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Dark matter search techniques
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. prodiiction “Ais T el for dark matter (DM)
7 DN : searches
* Make it: production at
colliders

® Shake it: nuclear recoil in
direct detection

® Break it: standard particles
from annihilation or decay
— indirect detection with
gamma-ray telescopes
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Dark matter signhal in gamma rays

Gamma-ray flux from DM annihilation
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Dark matter signhal in gamma rays

Gamma-ray flux from DM annihilation
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Dark matter signhal in gamma rays

Gamma-ray flux from DM annihilation
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* Spatial information
- It depends on the DM density
dlStFIbUtIOﬂ Observer Target |
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- J-factor ,, DM halo
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Dark matter signhal in gamma rays

Gamma-ray flux from DM annihilation
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particle physics

Choose a target and region of interest
+ choose an annihilation channel and m_,

+ convolve for the IRFs and the observation live time
- expected gamma-ray count from DM annihilation N
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Likelihood technique for DM search

* 2D-Poisson likelihood exploits spatial and spectral DM features: bins
In energy (1) and space ())
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ON,i,j* OFF.ij°
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Likelihood technique for DM search

* 2D-Poisson likelihood exploits spatial and spectral DM features: bins
In energy (l) and Space (J) Expected background in
Expected DM signal in the the ON region

ON region (signal region) \

(N‘%i .+ Nn .)NON,i,j (u,. N : .)NOFF,i,j
5,1, B,i,j —(Ns.ii+Npi;) \HjLVBiij —(ajNB.j.j
L;j(Ns, Ng|Non, NoFr, ) = e~ (Ns,ijtNBi;) o~ (@5 NB i ;)

/NON,LJ'! Norr,i,j!
Measured counts in the Measured counts in the
ON region OFF region (control region)

Ratio between the size of
the OFF and ON regions
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Likelihood technique for DM search

* 2D-Poisson likelihood exploits spatial and spectral DM features: bins
In energy (1) and space ())

. . YNON,ij . . VINOFF.i,j
(NSJ,‘] + NB,],J) h (v_(NS-.i-.j-'_NB,i,j) ((IJNB-;]-:!.]) ) P—(ajNB,i,j)

L;j(Ns, Ng|NonN, NoFr, @) = N A
ON,],J' OFFalaJ'

e Total likelihood over the bins:

L=1]ci,
e Can be combined over many targets or data sets

Ntargets

)-Ct.ot: H [:k-
k=1
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Likelihood technique for DM search

* 2D-Poisson likelihood exploits spatial and spectral DM features: bins
In energy (1) and space ())
¢ Total likelihood over the bins
e Can be combined over many targets or data sets
* [n absence of any significant excess in the ON region:
> 95% C.L. upper limits on the free parameter <ov> are set using a log-
likelihood ratio test statistics
e Computation of expected limits and containment bands
> Poisson realizations of the measurements — mean and std dev of the
distribution of the obtained log, <ov> values
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_ Best targets: large DM signal + low VHE background
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Dwarf galaxy observations with H.E.S.S.

Long-term observation program on nearby dwarf galaxies:
Combination (including Coma Berenices): Phys. Rev. D 90, 112012 (2014)
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DES dwarf galaxies of the Local Group

Recently discovered
by the Dark Energy

Survey (DES) \ :

Ultra-faint < |-

Best observed
from the Southern
hemisphere

From: DES Collab., Astrophys.
J. 813 (2015) no.2, 109
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DES dwarf galaxies observations with H.E.S.S.
H.E.S.S. selection of recently-detected Milky Way ultra-faint

satellites by DES

~UMall ®

1= 80°
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® Coordination of the
2017-2018 observation

proposals

. ® Most promising
targets: log, ,J(0.5°)~19

® ~80 hours of
observation in total
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DES dwarf galaxies observations with H.E.S.S.

H.E.S.S. selection of recently-detected Milky Way ultra-faint
satellites by DES: observations with H.E.S.S. Il

I ° New.

Galaxy Distance | Log,,J(0.5) | T, ® Coordination of the
(kpc) 09,0 (Geviem?) | (h) 2017-2018 observation
Reticulum Il 32 19.6 17 proposa's
Tucana ll 58 18.7 17 ® Most promising
Tucana lll 25 19.4 25 targets: |0910‘](0-5°)~19
Tucana IV 48 18.7 12
¢ ~80 hours of
Grus Il 53 18.7 13 . .
observation in total
\J
NS . |
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DM search towards DES dwarf galaxies

* Definition of signal and control regions for dark matter search

Signal region: Backdground regions: g47F _ %0

Multi-ROI Multiple OFF § 0 reticulumll N
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DM search towards DES dwarf galaxies

* Definition of signal and control regions for dark matter search
* No significant excess in any dSphs —95% C.L. upper limits on <gv>
as function of m_

Signal region: Backaround regions:
Multi-ROI Multiple OFF
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DM search towards DES galaxies: Reticulum li

* No significant excess in any

- . 10720
dSphs - 95% C.L. upper limits g
. B ---- Mean expected .10’ band
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H.E.S.S. Collaboration, Search for dark matter signals towards the
recently detected DES dwarf galaxy satellites of the Milky Way with wal il i i L
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Combined DM search towards DES galaxies

* Most stringent limits for Retll,

followed by Tuclll

107"

— All dSph Retll+Tucll
Retll — Tuell
* Combination of the targets at " — Tuct — Tuolv
. . Ntargets — Grull
the likelihood level ., "1 .. 102
k=1 =
> At 1 TeV: 3x10% cm3s? in W*W- SR
channel 10wk

W*W:- channel

1 1 L1 1 III|
2 3 4567 10
Mp,, (TeV)

H.E.S.S. Collaboration, Search for dark matter signals towards the
recently detected DES dwarf galaxy satellites of the Milky Way with joBl— 1l
H.E.S.S., in preparation 0.2 1
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Combined DM search towards DES galaxies

* Most stringent limits for Retll,

1072
followed by Tuclll :
i — 5 DES dSph (this) Retll+Tucl (this)
- - 10 — HESS 5 dSph* MAGIC Segue 1*
o 3 p
Combination of the targets at  emmassas  FERMItsdSn®
the likelihood level ., "1 .. al oy Mo
k=1 NE /
> Most stringent constraints s v//
- A0 e
above 6 TeV in W*W- : _
10-24;—
H.E.S.S. Collaboration, Search for dark matter signals towards the = W channel
recently detected DES dwarf galaxy satellites of the Milky Way with B
HESS, In preparatlon 10—25 1 vl 1 1 Ll 1 1 1111
0.2 1 2 34567 10 20 30
Mp,, (Tev)
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Summary

® Observation of a selection of 5 DES dwarf spheroidal galaxies of the
Local Group

* No significant gamma-ray excess

® 05% C.L. upper limits derived with a 2D-likelihood ratio test statistics
* Most promising target Reticulum Il
* Constraints down to ~5x10%* cm3s? in W*W- channel at 1 TeV

* Combination of targets datasets at the likelihood level
> Combined limits down to ~3x10%* cm3s™ in the W*W- annihilation

channel at 1 TeV

> Constraints complementary to other experiments
> Most stringent limits so far above several TeV

\J
QQQ
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Thanks
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The H.E.S.S. experiment

Array of 5 Imaging Atmospheric Cherenkov Telescopes located in
Namibia (at 1800 m a.s.l)

* H.E.S.S. I (since 2003)
- 4 telescopes (12 m)
- Energy range 100 GeV-100 TeV
- Energy resolution ~10%
- Angular resolution < 0.1 deg
- FoV 5 deg
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The H.E.S.S. experiment

Array of 5 Imaging Atmospheric Cherenkov Telescopes located in
Namibia (at 1800 m a.s.l)

* H.E.S.S. Il (since 2012)
e [ - Additional 5th larger telescope

<=

> Lower energy threshold
- FoV of CT5: 3.5 deg
- CT1-4 cameras upgraded

H.E.S.S. In numbers:
13 countries, 39 Institutions, ~230 people, 15 years of operation
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Indirect DM search: signal

DMﬂwz,q
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Indirect DM search: signal

W.Zlq

: ﬂ }
DM W.Zlq

| Electromagnetic
| shower
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Indirect DM search: signal

W.Zlq

: ﬂ }
DM W.Zlq

| Electromagnetic
| shower

charged
particle

Cherenkov
light

L. Rinchiuso — DM search with H.E.S.S. towards DES dSphs — ICRC19




Indirect DM search: S|gnal and background

W.Zl.q

: >C>< }
DM W.Zlq

Electromagnetic
| shower

charged
partlcle

Cherenkov
light
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Indirect DM search: sighal and background

M wzlg

DM W.Zlq

: Electromagnetic
| shower

charged
particle

Cherenkov
light

1200
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1
|
a — e PKS 2155-304 (ON-OFF)

1000 — —— Monte Carlo (y) - NSB 40 MHz

s00 Background (OFF) hadrons

600

400

200

Gamma-like Haaron-like
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Indirect DM search: sighal and background

M wzlg

DM W.Zlq
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charged
particle
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DES dSphs DM density profile

Stars as tracers of DM — spectroscopv + Jean’s ea — J-factor measure
1d Bryv; — GM(r,

;d'r(yﬁ% )+ 2 . 3
Spectroscopy measurement NO spectroscopy
AVAILABLE measurement
Tucana ll and Tucana lll, Tucana IV
Reticulum li and Grus Il
Distribution of J-factor vs 0 Use upper value for the
are available predicted J-factor:
— Consider more Rols approximated formula
— Consider point-like
< sources
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DES dSphs DM density profile

Stars as tracers of DM — spectroscopv + Jean’s ea — J-factor measure

1d, o B(r)yvz  GM(r
;g(m;)—l—Q ro 2

Spectroscopy measurement
AVAILABLE
Tucana Il and
Reticulum i
Distribution of J-factor vs 6
are available
— Consider more Rols

m>d

Reticulum lI

GeVZc
>

Derived from:

Bonnivard et al.,
Astrophys.J. 808
(2015) no.2, L36

J integrated/6 (

)
3
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DM search towards DES galaxies: Reticulum li

e Uncertainty on the J-factor

introduced as a nuisance 10
parameter in the likelihood § - Mean oxpected [ to band
fu n Ctl O n Jo2 . — Observed D 2c band
- Degradation of the limits due  _ ¢
to J-factor statistical uncertainty ¢ _.[
- Factor 6 for Reticulum Il N
102 Reticulum II
F W channel
H.E.S.S. Collaboration, Search for dark matter signals towards the with o,
recently detected DES dwarf galaxy satellites of the Milky Way with | | |
H.E.S.S., in preparation 0805 01 02 1 2345 10 20
M, (TeV)
\]
NN - |
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Combined DM search towards DES galaxies

* Most stringent limits for Retll,

107%°
fonowed by TUCI I I . — 5 DES dSph (this) Retll+Tucll (this)
10 — HESS 5 dSph* MAGIC Segue 1*
* Combination of the targets at tof  —VERTASSdSph  — FERMIGC

the likelihood level

2> Most stringent constraints ' //
above 500 GeVin YY 1o

<
(]
(=]

(o %) (em’s])
=

S
1072 v channel
H.E.S.S. Collaboration, Search for dark matter signals towards the o -
recently detected DES dwarf galaxy satellites of the Milky Way with 10y Lol Ll L
0.2 1 2 34567 10 20 30

H.E.S.S., in preparation
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