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* Direct Detecton

Dlrect detectlon depends on .
astrophys1ca1 parameters :

'." Dark matter dens1ty

Dark Matter Ve10c1ty

| : ,So'lal‘:"'-ﬂ :.. 4
~Neighborhood =~

~ Goodman & Wltten (1985)
. ~ Freese et al’ (1988)
https [Iwww.gé com/reports/S coolest -things-earth- week 29- 6.(andromeda galaxy/
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We Need to Understand Dark
Matter Substructure
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® Launched December 2013

® Goal: Positional and kinematic

measurement of 1 billion stars
(1% of the Milky Way)

® DR2: 7 million radial velocities

® DR3: 33 million radial velocities

Lina Necib, MIT
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Simulated Milky-Way like halo Btark Matter

100 kpc

Lina Necib, MIT Necib, Lisanti, Garrison-Kimmel et al. (2018)



2=99

FIRE simulations

Lina Necib, MIT 10 kpe
e Video by Shea Garisson-Kimmel, http://www.tapir.caltech.edu/~sheagk/firemovies.html



Gaia Sausage Enceladus

Credit: H.H. Koppelman, A. Villanlobos, A. Helmi 7 R




8 Correlation the velocity distributions of

FIRE

Dark Matter and stars merger by merger.
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FIRE

Correlation the velocity distributions of

Dark Matter and stars merger by merger.
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Correlation the velocity distributions of
Dark Matter and stars merger by merger.
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FIRE

Correlation the velocity distributions of

Dark Matter and stars merger by merger.
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. g, ;'." 3 0
Gaia Sausage Enceladus i
Accretion time: 6-10 billion years ago p e %{./,_.,t -

Mass: 1%-10% of the mass of the Milky
Way :

—250 0 250 500
v, [km/s]

Necib, Lisanti, Belokurov (2019)



Gaia Sausage Enceladus A

Accretion time: 6-10 billion years ago
Mass: 1%-10% of the mass of the Milky

— Dark Matter
— Stars
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* Build an accreted star
catalog

 Model the stellar
distributions

Accreted stars close to the plane?

1% of the stars close to the
disk plane are accreted




Build an accreted star
catalog
Model the stellar

distributions
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Structures close to the Disk

200 0 200 0 200 100 200 0 200

v, [km/s] [km /s] ve |km/s]

Necib, Ostdiek, et al. (2019b)



Gaia DR2

Nyx Star Motion

S >0.95
r € [6.5, 9.5] kpc
|z| <3.0 kpc

Lina Necib, MIT Necib, Ostdiek, et al. (2019a)



vy ~ 220 km/s

Disk

> U

S >0.95
r € [6.5, 9.5] kpc
|z| <3.0 kpc y

Lina Necib, MIT Necib, Ostdiek, et al. (2019a)
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Lina Necib, MIT Necib, Ostdiek, et al. (20192)



Nyx Star Motion

Lina Necib, MIT Necib, Ostdiek, et al. (2019a)
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South Near
Middle Structure
Structure 40.07xc
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I

Lina Necib, MIT



Simulation Analog

z=0.12

10 kpc

Video by Shea Garisson-Kimmel,
http://www tapir.caltech.edu/~sheagk/firemovies.html



Simulation Analog




North

South Near
Middle Structure
Structure 40.07x¢
0,17

Lina Necib, MIT



Wang, Necib, Ji, et al. (in prep)
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e (Cluster in action and

velocity spaces for

Alternatively . WE Cdll UuSce Clu Sterin g kinematic structures

Clustering Data Set

https://pberba.github.io/stats/2020/01/17/hdbscan/
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* Cluster in action and
velocity spaces for

Alternatively . WE Cdll UuSce Clu Sterin g kinematic structures

K-Means Clustering HDBScan Clustering

https://pberba.github.io/stats/2020/01/17/hdbscan/



e (Cluster in action and

velocity spaces for

Alternatively . WE Cdll UuSce Clu Sterin g kinematic structures

Clustering Data Set

https://pberba.github.io/stats/2020/01/17/hdbscan/



We apply clustering on Gaia dataset

Xiaowei Ou
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* Gaia eDR3 proper motions
* Gaia DR2 radial velocities
* Quality cuts

Ou & Necib (in prep)



We apply clustering on Gaia dataset
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* Gaia eDR3 proper motions
* Gaia DR2 radial velocities
* Quality cuts

Ou & Necib (in prep)



We apply clustering on Gaia dataset
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* Gaia eDR3 proper motions
* Gaia DR2 radial velocities
* Quality cuts

Ou & Necib (in prep)



We apply clustering on Gaia dataset
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* Gaia eDR3 proper motions
* Gaia DR2 radial velocities
* Quality cuts

Ou & Necib (in prep)



We apply clustering on Gaia dataset

—50000

Reclustering over different 100000
realizations show that few k-
clusters are indeed stable =500

-150000

* Gaia eDR3 proper motions
* Gaia DR2 radial velocities
* Quality cuts

Ou & Necib (in prep)



Stability of Clusters

—50000

—_

. —100000

— 150000

—2500 0 2500
Jy [kpe km s7]

Prioritized stable clusters.

Looked at the stars that got clustered at least 40 times through 100 realizations. Dropped the stars
always associated as noise.

These structures are stable, although possibly incomplete.
Ou & Necib (in prep)



Stability of Clusters

Globular
Cluster
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Ou & Necib (in prep)



Stability of Clusters
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Ou & Necib (in prep)



Stability of Clusters
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Ou & Necib (in prep)
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New Dark Matter Velocity Distribution

ftotal (U> — ChaloJChalo (U) —+ Csubsfsubs <U>

SDSS.-Gaina DR2 e Fraction Dark Matter # Fraction Stars.

Heliocentric |v|

2] =2.5 kpe e Use Mass-Metallicity relation to estimate
de <4.0 kpc fractions.

. —+0.26
Csubs — 0-42_0,22

- ==  Halo
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—— Total
SHM

Kirby et al. (2013)
Garrison-Kimmel et al. (2015)

Necib, Lisanti, Belokurov (2018)

Necib, Lisanti, Garrison-Kimmel et al. (2018)
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Direct Detection
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