Dark Matter 1n
Disequilibrium:
The Velocity Distribution

Lina Necib, Caltech

Based on
Herzog-Arbeitman, Lisanti, Madau, Necib PRL 120(2018) no.4, 041102
Herzog-Arbeitman, Lisanti, Necib, JCAP 1804 no. 4, 052
Necib, Lisanti, Garisson-Kimmel, Sanderson, Wetzel, Hopkins, arXiv:180X.XXXXX
Necib, Lisanti, Belokurov, arXiv:180X. XXX XX



Empirically Determined Velocity
Distribution of Dark Matter
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Empirically Determined Velocity
Distribution of Dark Matter
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Find Dark

Matter
Tracers!

s Strategy
e o

How to empirically measure the velocity distribution of Dark Matter!
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From

Simulations:

Metal-Poor
Stars trace

the velocity

of Dark
Matter.
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From Gaia
DR1/DR2:

We get the
local
velocity
distribution
of Metal-

Poor Stars.

Therefore:

\WE
empirically
obtain the
Dark Matter
velocity
distribution.
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z=0.00

. . Video by Shea Garisson-Kimmel,
Lina Necib, Caltech 10 kpe 6 http://www.tapir.caltech.edu/~sheagk/ ﬁrenﬁ/vgeZﬁf%I



e

A suite of high resolution
simulations, with different merger
histories, and particle physics
dynamics.

Focus on Milky Way like
simulations:

« Total mass: (1.2-1.6) 102 Msun.
» Particle mass: 7000 Msun.

Hopkins et al. (2014) MNRAS 445,581
« Dark Matter softening length: Wetzel et al. (2016) ApJL, 827, L23

Hopkins et al. (2017) arXiv:1702.06148
30pc.
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Quiet Merger History g

dwarf
galaxies!

Simulation m12i %}’
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When we cut at low [Fe/H], we are
primarily selecting stars that are born
in dwarf galaxies.
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Quiet Merger History
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Tracking particles from the same merger back to redshift zero!
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Telescopes

SRS

Launched December
2013

Goal: Positional
measurement of 1 billion
stars, radial velocity for
the brightest 150 million




Telescopes

SIS

Sloan Digital Sky Survey

2 Sloan Digital Sky
Survey: 2.5 meter
telescope at the Apache
Point Observatory.

«® Gathered spectra of
more than 1 million
objects.

2 SDSS: Radial Velocity+
Chemical information
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Telescopes

SIS

Sloan Digital Sky Survey

SDSS
NV

2.5-m Telescope
\ Apache Point, NM
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New Analysis:

Using Gaia DR2 + SDSS

Counts

r [kpc]
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We use Markov
Chain Monte
Carlo to find the
best fit parameters
for the halo, disk,
and substructure.
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35
parameter
fit!
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[Fe/H] [dex]

Best Fit Velocity/Metallicity
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Best Fit Velocity/Metallicity

8 [ SDSS-Gaia DR2
L € [7.5, 8.5] kpc
- |z| >1.0 kpc

103 f(v,) [km/s] ™!
PR TR S N T TN SN N WO T T A W M|
103 f (vg) [km/s] ™!
L B L L
PR TR S N T TN SN N WO T T A W M|

0

0 put R .
—400 400 —400 200 400

10°f(vg) [km/s] ™!
LN LR LB BB
TN PN B B

10 f([Fe/H]) [dex]™
il I I T

0
—400 400

Lina Necib, Caltech 6/27/18

[Fe/H] [dex]



Understanding Substructure
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This 1s debris flow: unlike streams, these stars and dark matter have
lost all spatial features but maintain coherence in velocity space.

Lisanti & Spergel (2011)
Kuhlen, Lisanti & Spergel (2012)
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Understanding Substructure
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Understanding Substructure
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Understanding Substructure

Eccentric orbits at

small angles from
Lina Necib, Caltech 22 the disk 6/27/18
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Local Velocity
Distribution
e o

**Drum Roll**
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Posterior Distribution of
| V|

SR
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Posterior Distribution of
| V]
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Direct Detection Rate

The DM velocity distribution is part
of the computation of the expected
direct detection rate.

G @hrem) = /:O 1) 4,

U

min
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N\ /
7

V.., depends on the
experimental threshold, and the
dark matter mass.
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Direct Detection
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OL2TALS

Assumes the standard Maxwell Boltzmann
Lina Necib, Caltech velocity distribution.




The Velocity Distribution of Dark
Matter 1s FAR from Equilibrium!
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The Velocity Distribution of Dark
Matter 1s FAR from Equilibrium!

SR

R Finalizing the study of mergers in the FIRE
simulations

R Studying more complex dynamics of Milky Way-like
galaxies.

«r Looking for a tracer for Self-Interacting Dark Matter.
R Currently running a sitmulation for Warm Dark Matter.

R Stay tuned for more to come!
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The Velocity Distribution of Dark
Matter 1s FAR from Equilibrium!

-SIRC-

R Finalizing the study of mergers in the FIRE
simulations

R Studying more complex dynamics of Milky Way-like
galaxies.

SREUNERE Fxciting times ahead!  ARELES

R Currently 1 Dark Matter.

Thank you!
R Stay tuned
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