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IMAGING ATMOSPHERIC CHERENKOQOV TELESCOPES | ML_

Inside the light pool to detect the

Cherenkov flashes of light:
- peak in the blue/ultraviolet
(}\ ~ 300 - 600 nm) _,‘;;_ﬁ:JEIectromagnetic cascade

Primary y
(,,\

y-ray enters the atmosphere

Now:
H.E.S.S., MAGIC, VERITAS

Future:
Cherenkov Telescope Array
Observatory

*] 10 nanosecond snapshot

0.1 km2 “light pool”, a few photons per m?
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THE H.E.S.S. OBSERVATORY

HESS | (since 2003): HESS Il (since 2012):
e 1800 ma.s.l.

e 5th larger telescope (¢ 28 m)
e 4 telescopes (2 12 m) = : e |ower energy threshold
e Stereoscopy improves performance 2 o T

1400- 1500 hours of observaflor}s/year ~—+12~¢1 5% duty cycle
Observations preferred for zenith angle<60°
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DARK MATTER CANDIDATES - .

e Cold Dark Matter paradigm Mass o
. . . [eV]
o Cons[derlng \_Neakly Interacting S
Massive Particles (WIMPs) black holes ®
DM e, W, q, ...
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DARK MATTER CANDIDATES

Mass
[ev]
e \Weak interaction mass scale and ordinary gauge
couplings — right relic DM density with no
fine-tuning -
59 o X 10727em3s ™!
Qpyvh” = 1o
(o)
2
a o . 1010
(ov)yw ~ ——— ~3x10 ems™!
MAVIMP 1

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

10-10

10-20

<+— Mo

Primordial

black holes ‘

DM e, W, q, ..
<« Mp \(
DM / et, W+ q, ..




DARK MATTER DETECTION TECHNIQUES L/W\.

Indirect detection

DM \ / e, W, q, ..

DM il S~—et, W, q, ..

Production at colliders

uonI38p PauIa

= =

Largé Hadron Collider
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DARK MATTER ANNIHILATION SIGNAL L/W‘.

Flux for annihilation...
dD(AQ, Ey) 1 {ov) dN, / 0 /
dEfY 471’ QmDM dE7 AQ .
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ANNIHILATION SIGNAL: PARTICLE PHYSICS L/W\‘.

Fqu for annihilation...

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

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

U — mpy = 1 TeV '001,,,@/
[ === mpu = 10 TeV /6'1,1/
' . - oy,
Particle physics factor: &
o Differential photon yield
o Dark Matter (DM) particle mass 3z
o Cross section )
3
&S cut-off at
DM mass
— No target dependence
— Uncertainties on the particle ol —
physics model — e —
S T e ™
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ANNIHILATION SIGNAL: PARTICLE PHYSICS L/W‘.

Flux for annihilation...

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

Partig Discrimination
A from background

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

o Cross section
10% \ cut-off at
— No target dependence pmase
— Uncertainties on the particle oy
physics model ;
gq W T E[l%l\/] L U
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ANNIHILATION SIGNAL: ASTROPHYSICS

s

AD(AQ, E,)

1 (ov) AN

i
L
=
[
<)

PDN

10*

1032

10°F

101

10°

R [kpc]

Fqu for annihilation...

/ dQ/ s|)ds
JANY/ [.o.s.

Astrophysms factor: J-factor
o DM distribution in the target
o Large uncertainties...

m Baryon feedback
m [idal Stripping
m Clustering

— Looking for the target with
the largest J-factor
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ANNIHILATION SIGNAL: ASTROPHYSICS L/W\‘.

Fqu for annihilation...

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

10*

10°g

10°F

Gamma-rays pointing
back to the source:
Reveal DM abundance
and distribution

101

i
L
=
[
<)

PD!

10°

— Looking for the target with
the largest J-factor
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TARGETS TO SEARCH FOR DARK IVIA'I_I'ER LU

Galaxy satelites of the Milky way A e

o Many of them within:100 kpc , 4 de signal o
/ o Hrgh BM conoentratlon expeoted o e éstrophys'ics background
Lovv astrophysrcs background I S S R R :

-

e A

: . SR e
P ’ i S = T
25t 3 .

Galactlc Center —* e
. Very close (~8' kpc) e
o HighDM Concentratlon “out.. i ; .,

‘o . -DM profile? Cofe? Cusp? 4 | Large statrstrcs -
Hrgh astrophysrcal backgreundf’:_;f_f £ Galactlc diffuse background

jo ¥

;-
- -
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TARGETS TO SEARCH FOR DARK MATTER LU

»

Galactic Center —’
° Very close( 8kpc) , _ e S
e HighDM Concentratlon but e : Galachc halo o AN
<o .-DM proflle’? Core? Cusp'?‘} Large StaT'ST'CS -
8 H|gh astrophysmal backgreundf’:_;f_7i'__' S Galaotlc diffuse background

5
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TARGETS TO SEARCH FOR DARK IVIA'I_I'ER LU

Galaxy satellltes of the M|Iky Way : DM ‘éubhélbs in the«Galactic halo

° Many of them within: 1OO kpc f .5 E - iy o
| / % ngh o concentratron expected ) / o “Low as-trODhys'ics background

Lovv astrophysrcs background

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 promrsrng DM subhalo candidates
2 Veryclose( 8kpc) - —
e High DM concentration, but Galachc halo L .

‘o . -DM profile? Core? Cusp"?__ & Large statrstrcs .
Hrgh astrophysrcal background _:. o e Galactrc diffuse background

. -
- ]
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LOOKING AT THE GALACTIC CENTER -~~~

et SRl 'T . ~"s;uj~veyed_fregibnby'H.E:_S,.S. ¢ - :

%7,
"z27

V[

« 1
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THE INNER GALAXY SURVEY

X
—
o E
©

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

e The Inner Galaxy Survey
(1IGS, 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

Galactic Latitude [°]
Exposure [m” s]

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

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

129, 111101 (2022)

5 4 3 2 1 0 -1 -2 -3 -4 -5
Galactic Longitude [°]
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DATA ANALYSIS WITH TEST STATISTICS L/W\.

2 / NoFF
L(Ns, Ng|Non, Nogr, ) = s }LVNB') O —(Ng+Np) (Ng + aNp)
ON!

o~ (Ng+aNp)

Norr!

e Counting experiment, measured events

e [Expected events in the ON and OFF regions

e Ratio between the angular size of the ON and OFF regions

e Comparison of hypotheses through Log-Likelihood Ratio Test Statistics (TS)
o Null hypothe&s HO, Ibaokg“rolund  LLRTS — —2In (ﬂ)
o Alternative hypothesis H1, “signal Ly

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

A. Montanari, for the H.E.S.S. Collaboration — Constraining SU(2) WIMPs with H.E.S.S. — IRN Terascale, Dark Universe 17



UPPER LIMIT DETERMINATION

10 3

e Comparison of hypotheses through —1 ,' :

Log-Likelihood Ratio Test Statistics (TS) | B x

....... TS, 0/=0.4 ',' i

i

e No significant excess in the dataset » [ Einasto profile ,'

— Upper limits (U.L.) on the free 5 etited R
parameter that we want to test 4k

LLRTS (1dof) = 2.71 for 95% C.L. UL O L
Ref. Cowan, G., Cranmer, K., Gross, E. et al. Eur. Phys. J. C 71, 1554 (2011) 2F
1877
(ov) [cm3s~1]
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'CONSTRAINTS ON THE CONTINUUM

F

Model independent searches

A. Montanari, for the H.E.S.S. Collaboration — Constraining SU(2) WIMPs with H.E.S.S.

— IRN Terascale, Dark Universe

. . . —22
e No excess compatible with DM signal 10" g baom - ww- =
. . . [ T~ | 4
— Computation of upper limits on B S
the annihilation cross section 107 ¢
_ . . = Q
e Most constraining limits for TeV i / <
mass range for the channels 1 1075 T , ;g S
tested: N S5
T ) ol EXCLUDED O =
o Annihilation into the W*W 2107 , az
channel{ov)= 3.7x102%° cm®/s at ™~ §-------- T iedmy || ¢ S
1.5 TeV 10~2F ,
. . F e~ H.ES.S., this work —— Fermi-LAT dSph (2015)
e Comparing w/ other experiments F —— PLANCK (2018) —— HAWC GC (2017)
B - Fermu-LAT GC (2017) DMDM — bb H.E.S.S GC (2016)
10 27 oo bl [ R Lyl [ W
0.0T 0.050.10.2 05 234510 50
N MpnM (Te\/)
"\ o




'CONSTRAINTS ON THE LINE

F

tested:

photons

Model independent searches

e No excess compatible with DM signal 10— 9
. .. f —— H.E.S.S.IGS, Observed S
— Computation of upper limits on [ ——- Moan Expected %
the annihilation cross section D o 1 oot 5o
e Most constraining limits for TeV ' 95% C.L. Containment §§
T IS
mass range for the channels 2 ol | | &<
E E 8 "4:'
O, i S S
E - Einasto, r, = 8.178 kpc Q q%
o DM promptly annihilating to - DMDM — 7y _: c§ o(;
1 | &
o Annihilation into the yy channel
10728 -7
(ov)=2.4x10°® cm®/s at 1 TeV - PRELIMINARY
i I I I””IIIO
mMDpDM [TeV]
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SPECIFIC WINP SCENARIOS SPECTRA L/W\.

e Full models from UV scenarios realizing supersymmetry: Wino, Higgsino, Quintuplet
o Actively searched at LHC

e Line contribution dominating the spectra of gamma-rays,
compute limits in terms of the line cross section, which is dominating the total cross section

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

DM C T T T T T 1 T T T N T T T T T ]
dq)f}/ <UU> line J(AQ> dN"y <E> - Wino — mpy = 2.0 TeV 4L Higgsino - splitting 1 mpy = 5.8 TeV 1L Quintuplet — mpy = 2.0 TeV ]
= - , 1 — mpy = 2.2 TeV 4L . mpy = 6.3 TeV {1 . . — mpy = 2.2 TeV 4
dE 8 2 dE w/ continuum — T line ooy line + endpomt _ it
™m 10%f === w/o continuum :K: _26 TZV ElS ::E:: 75 TiV :SE 26 TZV E
DM line + Cndeth nm;; = 2.8 TeV E E mpy = 8.2 TnV mpy = 2.8 TeV ]
[dN,y (E) 'S‘ mpy = 3.1 TeV ] [ mpy = 9.0 TeV ] mpy = 3.1 TeV ]
— | =20(E—mpy) E \/ -
dE e Z
N 0F 3 E ’ 7/ E
1 3 E ] 3 . AP 3
dN. < E) endpoint = 7 /
+ — = 10 /
dE S %
continuum 10 4t ] ]
dN,(E) E l: : ]
+ (== it
s N N S 15 58 4 5
E [TeV] E [TeV]
Q Next-to-Leading-Logarithmic (NLL)  Leading Order + mass splitting (6m_ ) NLL
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'CONSTRAINTS ON SPECIFIC WIMP SCENARIOS

e Several DM distribution profiles (cusps, N §'
cores) tested for the Milky Way halo ol ;
e Masses for thermal DM: : s
o Wino, mg,,=1.0+0.1TeV Hw,%;_ z
o Higgsino, mg,,=2.9+ 0.1 TeV o f
o Quintuplet, m,,= 13.6 £ 0.1 TeV 5@10-27;
S

S Tl
T

\

S

H.E.S.S. Collaboration, resubmitted to
Phys. Rev. Lett. (April 2026)

- - e LN 2

e Wino and Quintuplet excluded even with ~ 102} 2 3

e ; = |

cored distributions : g

. ] s ol g 4
e Challenging thermal Higgsino for the 1 = s | £ =3
first time... e B | = | T = compet ]

10—30 e L

1 10

PRELIMINARY  mpy [TeV]
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SUMMARY AND OUTLOOK

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 and the line

Already excluded Wino and Quintuplet
Challenging thermal Higgsino for the first time... i
DM distribution in the GC region is still uncertain

Statistical uncertainty is still dominating
o Limits can still be improved with more data

Waiting for the Cherenkov Telescope Array Observatory

in=206L /

—22
DMDM — W*W

DMDM — vy

—— H.E.S.S. IGS, Observed
=== Mean Expected

al == Mean Expected, no syst.
F W 68% C.L. Containment

95% C.L. Containment

Einasto, r., = 8.178 kpc

(o0)tine Lcmxsgl]

A. Montanari, for the H.E.S.S. Collaboration — Constraining SU(2) WIMPs with H.E.S.S.

PRELIMINARY

1
10

mpy [TeV]

— IRN Terascale, Dark Universe




Thank you for your attention!
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Backup slides
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POINTS OF THE p9MSSM IN THE (c®'

,ov,) SPACE

s

9-parameter MSSM

framework
- Reference irreducible neutrino
floor (m,, = 2 TeV)
- H.E.S.S. limits
atmg,,=2.5TeV
- CTA projected limits
atmg,,=1TeV

Points are upper limits on o°
sensitivity fromm XENON1T

10—21

1072 |

107 |

10726 |y, wiiem Lo 1) ———

CTA reach vs neutrino floor

wino

bino
higgsino
wino-bino

H.E.S.S. limit

e g L e & SR - W S L 1S

bino-higgsino

adectcd CTA sensitivity

1
12

10727 | §§.
it pOIMSSM
'i Einasto profile

1073 . : A

10-—!3 10—12 —-11 . 0—[0 10-—9 10—-8
o) [pb]
Hryczuk A., Jodlowski K., Moulin E. et al., JHEP, 43, 1910 (2019)
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GALACTIC CENTER VISIBILITY WITH H.E.S.S.

Sen FFFTFI  5gn e ko) 3 peas e Jan
Feb | 2022 i = —Tee——_s = | Feb
map [ o S
— e A W _ -
Ry e O B _ iy
- ' e o e Tt
—5 o~ 320 hours of observatlons per year_ . o g [P
Ky L A | o
_— ORI, R _ Ben
oct [ 1 oct
Moy [ N T Sio
Gag [y | ............................ 1 saa
| | 1 1 1 1 1 | 1 1 1 1 | |
18h Oh 6h UTC
RA: 17:47:08 Dec: —-29:00:57 {Sgr AX)
Gal.long.: 359:57% Gal.lat.: -0:03
Altitude: MO 30 a5 60
Geo.long. : 16:30.0 lat.: —-23:16.3
27

Visibility plot from the H.E.S.S. site, for
Sgr A* — the GC region
From March to September

o (0,<30°

o Dark time conditions

Selected object at R.A. 17:45:40, Dec. -29:00:28 (J2000)
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GALACTIC CENTER VISIBILITY WITH H.E.S.S. L/W‘.

| ° V|S|b|||ty plO’[ from _the H E S S Site for Selected object at R.A. 17:45:40, Dec. -29:00:28 (J2000)

Sgr A* — the GC region dan €Y L
Feb [ 2022 o 1 Feb
e From March to September el S ) : . 1 yax
O (HZS 300) Apr ST T I ; : i 2 ............................ - Apr
O Dark time Conditions May I R T - MaY
— ~ 320 hours of observations per year! i . o | an
Jul : : Jul
e NoO, not so easy... aug [ VA : R — -
o 17-hour RA band crowded with other Sep I : . ............................ i Sep
|nterest|ng SOU[’CGS Oct PP . o « ‘ ............................ - oct
o Bad Weather oy e . O U - -
o Technical problems e | e 1 nee
— A realistic and significant achievement 18h Oh 6h uTC
. . RA: 17:47:08 Dec: —-29:00:57 {Sgr AX)
iIs 100-150 hours of observations per year cai.iong.: 359:57 eal.lat.: -0:03
Altitude: MO Il 30 a5 60
Geo.long. : 16:30.0 lat.: —-23:16.3
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'OBSERVING DES DWARF GALAXIES L/W\.

CVn.ll -~
o TG O Dark Energy Survey (DES)
Willman 1 Cvni ~ JBooll | Koposov1 g~ = @y g0 :
s _ Lt aie dwarf galaxy satellites
Ursa Minor ’ / Leo IV Leot ¢ bl selected and
UMall ® Y. ” ®Sextans e
o . / AR observed by
| 8 Koposov 2 .
’ H.E.S.S.
I=180° [ 1=0°, b=0° I=-180° | | H.E.S.S. Collaboration,
‘ ' ' ' | Phys. Rev. D 102,
\\ o Sagittarius 062001 (2020)
\ Segue 3 Garina
RN : te= ®mc
NS . Pisces Il ® sMmC
N @ s || v
N _ \ uc Il
S 2 ® Fornax 80 hours of
o o Sculptor ' )
observations
\
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'CONSTRAINTS ON THE CONTINUUM

s

CV.nlI ~Ggm
iliman 1 0 °.Boo||| OPOSoV1 g~ — -8 g9 .
e s e H.E.S.S. Collaboration, Phys. Rev. D 102, 062001 (2020)
3 ol ol € LeoT
UMall ® 'U;::m’ o AN . l‘Sexta:so s
e = Koposoj? N L
L2 e A0 — All dSph Retll+Tucll
o Sagittarius 10_20 E Retll — Tucll
§egu93 ganna — TUC”I — TUCIV
N ®mMe = _
< somge e R Combined Gl
Tuc Il - - - _o1
o Sculptor Ilmlts Of = 10
(2]
2 L} n | | L} o
g H.E.S.S 5
%-520 > 22
] = oo |
8 observations 0%
of Ret I, Tuc I, i
23| /\//\_/
Tuclll, Tuc IV, 107 X
B W*W’ channel
and Grus || i
10—24 | Lol 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)
RA (J2000)
Vs O
\J \\ // A. Montanari, for the H.E.S.S. Collaboration — Constraining SU(2) WIMPs with H.E.S.S. — IRN Terascale, Dark Universe 30



'LOOKING AT DARK MATTER SUBHALOS

s

Ref. Ajello et al., Astrophys. J. Suppl. 2017, 232, 18
From the 3FHL catalog

~~~~~~~~~~~~~

SNRs and PWNe # BL Lacs o Unc. Blazars s Other GAL [v  Unassociated|
x  Pulsars ¢ FSRQs 4 Other EGAL < Unknown o Extended

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

4 observed by
H.E.S.S.
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'UFO SPECTRAL ENERGY DISTRIBUTION

s

measurements

analysis

3FHL J0929.2 - 4110

, . . 10~
e Fermi-LAT flux points and upper limits —v—This work Mow (TeV) (V) } (GeV2em~2s2)
- - - o 4FGL DMDM - t*T1~ .
e DM-induced emission models are Lo-to] —*~3FHL o R
: : : — ——H.E.S.S., Obs. DMDM - W* W~
viable according to Fermi-LAT 3 s HEss Mens@. b 20
) mmmHESS. 68%Cont. ! o2 i
, €101 H.E.S.S. 95% Cont.
e Need massive DM because no energy 3
. . E
cut-off is seen from the Fermi-LAT data W 1o-12
=
g g
L v ;
10-13 !
-14 / l‘
0 104 1@ 102 10~* 10° 10t
E (TeV)
H.E.S.S. Collaboration, Astrophys. J. 918, 17 (2021)
32

A. Montanari, for the H.E.S.S. Collaboration — Constraining SU(2) WIMPs with H.E.S.S. — IRN Terascale, Dark Universe




'H.E.S.S. UPPER LIMITS

s

Fermi-LAT flux points and upper limits

DM-induced emission models are viable
according to Fermi-LAT measurements
Need massive DM because no energy
cut-off is seen from the Fermi-LAT data

analysis

— H.E.S.S. upper limits (no excess found)

constrain some viable DM-induced
emission models for Fermi-LAT

3FHL J0929.2 - 4110

10-°
—¥—This work mpw (TeV) (ov) ) (GeVZem™?s71)
- DMDM - t* T~
sl 10 3x1072
10—10 +3FHL ......... 1 3x10°4
- ——H.E.S.S., Obs. DMDM - W*W~
L —a—H.E.S.S., Mean exp. L 2><10:z
‘TE ||| WH.ES.S. 68% Cont. R B
10~ H.E.S.S. 95% Cont. &
g 5 o Con 7 wf
()
L ) o } i
310 o tuQEDT;
10-13 e~ e
s H.E.S.S. energy rahge
10-4 1073 102 101 100 101!
E (TeV)
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s ermi
Gamma-ray

/ Space Telescope
|

Collision with atmospheric
nucleus

Extensive Air Shower

Particles from air shower penetrate
particle detectors, interact and are
detected

PARTICLE
DETECTOR ARRAY

Particle from air
shower

A . g Detector t

Cherenkov
Light

IMAGING ATMOSPHERIC
CHERENKOV TELESCOPE

" Jana) 035 SAGGDIGBIAH T

Photosensors detect:
Cherenkov light

Not to scale
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DETECTION TECHNIQUES

space based experiments

Satellites - AGILE, Fermi-LAT
~20 MeV — 300 GeV

>2 sr FoV

100% duty cycle

Angular resolution 0.15-3.5°

Energy resolution ~10%

g roun d based ex pe ri me nts . Sensitivity a few % Crab flux Extensive Air Shower
Water Cherenkov Detectors

“um  Primary
~= T gamma ray

/ Particles from air shower penetrate

WCDs - HAWC, [ particle detectors, interact and are
LHAASO, Tibet-ASy ok LR | TR
~100 GeV — 1 PeV / = /

/ / PARTICLE
90% duty cycle ETECTION Tk,

d b d . t . —srFoV DETECTOR ARRAY e‘\OLED HNIQ"@
g ro u n ase expe” I I Ien S . Angular resolution 0.2 - 0.8° Lods
Particle from air

1 ~ 0
Energy resolution ~50% shower

|maging Atmopsheric Sensipeoncmoin G Detectortank
Cherenkov Telescopes (IACTs) o
H.E.S.S., MAGIC, VERITAS

IMAGING ATMOSPHERIC
CHERENKOV TELESCOPE

JOA3| 035 AOGD IBIAF

IACTs - H.E.S.S., MAGIC, VERITAS /

~30 GeV — ~100 TeV
Small FoV : ~5°
Duty-cycle: 10-15%
Angular resolution <0.1°
Energy resolution ~10%
Sensitivity 1% Crab flux

Photosensors detec(—j
Cherenkov light

Not to scale
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PARTICLE SHOWERS

¢ Incident VHE charged/neutral particles interacting
with Earth’s atmosphere (opaque)
— Shower of secondary particles

Primary gamma ray

can be produced R cosmic ray (p, o, Fe ..)
. >
- Electromagnetic >
S h owers é atmospheric nucleus
- Hadronic S -
/ “'n Y o
showers M shower /7,
s 1“ (,J l i
o5 | S EE
%‘Y /Z/zy atmospheric nucled‘s\ v
6/ < e | 7 EM shower H
; e/ 3 S\ e+/“/“‘ \e” d \ + nucleons / T
R.M. Wagner, Ph.D. thesis, # g / \Ne= \ e K etc. A g (i TRl
Technical University of Munich, < A YS \\_‘ e : Y h 8t
MPP-2006-245, (2006) ff" | % \"\\ \ { W —
: \ \ H EM shower
N e
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PARTICLE SHOWERS

¢ Incident VHE charged/neutral particles interacting

with Earth’s atmosphere (opaque)

Primary gamma ray

— Shower of secondary particles —m— | = —
can be produced i s
- Electromagnetic )
showers ‘ 'i
- Hadronic ‘ N
showers
Images of i >
the showers -
at the ground
Gam'n:i‘a ray Proton
300 GeV 1TeV
N
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EVENT SELECTION

s

e Images on the camera

21200
- - c B
— gamma-like and hadron-like events are S —e— PKS 2155-304 (ON-OFF)
discriminated based on the template *1000— Monte Carlo (y) - NSB 40 MHz
fitting technique between the measured - Background (OFF)
and the simulated 8°°:‘
showers - «<shower goodness» so0l
o0 Wwﬁw i e
200
.. 4 A% _ v a 6 8 2
Shower Goodness
N
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EVENT SELECTION L/W\.

e Images on the camera 21200
— gamma-like and hadron-like events are s —e— PKS 2155304 (ON-OFF)
*

discriminated based on the template 1000
fitting technique between the measured
and the simulated

showers - «shower goodness»

Monte Carlo (y) - NSB 40 MHz

—— Background (OFF)

800

3 R WA

400

200

llllllllllllllllllllll

— recover event’s energy gamma-like hadron-like

and position in the sk
P y Misidentified hadrons identified as

gamma-like events: residual background
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'RESIDUAL BACKGROUND MEASUREMENT L/I/LI

e QObservations in wobble mode (or survey mode) OFF region

e Pointing position offset from the target,

which is in the ON region Excluded
e Collect photons from the target region

O/
o& /)?},7
%
o,,

e Measure the isotropic residual background
in the OFF regions

e VHE sources in the FoV are excluded: .
exclusion regions

e Aring is excluded around the ON region to
avoid leakage of ON signal in the OFF regions ON region
o For background determination .
Multiple OFF
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DATA ANALYSIS WITH TEST STATISTICS L/W\.

2 / NoFF
L(Ns, Ng|Non, Nogr, ) = s }LVNB') O —(Ng+Np) (Ng + aNp)
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
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UPPER LIMIT DETERMINATION
l 10 T
e Comparison of hypotheses through —1 ." :
Log-Likelihood Ratio Tesz Statistics (TS) | B x
LLRTS = —2 In (—1) """" e |
Ly iy
e No significant excess in the dataset » [ Einasto profile ,'
— Upper limits (U.L.) on the free 5 HHGM = W 4
parameter that we want to test 4k
LLRTS (1dof) = 2.71 for 95% C.L. UL e
Ref. Cowan, G., Cranmer, K., Gross, E. et al. Eur. Phys. J. C 71, 1554 (2011) 2F
Example for Dark Matter search
g — =
(ov) [cm3s~1]
42
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SYSTEMATIC UNGERTAINTY

s

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

L(Ns, N|Non, Norr, @, 8) = Non!

No significant excess in the dataset

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

Upper limits for 1% systematic

uncertainty: 20% less constraining
Using a nuisance parameter in the Likelihood

Refs. H., Silverwood, et al., JCAP 03, 055 (2015)
E. Moulin, et al., CTA Dark Matter Programme (2019)

V. Lefranc, et al., Phys. Rev. D 91, 12203 (2015)

o~ BINE+aNy( ,(1-6)* /20

— IS

4=

2-

---- TS, 0=0.01
| —— TS, 0g=0.03
TS, 0)=0.4

" Einasto profile
DMDM -» WtW~
mpu=1 TeV

~~

| 95% C.L._ T~

=

e fiTL) AR SR | MU
10—25

185

(ov) [cm3s™1]
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DARK MATTER DECAY SIGNAL L/W\.

Flux for decay...

dd(AQLE) 1 1 dN, /
— ) d
dE,Y 47 mpmMmT dE,Y . AQ d lo.s. ,0(7“[8]) >

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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LIMITS FROM GALAXY CLUSTERS L/W\.

- 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 10%
- Limits for different particle models
and annihilation channels
— reaching{ov)~ 107222 cm?/s T S SR

10%

at 1 TeV ot = = m,,M(Te\})02

NFW, Burkert SR10 a,
NFW SR10 a,

..... Burkert SR10 a,
= NFW RB02

w NFW RS08

m— NFW DWO01

----- Fermi limits for NFW

102

IIIIIIII I IIIIIIII T IIIIIIII | Illlllll | IIIIIIII T TTT

-

H.E.S.S. Collaboration, Astrophys. J., 750, 123 (2012)
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SENSITIVITY TO PHOTON DETECTION L/W‘.

m M :(_‘:’(‘\‘]

10-7 10-9 107° 10— 10" 102 10! 100 10! 10? 1 10! 10° 100
107 4 > » ¢ » —
1019 Sorile: Nositraio: DM Dark Sector DM WIMPs Ultra-heavy DM 1
1M '1
104 . ~
High-Energy Photon Landscape
1nl6 = 2 ]
— 10" F [ Present vz Future 3
g 108 o
&, w7
B, g0 < H
P é E
10t o
b ATHEN =ik
1012 ) .
10 - -
]“lll %1;
! ,,
108.53 . . : : . —
107 10" 1077 1074 10 107 10" 10! 108 10! 10° 109
E. [GeV]
Boddy, Lisanti, McDermott, Rodd, Weniger et al., arXiv: 2203.06380
P
3 (¥
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E‘ 7: —— j\ 1018No.’
* Reflected Background method: § ¢ FEinasto profile S
= C o
S o
. Qo 5 2
* OFF region: 5 f S
« Symmetric to the ON region S 4 Pointing 3.7 | B
— Same FoV and acceptance 3E position HROI2S “E
« Exclusion regions cut symmetrically zi 7 o 2P pointing _1017%
— Same solid angle size - — position - o
« Cut overlapping areas and areas where i3 /. am %
OFF is closer to the GC than ON: 0 SA < 3
— The DM signal in the ON region is always higher 1 \\ =
than in the OFF region -
- Repeated for all the 25 ROl and over 2
~ __\III|II\I‘IIII|l\II|I|l|1II|'IlIIII[IIIIllIIFlIIII 1
the ~1300 runs B g g 10

Galactic longitude [°]
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1GS: CONSTRAINTS ON THE CONTINUUM LJ/LI

10—23

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

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

the annihilation cross section 10~ 95% Containment

=== Expected, no syst.

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

g . . E —25
o annihilation into the W*W' S
channel{ov)=3.7x10% cm®s 7  [-----° i
at 1-5 Tev \/10—26 - V
= 546h, 2014-2020
- DMDM — WHW~—
B Einasto profile
10—27 | o b | LIl 1 Lol
H.E.S.S. Collaboration, Phys. Rev. Lett. 0.2 05 1 2 345 10 50
129, 111107 (2022) mpy (TeV)

A. Montanari, for the H.E.S.S. Collaboration — Constraining SU(2) WIMPs with H.E.S.S. — IRN Terascale, Dark Universe




WLM: CONSTRAINTS ON THE CONTINUUM L/W\.

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 "’2 1020 o T EXCLUDED
e DM distribution well parametrized by a = joa] e
coreNFW %
10722
% Expected
— Improvement of a factor at least 10 10-%3 § Joeerved
w.r.t. previous limits from other ol 2 o error
experiments 0.1 1 10

my (TeV/c?)
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SEARCHES TOWARDS DWARF GALAXIES L/W\.

CV.nll -[- Cgm

wi T R R S Modeling the DM distribution:
gy “oaco b | e L - Pressure-supported
| an i systems
ks ' o T¥ 11 - Use kinematic tracers of the
e g gravitational potential
S semgr Roces o Qe o - Works very well in
ST ) s,, P DM-dominated

environments, e.g. dwarf
galaxies, via the Jeans
equation modeling

Determination for Reticulum Il
- Stellar velocity dispersion — J-factor

H.E.S.S. Collaboration, Phys. Rev. D 102, 062001 (2020)
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LIMITS AND UNCERTAINTY ON THE L/W‘.

J-FACIO Botere

s e o H.E.S.S. Collaboration, Phys. Rev. D 102, 062001 (2020)
Y Segue 1
JUrsa Minor Leo IV Leol & Lgo‘T =
UMall ® I o ®Sextans DT >
el Results for various annihilation channels
1=180° | 1=0° b=0° 1=-180° ' ' '
| and including the uncertainty on the J-factor
\\ Segue 3 » S;anna
N ®mc
e \ngusZ Pisces I Grustl Tew ® smc ;Q " B --- Mean expected . 16 band i --- Mean expected . 1o band
74 1077
® Fornax F —_— — Ob d 26 band
e prm F : Observed DEG band serve I:I G ban
g 1021 :_ 1 ; Reticulum Il
§ = E t*t" channel
I i
§1 0% 2e
10*23;— 'E
L Reticulum I, W*W’ channel L
—24 1 Ll L Lol 1 Lo 4 L """'J L ‘J"'Hl L L1 1|
1092 1 2 3456 10 20 30 0.2 T2 3456 10 2030
Moy (TeV) mg,, (TeV)
03"50™00° 03"40™00° 03"30™00° 03"20™00°
RA (J2000)
N
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. 10720; ---- Mean expected .16 band -/Ik
CV.n 0 ‘[‘" Cgm F — Observed D 2c band
Willman 1 Cvnl * JBoo ) Koposov1 g~ ~ @ g0y - J0l
R VAT N N S X 5o
Ursa Minor 7 Leo IV teot & LgoT . 5
g é p Draco Her o« - “sextans \,,\ s 31 oEE
2 .,,,, ! ,1( Koposm'rZ\\ i
102
[ 1=180° | | 1=0°, b=0° 1R 4 : Reticulum Il, W*W’ channel
% o Sagittarius / .
U wotes > | o r Reticulum Il
R . 3 j ® v 102k W*W’ channel
S \S\egu.ez Pisces I G’s i |\7 SMC ;Q ? with o,
A [ !uc n r
= ~ i 4 ® Fornax 1072 =
SR S & Sculptor ) o E
| 5 f
Determination for Reticulum |I o=
- Stellar velocity dispersion — J-factor i
. . . . . 107281 ---- Mean expected 16 band
— Uncertainty on the J-factor included in the limits : i
E — Observed |:| 26 band
H.E.S.S. Collaboration, Phys. Rev. D 102, 062001 (2020) B 2 I Y B S S Y B R
0.2 1 2 3456 10 20 30
Q mpy (1eV)
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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 T A, <~y - 25
explaln the stacked S&rgaine?/vqra;/a_set —— H.E.S.S. -30
Fermi-LAT datasets and 1077 - ————— —
T 0.1 1.0 10.0
considering the H.E.S.S. U.L. mpm (TeV)
H.E.S.S. Collaboration, Astrophys. J. 918, 17 (2021)
N (o B
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ALLOWED J-FACTORS FOR THE UFOS I“W\.

e Assuming thermally produced 1022

-5
WIMPs, we fix the annihilation
Cross section - —10
. 1021
e J-factors allowed given

combined H.E.S.S.
e But, high J-factors for the
UFOs from cosmological

) (GeVZcm™)
=
o
S

. . 19
simulations 10
— DM induced emission for the Combined dataset ~—— H.E.S.S. -30
UFO likel i S BT ,
S v_ery unlikely, 0.1 1.0 10.0

according to the H.E.S.S. mpm (TeV)

constraints H.E.S.S. Collaboration, Astrophys. J. 918, 17 (2021)
N (o -
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CURRENT SENSITIVITY TO DARK MATTER SIGNAL

s

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

— simulating 500h and 1000h of 10723}

flat exposure
e Most up-to-date and andanced calculations for

=

theoretical gamma-ray DM annihilation yields P s
e Recent DM profiles determination from measurements of i s

the MW rotation curve
Cautun et al., MNRAS, 494.3, (2020)
e Background modeling considering residual and
conventional TeV astrophysical background

o i
=
)
.

10725

— Assessing the ~ final sensitivity reach of the
current generation of IACTs

[ — Wtw

Einasto profile
F — 500h

-7
-
-
~ =
~~ -

T

S S Thermal relic density ]

10—26 M

mpwm [TGV]

0T

e

AM, Emmanuel Moulin and Nicholas L. Rodd, Phys. Rev. D 107, 043028 (2023)
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'PROSPECTS FOR CANONICAL DM MODELS

- Thermal 1072 gy ST
i C Expected Einasto. 500h
Wlnos B 68% Containment ] 5 s "
excluded 1024 E 95% Containment 4L cross section
: H ——— NLL cross section E g
- Higgsino _— 2 2 Higgsino
Lo s _on = 2
DM masses "’é 107 = &
(2]
excluded at —= B
- = =
21072 & :
around 6.5 =" ¢ o
TeV S |
10—‘27 -
AM, Emmanuel Moulin and 5
Nicholas L. Rodd, Phys. Rev. D | 1077 i .
107, 043028 (2023) 100 100 102 100 10! 1C
mpwM [TCV] mpwm [TCV]
N
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'PROSPECTS FOR CANONICAL DM MODELS

- The Quintuplet, TeV scale state charged | T JT T T
: / / |
under representation 5 of SU(2) / e S o \?(m“ I 2
Ref. for the spectra Bauer, C. W., Rodd N. L., and Webber B. R., 10~ ﬁ ‘\ _%:’ '
JHEP 06, 121 (2021) \ / / \| £ \
o YA A £
- Thermal Quintuplet excluded within 'z ;- \ / \/%‘ |
the present sensitivity B v E
- A few non-thermally produced & 10-20
Quintuplet models are still available g

above several ten TeV masses 10-27

Qumtuplet

, 10~28
AM, Emmanuel Moulin and

P T

. |

102

Nicholas L. Rodd, Phys. Rev. D 100 101
107, 043028 (2023) MDPM [TOV]
777N
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