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PART 1

Properties and theoretical aspects
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y-ray flux

Indirect Detection Framework

Particle Physics Astrophysical
®ep Factor J Factor

<ov> = annihilation cross-section
my, = DM particle mass

where Bt = branching ratio
dN/dE = differential spectrum
PpDM = DM density



Dwarf irreqular galaxies

Properties of the dwarf irregular galaxies (dlrrs)

supported & kinematics
-J ~ 1016 -10"7 GeVZ2.cm™
sources: 0.3°< 0, ,,,< 6°

Tend to follow a

below 0.1°
for HESS

DM density ODM

Radius r



Smooth HI distribution

WLM dwarf galaxy

Properties of WLM (Wolf-Lundmark-Melotte)

irregular dwart by HESS
and an IACT experiment
source Smooth rotation curve
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A new DM Profile: CoreNFW e e e

CoreNFW - Takes into within the galaxy
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A new DM Profile: CoreNFW  iiosanoe.,
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Mar 2019

PeoreNFW () = [ pNFW Mnrw

Arér.,

DM component

Pnew = J(C200: Mro9)  NFW dark matter density profile

NFW dark matter cumulative mass profile

Concentration
parameter

Virial mass



A new DM Profile: CoreNFW  iiosanoe.,
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Mar 2019

PeoreNFW () = [ pNFW Mnrw

Arér.,

DM component

Pnew = J(C200: Mro9)  NFW dark matter density profile

¢ X

NFW dark matter cumulative mass profile

Concentration " “~Virial mass

parameter

Stellar component

= -tanh (L) : generates a shallower density profile
i re/)] inthe core of the galaxy

core radius proportional to the halt stellar mass radius

T Coefficient 9



J factor & uncertainties

J factor - Defines the amount of darlk matter annihilations in a source

Histogram of J values

WLM - Distribution of log10 J(0.1°) - CoreNFW

— Gaussian fit
B 10gl10/(0.1°) occurence

Very small uncertainties on J
log10 J(0.1°) = 16.6 = 0.037
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Literature
log10 J(0.1°) =16.63 = 0.6

/\. Uncertainties based on general assumptions
* Dataset (n, c200, M2go) provided by Justin Read for all irregular galaxies

* Fit of the distribution Ref: Gammaldi et al, Phys. Rev. D 98, 083008
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PART 2

Observations and data analysis
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The H.E.S.S. experiment £ |

Array of 5 Cherenkov telescopes % o “

® | ocated in ! ;
e Taking data since T

® Detection of y rays
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Slgnal to Noise Ratio (SNR)

Signhal to noise ratio (SNR) VS halo extension angle WLM 3s an

= — SNRl

& or

N a source?

= Max(SNR) < 0.1°

|+ Max(SNR) = 0.08°

i ! PSF HESS ~ 0.1° WLM treated as a

i : source

| : | | | Contains of total DM
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Halo extension angle b (°) annlhllatlons 13



Observations & Data Analysis

e WLM - Gal. coord. | =75.86°, b =-73.62°
e Observations from Oct to Dec, 2018
e ~ 18 hours

e Mono Analysis - Central telescope only (CT5)
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Observations & Data Analysis

Significance Map

82
| (deg)

* Eventsin the signal region: Ngy = 1677
* Eventsin the background region: Nogr = 26726
* Proportionality between N5y and Ngr: a = 16.24

* Rescaled background: Ngge <cateq = 1645.7
® y-ray excess =31.2y

* Significance of the excess: 0 = 0.7

80 78 76 74 72 70

No significant excess

in the field of view e



Likelihood method and Test Statistic

Poisson likelihood for each energy bin:
(Ng, + Ny ) on (aNg)"orr:

A f-D — exp — (Ng + Np) - exp(—alNg)
Non,! | " Norr,! l
Gaussian likelihood to model the uncertainties on J:
Pl 1 exp — (logygJ — log;oJ)° Prescription of Fermi-LAT & MAGIC
ln(lO)\/ZZ'GJJ_ 20% Ref: JCAP 1602 (2016) 039

Likelihood ratio test statistics:

L L(Ns, | Ng, J)
A=-2In o = —2In v v v Ref: Cowan et al, 2010
Hl OCZ(NSa NB9 ])

Eur.Phys.J.C71:1554,2011 e



Upper Limits

Expected and observed limits with J uncertainties

Upper limits for bb and WW channels at 95% C.L.

10—22
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(ov) (cm3.s571)

10—19-

1077 -

Comparison to HAWC results

Upper limits at 95% C.L.

Expected limits HESS VS. HAWC - bb channel
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Ref: Gammaldi et al
Phys. Rev. D 98, 083008 (2018)

HAWC - UL for the whole object 6,;, = 2.6°

VS
This work - UL for© =0.1°

than those published by HAWC
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Conclusion & Perspectives

Conclusion

® No excess has been observed in the data

® Upper limits at 95% C.L. for 2 annihilation channels

®* WLM as a point-like source

®* More competitive than the upper limits set by HAWC
® Proceeding on arXiV (arXiv:1908.10178)

Future plan

® Analysis with the whole array of telescopes

®* Computation of upper limits with 6 additional channels
W+W-, Z+Z-, tt, ete-, u+u-, and vy
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A new DM Profile

DM component - NFW profile

pxEW () = po (:—S>_1 (1 | :S>_2 (1)

where the central density po and scale length rs are given

by:
po = peritAc’ge/3 3 Ts =Ta00/c; With (2)
1
- 3
7T log (14 0) — = (3)
and
-3 1 11/3
= |-M 4
200 1 200 — Ao (4)




A new DM Profile

| fn_l (1 — f2) n = how shallow the core becomes

Stellar component

PcoreNFW (T) = [ pNEW A2 MNFW ~ (n=0 full cusp, n=1 full core)
mwr Tc
e\ n=tanh(q) ; q=r " (19)
f" = |tanh (—> tdyn
re )

where t4y, 1s the circular orbit time at the NF'W profile scale
radius 7r.:

3
h = 2 > 2
ay W\/GMNFW(Ts) (20)

K = 0.04 (fitting parameter)

Half stellar mass

Coefficient tsk = 14Gyrs
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HAWC - Upper limits

— DDO101 — DDO133 — DDO154 — DDO168
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1072k
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ArXiv: 1706.01843

Ref: Gammaldi et al, 2018

— DDO101 — DDO133 — DDO154 — DDO168
— IC10 —  |C1613 — NGC6822 — UGC1281
— UGC1501 --- UGC5h272 --- UGC5H427 --- UGC7232
--- UGC7603 --- UGC7861 --- WLM
10 | ‘1 00
M, (TeV)

25



10727

10722

HAWC - Upper limits

vy — WW’
DDO101 — DDO133 — DDO154 — DDO168
IC10 — IC1613 — NGC6822 — UGC1281
UGC1501 --- UGCH272 --- UGC5427 --- UGC7232
UGC7603 --- UGC7861 WLM
T 10 100
M, (TeV)

Ref: Gammaldi et al, 2018

Rvir = 44.2 kpc
J=4.3553 x 106 GeV2.cm

Ovir = 2.5°
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HAWC - Uncertainties  « comecaiaon

“"Here the error bars represent the uncertainties of the DM density profile. Then, the 15%
error on the DM density distribution parameters p0 and r0 introduces an uncertainty of
20% — 60% on the density distribution itself, that is 75% of the astrophysical J-factor. We
neglect the un- certainties on both the extreme limits of integration along the l.o.s. and
the solid angle since these contributions are expected to be negligible.”

“The uncertainties on the virial J-factors in Fig. 4 are calculated as for the point-like
analysis. Instead, the error on Bvir is obtained by taking into account that the value of the
virial radius Rvir in galaxies is independent of the distance to them.”
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