 hours of high-quality data;
25 regions of interest (ROI) defined to search for DM:
0.1°-width open rings;
Set of exclusion regions to avoid gamma-ray
contamination in the ROlIs.

N

o

. o
Time exposure (hours)

Galactic longitude [°]

\J
NJ< v
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* Definition of the ON region: 25 ROlI.

[ ]
universite
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= 7f — 10"%
» Reflected background method: S e PRELIMINARY _
» OFF region: S st -\

« Symmetric to the ON region wrt the pointing position
- Same FoV and acceptance;

* The excluded regions are cut symmetrically
- Same solid angle size;

« Cut overlapping areas and areas where OFF
is closer to GC than the ON: /
* The DM signal in the ON region is always higher B

than in the OFF region.

5] per 0.02x0.02 deg.

3'7 —

J-factor [GeV? cm

_3 1016
5 4 3 2 1 o -1 -2 -3 -4 -5

Galactic longitude [°]

« Repeated for all the 25 ROl and over the ~1300 runs.

18
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» 2D binned Poisson likelihood function exploits spatial and spectral DM features:
bins in energy (i) and space (j):

y y . Y1Non,ij (N .. 40N ..YINOFF,ij —(1-Bij)?
[BL](NS,L]+NB,L])] Y e—Bij(NS,ij‘l'NB,ij) [BLJ(N S,l]+a]NB,l])] e—ﬁij(N’S,ij+0(jNB,ij)e og

L;j(Ns,ij» Na,ij» Bij|Now,ij» Norrij &) = Ny /! Nopr i
iy &

» Total likelihood function: £ =T[ £,

* Non,ij and Nogri; — number of measured events in spatial ON and OFF regions;
* Ng;;j + Ng;; — expected total number of events in the spatial ON region,
. NS’,U + ajNg ;; — expected total number of events in the spatial OFF region;

« aj =20/, — ratio between angular size of ON and OFF regions.

19
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2D binned Poisson likelihood function exploits spatial and spectral DM features:
bins in energy (i) and space (j):

(N :: YINon,ij (N'<::40:No : - YINOFF,ij ~(1-Bij)*
[Bij (Ns,ij +Np,ij)] ¢~ Bij(Ns,ijTNp,ij) [Bij (N's,ij+ 04 Np,i)] ’ e Bij(N1sijtaiNgij) .~ op

L;j(Ns,ij» Na,ij» Bij|Now,ij» Norrij &) = Ny /! Nopr i
iy &

» Total likelihood function: £ =T[ £,

 The systematic uncertainties can be included via a nuisance parameter;
Refs: Silverwood, et al, JCAPO3, 055 (2015); Lefranc, et al. Phys. Rev. D91, 122003 (2015),; CTA Dark Matter Programme (2019)

* A value of 1% is used for the determination of the limits: oB:O.O1

« The value of B is determined via conditional maximization
* 3 is computed for each energy and spatial bins, i.e., 3;;.

20
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2D binned Poisson likelihood function exploits spatial and spectral DM features:
bins in energy (i) and space (j):

—(1-Bip)?

. . . Y1Non,ij . (N'... . . YINoFF,ij
[Bl] (NS,L] +NB,I,])] e—Bij(NS,ij‘l'NB,ij) [Bl] (N S,l]+a]NB,l])] e—ﬁij(N’S,ij+0(jNB,ij)e og

L;j(Ns,ij» Na,ij» Bij|Now,ij» Norrij &) = Ny /! Nopr i
iy &

» Total likelihood function: £ =T[ £,

* In absence of any significant excess in the FoV:

— 95% C.L. upper limits on the free parameter <ov> from a log-likelihood ratio test statistics (TS).
Ref. Cowan, G., Cranmer, K., Gross, E. et al. Eur. Phys. J. C 71, 1554 (2011)

« Computation of expected limits and containment bands:
» Independent Poisson realizations for the ON and OFF measurements;
— mean and std deviation derived from the distribution of the obtained <ov> values.

NNG 2
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Computation of upper limits on <ov>

No significant excess in the FoV:
— 95% C.L. upper limits on <ov> from the TS;

H.E.S.S. upper limits;

Independent Poisson realizations for N5y and
Noee in the computation of the expected limits;

Containment bands plotted at
10 and 20 level;

Systematic uncertainty included in the limits
via a nuisance parameter in the likelihood
function.
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10722
E — (bserved, this work
_ -==Expected
- B 68Y% Containment
10~ - 95% Containment
o -
w2 L
o0
51070
B S
-...b/ — Thermal relic density
102
- 546h, 2014-2020
N DMDM — W W~
-~ PRELIMINARY _ _
B Einasto profile
10—27 | Lo Ll | [l Lol
0.2 05 1 2 345 10 50
INDN (TGV)
REF. POS(ICRC2021)511
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[ 4

- H.E.S.S. upper limits. 107>
PP PRELIMINARY —_
DMDM — WTW~

o Fermi-LAT dSph and GC, HAWC dSph
and GC, MAGIC Segue 1, PLANCK
CMB, H.E.S.S. GC (2016)
and this work.

— Most constraining limits in the
TeV-energy range.

1()—26 H.E.S.S. 2014-2020, this work —— HAWC dSph (2017)
Fermi-LAT dSph (2015) — HAWC GC (2017)
- Fermi-LAT GC (2017), DMDM — bb = MAGIC Seguel (2016)
[ = PLANCK (2015), DMDM — bb ——— H.E.S.S GC (2016)
10—27 L Ll Lo oo Lyl Lol [
0.050.1 0.2 05 1 2 345 10 50
INpM (TeV)
REF. POS(ICRC2021)511
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| [ %
:

qa
200 .g
[=

Galactic latitude [°]

 |GS campaign with pointing positions up to 3.2° is very fruitful:
« Around 546 hours of high-quality data from 2014 to 2020.

150

» Computation of 95% C.L. expected and observed |

limits including systematic uncertainty. — !
« VHE observations of the GC region ' ST
are unique for the study of the WIMP paradigm. 0,
E —— Observed, this work
C === Expected
« With the unprecedented IGS dataset: ool T o
— strongest constraints obtained in the TeV mass range. ~
9 9 o[ PRELIMINARY
. , 5/107-2: -
- Limits are computed in other channels PO e
— can probe the thermal relic scale. =
10 E_ 546h, 2014-2020
. . C DMDM — W W~
» The IGS is one of the legacy of the H.E.S.S. collaboration o e
B - S SR 15 S S T - |

and it paves the way for CTA.

mpy (TeV)

REF A. Montanari et al. on behalf of the H.E.S.S. Collaboration, POS(ICRC2021)511 _EF POS(ICRC2021)511
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Galactic latitude [°]

|
P S~ NG S S S S -

PRELIMINARY

3
Galactic lo gtd[]

546h, 2014- [](

PRELIMINARYE oprsic

1“_27 s o
mpy (TeV)
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