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Goal

Ursa Minor

Search for dark subhalos (subhalos w/ masses
smaller than ~109 Mgun) orbiting the Milky Way

using stellar phase-space perturbations

X Sculptor
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Ursa Minor

Search for dark subhalos (subhalos w/ masses
smaller than ~109 Mgun) orbiting the Milky Way

using stellar phase-space perturbations
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Searching for dark subhaloes in the Mulky Way using ...

* vy-ray mstruments (may detect DM(WIMP) signals emitted therein)
e Stellar streams
*  Pulsar timing arrays
* Stellar phase-space signatures:
- Apparent perturbations due to (weak) lensing by subhalos

- Real perturbations due to passing subhalos

Maria Benito 10/10/24
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What’s the signal?
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What’s the signal?
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ML in windtunnel stimulations:
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On the detection of stellar wakes in the Milky Way: a deep learning
approach
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ML in windtunnel sstmulations: Results

=3 Binary classifier

Harmonic Network

Adam optimiser + binary
focal cross entropy loss

function
Hyperparameter Range Final Value
number of z-slices [1, 2, 3] 3
filters [4, 128] 32
learning rate [1e-8, 1e-2] 1.9602e-06
dropout [0, 0.6] 0.49259
activation [relu, selu] relu
kernel of 1st layer [3, 10] 9
kernel of 2nd layer [1, 3] 2
extra layers [0, 3] 1
filter expansion [1, 16] 2
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Elephant in the room
Wakes are too spatially extended
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L
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Gaia ESO

+ stellar halo of MW is a messy place made up of a
smooth (virtalised) component + non-virialised part
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M [4/'_ li k e ga l a xi es Sensitivity Estimation for Dark Matteicilrllll)if:laélos in Synthetic Gaia DR2 using Deep

From Latte suite of FIRE-2 ssmulations

A. Bazarov®, M. Benito™®, G. Hiitsi*, R. Kipper®, J. Pata®, S. Poder®*

“NICPB, Rdvala 10, Tallinn 10143, Estonia
YTartu Observatory, Uniwversity of Tartu, Observatooriumi 1, Toravere 61602, Estonia
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Signal stars are those whose distance to central position of DM subhalo 1s less than 1 kpc
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MMW:-like galaxies

Anomaly Detection algorithm
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MMW:-like galaxies

Results
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Gaia-like DR? catalogs
Sanderson + [1806.10564]
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Gaia-like DR? catalogs

Results

False positive rate
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Conclusions: valjakutse (a challenge) " -
E o 2
Stellar wakes program (not only relevant for DM science) is starting . R
—> we have characterised the signal /\/
—> we have investigated the viability & performance of detecting individual wakes g "
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