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Bulldmg the Dark Matter Map

Strategy Reconstruct the Dark Matter from the dlstrlbutlons of the stars

Elamk Matter
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Feedback in Realistic Environments (FIRE)

p=0)

10 kpe

Hopkins et al. (2014)
Wetzel et al. (2016)
Hopkins et al. (2017)
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Buﬂdmg the Dark Matter Map

Strategy Reconstruct the Dark Matter
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' iStrategy Reconstruct the Dark Matter from the dlstrlbutlons e
. of the stars : - '

Ditferent Components:
1. Old Halo
2. Sausage/ Gaia Enceladus

3. Nyx
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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

Lina Necib, MIT



Credit: H.H. Koppelman, A. Villanlobos, A. Helmi
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Burldmg the Dark Matter Map

' iStrategy Reconstruct the Dark Matter from the dlstrlbutlons of the stars
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First Empirical Dark Matter Distribution
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First Empirical Dark Matter Distribution
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Lina Necib, MIT Necib, Lisanti, Garrison-Kimmel et al. (2018)



First Empirical Dark Matter Distribution
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Direct Detection
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masses

Lina Necib, MIT

Implications for Direct Detection

Direct Detection Limits
Xenon Target
- == alo

Subs
—— Total

Other theory
models might
have stronger
effects.

See for example
Buch et al.
2019
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Nyx Star Motion




Gaia DR2

Nyx Star Motion
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Gaia DR2

Nyx Star Motion
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Simulation Analog

z=0.12
Hopkins et al. (2014)
Wetzel et al. (2016)
10 kpe Hopkins et al. (2017)

Video by Shea Garisson-Kimmel,
Lina Necib, MIT http://www tapir.caltech.edu/~sheagk/firemovies.html
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matter local density.
NEXT: Find out the Dark Matter
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Dark Disk

As satellites are torn apart by tidal forces, they
deposit both their stars and their dark matter into a thick

disc (Lake 1989). The latter point is the key new idea
presented in this work: a dark matter disc must form
in a ACDM cosmology

Lake (1989)
Read et al. (2008)

_ ' Bruch et al. (2008)
Lina Necib, MIT
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in a ACDM cosmology
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Effect of Dark Disk on Direct Detection

I Pd :Dark Disk Density
pn : Dark Halo Density

10°
Mass [GeV/c?]

' ' Bruch et al. (2008)
Lina Necib, MIT
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Simulation Analog

e (Observational study of Nyx

. g

Lina Necib, MIT Credit: Anna Frebel
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Dark Matter Density Distribution
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_ Determining the Escape Velocity

N =2000 _ o Goal:
No Errors Mock Data o Fit for the escape velocity
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No Errors Mock Data Fit for the escape velocity
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N =2000 — v Goal:
No Errors Mock Data Fit for the escape velocity

B 3. Presence of multiple components
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N =2000
No Errors
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Mock Data
Outliers

Sausage
Halo

Goal:
Fit for the escape velocity

B 3. Presence of multiple components

| ; LeOnafcl'A&gTremai.rl.e (1990)
 Necib & Lin(2021a,b).
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Fit for the escape velocity

B 3. Presence of multiple components
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Determmmg the Escape Velomty
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. Determining the Escape Velocity
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Gaia Data
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— Single Function — Three Functions

— T'wo Functions
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Dwarf Galaxies

Pawlowski/Bullock/Boylan-Kolchin
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Density Profiles of Dwarf Galaxies

DDO 154

Radius (kpc)

Oh et al. (2015)
Lina Necib, MIT Tulin & Yu (2017)



Density Profiles of Dwarf Galaxies
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Density Profiles of Dwart Galaxies

-
o
[{e)

-
o
o)

-
o
~

-
o
[+)]

(v;\
O
Q
<
s
>
=
(2}
=
0]
@
—
[}
=
©
=
2
—
©
(o)

05 1 = e
Radius (k) Ty1in & Yu (2017)

Spergel & Steinhardt (2000)
Lina Necib, MIT Oh et al. (2015)



Density Profiles of Dwart Galaxies

Possible Complications: 109

2. Presence of Binaries. :@ s

3. Sphericity Assumption. %

4. Tidal Disruption. g 107

5. Small Extent of Stars. %

6. Lack of Proper Motion é o
Measurements. a

0.5 1
Radius (kpc)

Kowalczyk et al. (2013)
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Bonnivard et al. (2015) Oh et al. (2015)
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Density Profiles of Dwarf Galaxies
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Density Profiles of Dwarf Galaxies
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Density Profiles of Dwarf Galaxies
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J factors of Dwarf Galaxies
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Lina Necib, MIT

Dwarf N Stars | log;,J(0.5°) | Dispersion | References

[GeV? cm™°] [km//s]
Ursa Major II 20 19.42F0:42 56714 | Simon (2019)
Segue 1 70 19,3602 3.7t14 | Simon & Geha (2007)
Coma Berenices 59 19.0210-27 46702 Simon & Geha (2007)
Ursa Minor 313 18/93 020 9.5732 | Walker et al. (2009b)
Draco 292 18.84190-12 9.1712 | Walker et al. (2009Db)
Sculptor 1365 18.5410-08 9.271'1 | Walker et al. (2009a)
Bootes 1 37 18.24F0 2> 4675 ¢ Koposov et al. (2011)
Leo II 126 79T 4% (¥ R Spencer et al. (2017)
Carina 774 178 64 6651 Walker et al. (2009a)
Ursa Major I 39 1787 5at 0o Simon (2019)
Leo I 267 17844 9.212-4 | Mateo et al. (2008)
Fornax 2483 17:83" oist 11.779-9 | Walker et al. (2009a)
Canes Venatici 11 25 17.651 0% 4.6719 | Simon & Geha (2007)
Sextans 441 17528 o.50 7.9713 | Walker et al. (2009a)
Canes Venatici I 214 174352 ! 7.6124 | Simon & Geha (2007)
Leo T 19 AN 7.571-6 | Simon & Geha (2007)
Hercules 30 16.8670 7% 5olis Simon & Geha (2007)
Leo V 5 1637502 2.3732 | Collins et al. (2017)
Leo IV 18 1632129 3.3717 | Simon & Geha (2007)
Segue 2 25 1621 5ioe < 20 Kirby et al. (2013)

Chang & Necib (2020)
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Dwarf N Stars | log;,J(0.5°) | Dispersion | References

[GeV? cm™°] [km//s]
Ursa Major II 20 O DR 5.611% | Simon (2019)
Segue 1 70 195360 3.7t14 | Simon & Geha (2007)
Coma Berenices 59 T2 e Simon & Geha (2007)
Ursa Minor 313 18/93 020 9.5732 | Walker et al. (2009b)
Draco 292 18.84190-12 9.1712 | Walker et al. (2009Db)
Sculptor 1365 18.5410-08 9.271'1 | Walker et al. (2009a)
Bootes 1 37 182t 6 Koposov et al. (2011)
Leo II 126 79T 4% (¥ R Spencer et al. (2017)
Carina 774 178 64 6651 Walker et al. (2009a)
Ursa Major I 39 1787 5at 0o Simon (2019)
Leo I 267 17844 9.212-4 | Mateo et al. (2008)
Fornax 2483 17:83" oist 11.779-9 | Walker et al. (2009a)
Canes Venatici 11 25 17.651 0% 4.6719 | Simon & Geha (2007)
Sextans 441 17528 o.50 7.9713 | Walker et al. (2009a)
Canes Venatici I 214 174352 ! 7.6124 | Simon & Geha (2007)
Leo T 19 AN 7.571-6 | Simon & Geha (2007)
Hercules 30 16.8670 7% 5olis Simon & Geha (2007)
Leo V 5 1637502 2.3732 | Collins et al. (2017)
Leo IV 18 16.328 10 3.3717 | Simon & Geha (2007)
Segue 2 25 1621 5ioe < 20 Kirby et al. (2013)

Chang & Necib (2020)



Once we have the Density Profiles of Galaxies under
Control
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Field of Streams

Credit: Bonaca, Geha, Kallivayalil

Data: Sloan Digital Sky Survey

Lina Necib, MIT Belokurov, Zucker, Evans, et al. (2007)



Streams: An insight into Dark Matter

Proper motion + photometry selection

SR J~r ] ’
Previously Progenitor?
. .undetected . .

GDI1 stream

* Gaps in streams can constrain dark matter subhalo masses, and
therefore models of warm dark matter!

* Streams are also used to constrain the potential of the Milky Grillmair & Dionatos (2006b)
Way. Koposov et al. (2010)
Price-Whelan & Bonaca (2018)

Lina Necib. MIT Bonaca et al. (2019)
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GD-1 Perturber?

T T T 11T
L1 1 F11T

GD-1 perturber
(Bonaca et al. 2019)

Outer disk molecular clouds
(Miville-Deschénes et al. 2017)
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Dwarf galaxies
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ACDM subhalos (3 ¢ scatter)
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GD-1 Perturber?
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Need to 1increase statistics of streams
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For a large dataset of streams, see https://github.com/cmateu/galstreams Credh ESAIELRIDPAC

Stellar Streams
Malhan etal.(2018), Ibataetal. (2019)
Lina Necib, MIT



Need to increase statistics of streams
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algorithm that searches for
anomalies in a multi-

dimensional distribution.
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Galaxy Picture

Credit : ESA/Gaia/DPAC
Stellar Streams

Malhan etal.(2018), Ibataetal. (2019)

Shih, Buckley, Necib, Tamanas (2021)




Apply Via Machinae on GD-1
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