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Outlook

Indirect detection of Dark Matter captured rate in Brown Dwarfs
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Why Brown Dwarf???

Brown Dwarfs (BDs) are new, exciting, and powerful detectors of dark matter (DM).



Why Brown Dwarf???

Brown Dwarfs (BDs) are new, exciting, and powerful detectors of dark matter (DM).

Advantage 1: Statistics

-- First exoplanet discovery: 1992
-- Estimates predict around 300 billion exoplanets in our galaxy!

Advantage 2: Low temperatures --- as they do not undergo nuclear fusion
-- Low temperatures allow for a clearer signal over background for Dark Matter heating.
-- Low core temperatures in part prevent DM evaporation, providing new sensitivity to lighter (sub-GeV) DM.

Advantage 3: Exploding Research Program

-- with several upcoming deep and sensitive optical and infrared sky surveys, such as JWST, Rubin, Roman...



Our Sources

. Radius: Comparable to the radius of Jupiter Source Name (1D number] [(deg) b(deg) Distance Mass Radius Temp. Estimated Spectral
b)) (M) (Ry) (K) age(Gy) Type

OMASS JO431371-2453298 081 4% 068 ¥ 09T WM LT 16
(Source 1)

* Distance: Within 11 pc from us. WEEPA IRGBHOTH2 &% BB 6% % 0% 6 0 T
(Source )
Epsilon Indi Ba 89 678 363 4T 089 1216 3 Tl

e Mass: Larger than 25 Jupiter mass (M > 25 M) [ource §
SCR 18436307 B 187 6396 3% 4 088 W0 3l 16
(Source 4]
DMASS JI1TL10-0311131 Al 309 07 3 0% 8 10 17

e Temperature: T-type BDs ==> 575 K <T< 1350 K (Source )
WISEPC JIUT56.914162640.2 A -17553 1644 1010 30 089 5% 8 1
(Source 6)

e Age: Greater than 2 Gyr. ?ggi\rSi %04151954-0935066 638 999 a6 X 090 T 10 T8
DMASS JOBT38T+2031409 14439 2055 612 % 079 80 10 i
(Source §)

These are important to strengthen the annihilation signal. [WSEJ0OG5006] 1623 5332 2 Booo0% 10 45 M0
(Source §)




Search for gamma-ray emission in Fermi-LAT data

1. Analyze 13 years of data with energy range between 100 MeV to 500 GeV.

2. Perform the binned likelihood analysis but no significant excess emission is found.
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=> Set 95% confidence level upper limits
=> Also perform the stacked analysis
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bin-by-bin differential flux upper limits at 95% C.L. for three BDs




New dark matter limits on scattering cross-section

We translate the Fermi-LAT gamma-ray flux upper limits
------- Set bounds on the scattering cross section, oyn as a function of the DM mass, my .

------- For long-lived mediators =====> 10* m~R, <L < d,0434 ~ 10" m
107 | T ' 1.x107%F | ' | : m, = 1 GeV and o,, = 1038 cm?
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New dark matter limits on scattering cross-section

We translate the Fermi-LAT gamma-ray flux upper limits
------- Set bounds on the scattering cross section, oyn as a function of the DM mass, my .

------- For long-lived mediators =====> 10* m~R, <L < d,0434 ~ 10" m
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) Our sources are in equilibrium
) We are getting the maximum signal strength for this model independent analysis




Comparison with other literature studies

| | i || 1. BDs have the unique advantage to probe the sub-GeV range
—_— dacked himis-— ne ge . e .0 o ° L4
10-32 \ i i s il with sensitivity scattering cross-section of 10 38 cm? .
—— CDEX-10 data-Jiang et al.
—— PICO-60 data-Amole et al. 2. Limits obtained from Jupiter is five order of magnitude more
10734} — XENON data-Aprile et al. | _ . .
_ stringent but the distance is ~5 AU. Thus, our bounds apply to
- Jupiter-Leane et al. .
. e much wider parameter space.
£ 107%
e 3. Bounds from GC population rely both on the assumed DM
= . . .
i density profile and the model of the BD population toward
1073® the Galactic center region.
10-40| 4. Besides astrophysical bounds, we compare our results with
DM direct detection experiments.
10742 . . . . 5. Our chosen sources could provide stronger limits in sub
1 10 100 1000 104 GeV range.
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Comparison with other literature studies
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—— Stacked limits— Real Age

——-- Stacked limits— Equilibrium -
~—— CDEX-10 data-Jiang et al. |
—— PICO-60 data-Amole et al.
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BDs have the unique advantage to probe the sub-GeV range
with sensitivity scattering cross-section of 10 38 cm? .

Limits obtained from Jupiter is five order of magnitude more

alactic center region.

Besides astrophysical bounds, we compare our results with
DM direct detection experiments.

Our chosen sources could provide stronger limits in sub
GeV range.
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Comparison with other literature studies
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—— Stacked limits- Real Age

——-- Stacked limits— Equilibrium -
—— CDEX-10 data-Jiang et al. |
—— PICO-60 data-Amole et al.

1.

BDs have the unique advantage to probe the sub-GeV range
with sensitivity scattering cross-section of 10 38 cm? .

Limits obtained from Jupiter is five order of magnitude more

the Galactic center region.
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Code is publicly available on GitLab and
ESCAPE OSSR

& GitLab
The code and data to reproduce the results of this study are available on GitLab,
https://gitlab.in2p3.fr/francesca.calore/brown-dwarfs-gamma,
10.5281/zenodo.7596302

The code is also onboarded in the ESCAPE OSSR as a part of Dark Matter Test Science Project (TSP) FUturE
and is in full agreement with the Open Science Uptake of EOSC-Future.
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